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I n  1925, when the American Pelrolcum Institute set u p  its 
original progrnm of fundnnic~~ital ~csc:lrr.ll, olic of the projects 
was assigned to  Dr .  E. E m ~ n e t  Reid a t  the Johns Ropkins Uni- 
versity. It dealt wit'h sulfur cornpounds found in petroleum. 
Doctor Reid has continued his work in the field of organic sulfur 
compounds througho~it  a long and productive career. Today he 
is a widely recognized authority in this area. 

I n  the early days of petroleum refining in  this country sulfur 
compounds were not  a great problem, except for the odor of 
mercaptans in kerosene ancl gasoline. The a'doption of high- 
temperature distillation and cracking processes emphasized the 
corrosive properties of sulfur and its compounds. The dctri- 
mental effects of many sulfur cornpounds on the potency of tetra- 
ethyllead added to gn,soline arouses deep interest today in the 
chemistry of sulfur co~npounds in petroleum. 

Organic sulfur compounds occur in prxct,ically all living mat- 
ter, s o ~ n e  ratller simple, e.g., the protective fluid ejert,ed by 
Mephitis mmephitica, others quite complex, such as most pro- 
teins. The ~yn thes i s  and uses of these essent'ial organic sulfur 
compounds is a broad field tha t  is seldom touched by the average 
organic chemist. Without this treatise the  researcher in the  field 
of organic sulfur compounds \vould need to spend many addi- 
tional hours searching the literature for essential data.  

The appcara,nce of this n-ork by Doctor Rcid a t  this timc is, 
therefore, particularly timely. Everyonc interested in the  refin- 
ing of petroleum, as \\-ell as tlio3e working in related ficlds, mill 
welcoine such an autlioritatire and con~prehensive treatise on this 
very important subject. 

CARY R. WAGNER 
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Introduction 

One hot summer day in 1894, I was reading Rcniscn's Organic 
Chemistry and came across the >tatement that  mercaptan is the 
analog of alcohul. Curiously enougli I remember, as if i t  had been 
yesterday, just mhere I was sitting on a Louisiana porch when I 
read this. One hot summer day fifteen years later I was reading 
theories of esterification and pondering the question whether the 
oxygen in the molecule of water that is eliminated comes from the 
alcohol or from the acid. Tlie analogy of mercaptan to an alcohol 
came back to me and I decided to t ry  the esterification of mer- 
captan. So off to the laboratory I went to prepare 1400 grams 
of ethyl mercaptan. The only other person working in the labora- 
tory was the janitor, who had no sense of smell. I found tha t  the 
esterification of mercaptan by an acid gives the thioester which 
can be hydrolyzed back to  the mrrcnptan and acid. Several ycars 
later, with the aid of students, the esterification of mercaptans 
was taken up in a broad way. In 1958, I am still working on 
mercaptans. 

In World War I ,  some one had the idea that butyl mercaptan 
might be used as a camouflage gas and I was asked t o  work out 
a process for making it. A small plant was put up a t  the Ameri- 
can University in TVashington and a ton of the product was 
shipped to France. There is nu record of its fate, though it shnuld 
have been possible to  trace it. 

When the American Petroleuin Institute received rrloney for 
research pertaining to petroleum, a project on the preparation of 
a series of niercaptans and a study of their reactions was placed 
in the Johns Hopkins Chemical Laboratory. The first stage was 
an extensive literature search. This showed the need for a com- 
prehensive review of the organic chemistry of sulfur. 

Of all the serious rnistakes of my life, the most expensive both 
13 
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in 1:ihoi. :rrl~l Illollr,!.. n.:ls unflc.rt:ll,i~lz t o  n.ritc :t ~nonogrnglr or1 
organic, ,.1131'1ir (.o1111101111~1. ' r l l i r t ~  ~(' :II . ' :  :igo. \\.11(,11 there \\-as littl(3 
i n t c m t  in tlie suhjcct, this lriiglrt 11nvc Ixen possi1)lc:. I mxlc  
slow progress working alone. I n  1939 tlie Freeport Sulfur Com- 
pany gave nle a generous grant for assistance. This was a big 
boost, but when the money had been spent I found that  I had 
grossly underestimated the task and that  the major part  of it 
remained to  be done. I had passed the point of no return and had 
to go ahead with my own resources. When the manuscript was a t  
last written and typed I found it  so out of date that  i t  had t o  be 
r e ~ r i t ~ t e n .  Now i t  should be rewritten again but, by the time this 

I 
could be done, i t  would be more outdated than i t  is now. Organic 
chemistry has been expanding a t  a breath-taking rate but the 
rate is twice as fast in t'he sulfur sector as  in the whole. Of the 
36,000 compounds in the formula index of Chemical Abstracts 

! for 1954, about one third contain sulfur, while in 1924 these werc 
only one sixth. Keeping up with organic sulfur chemistry is hope- , 
less. The coverage is less complete and the discussion less ade- 
quate than I had hoped to make them. The fascinating, but in- 
tricate, biochemistry of sulfur has had to be left to  specialists in 
that  field. However, the book does contain much information and 
its twenty thousand references will serve as first aid in literature 
searches. 

Earlier articles in English, German, French, and Italian were 
read in the original, but in recent years dependence has had to  be 
put on Chemical Abstracts which has been searched through 1954 
for the first three volumes and through 1957 for the last two. 

Without tlie impetus of the grant from the Freeport Sulphur 
Company the project miglit have been abandoned in its early 
stages; without the recent support of the Petroleum Research 
Fund of the American Chemical Society i t  could not have becn 
completed. 

There is not sufficient space to name the many chemists to  
whom gratitude is due for help of various kinds. I am glad t o  
acknowledge my indebtedness to Dr.  Jane Dick Meyer, who spent 
many months of patient labor on thc manuscript. Without her 
efficient help the book could not have been brought to  completion. 
Thanks are due to Dr .  J .  C. Patrick, t o  Dr .  E .  M. Fettes, and t o  
others of the Thiokol Chemical Corporation for their assistance, 
and to Dr .  G. Nathan Reed and Dr.  Norman Donaldson for 
capable indexing. 

CHAPTER 1. 

Mercaptans 

Introduction 

An early chemist compared the preparation of a new alcohol 
to the discovery of a new metal. Starting with a metal one 
can prepare a long series of compounds, oxide, hydroxide, sulfide, 
chloride, nitrate, sulfate, etc., paralleling those of other metals. 
Similarly, from a new alcohol a long series of compounds can 
be prepared, a chloride, a bromide, an iodide, and a host of 
esters. Methyl and ethyl compounds are far more numerous 
than are the salts of sodium and potassium. When Zeise dis- 
covered mercaptan, lie did not start just one series of com- 
pounds but opened up a whole section of organic ciiemistry. 
Many mercaptans have been made and many more can be; for 
each alcohol a sulfur analog is possible. From these an endless 
number of derivatives can be prepared. The importance of 
mercaptans and other sulfur compounds is just beginning to 
be realized. 

The chemistry of organic sulfur compounds centers around 
mercaptans. They are the analogs of tlie alcohols and are 
spoken of as thioalcohols, thiols, or alkanethiols. The -SH group 
as a substituent in a hydrocarbon is called mercapto, which 
corresponds to  hydroxy. Thus CHBSH may be called mercapto- 
methane and HSCH2COOH, mercapto-acetic acid. Tlle name 
mercaptum was given by Zeise t o  the group C2H:S- which is 
taken up by the mercury from corpus mercurio captum and 

15 
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mercaptan to C2H;SII ~yhicli cal)tIlre; tile illercury froiri corpu'. 
~ i ~ c r c u r i u m  captar~.i .~ ' ' '~ ';'" T1:c foriil:~tion of tlie mercury tlerivtl- 
tives was a striking cli:~rncteristic. Zcise recognized the  a n a l o a  
to  alcohol which Ivas further elaborated by Liebig.3"7" Interest- 
ing accounts of Zeise and his discoveries are given by Diergart lG1 

and 0. Z e i ~ e . ~ ~ ~  An excellent review of mercaptan chemistry 
has been written by Malisoff, Marks,  and Hess.So7 

Occurrence of Mercaptans 

Alcohols, either free or a s  esters, are found in natural  products 
in great variety and in large amounts, but  the  rnercaptans rarely 
appear. Three alcohols, geraniol, citronellol, and phcnylethyl 
alcohol are the chief constituents of a t t a r  of roses but thc mcr- 
captans are a t  thc  other cnd of the odor scale. A butyl  mercaptan 
is used by t h e  skunk as  a defense lg7 T h e  lower mer- 
captans are noted for thcir powerful and disagreeable odors. AS 
little as 0.000,000,002 ing. of ethyl mercaptan, or 1 pa r t  in 50,- 
000,000,000 of air, can be detected by its o d ~ r . ~ ~ T h e  odor is 
strong a t  0.6 parts per million, distinct a t  0.03 t o  0.07 and de- 
tectable a t  0.002.G11 I n  very high concentrations the bad odor 
vanishes and is replaced by one somewhat like t h a t  of chloro- 
f0rrn.~0" The  odor diminishes a s  the carbon chain lengthens; 
nonanethiol-2 is not  unpleasant and those above lauryl are prac- 
tically odorless. 

Commercial quantities of methyl mercaptan are extracted from 
the "sour gas" of West Texas. Some ethyl mercaptan is also 
present. 

Methyl n~ercaptxn,  apparently present in thc  free state,  has 
been isolated from the roots of Raphanus sativus, 0.31 g. from 
40  kg. of the fresh ro0ts.*3~ Traces are found in some leaves .35.' 
and even in foods."" >Iethyl inereaptan and isopropyl mercaptan 
are in e ~ c a l y p t u s . ~ ~ ~ ~ V c h i ~ o p h y l l z i ~ ? z  cottlrnlcne Fr. ,  a ~vood-rotting 
fungus, liberates inethyl mercaptan when grown on a synthetic 
medium containing inorganic  sulfate^.^" It is liberated when 
keratin is heater1 to 1.50" " xit l i  s tearn.- 'Vt is formed in tllc an:ier- 
ohic fermentation of gelatin and a l b u l u i ~ ~  and in the 1)utrefnc- 
tion of proteins.:3~, 44.3" 4431'., 1 4 4 .  3 2 3 ,  ZXI:I. ;;r, It i~ anlong the prod- 
ucts of the action of trypsi11 on p r~ te ins . ' "~  l l c t h y l  inercaptan 

*Al l  trmperaturrs in this hook a1.c. gil-en in degrees Cc.ntigr:tde, unless 
otherwise stated. 
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vras obtninetl I)y f r i - i l l ~  l)i,otc!inq ~ . i t / ~  ~)ottt>-iiiili I ~ ~ c l r ~ x i ~ l e .  Egg 
albuniin g:t~-e O.35:;. i h c  inasiil~ruli a l i i o r ~ ~ i t . ~ ~ ~  Either acid or 
alkaline 1iyclrol~-$is of n-ool produc*c- sonle i i~(~t l iy l  niercaptan.""" 
After asparagus is eatcn, methyl niercaptan appcnra in the  urine 
+thin an ho~r.~~""lic urine of several peoplc who had eaten 
12 kg. of asparagus was distilled and the mercaptan caught in 
mercuric chloride s o l u t i ~ n . ~ " ~ ~ " ~  Ethyl  mercaptan is found in 
the urine of rabbits fed on cabbage.529b Distillation of the urine 
of various animals gives hydrogen sulfide and m e r c a p t a n ~ . ~ ~ ~  
Mercaptans are found in hydrolyzed snake The  lower 
mercaptans are split off in the  cooking of animal and vegetable 
foods and are found in feces."8 Methyl inercaptan may be pro- 
duced by thc bacterial tlecomposition of 

Some allyl mercnptan accompanies the  allyl disulfide in oil of 
garlic.5" Propyl mercaptan is evolved from freshly chopped 
onions.ll" 

Swartz, working in Wohler's laboratory, separated t h e  secretion 
of the skunk, Alephitis terana,  into fractions boiling 105 to 
111" and 192 t o  200°." sulfur compound which gave precipi- 
tates with heavy metal salts a-as separated from the same secre- 
t i ~ n . ~ ~ ~  

The formation of ethyl inercaptan has been observed in vinous 
fermentat'ion but this is supposed to  be due t o  the reaction of the 
dhanol  with sulfur or sulfur coinpounds present under the in- 
fluence of tllc 4':1 Tlle probability t h a t  alcohols are 
formed by the reduction of aldehydes in fermentations raised the  
question a s  to  nlhetlier inercaptans can be produced by the reduc- 
tion of thioaldehy dee. Experinlent showed t h a t  thialdin (used as 
a substitute for the insoluble t r in~er ic  tliiacctnldehytle) added to  
an actively fermenting sugar solution is transformed into mer- 
c a ~ t a n . ~ ~ "  44"utyral~fel~yde and i-valeraldehyde mixed with al- 
coholic ammonium sulfide yield the  corresponding m e r c a p t a n ~ . ~ '  
The bad odor of fermentation nlcohol is attributed to  mercaptan 
similarly formed.l2"~ lW -41kyl disulfidcs arc rcduced t o  the mer- 
captans in bread cultures of Penicillizcltl breu"trtile.i2~ 112. l l V n  
the making of ~vood pulp, methyl mcrcaptnn is given off brlt 
nothing is known as  to it is f o r l n e l l . G 6  I!):', 242. ~2 I t s  recovery 
has been proposed. "7. Methyl ant1 ethyl inercaptans are f,uund 
in illuminating gas. 104. 297. 304. "23, 671 lIerrnl,t,ans arc in coal 
t&r.404b, 542, 543 



IS Orgnnic Chen,ictr!l  of Rilwlcnt S711f717. 
-- -- . --- - -- 

l l e r cap tnn~  appear in pctroleuin clictillate~, hut in rno-t c a v ?  
it is certain that  t l ~ey  n-ere not pre-ent iuch in t l ~ c  original oil?. 

They may have been split off from larger lnolecules containing 
RS- groups, or they may have heen formed by the union of 
hydrogen sulfide and unsaturates under the high pressures and 
temperatures prevailing in cracking stills. 718 1 1 4 8  1 l 7 z  121, 13G, 

166, 179, 189, 210, 218, 232, 238, 259, 314, 328, 400, 439a, 473, 5G3, 680 It has been 

suggested that  mercaptans may be formed by the union of hy- 
drogen sulfide with unsaturates in the acid treatment of 
naphthas. 659v 660 

The chief mercaptan present in petroleum distillates is ethyl. 
The next is probably methyl. Propyl, 6 8 z  271 i-propyl, 6 8 p  60, 271 

butyl, G S j  "1 i-butyl,Gg! 271 S-butyl 2i1v 4S0b and t-butyl 271 mercap- 
tans have been identified.2G4 Higher mercaptans are present, but 
the amounts taper off as the molecular weights go up. Some 
naphthas of West Texas origin contain relatively large propor- 
tions of the higher, butyl to nonyl.1° Various methods of recover- 
ing these mercaptans have been p r o p o ~ e d . l ~ ~ ~  s4, 400, 479, 626 

Though their percentage in crude distillates is minute, the aggre- 
gate amount removed from the billions of gallons of gasoline 
manufactured is large. There is the possibility of recovering tank 
cars of mercaptans from this source. In  catalytic cracking, now 
so widely used, a larger proportion of the sulfur of the crude is 
converted to hydrogen sulfide and thiophenes and less to mer- 
captans. 

Mercaptans and hydrogen sulfide are the chief sulfur com- 
pounds in absorption gasoline from refinery still gases.625 Certain 
shale oils from Tyrol are very high in sulfur. Thiophenes account 
for the most of it, but there are also some m e r ~ a p t a n s . ~ ~  

The subject of mercaptans and other sulfur compounds in 
petroleum was reviewed by Schmeling in 1936 j3%nd discussed 
thoroughly in a symposium a t  the American Chemical Society 
meeting at  Sari Francisco, April 1949.30, 134, 363, 271, 388, 58i, 616, 640 

The removal of mercaptans from petroleum distillates will be 
treated in chapter 2. 

Preparation of Mercaptans 

The possibilities of this method have just begun to be explored. 
Many unsaturates are available and hydrogen sulfide is cheaper 

Mercnptnns 
~ ~ - - ~ - ~- 
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than I Y \ : I C P I I ~ , .  I I I : I ( I (> J I , I I I I I  i l  .\. t l , ( , ~ , ( >  : I I Y  111, 0t111,1* ] ) I ,OC~I I ( .~ . . !  :L 
pountl (11' ~ I I ( ,  I.I':l(.t:ilIt.. I I I ' O I ~ I I ( . ( , -  : I  ~ I ~ I I I I ( I  of I I I ( ' I . I ' : L ~ ) ~ : ~ I ~ .  F1.0111 
109 6 01' t , t I l j - l  I ) l ,~l l~idc an11 50 g. of fc1di11111 l ~ ~ . ( l r ~ s ~ l l f i ( l ~ ,  it is 
theoretically posfible ~ I J  get 62 g. of etllyl lilcrcaptan wit11 103 g. 
of sodium bromide as a by-product. There is a loss incident to 
the recovery of the mercaptan from the solvents used. The addi- 

. tion of 34 g. of hydrogen sulfide to 28 g. of ethylene gives the 
same weight of ethyl mercaptan with no by-products. With the 
addition method there is, however, a difficulty; the mercaptan 
first formed tends to combine with the unsaturate and the product 
may be a mixture of the mercaptan and the corresponding sulfide. 
A comprehensive investigation of the condkions under which the 
addition tnlics place is needed. T'ltraviolet light, heat, and pres- 
sure are known to favor the addition; acids, bases, peroxides, and 
metal sulfides have been claimed as  catalyst's. There is much 
difference in the activity of unsaturates in taking up other 
addenda. Conditions can be found under which hydrogen sulfide 
can be added selectively to one unsaturate in the presence of 
others. This subject has been 

Mercaptans are formed in some cases when mixtures of liquid 
hydrogen sulfide and unsaturates are kept a t  room temperature 
for several weeks.81 An alkene and hydrogen sulfide unite when 
heated together a t  160": 314, 323 

Cyclohexyl mercaptan is formed from cyclohexene a t  150°.421 
When the double bond is activated by certain groups, as in 
3,6-divinyl-2,5-diketopiperazine, addition of hydrogen sulfide 
may take place even a t  OO.jil When the reactants are passed over 
silica gel a t  700", addition takes p l a ~ e . " ~  The equilibrium of 
hydrogen sulfide and propylene over nickel carbonate on kiesel- 
guhr a t  300" has been 332 The results are given by 
the equations : 

AH is 14,600 and the values for AF a t  these temperatures are: 

With phosphoric acid on activated carbon, propylene and hy- 
drogen sulfide gave a maximum conversion of 17% a t  200'. 
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500 cc. of fuming sulfuric acid, 1 lltcr of absolutc alcohol is addcd. tam< <OIII (  01 I I I (  . I I I ~ I I I I >  
After this mixture has cooled, it is diluted by throning in Ice and 2 NaSH Fi NalS + H,s 
poured into a cold aqueous solution of I kg. crystalline sodium 
carbonate. The faintly alkaline solution is concentrated by The sodium sulfide tha t  is present reacts with the alkyl sulfate. 

evaporation on a steam bath and cooled to eliminate most of the 
Glauber's salt. A solution of 800 g. of potassium hydroxide in 
1600 cc. of water is saturated with hydrogen sulfide. The two 
solutions are mixed and heated on a steam bath. The liquid 
which goes over is freed from hydrogen sulfide with mercuric 
oxide and taken up in potassium hydroxide solution. The undis- 
solved ethyl sulfide is separated and the mercaptan liberated with 
acid. A yield of 290 g. or 27% has been reported. The author 
prepared 1400 g. of ethyl mercaptan by this method in 1909 and 
found i t  satisfactory. 344a, 344b, 463 i - b ~ t y l , ~ ~ ~  and 
i-amyl 361 mercaptans have been prepared similarly. From 500 cc. 
of n-butanol the yield was 120 g. or 25%.435 

These are over-all yields from the two reactions: 

C,H,OH + H,SO, + C,H,0S03H + H z O , a n d  

C2H60S03Na + NaSH + C,H,SH + Na2S04 

The first of these is an equilibrium reaction and a considerable 
amount of the alcohol is left over unless much fuming sulfuric 
acid is used. As the lower alcohols are plentiful, the low yield 
has been of little consequence. Froin solid potassium ethyl sulfate 
the yield is good.lE By modern mcthods alcohols can be sulfated 
quite completely. Dodecyl l s 2 8  and the higher alcohols from 
the methanol synthesis 390 have bccn sulfated and used for making 
the corresponding mercaptans. 

The fact tha t  sodium alkyl sulfates are soluble in water, even 
when the alkyls are long carbon chains, is a great advantage but 
usually this is offset by their slowness to react. They are seldom 
employed for other alkylations, but when sulfur is involved they 
are satisfactory. Of the two rcactions: 

CGH,ONa + C4H!,Br + COH;OC4H0 + NaBr 

CCHGSNa + CqH9Br + CGH5SC4HD + NaBr 

the second goes about a thousand times as fast as the first.4N I n  
the preparation of mercaptans the inactivity of the sodium alkyl 
sulfates is compensated by the activity of the sulfur. 

Thus there will always be some alkyl sulfide formed along with 
the mercaptan. The solubility of hydrogen sulfide in liquids de- 
creases as the temperature is raised. If any of it is lost, the 
amount of sulfide is increased. It is desirable to  counteract this 
by passing in hydrogen sulfide during thk reaction or, better still, 
effecting tlie reaction in an autoclave under a high pressure of 
hydrogen sulfide. I n  this way the yield of mercaptan can be 
increased a t  the expense of the alkyl sulfide. Taking butyl 
sodium sulfate as an  example, there is another reaction: 

BuOS03Na + N a O H  -+ CH3CH2CH:CH2 + Na2S04 + H 2 0  

The higher the pH the more the alkene will be split off. An 
increase of the partial pressure of hydrogen sulfide lowers the pH 
and represses alkene formation. The tendency to form alkenes is 
small with the derivatives of primary alcohols but may be con- 
siderable with secondary and great with tertiary. 

Some alkyl sulfide is obtained from sodium hydrosulfide. Con- 
versely some mercaptan may be isolated even when pure sodium 
sulfide is the reactant. The reaction of sodium butyl sulfate with 
sodium sulfide must go in two steps: 

BuOS03Na + Na2S + BuSNa + Na2S04  
BuOS03Na + NaSBu + Bu,S + Na,S04 

The second rcaction depends on the prescnce of tlle sodium mer- 
captide in the solution. This, being the salt of a very weak acid, 
is highly dissociated: 

BuSNa + H 2 0  * BUSH + NaOH 

As will be explained illore fully in a later chapter, butyl mer- 
captan is easily removed from water, even in the presence of a 
high concentration of sodiunl hydroxide, by steam distillation. 
In a recorded experiment 251 in which a solution of butyl sodium 
Sulfate and sodium sulfide was boiled gently and the vapors 
allowed to pass out through a condenser, 31% of the butyl groups 
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l)ractically all of i t  \\-oulil 1ia1.c golic to 1ii:tl;e I , r l t ~ - l  rlllfitl(,.  Tlle 
~~repara t i c~n  of etliyl iiicrc.a~t:ln goes well sirice it i- 50 ~-olatilr. 
tliat inost of it escapes before it call be converted to ethyl sulfide. 

If, in the above experiment,, a vigorous current of steam had 
been passed in to carry over the mercaptan as fast as it was 
formed, tlie yield of rnercaptan should have been even higher. 
This suggests that,  in tlie usual preparation of rnercaptans from 
sodium hydrosulfide, the proportion of mercaptan to alkyl sulfide 
can be raised by blowing in steam during the reaction tlo carry off 
the mercaptan as it is forriicd. This sliould be of ~erv ice  from 
propyl to n-nonyl. n-Sonyl n~ercaptan buil3 a t  220.2" and lias a 
vapor pressure of about 15 mm. a t  100". I t  sliould go over with 
about six times its weight of steam. If an autoclave is used, the 
addition of a hydrocarbon to the mixture should be beneficial. 
A large proportion of the mercaptan should pass int,o the hydro- 
carbon layer and escape further reaction. For convenience of 
fractionation, a hydrocarbon should be selected that boils con- 
siderably above or belo~v the mercaptan. 

Dimethyl and diethyl sulfates, which lia\.e become commer- 
cially available in recent years, are the most convenient reagents 
for making metliyl and ethyl mercaptans. They react in two 
stages : 

NaSH + Me2S04 MeSH + MeOS03Na 
NaSH f MeOSOgNa MeSH f Na,SO, 

The  first stage is extremely rapid. The second goes rvcll enough. 
Methyl and ethyl chlorides and brolllides are inconveniently 
volatile and the iodides are expensive. Tlie dialkyl sulfates are 
relatively nonvolatile ant] cheap and react well in aqueous 80111- 
tion.147, 341, 6GjC 

T h e n  hydroge~l sulfide is passed into a solution of ethyl nitrite 
in alcoholic ammonia, the mercaptan is formed.3x The esters of 
p-toluene sulfonic acid are readily prepared and are active al- 
kylating agents. They have been used for making mercap- 
tans "7, Fs3 and are ~~ar t i cu la r ly  suitable for preparing optically 
active ~ n e r c a p t a n s . ~ ~ ~  

When ethyl alcoliol and sulfur dioxide are heated in a sealed 
tube to 200°, disproportionation takes place and a number of 
compounds are formed: CzH,SH, (CZHj) 20, CzHjS03H, 

Jfercaptnrls ____ - .- - ~ - . - ~ ~ ~ ~  - - - ~~~ ~ 
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~ ~ H ~ 0 S 0 : ~ 1 1  anrl S ~ I ~ I I I ~ . ~ " ' .  4"" 11.lit.n i-:ti11~-1 :~l(ao!!c~l an(l wu erlli:il 
of sulfuric aci(l arc, 11e:ltetl to 170". rorne lliercnptan is 

along n-ith alr1~-lenc ant1 its p o l ~ m c r ~ . ~ ! ~ ~  

FROM ALKYL HALIDES -4SD METAL SULFIIYDRATES 

As alkyl halides are readily available in organic laboratories, 
they have beell the usual starting compounds for preparing mer- 
captans. Regnault in 1840 passed ethyl chloride into potas- 
sium hydrosulfide in a tubulated retort and got the mercaptan. 
In the sarne year Lowig and Weidmann made ethylene mer- 
captan from ethylene chloride. Mercaptans were prepared from 
amyl ~ l i lo r ide , "~  cctyl ch10ritIe.'~~ ally1 iodi~Ie,~"" hexyl c h l o r i ~ I e , ~ ~ ~  
p-hexyl iodidc,l"~ "0 i-llrol)yl iodidc,lz", 277 s-butyl iodide,j13 

n-butyl iodidelXg melissyl chloride1477 heptyl ~h lor ide ,6~~"?  fieab 

propyl bromide151g, GF"n, 668h octyl and s-heptyl io- 
dide.278dl " 7 W e r c a p t a n s  up to octadecyl have been prepared 
from alkyl iodides and bromides,13" .06, 437, 612, 531 Optically ac- 
tive nlercaptans have been obtained from the ?orresponding alkyl 
h a l i d e ~ . ~ l j ~  2709 3880n9 3S0h, SSOd, 380g The addition of a small amount 
of a strong reducing agent to the reaction mixture is said to  im- 
prove the yield of mer~ap t , an .~"  Tetrahydrofurfuryl alcohol is 
said to be a suitable mediurn for reactions of t,his sort.53i 

As a lecture demonstration, a 3-g. piece of potassium hydroxidc 
is dissolved in 20 cc. of alcohol and saturated witah hydrogen 
sulfide. Ethyl chloride is squirted in and the flask corked. 
Potassium chloride begins to precipitate. After an hour wat,er is 
added and tlie triercaptan separates."jG 

Bromocellol~iose lias been convertetl to tlie rnercaptan.Giz 
Cyclopentyl bromide gives a fair yield of c)-clopcntyl nlercaptan 
and little cyclopentcne,"" ~ ~ l i i l e  cyclohcxyl broniide gives little 
cyclohexyl rnercaptan and much c y c l o l i e ~ c n e . ~ ~ ~  

The reaction rates of rariuus bromides with potassium hydro- 
sulfide and sulfide liave been nieaeured. Somc liydrobromic acid 
is always split off, leaving sonic alkcne."" The meclianisrri of the 
reaction has been sturlic\~l.~;'" 

t-Butyl iodide and zinc bulfitlc girc t - l~utyl  inercaptan.lG2 A 
Peculiar ~llethod of lwepariiig nierc:~ptans is thc addition of 
bromine to a nlist~ire of an alcollol, l~liospliorus, and sodiulii 

Phospllorus tribrouiidc is foriiied and reacts nitli the 
alcohol to produce an alkyl broniitle. Tlic plic~spliorous acid re- 
duces the sulfate to sulfide and tlie mercaptan 
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halogenated terptrles ""' nmay be the ctartlng corripounds in thc 
preparation of mercaptans. Unsaturated l~alicles, except those 
in which the halogen is attached to a doubly bound carbon atom, 
react satisfactorily.l12t 157. 252. 375a 

The action of sulfur monochloride on anthracene introduces the 
-SSCl group in the 9-position. Treatment of this with sodium 
sulfide gives 9 - a n t h r a ~ e n e t h i o l . ~ ~ ~ t  472 Similar reactions take place 
with 1,2-benzanthracene and with 3 , 4 - b e n ~ p y r e n e . ~ ~ ~  

An aromatic halide, such as phenyl chloride or bromide, does 
not react with an alkali liydrosulfide under mild conditions, un- 
less the halogen is activated by a group, such as the nitro, in the 
ortho '" or para pobition. 4-Nitrochlorobenzenc :i2 and 1,4-nitro- 
chloronaphthalene 396 rcact satisfactorily to form the mercaptans. 
When two nitro groups are in certain relative positions, one of 
them is a c t i ~ a t e d . ' ~ ~  A halogen in the side 574 as in 
benzyl chloride, is reactive. Benzyl mercaptan is obtained from 
i t  rcadily.l*, 3q4, 457, 592 Under pressure and above 300°, phenyl 

chloride does react with sodium sulfide to give a mixture of thio- 
phenol, phenyl sulfide, and phenol.WZ Other aromatic halides 
rcact under similar conditions. 

Alkyl halides and hydrogen sulfide react even in the absence 
of alkali. Some mercaptan is formed when an  aqueous solution 
of methyl iodide is saturated with hydrogen sulfide.lo2 Tertiary 
alkyl halides react with hydrogen sulfide in the presence of a 
Friedel-Crafts catalyst, such as stannic c h 1 0 r i d e . l ~ ~ ~  Hydrogen 
sulfide, passed into a solution of triphenylmethyl chloride, in 
~vllich a c t i ~ ~ a t e d  alumina is suspended, gives triphenylmethyl 
r n e r ~ a p t a n . ~ ~ ; '  

Chlorinated aroinatics, such as chlorobenzene and p-chloro- 
toluene, passed in vapor form over catalysts a t  elevated tempera- 
tures, 400 to 700°, u~itli hydrogen sulfide, are converted to the 
corresponding mercaptans.12' 1 4 4 ~  

An ester may function as an alkyl halide: 

RCOOEt + NOSH + RCOONa + EtSH 

Tliis is effected a t  180" with all reactants dry. Ethyl formate, 
valerate, and succiilate and i-amyl acetate and butyrate have 
been studied.l3 Esters of p-toluenesulfonic acid are particularly 
u ~ e f u 1 . l ~ ~  

Mercuptc~ns 
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Since tlie alkyl lialidcs, except the very low ones, are practicallv 
- insoluble in water, it is necessary to use alcohol as a solvent. As 
2 a starting material potassium hydroxide is preferable to  the 
I * sodium compound since it is more soluble in alcohol. When an ' alcoholic solution of sodium hydroxide is being saturated with 

hydrogen sulfide, the intermediate sodium sulfide, which is only 
lightly soluble in strong alcohol, may separate out and give 
ouble. The equilibriulll between sodium liydrosulfide and so- 
ium sulfidc plus hydrogen sulfide shifts to the riglit wlien tlie 
emperature is raised since hydrogen sulfide is less soluble. There- 
ore, more of the mercaptan and less of the by-product alkyl 

gulfide is formed when the reaction is conducted a t  rooin tem- 
perature. For 1 mole of an alkyl halide, dissolve 54 g. sodium 
methylate, or 23 g. sodiuiii, in 300 cc. of alcohol. Add the alkyl 
halide, shake to mix and let it stand until the precipitation of the 
sodium halide appears to be complete. Filter off the salt and 
fractionate the alcohol solution. On account of the formation of 
aeeotropes of the lower mercaptans with alcohol, this method 
should not be used for ~nercaptans belosv h e ~ y l . ~ ~ ~ V h e  lower 
alkyl chlorides, up to amyl, react satisfactorily with aqueous 
sodium hydrosulfide and the mercaptans can be steam distilled 
from the reaction 

For alkyl halides up to n-nonyl,lM, 3is"3 3 7 5 V 0 0  to 500 cc of 
alcohol is used per mole. Above amyl this sllould be absolute 
alcohol. In a particular preparation, 90 g. of potassium hydroxide 
was dissolved In tlie alcohol and saturated w ~ t h  hydrogen sulfide 
which was passed in all during the reaction. The alkyl halide 
was added dropwise and the lnixture kept a t  room temperature 
for several hours and then heated to rcflux for an hour. For 
8-octyl and s-nonyl it was found best to dissolve 40 g. sodium in 
500 cc. of absolute alcohol and saturate this with hydrogen sul- 
fide.525v 6" The addition of water to the reaction mixture causes 
the mercaptan to separate. This serves well for the preparation 
of triphenylmethyl m ~ r c a p t a n . ~ ~ ~  For high molecular weight mer- 
captans, such as ~e ty l , '~?  heating the reactants in an  autoclave is 
desirable. Butanol containing some water is recommended as a 
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\\-atcr-sol~lblc. a1l;yl sotliulil sulf:itc, it is possiblc to distil out tllc 
nlercaptan as it is formcd ant1 tl~erehy diminish tlie opportunity 
for the formation of alkyl sulfide. \Then it is an alkyl halide, this 
cannot be done since the ~.olatilit'y of a mercaptan is less than 
illat of the corresponding alkyl chloride and about equal to that 
of the bromide. I t  inay be possible to arrange a cont~inuous 
process so that this difficulty can be overcome. If an alkyl 
halide, such as etliyl cliloride, is forced in a t  the bottom of a 
Ilented ci~luilln of c.odil~ul sulfliydrate ~olution, it \\-ill bc cliangccl 
into mercaptan as it goes up. If the rolu~nn is tall enough, tlie 
transfornlation slioultl be complete. As the reaction is a rapid 
one, the required height of the colulnn may be within the limit 
of practicability. The application of prcssure m~ould raise the 
 ork king teillperature and permit the use of a shorter colun~rl. A 
high boiling halide, such as lauryl chloride, might be mixed with 
a hydrocarbon, such as xylene. The xylene solution of the mer- 
captan would collect a t  the top of the column and be drawn off. 

It has been customary to separate the mercaptan from the alkyl 
sulfide by-product by dissolving it in aqueous caustic soda solu- 
tion, drawing off the undissolved sulfide and freeing the mer- 
captan by adding acid. As \\-ill be explained in Chapter 2, this 
method is practicable for only thc lower mcrcaptans since tlie 
higher ones are easily extracted froill 10% aqueous alkali. \T7hen 
a higher nlcrcaptan lias to be dealt with, 10 to  30% of alcohol 
~ l ~ u s t  be acldecl to the alkaline solution. This has little effect on 
t,he solubility of the sulfide, but a great effect on that of the 
mercaptan. 

Besides being inefficient, this inethod of  separation is objection- 
able since the oxygen of the air forms disulfides rapidly in the 
prcsence of alkali.67VThis has been ovcrlookec\ by inany clienlists, 
though t l ~ e  presence of dieulfide 11as been n o t ~ d . ~ ~ ~  To avoid this 
an alkaline solution of a nlercaptan should be kept out of con- 
tact wit11 air as far as possible. When such :& solutiori is lo be 
acidified, it should be run into the acid. Pouring acid into alkali 
generates heat. and accelerates tlie oxidation of the mercaptan 
while the solution is still alkaline. 

Mercaptans 
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conlitant xulfi~lt. :iiitl clisulfirlu I)!- f~ac,tioil;itioll pyc,sellts no 
difficulty. The hc~iling points of i-ever~il mcrcal)tan- nrltl tlle 
correspontling clilorides, broi~lidc., ant1 ~ulfides are given ~ I I  

Table 1.1. 

Boiling Points of il.lercaptans, Chlorides, Bromides, 
and S~~Lf ides  

Mer- Differ- Differ- Diffrr- 
Alkyl captan Chloride ence Bromide ence Sulfide encr 

Methyl 6.0" -23.7" 29.7" 3.6" -2.4" 37.3" 31.3" 
Ethyl 34.7 12.2 22.5 38.4 3.7 92.2 57.5 
Propyl 67.5 46.6 20.9 71.0 3.5 142.0 74.5 
Butyl 98.0 78.5 19.5 101.6 3.6 182.0 84.0 
Amy1 126.5 108.3 18.2 129.7 3.2 230.1 103.6 

The boiling points of the mercaptans and of the corresponding 
bromides are ir~convenieiltly close. For this reason care sliould be 
taken to cause the bromides to react completely. 

Thioucetates 

The hydrolysis of a thioester gives a mercaptan: 

RCOSEt + HOH + RCOOH + EtSH 

Thiolesters are readily hydrolyzed and tlle 111ercaptan producecl 
can contain no alkyl sulfide or halide. Esters of thioacetic acid 
are particularly suitable.5m8 Glucothiose has been made in this 
Way.536, 551 It is preferable to usc ammonia instead of alkali in 
decomposing the thioacetate. Ammonia reacts rapidly with thio- 
acetic esters : 

cH,COSR + NH, CH,CONH, + HSR 

There is lcss danger of oxidation \\.l~en strong alkali is a~o ided .  
The thioacetie esters can be obtained by the reaction of an alkyl 
halide or sulfate on sodiun~ tl~ioacetate: 
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This rrnction g o c  rcadily and gircs high yiclcls ~ i n c e  t h c  s o c l i ~ ~ n ~  
is joined to sulfur. As there is only one sodium on the sulfur 
there is no possibility of the formation of an alkyl sulfide or other 
troublesome by-product. If the thioester is saponified with so- 
dium hydrosulfide, sodium thioacetate is regenerated and may be 
used for making more of the ester: 

CH3COSR + NaSH + CH3COSNa + RSH 

The neatest way to recover the mercaptan from the thiocster 
is by methanolysis. The thiol ester is dissolved in 2 or 3 volumns 
of absolute methanol to which about 0.2% of sodium has been 
added. The mixture is warmed. Transesterification takes place 
immediately: 

RSAc + M e O H  + RSH + MeOAc 

As the methyl acetate boils a t  57.2") it is easily driven off. Tak-  
ing off the escess methanol leaves the mercaptan which may be 
distilled without purification. As the separations are to be made 
by fractionation, the boiling point of the mercaptan must be con- 
sidered, which for ease of fractionation should be above 100". 
Higher-boiling mercaptans should be distilled a t  appropriately 
reduced pressures. If the ~ t a r t i n g  material is a pure thiolester the 
yield is quantitative except for losses in handling. 

The preparation of mercaptans by the hydrolysis of thioacetic 
esters is likely to bcconle of great importance since many of these 
esters are formed by the direct addition of thioacetic acid to un- 
saturates. (See the cliaptcr on thioacide.) As the addition of 
thioacetic acid talres place contrary to Alarkoxvnikow's rule, an 
alpha-olefin is converted into a primary mercaptan which might 
not be the case if hydrogen sulfide xvere added to the same olefin. 
Styrene and thioacetic acid unite: 

Hydrolysis of this yields phenylethyl mercaptan, PhCH2CH2SH. 
103, 28911 

Thiocarbonat~s and Thiocarbaln,ates 

The xailthatcs are readily available and are good starting ma- 
terials for preparing tllioesters which can be made to yield mer- 
captans: 

EtO-CS-SK + RBr + EtO'CS'SR + KBr 

EtO-CS-SR + N H 3  + EtO-CS-NH2 + HSR 

It has lung been :I standart1 metllocl for l~lakirig aruri~atic mer- 
captans. I t  is particularly useful for that  group since aromatic 
halides are relatively unreactive and since diazonium compounds 
are readily available. A diazonium salt reacts with a xan- 
thate: 163, 268, 377, 598 

PhN2CI + KS-CS-OEt + PhS-CS-OEt + N 2  + KC1 
PhSeCS-OEt + H 2 0  + PhSH + COS + EtOH 

As the alcohol involve(1 111 ~iinliing the xantllate does not influence 
the mercaptan, a cheap alcohol, such as ethyl, is used. It might 
be desirable to use one sucli as n-butyl which is easily recovered. 
The inconvenience of handling hydrogen sulfide is avoided by the 
xanthate method. One half of the sulfur in the carbon disulfide 
is used. m-Nitrothiophenol has been made by this 378 

Sodium trithiocarbonate, KazCS3, has possibilities that  have not 
been fully realized: 

Na2S + CS2 + Na2CS3 
2 RBr + Na,CS3 + 2 NaBr + SC(SR), 
SC(SR), + 2 N H 3  2 RSH + SC(NH,), 

Carbon disulfide is added dropnise to a 1 molar solution of 
sodium sulfide (210 g. Na2S.9H20 rnatle up to 1 liter), containing 
magnesium hydroxide (10 g. hlgC12.6H20 anrl 4 g. NaOH 
dissolved in water and added separately) . " T h i s  solution sl~ould 
be well stirred and kept a t  about 50" during the addition. When 
the carbon disulfide has all reacted, the temperature is raised to 
70" and the alhyl halide added dropwise, continuing the stirring. 

This method is particularly suitable for alkyl sulfates or ~vater-  
soluble halides, such as  chloroacetic acid: 

The trithiocarbonic ester is hydrolyzed to get tlle mercaptan. 
Ammonium dithioca~.ban~atc, from the union of carbon disulfide 

and ammonia, reacts well with an alkyl halide: 

H2NCSSSNH, + RBr -t H2NCS.SR + NH,Br 

a ~ d r o l y s i s ,  or pyrolysis, of this ester gives the m e r ~ a p t a n . ~ l ~ ,  
92. 83 



Bunte Salts 

Tlie cheapest and most available salt of a thioacid is sodium 
thiosulfate. I t  reacts with an alkyl halide: 

RBr + NaSvS03Na + RSSSO3Na + NaBr 

The alkyl thiosulfate is a so-called Bunte salt. It can be hydro- 
lyzed and the mercaptan set free.l0"z 4"a9 501 This method 
has seldom been used for preparing niercaptans, but is convenient 
wlien tlieir derivnti7-c-, such as tlisulfidcs or mercal,tals, are tlc- 
sired, since these can be obtained directly from the Bunte salts. 
For making mercaptans the drawbacks are tha t  the formation of 
the Bunte salt is slow and its hydrolysis is not clean cut. m-Nitro- 
thiophenol has been made by treating the Bunte salt with con- 
centrated hydrochloric acid.372 

From Thiourea 

I n  recent years the thiourea method has practically super- 
seded all others for the preparation of mercaptans on the labora- 
tory scale. I t  is easy to operate and has the advantage tha t  no 
alkyl sulfide is formed as a by-product. A wide variety of halides 
may be used.21, 200, 21% 282, 339~1, 33913, 385, 520, 699 It works well with 

many dihalides.'j4 
I t  v a s  observed by Claus in 1875 that  etliyl bromide and thio- 

urea unite to foriii a crystalline salt wliich is decomposed by 
alkali. A siniilar salt was obtained witli rhloroacetic acid.lZs" 
Two years later Willgerodt llcated two molecules of dinitro- 
chlorobenzene witli one of thiourea in 90% alcohol in a sealed 
tube at 100 to 155". He isolated dinitroplienyl mercaptan, ethyl 
chloride, amnionia and cxrbon Methyl iodide anti 
tliiourea react on standing, even in the cold: 

The salt, S-~netliylisotliiuronium iodide, is stable and soluble in 
water. Wlien rnethyl iodide is added to  powdered tliiourea moii- 
tened with etllanol the reaction is so vigorous that a reflux con- 
denser is n e e d ~ d . ~ ~ " s h e  same is true of ethyl iodide.Fj7 The ad- 
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I\-atcr. Q7:iniiing tlie b3w n-it11 TT. : I~(T c,;trlsc.. i t  to , s l ~ l i t  into t l ~ t ,  
mcrraptal~ and cyananiide: "" 

RSaC(:NH)NH2 + RSH + H2NsCN 

r This reaction is reversible. Tlie cyanamide polyn~erizes to  di- 
cyandiamide but this is of no con~eyuence as far a5 tlie prepara- 

, tion of tlie nlercal~tan is concernetl. Decomposition may be 
; effectcd by an amine: 235 

RSSC(:NH)NH2 + EtNH? + EtNH'C(:NH)NH2 + RSH 

Tlie by-prc~tluct is a substltutctl guanirlinc. ,Is substituted tlilo- 
ureas may be used as starting materials, this inakes possible the 
synthesis of a wide variety of substituted guanidincs. 

The tliiourea method lias given good results witli a tertiary 
halide,'" with unsaturated chlorides, such as methallylZ2 and 
~ r o t y l , ~ "  witli chlor l iydr ins , ' "~nd nitli substituted benzhydryl 
halides."' Dehydroisoandrosteryl mercaptan " and 9,10-antlira- 
cenedi (metlianethiol) have been prepared by tliis m e t l ~ o d . ~ ~ ~  The 
yield of cycloliexyl mercaptan is s a t i s f a ~ t o r y , ~ ~ ~  whereas the yield 
of this mercaptan by the sodiuin liydrosulfide method is poor. 

The operations are conveniently carried out in a three-necked 
flask which is provided nit11 a dropping funnel, a stearn inlet tube, 
and a condenser, set for rcflux. Tlie tliiourca is placed in the flask 
with about two thirds its weight of n-ater. For rnercnptans up to 
decyl, the use of alcoliol is not o111p unnecessary but is objection- 
able, on account of the formation of azeotropes of tlie lo\\-er mer- 
captans with alcohol and tlie lo~v solubility of thiourea in alco- 
~ O I . ~ ~ " "  For higher alkyl Ilalides, one fourtl~ to one half of the 
water may be replaced wit11 alcohol. (dlcoliol of 95 mu or 9 9 7 ~  
concentration lias been used as solvent nitli cetyl bromide." but 
5027 alcohol is a better so11.ent for t l ~ e  tliiourea and clissol~cs 
sufficient amounts of even tlic liigller alkyl bromides to  keep the 
reaction g~ing."'~"'l Heat is a1)plied 2nd the lialitle is atlded drop- 
wise or in portion,.. Tlle reaction iiiay be over in 15 minutes or 
may require several Iiours. When the combination is judged to  
he complete, tlie condenser is turned down and steam passed 
through t o  rcniol e alcoliol or other volatile matter. The receiver 
is changed and concentrated sodium hydroxide solution added 
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frc1111 tl1c1 lunnc3l :it .III 11 :I ~ : i t (  t11:lt t i l t ~  rc,:lcttion 1- v igor()~~.  but 
can be liol't rlndc~ caontrol. .\ ~.olatllc. il~cical)tan, u p  to octyl 01. 

nonyl, goes over arid is >el)aratc(l iron1 tlie nnter  layer of tlie 
distillate. Tlie water layer can be discarded. Ether extraction 
is useless since 1 liter of water dissolves only 0.57 g. of butyl mer- 
captan and much less of the higher. llThen the mercaptan is 
fractionated, the first portion that  goes over is turbid and carries 
all of the water that  is present. Only this tiny portion need be 
dried. Except for mechanical losses, the yields are practically 
theoretical. For nonvolatile mercaptans steam is used only for 
getting rid of volatile materials. Precautions must be taken to 
minimize the oxidation of the mercaptan by air, which is rapid 
in the presence of alkali. Air may be displaced by nitrogen or 
by adding a little benzene which will provide a blanket of vapor. 
Just as soon as the liberation of the mercaptan is complete, suffi- 
cient acid is added to  bring the p H  below 7. The reaction mixture 
is cooled and the mereaptan layer taken off.507 

For methyl mercaptan it is convenient to prepare a quantity of 
the crystalline methylisothiuronium salt which can be stored and 
used as desired. One mole of thiourea (76 g.), 50 cc. of water and 
63 g. (0.5 mole) dimethyl sulfate are warmed together in a flask 
until all go into solution. The solution is boiled vigorously, with- 
out reflux. Crystals begin to separate in 5 to  10 minutes. The 
boiling is continued until a thick magma is produced. The forma- 
tion of a fog is to be avoided. A little cold water and sufficient 
alcohol to double the volume are added and the mixture cooled 
and filtered. The yield is 105 g. of the salt. By boiling down the 
mother liquclr and adding alcohol, 20 g. more can be obtained, 
which corresponds to a yield of 90%. This salt melts a t  244" 
with decomposition. To  generate methyl mereaptan, 70 g. of 
this salt and 100 cc. of 2070 sodium hydroxide solution are heated 
gently in a flask with a reflux condenser. Methyl mercaptan is 
evolved regularly. It passes up through the condenser, is bub- 
bled through dilute sulfuric acid, and dried with calcium chloride 
The yield is 21 to 22 g. or 9 0 y  and the operation requires only 
10 to  25 minutes.Qr sf 556, '366 

The thiourea method is especially advantageous when the mer- 
captan is being made as an intermediate for the preparation of 
some derivative, such as a mixed sulfide. Thus, in the described 
preparation, as soon as the isothiuronium salt has been prepared 

- 

and volatile materinlc have hcen renio~etl  hy .tram tli.tillation. 
the condenyer i i  turned to reflux and twice tlle uwal  amount of 
alkali is added t o ~ c t h e r  77-ith the otller alkyl Iialide. A <  the mer- 
captan is liberated, it forms sodium mercaptide which reacts a t  
once with the alkyl halide.301 For example, add one mole of 
hexyl bromide to a slight excess of thiourea in twice its weight of 
water and reflux until the reaction appears to  be complete. Add 
to the hot mixture slightly more than a mole of concentrated 
aqueous sodium hydroxide. When the mereaptan separates as a 
layer, add one mole of butyl bromide and another of the alkali. 
A volatile sulfide can be driven over with steam, while a less 
volatile may be separated from the cooled mixture.506b The 
mixed sulfide S (CH2CH2SCH2CH20H) 2 was prepared by the 
addition of ethylene chlorhydrin. The elapsed time from the start  
of the heating to  the  pouring out of the product was 90 min- 
u t e ~ . ~ ~  

The preparation of the alkyl halide and its utilization to form 
the S-alkylisothiuronium salt may be accomplished in the same 
flask. A solution of thiourea in 10 parts of ethanol containing 
hydrogen chloride, refluxed several days, gave the desired salt.688 
A mixture of 75 cc. of ethanol containing 4.5 g. hydrogen chloride 
and 7.6 g. thiourea was refluxed 72 hours to give 30% ethanethiol 
or 120 hours for 61%.3217 579 By  the use of hydrobromic acid, the 
reaction time can be shortened greatly.213 It might be assumed 
that ethyl chloride is formed which subsequently reacts with the 
thiourea in the usual way. Against this it may be said that it 
does not seem likely that  ethyl chloride, which boils a t  12.Z0, 
would remain in boiling alcohol long enough to react with any- 
thing. Alkyl chlorides do not react rapidly ~ ~ i t h  thiourea. Per- 
haps the alcohol reacts in some way with the thiourea hydrochlo- 
ride or with the thiuronium ion. This method is not recommended 
except in special cases, such as with alcohols whose hydroxyls 
are labile. The best example is thiodiglycol. One mole of thiodi- 
glycol (122 g.), 2.02 moles of thiourea (155 g . ) ,  and 200 cc. of 
concentrated hydrochloric acid are heated under reflux. The for- 
mation of the thiuronium salt is complete within 20 minutes. 
The mercaptan, S(CH2CH2SH)2,  is liberated with alkali in the 
usual way. A yield of 85% of the distilled mercaptan has been 
obtained, the same as from mustard gas. In this case there is the 
Special advantage of not having to handle the toxic ~hlor ide."~ 
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I)i.sulficle.~ 

Alkyl disulfides arc obtained from reactions with sodium disul- 
fide and can be reduced to  the mercaptans: *jO 

2 R B r  + Naysz + RS-SR + 2 NaBr 
RS5R + 2 H + 2 RSH 

The reduction may be effected in various ways.12" lS1, 276" 310, 

468, 501, 541, 578, 621, 692 Alkyl and aryl disulfides and many other 

sulfur compounds are reduced neatly by lithium alulninum hy- 
dride to the n l c r c a p t a n ~ . ~ ~ ,  j", 594 IEIydroxymercaptans are ad- 
~an tageous ly  prcpnrcd by way of the d i s u l f i d e ~ . ~ ~ ~ ,  3';8" s""!' Tliis 
method is particularly suitable when the disulfide ca,n be pre- 
pared by some spccial method, as  is tlie case with furfuryl diaul- 
fide,24% 313, 340, 376, 584 

This would look like a way of circumventing the formation of 
the alkyl sulfide along with the mercaptan. Unfortunately XI- 

dium disulfide is a "stat,istical" compound, an equilibrium mix- 
ture of the disulfide with moriosulfide and polysulficles: 

2 No$, Na2S + Na2S3 

The amount of alkyl monosulfide formed will depend on the 
proportion of sodium monosulfide present and on the relative 
react'ion rates of i t  and of the di- and trisulfides with the alky- 
lating agent. Experiments have shom-n t'hat some alkyl mono- 
sulfide is produced even when tlie composition of the sudium poly- 
sulfide corresponds to KanS4. To cut don-n the forination of the  
monosulfide, i t  is desirable to use sodium tri- or tetrasulfide. The 
alkyl polysulfides are rcadily reduced to  the disulfides and t o  
tlie mercaptans. Catalytic hydrogenation TI-it11 a metal sulfide 
catalyst is app1i~ablc.I"~' The separation of the  mercaptan fro111 
sulfide and disulfide by fractionation is a simple matter. 171-n'itro- 
thiophenol liaa been illntle hy reducing tlie disulfide n-ith glu- 

- -  
case . I c )  or socliuiil sulfide," bbotli in alkaline eoluticln. 

0tht3r Retluctions 

A sulfone cliloritlc can be reduced to n mercaptan by zinc and 
an acid: 29, Ki, 831, 8" 176, 223, 235. ?;ti. 267, 343, 34s.  fS4,  623, (iii:, GS8, 691 

PhS0,CI + 6 H  + PhSH + 2H,O + HCI 
EtS02Cl + 6 H + EtSH + 2 H,O + HCI 

,\iercn~~tct t ~ s  3 7 
- ~- 
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by t l ~ c  rc~ill~c~tj(~~n of tlic, ~,v-l)cc~ti\-o ~lis~~lt 'iiiic~ c ~ l ~ l o r i ~ l , ~ ~  \ \ - i l l ,  z i l ~ c .  

and ncitl. This Iia* 11cc~ii :t stantlarcl ~ ~ i ~ t l i o ( l  for iii:tl';ii~g ~1.oiii:iti(s 
mercaptan:;, but. lias hccn seldom used for alipliatic nlercapt,ans """ 
since the required sulfone chlorides are not so readily available. 
Catalytic hydrogenation has been recommended for aliphatic sul- 
fone ~ h l o r i c ~ e s . ~ ~ ~ ~ ~  "'" Lithium aluininuili Iiydride l"~ +11" ancl 
phosphorus ~vit'h potassiunl iodide "3 ha re  been used as  reducing 
agents. 

An a,rylsulfinic acid or its salts may be reduced to  a mcrcaptan 
witll zinc and llvdrcrchloric aCid,13:3. I iOn ,  2:33, 275, 461.  462 Z-Tllio- 
phenesulfinic acid lias been so retluced." An arylsulfonanlide is 
reduced by hydriodic a,cid.'O" 204 

The reduction of cholesteryl t'hiocyanate by the Clemmensen 
method gives cholesteryl mercaptan: ni. 99.5", [a]D-23.850."1" 
Hydrogenation of an alkyl thiocyanate gives a mercaptan: 

RSCN + 2 H + RSH + HCN 

This does not seem to  have been used as a preparation method.23i 
A selenocyanate is reduced by a metal and acid to the seleno- 

r n e r ~ a p t a n . ~ ~ ~  

RMgX + S + RSMgX 
RSMgX + H X  + RSH + MgX2 

Selenium reacts similarly: 

RMgX + Se + RSeMgX + RSeH 

The examples given are aromatic, but aliphatic mercaptans can 
also be obtained in this 6i7 Tlie yield may be as high as 
80% p r o ~ i d e d  there is no excess of sulfur: 676 

2 RSMgX + S + RS-SR + S ( M S X ) ~  

Cyclohexyl mercaptan, which is difficult t o  obtain by the usual 
methods, lias heen prepared by this inet l l~d.~""  40s9 Most ali- 
phatic niercaptans are so readily prepared by otlier methods that 
there has been little incentive to use this method except for 
t-butyl.fl5 Thioborneol has been prepared by this  reaction,'"^ 293 

50 have the two thiophenethiols.lo7 



When coal gas is passed over heated powdered nickel, an or- 
ganic sulfur compound is formed wliich gives a mercury deriv- 
ative, m.65 to 70°.430 Sabatier and Mailhe passed primary and sec- 
ondary alcohols with hydrogen sulfide over heated thoria which 
they found to be the only efficient ~ a t a l y s t . ~ ~ ~ " ~  52'" They report 
yields of 50 to  75%. Secondary alcohols of five to nine carbon 
atoms gave m e r ~ a p t a n s . ~ ~ ~ "  A later study gave the following 
yields for 1 : 1 mixtures of alcohol vapor and hydrogen sulfide over 
thoria a t  380": methyl 42$, ethyl 35%, propyl 45%, n-butyl 
5270, i-butyl 3670, and i-amyl 42%.359 It was found that  the 
mode of preparation of the thoria is of great importance. The 
catalytic preparation of mercaptans up to octadecyl by passing 
their vapors and hydrogen sulfide over a dehydrating catalyst, 
such as zirconia, has been claimed.", 307 The presence of a small 
amount of hydrogen in the mixture of methanol vapor and hydro- 
gen sulfide is said to cut down the formation of methyl sulfide.52 
The catalytic preparation of the higher mercaptans is now in 
commercial operation. 

An alcohol may be heated with sulfur and hydrogen, under 
pressure with a catalyst, to produce a mercaptan. The yield from 
laurol is 40%.598 Cyclol~exyl methyl mercaptan has been made 
by passing the acetate wit11 hydrogen sulfide and hydrogen over a 
cobalt sulfide Phenols are converted to thiophenols 
by passing their vapors over alumina, or thoria, with excess hy- 
drogen sulfide a t  400" to  600°.3"assing alcohol and carbon di- 
sulfide vapors over catalysts a t  400" gives a moderate yield of 
mercaptan. The active agent may be the hydrogen sulfide formed 
by the action of the carbon disulfide on the water from the dehy- 
dration of a part of the 

Hydrogenation of carbon disulfide to methyl mercaptan in the 
presence of nickel polysulfide approaches a first-order reaction.141 
Hydrogenation of a nitrile in the presence of hydrogen sulfide 
with cobalt polysulfide catalyst gives the mercaptan.170b. A 
carboxylic acid, or an ester, reacts with hydrogen sulfide in the 
presence of a hydrogenation catalyst to  form a m e r ~ a p t a n . ~ ~ ~ " .  
160b. 602 

Mercaptnns 
-- -- - - - -  

34, 

Rlercaptans are p~-orl l~rct l  l)y tlic I~yclro~c'~l:ition over a sulfac- 
tive catalybt of a variety of sulfur c o r n p o u n c l ~ . ~ ~ ~ ~ ~  li1, lgon, I s o b 9  

211b, 3(ii, 3 6 8 3  3 G 8 ,  jtijh, A nlcrcapta~l rebults when an olefin, sulfur, 
or hydrogen sulfide, and hydrogen arc heated with a sulfactive 
catalyst.4- 655 

t-Butyl sulfide can be cleaved to t-butyl mercaptan by hydro- 
gen sulfide in the presence of metal s ~ l f i d e s . ~  A sulfide may be 
cleaved by sodium in liquid ammonia.158 

During World War I, i t  was proposed to  use n-butyl mercap- 
tan as a camouflage gas to the end that  the enemy would have 
difficulty in telling in which sectors toxic gases were being used 
and in which they were absent. A small plant rated a t  300 Ib. 
per day was set up a t  the American Cniversity in Washington 

, for making n-butyl mercaptan catalytically. The alcohol vapors 
and hydrogen sulfide were passed through enamel-lined steel 
tubes 10 ft. long and 2 in. in diameter heated to about 400" C. 
The plant operated successfully and about a ton of the mercap- 
tan was sent to France, but whether or not it was ever used, no 
one seems to know. The condensate from the catalyst tubes sepa- 
rated into two layers. The top layer was taken off and fraction- 
ated. The chief difficulty encountered was due to the fact that  
n-butyl mercaptan and n-butanol form an azeotropic mixture 
containing 14.84% of the alcohol and boiling a t  97.8°.359 

A method which is not catalytic but which uses the same oper- 
ating conditions is to pass the alcohol vapor over aluminum sul- 
fide. Much mercaptan and some sulfide are obtained a t  260 to 
300° .383, 384 

This is emphatically not a method for   re paring ~llercaptans 
but is mentioned here since it has been taken up in many text 
books. Kekule 329 wrote the equation: 

This cannot be realized under any conditions. The alcohol adds 
to the pentasulfide somewhat as it would to phosphorus pentoxide. 
According to  conditions various products are formed. One im- 
P o r t a ~ t  reaction is: 4*0 
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5 i l 1 c . c ~  t l ~ c  :11Icy1 i l l  tlli- i c  >till I ) ( I I I I ~ ( I  to  oxy~( in .  :L ~l ic~~.( . ; t j~ t : t~ i  ( . :L~I -  
not I I C  l)ro(Iuc~,(l :i~lil)le l~?-ilrol?-~i.- 11i1t III:LJ. 1 x 1  ~ L I I I O I ~  tltv 
~wotlucts o f  ~)yrol?-,si.~. Tliis \\.ill col~ii. ulj ;ig;rin in (.'ll:il)tc~ .3. 'I'hio- 
plienol 'Qnd 2-hexyl-p-thiocresol 2)Viar.e I~celi obt:lined froiii 
the hydroxyl coinpounds with pllosphorus pentasulfide. Heating 
ethyl diphenylacetate with phosphorus pentasulfide g i ~ e s  ethyl 
m e r c a ~ t a n . ~ ~ ~  

Methyl mercaptan is formed from carbon riisillfide and hydro- 
gen sulfide in the presence of a Frietlel-Crafts ca t a ly~ t . : ' ~  

Cycloliexyl lnercaptan is formed when cycloliexanone is heated 
with amrnoniuni p o l y s ~ l f i d e . ~ ~ ~  

Aron~ntic mercaptans are formed wlleri sulfur chloride reacts 
with the 1i;vdrocarbon in tlic presencc of aluminunl ama1gari1.l~~ 

Mercaptans seen1 t o  be among the products when an  alkene and 
hydrogen are led olrer pyrites a t  3.50" or n-lien an alkene is treated 
with a sulfurizing agent, such as  sodium t e t r a s u l f i d ~ . ~ V \ r o  nier- 
captans and  other con~pounds result when 2-methylbutenr-2 is 
heated with sulfur a t  160 to  170°.101 

Cyclohexane is sl~lfrlrized and dehydrogenated by sulfur to 
thiophenol."VIercapt~ans are coinnionly among the  products 
whcn hydrocarbons are heated nit11 sulfur. Propylerie and sulfur 
give some i-propyl m e r ~ a p t a n . ~ ~ ~  

Thianaphtliene is reduced by sodium in boiling alcohol t o  
o -e t l iy l t l~ iopheno l .~  B y  t'he same treatment,  thienol [3,2-b] -thi- 
ophene is opened u p  t'o 2-ethyl-tl~ioplienetl~iol-3.l'" 

Triphcnylcnrbinol is c o n ~ e r t e d  t o  the mercaptan hy saturating 
its solution in :iretic acid n-it11 11yd1,ogcn sulfide in the presence of 
a catalytic amount of sulfuric acid."" 

Treating an  epoxy resin wit'h hydrogen sulfide is eaitl to intro- 
duce s11If11ydr;vl g r o ~ l p s . ~ : ' ~  

A by-product of tlie synthesis of tliioplicne from a succinic 
ester and phospl~orus yrentasulfidc is 2-thiophene-thi01.~"~ The 
3-isomer is a by-protluct in tlie coinnlercial synthesis of thiophene 
fro111 butane antl 

silicon u~errnl)tnn! 1Ic;:PiSH. 113:: bccn 1)reparctl frvui the 
cori~esl~ontlinji rllloritlc 11y c.onvc~ntiorin1 n~ctlloil.q.~~!' 

Dimercaptans or Dithioglycols 

Dcril-ativeh of' t l i ~  qrw-tlltliiol~, KCH (SR'), anti R,(' I SR') ,. 
tlie ~ilercal,tals ancl ~nercaptoles have been knonn for a long time. 

r r ~ l ( , y  i t ~ . ( ,  . I '  I ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ .  : I ! ! ~ !  .!I ~ I I I ~ I , ~ I . I  : , I l :  I \ , : , I  :, \\ I ! , I I , ,  I ~ I I : I ~ I : !  I ,  
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q e t , / - ( l i t l~ i~~ l .~  \\~ouIil l)t, to11 ~ ~ ~ i ? t : i J ~ l o  t o  I , ( ,  i.x ~ l : ~ t ( ~ l .  ( ' l i o ~ i ~ i . ~ ~  - I , ,  111- 

tcntcvl t l ~ c ~ ~ ~ ~ . ~ c ~ l ~ c . :  n-it11 a i ~ u i i ~ i i i ~  tlic'il. cxi,~tciic.cx as interi~ictliwtcs. 
B y  t r fa t ing  formaldehyde with hydrogen sulfide a t  low tenl- 

pcrat,urc, a liquid is obtained ~~l-hicli is stable for a time i l  kept 
cold. Iodine cnnrerts  it t o  a tar ry  mass from which a solid melt- 

/SCH2S 
ing a t  83 t o  81" can be extracted, apparently CH, I ,  m.~vt .  

\SCH~S 
calc. 170, found 165 to 177. By treating the original reaction 
product wit11 methyl iodide in a lka l~ne  solution and oxidising 
the protluct t l ~ u s  proclucctl. :I iiiixtiue of tlie t\vo sulfones, 
H2C (SO2AIeI2, m. 141°, and 0 2 S  (CH2S021ie)2 ,  m. 184 t o  18S0, 
is obtained. Tlie corresponding ctliyl sulfones, H2C (S02Et)2, m. 
103", and OrS(CH2S02Et)l .  111. 149", have been prepared in a 
similar Reduction of carbon disulfide gave a product from 
which r h a t  appeared t o  be the methylene trithiocarbonate, 
H2C (S-CS.SNa)2 was ~ b t a i n e d . " ~  A de r iva t i~  e of metl i j ler~e nler- 
captan has been patented.j4 

Recently it has beeii found tha t  gel))-djthiols can be prepared, 
quite simply, in good yields and tha t  tliey are relatively stable.l1° 
The reactions may be represented as :  

Aldehydes react a t  Ion-er te~npcratures antl pressures than ketones. 
Formaldehyde g i ~ e s  a 335% yield in 16 hours a t  42" and 30 a t -  
mospheres pressure. Pressures up t,o 8000 atmospheres were used 
with ketoncs. Polymeric tlisultitles are by-products. 

T o  avoid decoii~position it is desirable to  distil the gem-ditliiols 
a t  reducecl pressures so that  tliey need not be heated above SO0, 
though some of tlieni will s tand tiigliel. temperatures. Some g ~ n z -  
dithiols can be stored for a year with little deconiposit~ion. They 
show t'ypical mercaptan reactions. They form metal mercaptides 
and can be alkylated and :~cylated. The addition products 1~7itIi 
ethylene and propyleile are niercal,tals. 

Ethylene mercaptan, prepared from etl~ylenc chloride and po- 
tassium sulfhydrate back in 1840,m"st1ie only well known mem- 
ber of this class. Ethylene bromide and sodium hydrosulfitie gave 
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it :~l>o. ' '~ '  E:tliyI('ri(~ iiic~c~al)tan ~ a h  ot,t:~l~icti by the action of 
an~i~ioniw on l ) o lyn~c~  ic etl~ylenc tritliioc:lrbon;~t c.403 Fro111 alco- 
holic, l~o tas~ iun i  liyclroxirle saturated \\-it11 hydrogen sulfide and 
etl~ylene bromide, a 70% yield lias been clairned.l9la XIucli lo~ver 
yields have been rep~r ted .~" .  595 One difficulty in getting a high 
yield is the formation of by-products. In  one experiment about 
16% of HSCH2CH2SCH2CH2SH1 1.5% of HSCH2CH2SCHaCH2- 
SCH2CH2SH and about 10% of polymers were reported.417 The 
polymers may have bromine terminals and molecular weights as 
high as 3000.m2 The formation of sulfide-mercaptans can be cut 
down by carrying out the reaction in an autoclave, under hydro- 
gen sulfide pressure. Ethylene mercaptan may be prepared from 
sodiunl t h i o ~ u l f a t e . ~ ~ V h e  sodium amalgam reduction or hy- 
drogenation over a sulfactive catalyst 368 of polymeric etliylene 
disulfides has been used. 

I t  can be made by the thiourea p roce~s ,~ ,  412n, but with some 
difficulty. Ethylene bromide reacts promptly and vigorously with 
thiourea and the isothiuronium salt is obtained in high yield. For 
some reason this salt is not decomposed readily by alkali. Re- 
fluxing for 5 hours with 15 moles of potassium hydroxide appears 
to be n e ~ e s s a r y . ~ ~ T h i s  is seven times as much alkali and ten 
times as long as would be expected. This difficulty is not en- 
countered when the reactive groups are further separated. The 
sulfide dimercaptan has been observed as a by-pr0duct.4~'" 

Trimethylene mercaptan, HSCHBCH2CH2SH, has been pre- 
pared from the bromide and potassium h y d r o s ~ l f i d e , ~ ~ ~  2 m r  412"9 
"99 5M by the thiourea method '"3 412" and also by reducing tri- 
methylene thiocyanate, CH2(CH2SCN)B, with zinc and hydro- 
chloric acid.'" The dimethyl-trimethylene mercaptan, HSCH2.- 
CMe2-CHZSH, has been prepared.24 Propylene dimercaptan, 
CH3CH (SH) C H B H ,  b. 15Z0, and isobutylene dimercaptan have 
been made. The yield of the second was very 666 The 
preparation and properties of a complete series of dimercaptans. 
up to dodecametliylene, have been described.266 

For making the polymethylene mercaptans, the usual methods 
are available. A novel way is to prepare the bisdithiourethanes, 
C5HloN.CS.S (CHZ) ,S-CS.NC~H~~,  from piperidine, carbon disul- 
fide, and the dihalide. Treating this with alkali liberates the 
d i m e r ~ a p t a n . ~ ~ "  

Dimercaptans show the usual reactions of mercaptans. Thc 
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chief interest in tlie lower mc'mt,trs 11a? hrcn in t l i ~  ft,r~n:itioti n f  
cyclic compounds. hlany rpclic niercaptals have been prepared 
from ethylene mercaptan and the saccharitlcs,"" 6G as well as 

L.. from simpler aldehydesl6, l H n 8  lglb and from ketoncs.l5, lQ1lb~ 23Q 

These are described under mercaptals and under cyclic sul- 
fides.417, 627 

Dimercaptans are said to  be less toxic to  catalysts than the 
monomer cap tan^.^^^ 

One trimercaptan is known: trithioglycerol, HSCH (CH2SH)2, 
111, 4 2 6 9  516 which is insoluble in water but mixes with ether. 

The mercaptan, C (CH2SH)4, corresponding to pentaerythritol 
has been prepared by the catalytic hydrogenation of a polymeric 
p o l y s ~ l f i d e . ~ ~ ~ ~  

It is claimed that polymers containing free mercaptan groups 
can be obtained by adding thioacetic acid to unsaturated poly- 
mers and hydrolyzing.312 

Comparison of Mercaptans with 
Alcohols, Hydrocarbons, and Alkyl Halides 

In  tables 2.1 to 10.1 and in most of the plots the mercaptans 
and alcohols are compared with the hydrocarbons having one 
more carbon atom, that  is, ethyl mercaptan and ethanol are com- 
pared with propane, and so on, for the higher members. In  this 
way there are the same number of heavy atoms in the eom- 
pounds in each line. The secondary mercaptans and alcohols, 
RCH (SH) CH3 and RCH (OH) CH3, are compared with hydro- 
carbons of the structure R C H  (CH3) CH3. 

In  the textbooks the statement is made that  mercaptans boil 
lower than the alcohols. That  is quite true for the lower ones; 
methyl and ethyl mercaptans boil a t  58.5" and 43.6", rcspcctivcly, 
below methanol and ethanol, but the differences become less as 
the carbon chains become longer until the seventh members of 
the series are reached, and above that  the mercaptans boil higher 
than the corresponding alcohols. With tl\e secondary mcrcaptans 
and alcohols, the relations are nearly the same but nut so regular. 
For comparison, t,he boiling points of the mercaptans, alcohols, 
hydrocarbons, and alkyl bromides are given in Table 2.1, with 
their differences, and those of the mercaptans, alcohols, hydrocar- 
bons, and alkyl chlorides are plotted in Figures 1.1 and 2.1 against 
the number of carbon atoms. Columns 1, 5 and 8 give the boiling 



FIGURE 1.1. Bozling Points  of Prz'nlrrry ~Tfercaptnns,  Alcohols, 
Allcyl Chlorides and I lydrocnrbons,  Plotted against .Yzimber of 
Carbon Atouzs 
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Ale-Sll, ;\I(:-011 :111(1 M(7-Ill.. (-'o11111111 2. ;C;II-Jl(~, slio\\-s tllc cle- 
vation of tlie boiling point n-lien sulfllydryl is substituted for 
methyl. Thus in line 1 the boiling point of inethyl mercaptan, 
6", is 93.3" higher than that of propane. Column 6 sho~vs tlie 
elevations when liydrosyl is substituted for methyl. Column 3 
gives the differences between the alcoliols and mercaptans. Meth- 
anol boils 58.5" above metlianetliiol while heptanol and hep- 
tanethiol boil a t  practically the same tcmperaturc. 

Boiling Points of iJlercaptans Corrzpared u i t h  Those  of 
Alcohols, Allcyl B r o ~ r ~ i d e s  and Hydrocarbons 

1 5.96 94.3 58.5 -2.4 64.5 
2 34.7 79.2 43.6 3.7 78.3 
3 67.5 68.0 29.5 3.5 97.2 
4 98.0 62.8 19.7 3.6 117.7 
5 126.5 57.8 11.4 3.2 137.9 
6 151.5 53.1 5.0 3.8 156.5 
7 176.2 50.6 -0.1 3.8 176.3 
8 199.1 48.4 -4.4 2.4 194.7 
9 220.1 46.0 -6.6 213.5 

I so-co~r~pounds  

4 88 60 19.9 3.4 107.9 
5 119 59 13.0 1.6 132.0 

Secondary 

3 52.9 64.6 29.4 -6.4 82.3 
4 84.5 56.6 15.0 4 . 8  99.5 
5 112.9 52.6 6.9 -0.1 119.8 
6 138.'J 48.8 0.9 -5.6 139.8 
7 163.6 45.5 -4.9 -2.4 158.7 
8 186.4 43.2 -7.4 2 . 6  179.0 
9 208.2 41.4 -9.9 0.2 198.3 

Ter t iary  

4 64 54.6 18.9 -9.3 82.86 
5 98 49.3 4.3 -11.2 102.3 
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I n  Fig11l.v .? . I .  t111. I,oiling point3 of tlle mcr.c:~l)t:in\, alcohol-. 
hytlrc~c.:i~~l)oii-~ a1111 alkyl c.llloriclcs arc plottctl against tlieir 
niolccul:~i n.cig11t.s. Tllc llyclrosyl group has a great cffect but 
this falls off as tlic carbon cliain lengthens. Tlic elevation of tlic 
boiling point by the -SH group diminishes slightly from methyl 
to amyl and then becomes practically constant. The boiling 
points of tlie secondary mercaptans bear a similar relation to 
those of the 2-methyl hydrocarbons. The alkyl chlorides boil 
a l~nost  exactly where hypothetical hydrocarbons of the same 
molecular weight mrould. 

FIGCRE 3.1. Boiling Points  of P r i n ~ a r y  i l f e rcap tans ,  Alcohols,  
-4llcyl Chlorides and  Hydrocarbons P lo t ted  against Molecular  
W e i g h t  

The elevation of the boiling point by tlie mercapto group is 
partly due to its nature and partly to its weight. An attempt 
has been made, in Table 3.1, to evaluate thcse separately by 
taking the differences between the boiling points of the mer- 
captans and those of hypothetical hydrocarbons of the same 
molecular weights. The boiling points of these hypothetical 
hydrocarbons were read off from a plot of the boiling points of 
the normal hydrocarbons and the mercaptans against molecular 
weights. The results are in the column headed Eleva t ion .  The 
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same liai been (lone for tlie a l c o l ~ o l ~  T l i ~  ( . I , ~ I I I ~ ~ I I  T 7" gives t l ~ c  
ratios of the boiling tempcraturcs of the mercaptan~ to those of 
the hypothetical hydrocarbons, both in degrees Kclvin. The same 
has been done for tlie alcohols. 

Mercaptans Alcohols 

Eleva- Eleva- 
No. B.p. tion T/T' M w.hc. r Asso. B.p. tion T/T' M w.hc. r 

Secondary  

The molecular weights of hypotlictical hydrocarbons having tlic 
same boiling points as tlie mercaptans have been calculated and 
are listed under M w.hc. The ratios of these to tlie inolecular 
weights of the mercaptans are under r .  This ratio is a sort of 
measure of tlie aqsociatitrn of the mercaptans. For the primary 
mercaptans this ratio starts a t  1.27 and dccreascs until it becomes 
practically constant a t  1.08. I t  is 0.03 lower for any secondary 
than for tlic corrcsponding primary. Under -4sso., figures are 
given for the association calculateti from fl~idities.~'" There is 
close agreement. corrcsponding data are given for the alcohols. 
Thiophenol is more like a lower primary mcrcaptan. 
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Lon-cr Par t :  -1I~ltiny Poi)its of I)i))~ocnpt~rns,  (;l!/c*ols, I)ibr,o- 
n~ides and H?jdrocnrbons Plottcil nyninst -Yt~r)~b(r of C'orbon 
Atoms 
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coluii~n 4 of Ta l~ lc  2.1, tlic 1)oiliuo. l!oints o i  t l ~ c  lvinlary i11c.r- 
captans, from ethyl to 11cx~-1, ;iT-i,rage 3.6" 101v~1. than the (,or- 
responding alkyl bronlides. Tlie melting-point pattern of the 
mercaptans, as seen in the upper part  of Figure 4, is much likc 

' that of the alkyl bromides, nliich closely rese~nbles that of the 
hydrocarbons, RMc,  haring the same numbers of heavy atoms. 
Data  on solubilities in ~yater  of these compounds arc scanty, but 
such figures as are available indicate tliat tlie solubilities of butyl 
mercaptan, butyl bromide, and pentane are of the same order (sce 
Table 4.1). 

Solubilities of Mercaptans, Bromides, and Hydrocarbons in Water 
(in grams p ~ r  liter of water a t  20 to 30") 

R RSH RBr Rn4c 

Me 23.300 - - 

E t  6.760 8.96 - 

Pr  1.960 2.3 1 - 

Bu 0.570 0.61 0.360 
Am 0.161 - 0.140 
Hex 0.043 - 0.052 
H ~ P  0.014 - 0.015 

In  Figure 5.1. the clcnsities of tile primary and seconrlary 111~1'- 
captans are plotted along TI it11 t110rc of the cor~,esponding alcoliols. 
There is a sharp drop from n ~ e t l ~ y l  to ethyl on account of thc 
decrease in the percentage of sulfur. From ethyl the density rises 
slowly. The increa4e in dcnslty duc to the higher percentage of 
carbon is largely compensated by tlie tlerrcasc in sulfur con- 
tent. 

The melting points of l,riilinry iiicrcal)tan~, nlcoliols. alkyl 
bromides, nnrl I~yclrocn~boii~ fir(, fiil-c'n 111 Tn l~ le  5.1 for conipuri- 
son. T l ~ c  slmilnritie- :we clo-cr it l~ii~pniic it, put nit11 ctliyl iiler- 
captan, ethyl nlcol~ol und etliyl bl-oulidc, ant1 so for tlic l~iglier 
members of tllc series. Tlie iiielting points arc more alike when 
the molecules have tlic sanic. number of Ilea\-y atoiils ratlicr tliail 
the same number of carbons. 



FIGURE 5.1. Densities, 25/4, of Primary and Secondary Mercap- 
tans and Alcohols, Plotted against Nunzber of Carbon Atoms 

bromille.. :\11(1 11>droc:11.I)an.. Tllc pattern- for RSH. RBr, zirrd 
RhIe arc \.tlry siinilar. 

The melting points of the 2-niercapto and the 2-methyl hydro- 
carbons are in Table 6.1. 

TABLE 6.1 

Melting Points of 2-Mercapto- and 2-Methyl-Hydrocarbons 

RCH (SH) CH3 RCH (Me) CH3 
1: 

Propane -130.7 -145.0 
Butane -165.0 -160.9 
Pentane -169.0 -160.5 

@ Hexane -147.0 -155.0 
Heptane -141.0 -111.3 
Octane - 79.0 - 80.0 
Nonane - 69.0 - 74.7 

TABLE 5.1 

Melting Points of Mercaptans, Alcohols, AlkyI Bromides, and 
Hydrocarbons Having Like Numbers o f  Heavy Atoms 

These are plotted in Figure 6.1. There is a similarity in the two 
melting point patterns, though they are close together only a part 
of the way. 

R RSH ROH RBr Rme 

Me 
Et 
Pr  
Bu 
Am 
Hex 
H ~ P  
Oct 
Non 
Dec 
Und 
Dod 

These data are plotted in the upper part of Figure 4.1, from 
which it is seen that the melting points of the alcohols make a 
pattern that is entirely different from those of tlie mercaptans, 

FIGURE 6.1. Melting Points of 2-Mercapto- and 2-Methyl-Hy- 
drocarbons, Plotted against Number of Carbon Atoms 

As for the ~nononlercaptans in Table 3.1, in Table 7.1 data are 
given for the boiling points of the din~ercaptans and glycols. 
unfortunately, the available data for the glycols are scanty and, 
except for the first two, not very accurate. 



Eleva- Elrva- 
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Table 8.1 lists tlie elevations of the boiling point of a hydro- 
carbon causcd by the introduction of the first and second -SH or 
-OH groups. 

Elevation of Boiling Point b y  First and Second Xubstitutions o f  
SH Groups 

Ethane 123.0 111.3 166.7 1112.8 
Propanc 112.5 104.9 141.7 116.8 
Butanc 98.5 97.6 118.2 112.3 
Pentanc 90.5 90.8 101,s 101.6 
Hexanc 82.8 85.6 127.8 93.5 
IIeptanc 77.8 76.0 77.9 82.7 
Octanc 73.5 7 0.2 69.1 - 

Nonane 69.5 63 .8 62.8 - 

\\-it11 etlianc and propane, the introduction of the second -SH 
ur -OH group liab less effect than that of the first, but for the 
lligller llydrocarbons thcre is little diffcrcnce. The figures in the 
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pheric prc--11ic : \ L C  prol)nbl!- not accurate. 
,1Ionotliiogl~t~ol. H>CHLCH2011. boll< at  nhout 100". Tile 111- 

troduction of the -SH group into ethanol raihes tlic boiling point 
88", while the substitution of -OH for a hydrogcn of etllyl mer- 
captan raiscs the boiling point 154". 

The melting points of polynlethylene dimercaptans, glycols, 
and dibronlides are given in Table 9.1, along wit11 thosc of the 
n + 2 hydrocarbons. As ~vitli the mono-derivatives, it sceliis best 
to contrast compounds having the s a n ~ c  number of hcavy atoms. 

3 Melting Points of Polyrnethylene Compounds 

P 
No. HS-SH HO-OH Br-Br Me-Me 

These are plotted in tile lowcr part  of Fig. 1.1. The melting 
points of t l ~ e  glycols form a pslttcrn which is very different from 
those of thc other series. Tlie patterns of thc dimcrcaptans and 
dibromides are strikingly alikc. Froni hexan~ethylene on up tlie 
melting pc~ints of the dibromides are alternately above ant1 below 
those of the inercaptans. Starting with heptamethylenc, any 
dimercaptan, tllc corresponding ~libroiilidc and thc llydrucarbon, 
n + 2, melt a t  vcry nearly tlie same teinpcrature. 

There are s e l e n i ~ n l , ~ ~  '"-' ~lncl tcll~u.iuiil "? coi~~poundq corre- 
sponding to tlic mercaptan. but they arc not n-el{ k n o n l ~ .  Thc 
boiling points are given in Table 10.1, along nit11 those of the 
mercaptans. 



TABLE 10.1 

Boiling Points of R S H ,  RSeH lZ1 and R T e H  3i 

Alkyl RSH Difference RSeH Difference RTeH 

Methyl 6 .O 6.0 12.0 37 45.0 57 
Ethyl 34.7 18.8 53.5 36.5 90 
Propyl 67.5 16.5 84.0 37.0 121 
Butyl 98.0 16.0 114.0 37.0 151 

The boiling point given for methyl selenomercaptan appears 
to be too low a figure; nearer to 20" would look better. Other 
data are: EtSeH d 24/4 1.3954, n, 1.4771 5 ; PrSeH d 20/4 1.3020, 
n~ 1.47560; BuSeH d 24.5/4 1.2352, n, 1.47446; 4-PrSeH b. 
70 to 75"; 441 DecSeH b13 128 to  129"; g6 cyclohexaneselenol b. 
170 to 172", do 1.1223.405 

Physical Properties of Mercaptans 

Many studies have been made of the physical properties of 
mercaptans, frequently for comparison with alcohols. The heats 
of combustion and of formation have been measured for several 
m e r c a p t a n ~ . ~ ~ ,  66r 617 The data have been summarized and dis- 
cussed. The heat of formation of the C-S linkage is greater in 
the sulfides than in the corresponding mercaptans and still 
greater in carbon d i~u l f i de .~~ '  The valence force potentials in 
methyl mercaptan and in methyl sulfide are only slightly differ- 
ent.M2 The possibility of resonance structures has been consid- 
ered.653 

Cryoscopic measurements wi and the Trouton constants "4 

indicate no association. The fluidities of a series of mercaptans 
have been compared with those of the alcohols.67L 67b They likc- 
wise show that  t,he association is low; it decreases as the number 
of carbon atoms increases. The fluidity a t  any temperature is 
given by the equation: 

log Y = A + B/2.03 RT. 

The constants A and B are characteristic of individual mercap- 
tans.389 The parachors of alcohols indicate association, while 
those of the mercaptans do not.567 

Mercaptnns - 5 5 

Tlic rcfrnrti\-iticm- : ~ n ( l  l ~ :~ r :~c l l o r~  of a nunll~er of mcrcaptans 
]lave been ~lcterininctl.":~' The refractivities of the ison1el.i~ propyl 
and butyl mercaptan. ha\,e been determined for ninc wave 
lengths.'12' 

The refractive index of a normal primary mercaptan, from 
ethyl to  nonyl, is given by the equation: 

C is the number of carbon atoms. For the secondary, from s-butyl 
to s-nonyl, the equation is: 

n 2 5 / D  = 1.4730 - 0.2759/(C + 3.075).153 

The mean values for atomic refractivity of sulfur have been given 
as ra 7.63, r~ 7.69, rp 7.83, r, 7.98.4g0b From all available data, 
the atomic refractivity of sulfur in mercaptans has been cal- 
culated by three methods. The value proposed is 7.766 k 0.01 l .412b 
Another survey gives 7.81 k 0.04 for aliphatic and 8.56 for aro- 
r n a t i ~ . ~ ~  

The heat of vaporization of methyl mercaptan, as a function 

4 of temperature and pressure, has been compared with data for 
other compounds.261 

The effect of a sulfur atom on the magnitude of optical rota- 
tiongay 3 R 2 9  687 and whether or not a Walden inversion 331 takes 

2 
, place during the introduction of a mercapto group have been 

studied. The rotations of the sulfonic acids from the oxidation 
of MePhCHSH, EtPhCHSH, i-PrPhCHSH and BuPhCHSH are 
opposite to  those of the m e r c a p t a n ~ . ~ ~ ~ "  

The surface tension of ethyl mercaptan is much less than that  
of a l c o h 0 1 . ~ ~ ~ ~  2i3 The densities and dielectric constants of ben- 
zene solutioils of the isomeric propyl and butyl mercaptans have 
been measured.'lZd 

The polarographic behavior of the -SH group has been studied. 
p-Thiocresol gives two anodic waves between pH 2 and pH 12 
in propanol-2.532 

Appearance potentials have been determined for several gase- 
ous ions formed by electron impact on ethyl, propyl, and t-butyl 
r n e r c a p t a n ~ . ~ ~ ~  

I n  the infrared, mercaptans have a well-defined absorption 
band a t  3.8p51 or a t  3.85.90- 6w Other bands have been noted a t  
2.00p,ls3 a t  2.27 and 2.92.238 Tables are given for the positions 
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arc lligllly pol:lrizctl, giving 11igl1 rlil~ole i i ioii icii t~. '~" Tlic wave 
leilgtlis of tlie observed bands liave been correlated with tlie 
known Raman f r c q u e n ~ i e s . ~ ~ "  The bond-stret.ching frequencies 
for RSII are lower n-hen R is t-Bu, CH2:C13CH2 or PhCHz, than 
when R is a saturatetl alkyl."j5 The presence of sulfur in a niole- 
culc docs not affect the observed frequencies greatly.4n8 

There have beell many studies of the ultraviolet absorptions 
of mercaptans,U. 76. 89, 230% 3-16, 428, 491, 61% 613 TIle extinction curve 

for etliyl nierc:~l~tnn begins at about 300 p\i and lias a iiiaxiinuui 
a t  about 185.4:" There are bands a t  193.5 1111 and at, 225.3XV11e 
energies of dissociation of some mercaptans have been calculated 
from the edge of thc continuous absorption in the ultraviolet.230b 
The absorption by thiophenol in ctlianol is altered greatly by the 
addit,ion of sodium e t , h ~ l a t e . ~ l ~  

The dispersion equivalent of sulfur in mercaptans has been 
compared with its value in other sulfur compounds.z4i 

The Raman spectra of a nuniber of mercaptans show the fre- 
quency shifts of 2573, 730, and 657, of which 2573 is attributed 
to tlie S-H oscillatioil and t.1ie other two to the oscillations of the 
C-S. Tlie 2573 shift has becn observed in hydrogen 
hlercaptans and other sulfur compounds show characteristic fre- 
qucncies.l" Photogral~hs liave becn made of tlie spectra of 
llletllyl,l~5, 638, 6Mu ethyl,G38, 64413 n-prOl,y1,49i ~-prO1,yl,l.jOa, 497 

n-hutyl,""-butyl, t-butyl,"() l z - a m y l , ~ ~ ~ ' ~ i - a l l l y ] , ' ~ ) b ~  "0 

t-aInyl,"~O cyclopentyl,:l.51 pphenyl,131J, 326, 31% 331.  3;'. 4 1 8 ,  "S ,  66'0 and 

benzyl.""" The spectra of E tSH and EtSD have been com- 
p a r ~ d . ~ ~ - '  

Dipole i~ioments of a numbcr of rnercaptans liave been meas- 
ured and compared xi th  those of alkyl sulfides, alcoliols ant1 
 ether^.^^^^^ 30c!11, 459, G 4 x 3  6i4 The moments of alkyl sulfides arc 
lower than those of tlic corresponding ethers, but with the mer- 
captans and alcoliols, this is reversed. Tlie diamagnetic suscepti- 
t~ilities liave been used as a ineans of deterniining structure.131, 14" 

The dielectric constant of ethyl nlercaptan vapor lias been dcter- 
~ n i n e d . ~ ~ ~  

The ionization constants of mercaptans are of the order of 
The pK values of several are: phenyl 8.3, benzyl l l .S,  

JIcrrrrpfnt~ \ 

- ;7 

eth\ 1 12 ( 1  1 1 1  \ \  1 13 I I I  I I 1 I S , I , I I  (lo111 I I 1 3 S ' I 4  Tl1( :,( 111- 
1t1e. of tlllo]~lt~llol : I l l ( l  0 1  .< 7 ( l~<il .lll).tltllt( ( I  tl,lo~~llcllol. 11a\ ( 
been c l c  t c i  i i i i i i ~ t l  In 60 ail11 111 100' I t tl~iinol Tlie1i ;1~11litlt. 
are about t n o  Iir~ntl~ctl tinic, a. pleat as t110.r of tlie corre~l)ontl- 
ing phenol- j4' A more elaborate conlparison has been madc."IJ 
Butyl, phenyl, ancl tolyl inercaptans show no conductivity in 

" liquid hydrogen sulfide.-'9' 
C Solutions of tliiols in concentrated sulfuric acid are deeply col- 

ored and s l l o ~ ~  paraniagnetlc absorptions. Certain similarities 
have been observed in all the thio compounds, indicating that 1 similar species in all oi them contribute to the p a r a n i a g n e t i ~ m . ~ ~ ~  

hlerraptanq form azcotropes n-itli sollie Iivdrocarbons but not 
wlth otlic.1. Tlic tlL1ta in Table 11 1 :ire taken frorii recent 
studies,la f i C 9 1 J  "'"Some azeotropes 1171th alcohols"" and a 

ketonefi'.' are in Table 12 1. 
Azeotiopcb 1:aI.e been uqcd in the scpnration of mercaptans ancl 

a l ~ o h o l s . ~ ~ ~ o n ~ p l e t e l y  fluorinated organic compounds liave been 
recommentled for the azeotropic separat~on of inercaptans from 
hydrocarbons.'"" 

Aieotropes with Hydrocarbons 

.Azrotropr 
I3 P. I3 p I3 11 RSET 

Mercaptnn "C HYIII oe~:~rl)ons " C " c' % 

Metliyl 6.00 i-nnt:inc> 
Ethyl 35.04 i-Pent:niv 

71-Prn tnne 
2-,\Irtl1y1-2-l)11tcn1\ 
Cyc.lol,ent:inr 
S e o l ~ r s a n c ~  

n-Propyl 67.82 i-Hes:lnc 
2.3-Diuic~tlir.lIj~it:rnc. 
~~-Hrs;rric~ 
RIet I~yli-?- i~lol~c~nt:~ric~ 
Cc'i)lic~l)t;nic~ 
22.3-'1'1 i l ~ i v t l ~ ~ . l I ~ ~ ~ i  : I I I I ~  

( ~ > ~ l ~ l i ~ l l f ~ ~ : l l l ~ ~  

i-Pl,n]~>.l 52.60 ( ' > . , . I I I I I I > ~ ~ ~ : I I I I '  
X I  ~:li~,s:rnc. 
~ . ~ ~ - I ~ ~ ~ I ~ I ~ ~ I I ~ - I I I I I ~ : ~ I ~ I ~  
i-Hcsnnc~ 
3-Alctliyll~cn t:~nc, 



Azeotrope 
B.p. B.p. B.p. RSH 

Mercaptan "C Hytlrocarbons "C "C % 

?I-Butyl 98.58 2,3-Dimethylpentane 
i-Heptane 
trans-1.3-Dimethyl- 

cyclopentane 
cis-19-Dimethyl- 

cyclopentane 
3-Methylhexane 
n-Heptane 
2.2,CTrimethylpentane 
Methylcyclohexane 
Ethylcyclopentane 
Neooctane 
2,5-Dimethylhexane 
3,3-Dimethylhexane 

a-Ii111yI 85.15 Neoheptane 
2,4-Dimethylpentane 
Cyclohexane 
1,l-Dimethylcyclopentane 
2,3-Dimethylpentane 
i-Hep tane 
3-Methylhexane 
trans-1,3-dimethylcyclo- 

pentane 
i-But yl 88.72 Neoheptane 

2,4-Dimethvlpentane 
Cyclohexane 
2,2,3-Trimethylbutane 
1,l-Dimethylcyclopentane 
2,3-Dimethylpentane 
trans-1,3-Dimethylcyclo- 

pentane 
cis-l,2-Dimethylcyclo- 

pentane 
3-Methylhexane 
Heptane 
2,2,4-Trimethylpentane 

t-Butyl 64.35 2,3-Dimethylbutane 
i-Hexane 
3-Methylpentane 
Hexane 
Methglcyrlop~ntane 

With other compounds 
Ethyl 35.04 Et,her 

Methyl formate 
i-Propyl chloride 

.-lrcotropcs with dlcohols and a Ketone 

RSH ROH Azeotrope 
B.p., "C B.p., "C B.p., "C % RSH 

- b Propyl 67.5 97.4 66.2 91.35 
Butyl 98.0 117.0 97.4 85.16 
i-Amy1 1 18.0 132.0 11 5.3 77.1 1 

RSH MeCOEt 
Propyl 67.5 79.6 65.5 75.00 

Data  for several properties of the primary mercaptans, from 
methyl to n-nonyl, and of the secondary, from i-propyl to s-nonyl, 
are in Tables 13.1, 14.1, and 15.1. The melting points,808 boiling 

* points, densities, indices of refraction,la4 and fluidities 67b were 
determined on the same samples. The dissociation constants are 

Melting Points, Boiling Points and Densities 
of hiercaptans ls4 

Expansion 
Alkyl M.p., "C B.p.,"C d04 p 4 * *  d", 1 " ~ l 0 ~  

Methyl -123.05" 5.96 "' 0.8948 0.86689 0.85991 1.6239 
Ethyl -147.3 34.7" 0.8617 0.83754 0.83147 1.4562 

, Props1 -113.3 67.5 0.8617 0.84091 0.83572 1.2430 
Butyl -115.9 98.0* 0.8601 0.84122 0.83651 1.1261 
Amy1 - 75.7 126.5 0.8595 0.84190 0.83750 1.0517 
Hexyl -81.0 151.5 0.8591 0.84243 0.83826 0.9949 
Heptyl - 43.4 176.2 0.8589 0.84292 0.83891 0.9551 
Octyl - 49.2 199.1 0.8590 0.84344 0.83956 0.9252 
Nonyl - 20.1 220.2 0.8591 0.84393 0.84015 0.9008 
i-Propg] -130.7 52.9 0.83559 0.81393 0.80851 1.3397 
8-Butyl -165.0 84.5 0.84906 0.82948 0.82459 1.1870 
S-Amy1 -169.0 112.9 0.85068 0.83269 0.82815 1.0969 
8-Hexyl -147.0 138.9 0.85217 0.83483 0.83050 1.0437 
8-Heptyl -141.0 163.6 0.85171 0.83525 0.83114 0.9900 
a-Octyl -79.0 186.4 0.85281 0.83691 0.83292 0.9542 
8-Nonyl -69.0 208.2 0.85313 0.83770 0.83384 0.9254 

*Average of 97.3 and 98.7". 
** Calculated from d% and d25/4. 



Refrac t iv i ty ,  Fllbidity, and Solubil i ty  i n  TT-c~ter of IIIel-captc~ns 

MR Solubility in 
Calru- Fltriditg Water a t  20" 

-4 l kyl I ~ D ? ~  FCIIII?~ I :lt 20" gr:irlls/Iit~,r I< x 10" 

Methyl 
Etllyl 
Propyl 
Butyl 
Amy1 
Hexyl 
Heptyl 
Octyl 
Sonyl  
i-Propyl 
s-Butyl 
s-Amy1 
s-Hexy 1 
s-Heptyl 
s-Octyl 
s-Xonyl 

Secondary incrcaptaris arc about l5;i inorc fluid t l in~l priinary 
mercaptans. 

TABLE 15.1 

Boiling Points  ("C.) of ~llerccrptans cr t Rctl ltced Pressures Is4 

S o .  30 mm. 50 1nm. 70 mm. SO rnm. 110 111111. 150 rnrll. 300 mnl. 

Pr in~nry  
5 - - 57.7 - 68.7 76.; 95.9 
6 -. 72.4 - 86.4 - 99.7 120.1 
7 81.2 - 101.2 - - 121.6 142.9 
8 99.8 - 120.6 - - 142.1 164.0 
9 117.4 - 138.7 - - 160.8 184.1 

0 .  30 nirn. SO nlni. 70 nlni $10 nlni .  110 mni. 150 ninl. 300 mm. 

Seconda?. y 
5 - - - - 55.9 63.9 83.6 
6 - 60.6 - 74.2 - 87.5 107.3 
7 69.6 - 80.2 - - 109.5 130.4 

8 88.9 - 109.1 - - 130.1 151.7 

9 106.8 - 128.1 - - 149.9 172.4 

Tlie usually determined properties of a nunlhcr of nlcrcaptans 
are asscnib1ei:l in the follo\\.iilg tables. Refcrencc sliould be illadc 
to Tables 13.1 t o  15.1 for certain properties of particular groups. 
All available data are given for each property of each mercaptan. 
This shows tlie s t n t . ~  of our knowledge of tha t  nierca~pt~an; t'he 
references list tlie cliemist~s who have preparcd it. A study of 
the data  in these tables reveals t,he sketchiness of our knowledge 
of physical properties. For only a fen- compounds have accurate 
determinations of physical propcrtics been made. Credit for a 
compound is claimed by the first chemist who made it. Credit 
should go to  tlie one who prepares a product of known purity and 
supplies accurate data on its physical properties. For any mer- 
captan, there arc as inany sets of data  as there are authors. 
Small differences are to  be expected in independent determina- 
tions of any property, but glaring discrepancies are frequent. 
We find tn-o ~iielting points. 32.5" and 56", for octadecyl mer- 
captan. Tlic liiglicr one is probably tlie iiielting point of the 
disulfide which IT-a:: 1nist:tlcen for t l ~ c  nlcrcal~tan. This may be 
true in otlicr cnes .  

Distillation tcniperatures, taken under unknown barc~nietric 
pressure 11-ith any thermometer that  may be handy and uncor- 
rected, nlasquerade as "boiling points." A4t low pressures tllc 
"boiling points" arc evcn less reliable, since tlie vapor pressure. 
havc little  slop^' :111d :I si1i:i1] error in rcading the inanoiilcter 
vitiates the rcsuit. \I7e finti in tlic tables ?~-llclnyl boo 86.4' and 
blo, 81"; 7~-tlccyl b2 96". h a  96" to  97" and olryl bo.o;, 171" to  17.5" 
and b,., 171" to  178". Boiling points a t  pressures less tlian 1 mm. 
may have lit'tle meaning. 

Densities are frequently given a t  odd temperatures as  ethyl mer- 
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captan d 16.7/4 0.8121. The dzl 0.S35 ma?- mean cl21/21 or 21/1. 
It is impossible to compare such data with determinations a t  
standard temperatures. I t  is desirable for densities to be given 
a t  two temperatures, 0/4 and 20/4 or 25/4, so that densities a t  
other temperatures may be calculated. Discrepancies between 
determinations at the same temperature may be attributed to 
impurities in the samples. Thus for ethyl mercaptan, we find 
for d 25/4 0.83147 and 0.8373. 

For many compounds there is a sad deficiency of data. Thus 
we find for 2-mercaptoisohexane only [ a ]  20/D 21.2", for pen- 
tanethiol-3 only b. 105" and for nonanethiol-5 only b7 72". 
Densities, but no refractive indices, are given for some com- 
pounds and vice versa for others. 

Physical Properties of Aliphatic Mercaptans 

Methyl, CH3SH, m. -130.5",l13. 13~5 -121 .0°,60, 618 -123.1 0,608 
-123.00 ; 527 b. 5.9fj0,40, 6 2 i  7.20 138 6" . 0, 12, 278c. 646b b752 5.8°,10, 344b 

7 7 

baol 0°,  15' bl -90.7', b5 -75.3", blo -67.s0, bZ0 -58.8", b4o 49 .Z0,  
bso 4 3 . 1  ", bloo -34.S0, b200 -22.1 O, b400 -7.9O, b7eo 6B0, bzat 26.1 O ,  

bsat 55.9", bloat 83.4", b20at 117.S0, b30at 140.0°, b40at 157.7', 
b50at 172.0°, booat 185.0"; critical temperature 196.8"; critical 
pressure 71.4 at.  ; Tb,/T, 0.598; 60 vapor-pressure equation : 527 

log p = 18.2749 - 1769.051T - 3.70248 log T 

d 0/4 0.8961, d 26.3/4 0.8589, d 35.5/4 0.8472, d 49.7/4 0.8267, 
d 78/4 0.7840,60 d 0/4 0.894.9 Heat of fusion 141 1.4 cal./mole, 
heat of vaporization 5872 cal./mole, entropy 60.16 cal./degree/ 
mole,jZ7 60.91 a t  25"." The heat of combustion a t  constant pres- 
sure is 298.81 cal. and the heat of formation 5.37, a t  constant 
volume 43.75.617 A late value is -17.172.GG The heat capacity a t  
2S0, 12.12 cal./degree/mole, and other properties have been de- 
termined.40 The Raman spectrum has been studied 644a and 
valency forces and bond distances determined.165b, 219 

Ethyl, CH3CH2SH, m. -147.90°,401 -147.97°,156 -147.89°,26-" 
-147.3",608 -147.0°,018 -144.4' ; 113. 635 b. 35.00" 262, 401 35.04" 156 

34.7",60 b752 34.M.6O,164 bTs8 35.3" 300a 36.2" 10, 387b. 440. 646b, 6 4 6 ~  

330,614 360, 278c, 646b 37" 12, Gla. 113, 635 36.5-70,644b bl -76.1 O ,  ba 

-59.1 O, blo -50.Z0, b2o 40 .7" ,  b4o -29.8", b6o -22.4", bloo -13.0°, 
b200 l.SO, b400 17.701 b7so 35.0°, b2,t 56.6", bsat 90.7", bzoat 159.5O, 
b30at 184.3", b4oat 204.7", b.io,t 220"; 60 d 0/4 0.86174,lS4 0.8609,432 
0.8623,60 d 20/1 0.8375,lS6 0.83907,440 0.8391,61a1 0.83914,262 

Mercnptans 
p~ ~p-~-~ ~ ~~ ~ ~ 

63 
- 
0,8398::0"" (1 16.7 4 (),842$,1!'!' ,I, ,  ().83,<.:4*711 tl,i (),S+s.l;";:l. ""81 

d 21/4 0.83S0,11:'. 6.''' d 25 4 O.X.3147,"' 0.8373,"'!' 0.83316,'"' 
d 15.1/3 0.8454, d 23.7/4 0.8357, d 31.7/4 0.8259, d. 38.7/4 0.8162, 
d 48.4/4 0.8043, d 78.4/1 0.7652; n 20/D 1 .4318,1j6 1 .43055,440 
1.4306,"' 1.431 19,"'Oa 1 .43055,61a2 25/D 1 .4270.1s"Ctical 
temperature 206.9°,499 228",lQG 228.3", G35 225.5'; 60 critical pres- 
sure 54.2 at.,60 63.5 at.;  6s Tb,/Tc 0.616; solubility in water 
1.5 g./literlZ7V g./liter at 20" or 0.112 m o l e ~ / l i t e r , ~ ~ ~  13 g./liter 
a t  25"; 284 surface tension 23.63 dynes/cm. a t  2" and 21.62 a t  
16.7°,499 21.82 a t  At 99" the vapor density is 2.201 com- 
pared to air, calculated 2.144.168 Explosive limits 2.8 and 18.2% 
by volume of vapor; minimum ignition temperature 299" in air, 
261" in ~ x y g e n . ~ ' T h e  Trouton constant indicates no associa- 
t i ~ n . ~ "  The association a t  boiling point is 1.23.646c The heat of 
formation is 19.5 ~ a l . , 5 ~  13.27 a t  constant pressure and 90.03 a t  
constant volume.617 The heat of combustion is 455.65 cal. a t  
constant pressure.G17 At 25' the entropy is 70.6 cal./degree/mole 
and the heat capacity 17.6 ~al./mole.~O The heat of vaporization 
is 6860 cal.014 The diamagnetic susceptibility is 46.97.lZ9 The 
dielectric constant is 7.95 and the association factor 1.04.499, 646a 

I ts  dipole moment in benzene a t  15" is 1.38 X 10-18,G49 1 .39.300a 
Ethyl mercaptan and ethyl sulfide are V-shaped molecules.300a 
The dipole moment has been compared with those of 250 other 
compounds.459 The first ionization potential is 9.7 v.597 The 
viscosity has been measured in several solvents.G1b The viscosities 
of mixtures of ethyl mercaptan and ethanol are slightly below 
the ca l~u1a ted . l~~  I ts  Raman spectrum has been compared wit11 
those of ethyl alcohol and of halides.644b In liquid ammonia 
sodium ethyl mercaptide has a dissociation constant of about 
22.5, which is about six times that of sodium ~ h e n a t e . ~ ~ O  The 

. thermodynamic properties have been thoroughly studied.40 4"1 

: n-Propyl, CH3CH2CH2SH, m. -1 13.3°,G0s -1 13.80°,156 
-1 11.50 ; 618 b. 67.820 156 67-80 19, "9, 608a 68_8,5O 61s 670 1 2 ,  27% 

3. 67.5" ,672 bT63 63-7°,:30ib biol 65.1 bo ; d 20/4 0 . & 1 & , ~ ~ ~  0.d337' ,.ln 

0.8391,30°b d 25/4 0.83598; 412c n 20/D 1.4348,30°b 1 .4380,1je* 63" 

1.4391,61a1 61b n 25/D 1.435,632 1.4351 1 ; 412c 3,s-dinitrobenzoate 
r m. 8 6 ° . 3 9 T h e  solubility in water a t  20" is 0.025 mole or 1.90 

k g./litttr.6T9 The Raman spectra of a number of n-propyl and 
?a. 

i-propyl compounds have been compared.497 The critical oxida- 
tion potential is 0.812 for n-PrSH and 0.819 for i-PrSH; lQ9 the 
diamagnetic susceptibility is 58.5 1 .131 
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; - P I < ~ ) ~ ) Y I ,  l r (32(xFisIr ,  - ~ I . ~ O . O , Z ~ . ~ ~ ' ~  -I . z o . i  - ; I ) .  .2.0°,1i4 
560,2i~1 j 7 4 0 0 ~ 1 ~  12i;1  .~S-C)O . , ::!L h,i!)i 49.90°,""' ( 1  0 '4 0.83.i59,1ic 

d 20,I-C 0.8142,1'G d 25,'4 O.SOSSI , I "  O.SOS95; 412" 11 2G 1) I .42S6,1zii 
n 25/D 1 .4223,1s4 1.321 53; 4'"" 3,s-clinitrobenzoatc ni. 86".;'" 
lines of the Raman spectra have been determined.lzoa 

n-Butyl, CH3CH2CH2CH2SH, m. -1 15.9°,608 -1 16.12" ; b. 
98.58",1" 6. 98,0°,184 9S0,632 97",l2 97-8°111, 19, F l a ,  249 95-70 80 

bTco 98.7")"' b758 97.Z0?Oob biz0 9GQ0,lF4 b702 96.10"; 412c di, 0.858, 
dl, 0.843,"4 d 014 0.86006,184 d 20/4 0.8397,"00b 0.8333,61a 
0.8408,156 d 25/4 0.83651,1s4 0.83679; 412C n 20/D 1.441 
1 .44402,61ar 'lb 1 .4426,156 1 .44074,412c 1.4331 ,632 1 .4420,164 1 .442,11 
n 25/D 1.4401.18VThe solubility in water at 20" is 0.0066 mole 
or 0.596 g./liter."O Tlie heat of immersion of silica gel in n-butyl 
mercaptan is 25.9 cal./g., in water 25.4, and in hexane only 7.9."'j 
This mercaptan has been included in a study of Rarilan spectra.325 
The ionization constant in aqueous t-butanol is 11.51.207 

i-Butyl, Me2CHCH2SH, b. 88.72",lG6 88") 2isc l  299 bT5, 86.6- 
7.8°,440 b702 96.10"; 412c d11.5 0.848,299 d 20/4 0.8350,156 0.83573,177' 
440 d 25/4 0.82880; 412c n 20/D 1.4386,lS 1.43859,1779 440 n 25/D 
1 .43582.412c 

s-Butyl, CH3CH2CH (SH) CH3, m. -165.0" ; la". 85.15°,15G 
84.5 ",ls4 8 4 5  ",j13 83-5 0,331 89-91 0,20° b134 37.4" ; 412c d O/4 
0.84906,1s4 d 17/4 0.8289 (d 25/4 0.8211),"3 d 2024 0.82941156 
0.8290,4mb d 25/4 0.82459,ls& 0.82456; 412c n 20/D 1.4367,15G 
1.4365,43" n 25/D 1.4338,1s4 1.43385; 412c 1 b. 83-4" ; [ a ]  20/D 
-1 1.99" ; 408 d b. 85-95" ; [ a ]  20/D 15.71 0,3s0c 12.4j0.215 

t-Butyl, Me3CSH, m. 1 .26°,402 1 .I 1 f202 0.82" ,156 00 ,  23, 573 

4 . 5 "  ; "1 bb. 64,22",402 64.2" 262 63.35°11.5G 63,30,%3, 573 630 442 
f 

63.9-4.3013j0 654",16' 63.7-4.2°,"5 64" ," 63-5 " ,"' b700.s 
61 .60° ; 41" td 20/3 0.7999,156 0.7981 ,"3 0 .80020 ,26d  25/4 
0.79472,2"21 40' 0.79426,"2c d 30/4 0.78929; '" n 15/D 1.4249,'" 5i;3 

n 1S/D 1 .4212,442 n 20/D 1 .4230,lS6 1 1.4225,57V .423 1 1 .4235,"l 
1 .4232OJXG2 n 25/D 1 .42007,m6"9 402 1.419S4,41" n 30/D 1.41697; 262 

viscosity, surface tension and derived functions; 262 solubil- 
ity in water at  20" 0.0107 mole or 0.964 g./liter.m9 Tlie thermo- 
dynamic properties have been tlloroughly investigated from 
0°-10000~.402 

n-Amyl, CH3CH2CH2CH2CH2SH, nl. -75.83" ,"I -75.7" ; 26" 60H 

b, 126.64°,201 126.5 ",18% 26"26° 12, 4 i G  12&70,2iRb 125-60,25 
1 

bTS5 125" ; 439b d O/4 0.8595,1s4 d 20/4 0.8390,439b 0.84209,262 d 25/4 

=' ----- _ ---- ~ 

%<? 
- -- 

.k+ 0.8375,'" 0.83763. tl .Z0 4 O.83.317:"" 11,, l.14.ir,(,,8i'i n 20 1) 
1.4450,.':'"' 1 .41692, '"n 2.5 D 1.1130,1"4 1.44439, n 3 0  L> 
1.44180; '"%-iscosity, surface tension and dcrivetl functions; '"' 
solubility in water at  20" 0.0015 mole or 0.156 g./liter; GiVieat 
of formation 34.65 ~ a l . ~ T l ~ e r m o d y n a r n i c  properties have been 
thoroughly investigated.201 

i-Amyl, Me2CHCH2CH2SH, b. 1 17°,361 1 18-20°,336 1 19.8°,357 
119.5°,49 116.6-8.0°,1"s 4"3 490b b752 116.S0 ; 33s do 0.8548,357 dZl 
.835,"61 d 20/4 0.83475,li7' 440, 490b 0.8322; 439b n 20/D 1.4420,336 
.44118,1"v 440, 490b 1.4445; 439b dielectric K 4.35 a t  22°,a8 4.9 at  

18", 4.4 a t  26" and 4.25 at  33" ; liR molecular volume at  0" 
121.6; '" critical temperature 320.92".lQ6 

D-2-Methylbutyl, CH3CH2CH (CH,) CH2SH, b. 1 18-9.5°,98, 
b745 117.47.6" 1 16-7°,3X0g 119-21 " ; 643 d 25/4 0.8403,9" 
dl3 0.848333,270 da3 0.8415 ; 643 [a]  2.20°,983 [a]  13/D 2.04°,270 
[a] 23/D 3.21 " ,64"a] 25/D 2.99" ."O' 

s-Amyl, CHsCH2CH2CH (SH)CH3, m. -169.0°, b. 112.9" ; d 0/4 
0.85086, d 25/4 0.82815; n 25/D 1.4386; 18%ct. b. 112"; [a]  20/D 

Pentanethiol-3, CH3CH2CH (SH) CH2CH3, b. 105" .4048 
t-Amyl, CH3CH2CMe2SH, b. 78" ,"4 97';') 97.2-9.4' 98- 

100" ; n 20/D 1.4379.314 
n-Hexyl, CH3CH2CH2CH2CH2CH2SH, m. 431.03°;60s b. 

151.5",1s4 147",12 152-3",96 145-8" 47" 51-2"," j768 14g0, 278a. 278~1 

boo 86.4",lS blOO 83"; 170b d 0/4 0.85911, d 25/4 0.83826,1s4 
O.8367,l7Ob d 20/4 0.8526,4H9h dZ0 0.8426; 2iX"l 2iRb n 25/D 1.4473,1s" 
1.4460,1T09 20/D 1 .4490.439b 

s-Hexyl, CH3CH2CH2CH2CH (SH) CH,, nl. -147.0" ; b. 138.9", 
ls4 l4Z0,l" b5, 60.6"; d 0/4 0.85217, d 25/3 0.83050; n 25/D 
1.4426,1R".4418.X0 

Hexanethiol-3, CH3CH2CH2CH (SH) CH2CH3, bz5 57" ; d 20/4 
0.831 " ; n 20/D 1 .4428.xi 

2-Mercaptoisohexane, Ne2CHCH2CH (SH) Me, partially re- 
cemized [ a ]  20/D 21 .ZO .3X0(1 

n-Heptyl, CH3 (CH2) 5-CH2SH, m. -43.4" ; 60R b. 176.2', b30 
51 .ZO,l" 4. 1745"  66811 174O,12 17&j0,1 176-7O,23 b49 90-3" ; 190a 

d 0/4 0.85894, d 25/4 0.83891,1X"0.S399; l"" n 25/D 1.4498,1s4 
1.4488.'908 

s-Heptyl, CH3 (CH2)4CH (SH)CH3, m. -141.0" ; b. 163.6", 
b30 69.6",18' b7F5 1645" ;  27Hd, Z iD d 0/4 0.85181, d 25/4 0.83114,184 



66 Organic C h e n ~ i s t r y  of Bioalen t  ,Sulfur 

dZo 0 8353; ""'I "I' n 2.5 1) 1.4452,Iq4 n 20111 1.41596; "'"' 2i'' 

solubility in nater :\t 20" 0.009 g./liter.6i9 
Heptanethiol-4, (CH3CH2CH, \ ,CHSH, b. 135-8°,404" 157-9", 

b7 10°.339b 
2,4-Dimethylpentanethiol-3, i-Pr2CHSH, b. 110-3°.404a 
n-Octyl, CH3 ( C H ~ ) ~ C H Z S H ,  m. 49.2"  ; 608 b. 199.1 ", b30 

99.8°,184 b. 199-200°,25 b l ~  8340,170b 198-200" ; 324 d 0/4 0.85998, 
d 25/4 0.83956,1s4 0.8349; 170b n 25/D 1.4519,1s4 1.4460; 170b ion- 
ization constant 11 .72.207 

s-Octyl, CH3 (CH2) 5CH (SH) CH3, m. -79.0" ; b. 186.4",ls4 
bo.5 69-71 b30 88.9°1184 b22 78-80°,331 bP3 85"; 170c0 lgoa d 0/4 
0.85281,184 dz:, 0.9023,'" d 25/4 0.83293,1s4 0.8314; l 7 O C .  lQon 

n 25/D 1.4481 ,Is4 1.4155 ,lioc. lW0" 1.4586 : 137 [a] 9.30" .380b 
i-Octyl, CsH17SH, b18 75", d 20/4 0.8280; n 20/D 1.45100.61a. 

61 b 

2-Ethylhexyl, CH3CH2CH2CH2CHEtCH2SH, blg 80°,190a b35 
90" ; lgob d 2514 0.8467; l Q o 8 9  leob n 25/D 1 .4524,1gob 1 .4541.lQon 

t-Octyl, (CH3)3CCH2C(CH3)2SH1 b50 767°,175a 75.5-6.5"; 
n 20/D 1 .4538.581 

n-Nonyl, CH3 (CH2) 7CH2SH, m. -20.1 " ; 60R b. .Z20.2°,184 b4.5 
75-6°,25 bll 95-6°,621 b30 1 17.4°,184 bZ0 10(Wo ; 450 d 0/4 0.85907, 
d 25/4 0.84015,18" 2004 0.8371,450 0.8425; n 20/D 1.45197;50 
1 .4560,641 n 25/D 1 .4537.1s4 

s-Nonyl, CH3 (CH2) 6CH (SH) CH3, m. -69.0" ; b. 208.Z0, b30 
106.8"; d 0/4 0.85313, d 25/4 0.83384; n 25/D 1.4500.1s4 

Nonanethiol-5, Bu2CHSH, b7 72°.339b 
2,6-Dimethylheptanethiol-4, i-Bu2CHSH, b. 155-8°.404a 
n-Decyl, CH3(CH2) ~CHZSH,  bn 96°,621 b5 967O,':, b13 1 14-5°,96 

b19 125-7", b21.5 126.5-6.8'; 5i0 d 20/4 0.8395,450 0.8414; 621 n 
20/D 1 .45367,4m 1 .4576,621 1 .4569.570 

n-Undecyl, CH3 (CH2) gCH2SH, b3 1034" ,25 bzO 139.940.0' ,5r0 

b21 138-41 ; d 20/4 0.8417; n 20/D 1.45816,450 1.4588.570 
n-Dodecyl, Lauryl, CH3 (CH2) loCH2SH, m. 18-20"; 13j bl-1 5 

95-6°,60"3 1 1 1-2' ,25 b5 124°,367 b6.5 1 1+60J363 b15 142-5 0,1799 la"* 

276b b20.5 1 53.7-3.9°,570 bp4 153-5 014'0 bZ6 155" b39 165-9" ; G30 

d 20/4 0.8435,4-i0 d 25/4 0.8411; n 25/D 1.4558,170b n 20/D 
1.45886,450 1.4589."" 3.53, 570 

4-Butyloctanethiol- I, Bu2CHCH2CH2CH2SH, b ~ . ~  98-9" ; d 
20/4 0.858; n 20/D 1.4625.'14 

Dodecanethiol-6, CH~CHZCHZCH~CH~CH (SH) CH2CH2CH2- 
CH2CH2CH3, blo 129"; d 20/4 0.857; n 20/D 1.4566.214 

5-Propylnonanethiol-5, Bu2PrCPH, h l ;  81"; d 20/4 0.860; 
n 20/D 1 .4633.'14 

2-Methylundecanethiol-2, Me2C (SH)C9H20, bl 73-5" ; d 20/4 
0.853 ; n 20/D 1 .4558.214 

t-Dodecyl, C12HZ5SH (from triisobutylene) , b. 227-8°.52 
n-Tridecyl, CH3 (CH2) 11CH2SHl b20 162-6°,450 169.671.7" ; 570 

' d 20/4 0.8453 ; n 20/D 1 .45906,450 1 .4595.570 
i n-Tetradecyl, myristyl, CH3 (CH2) I~CHZSH, m. 7" ; baa 179.8- 

80.9" ; 570 b22 176430" ; d 20/4 0.8469 ; n 20/D 1 .46005,450 1 .4607.570 
n-Pentadecanethiol-8, (C7H15) 2CHSH, m. -10.5" ; blo 1 58-60" ; 

n 25/D 1.4580.170c, lQoa 

Cetyl, CH3(CH2)14CH2SH, m. 19°122 1So131, 2061 G74 52' 
50.5" * ; bO 5 123-8°,206 bl 150°,170b b5 173-Sol b10 187-9°122 bo.6 
13540" ; 674 magnetic susceptibility -390.4.14" 

n-Heptadecanetkiiol-7, CH3 (CH2) 5CH (SH) (CH2) sCH3, bl 
153"; d 25/4 0.8384; n 25/D 1.4594.l7OC 

% n-Heptadecanethiol-9, (C8H17)2CHSH, bls 19fS7".lQoa 
1 n-Octadecyl, CH3 (CH2) 16CH2SH, m. 56" 32.5°.557 

Melissyl, CH3 (CH2) 2sCH2SH, m. 94.5" .477 i 
Allyl, CH2: CH.CH2SH, b. 90",1°" 11"- "' 63-6°,493 66-7°,21 

/ 67-9' ,22 67-8" ; d 23/4 0.9250:4 d 20/4 0.9304 ; n 20/D 1.4680; 493 

3,Ldinitrobenzoate, m. 52°.395 
b Crotyl, 2-butenethiol-1, CH3-CH:CH.CH2SH1 b. 99-101 " ; d 1 23/4 0.8830.95 
: 1-Butenethiol-4, CH2:CH.CH2-CHZSH, b. 98-103"; d 22/4 
: 0.9087.95 

Methallyl, i-butenyl mercaptan, i-butenethiol-3, b. 93.5OlZ2 b. 
a 92.5"; d 20/4 0.9137; n 20/D 1.4872.604 

1-Pentenyl, 1-pentenethiol-5, CH2:CH.CH2CH2CH2SH, b. 
135-7" ; d 18.5/4 1.0748.95 

2-i-Pentenyl, 2-i-pentenethiol-4, (CH3) 2C : CH.CH2SHl b. 
125-7" ; d 18/4 0.8987.96 

Oleyl, CH3 (CH2) &H:CH (CH2) ~CHZSH,  bo 0~ 171-So, bo o 
171-8" ; n 20/D 1.4669, n 17/D 1.4712.375a 

Cyclopentyl, (-CH2CH2)2CHSH, b. 131.5-2°,391 130°,620 130- 
2.4":" 129.5-30.5" ; 619 d 20/4 0.9485,620 0.9551 ; 619 n 20/D 
1 .4882,620 1.4871 .619 

Cyclohexyl, CH2 (CH2CH2) &HSH, b. 158-60°,s3n 155°,52sb 
b755 150-2°,405 b763 157°,14G b757 156°,146 157-62°,334 158_60°,83a 

* Probably disulfide. 



155-65","7 1~2-5°,2'"11 41O.112 bloo 90O,liOc, IWa. l W b ,  "15, 620 

88-9°,G1V~1;4 93-7" .G'l b 19 5 1 4 "  ; "' do 0.9905, d20 0.9782,40' 
d 20/4 0.9525,"' 0.9584,G" 0.9386; liOc, lgoa n~ 1.481,40j n 18/D 
1.4988,.'." n 20/D 1.493311i0c~ 190a. 1.4910,G19 1.491 n 25/D 
1 .4738.5i5 

Cyclopentylmethyl, C5HyCH2SH, b. 170"; 4333, 434 d25 0.91,433 
d25 0.938; '" n 25/D 1.4770..'33, .'3" 

Cycloheptyl, ( s C H ~ C H ~ C H ~ ) ~  CWSH, bll 74°.3u1 
3-Methylcyclopentylmethyl, MeC;HRCH2SH, b. 180"; d25 

0.928; n 25/D 1.4675.433z 434 

2-Methylcycloliexyl, m. 0" ; 442 b. 161 0,52Sb 165°,146 b14 56°.442 
3-3lethylcyclohcxyl, b. 1724°,R3b 168' , 529b 14S0, b:ro 80_2°.6R1 
cis-3-hlcthylcyclohesyl, b. 165" ; cl2; 0.916; n 25/D 1.4647; 43a, 

434 [a]  546 -2.74°.433 
trans-3-Mcthylcyclohexyl, b. 171"; dZ5 0.9140; n 25/D 

1.4663 ; 43% 434 [a ]  5.50°.433 

4-Methylcyclohexyl, b. 169°.52sb 
3-Methylryclohexylmethyl, CH3C6HloCH2SH, b. 190"; 4338 434 

dpj 0.9350; 434 0.932; 433 n 25/D 1.4720.4338 434 

p-Tetrahydronaphthyl, bl5 151-1.5"; d 20/4 1.0884; 11 20/D 
1.5972."'O 

p-Decahydronaphthyl, b2, 122014" b25 122"; 434 dZ5 0.9801433 
dZo 0.9950; 434 n 25/D 1.5110.A3j 4a4 

1-Cyclopentenyl, C5HiSH, b. 116" ; d 19.5/4 0.8947.95 
2-Cyclohexenyl, C6H,SH, b. 156" ; dl5 0.953; n 25/D 1.4686.4a4 
p-Cyclohexylethyl, CGH11CH2CH2SH, bl 5Cb2.5"; n 25/D 

1 .4910.12" 

E-Cyclohcxylarnyl, CGH11CH2CH2CH2CH2CH2SH, bl 89.5- 
91 " ; n 25/D 1 .4820.129 

6- (p-Tetrahydronaphthyl) butyl, CloH11CH2CH2CH2CH2SH, 
bl 143"; n 25/D 1.5569.12" 

6- (p-Decaliydronaplithyl) butyl, CloH1iCH2CH2CH2CH2SH, 
bo.5 124" ; n 25/D 1.5092.12" 

Cholestcryl, C2iH4jSH, m. 99.5"; 5".i3 G45 [aID -23.85°.615 
Furfuryl, C4H.rOCH2SH, b. 155°,'43 bG3 84"; 2459 342 d 20/4 

1.13186; n 20/D 1.5329.a42 
5-Methylfurfuryl, MeC4H20CH2SH, ba 70"; n 20/D 1.5258.340 
2-Thiophencthiol, C4H3S-SH, b. 171.1°,10i 166°,423 blj 86"; d 

19.5/4 1.168; n 15/D 1.5750,'" n 20/D 1.6201 ; loihc., b. 

Mercnptans 69 
p~p - - - - -- -- - - pp -- - 

3-Tl1iopl1~1i~~tlli111. (',Il.i5.SH, h 171" ; 11 -35 4 1.347; 11 20/1) 
1.61.57.1111' 

2-Ethyl-3-thio1~11ent~tllic,l. I) .  195-i0."" 
Triinctliyl~ilyl, ;\lesYiSH, 1). 7i-8".11!' 

Dimercaptans 

gem-Dithiols, RCH (SH) 2 and R2C (SH) 2 11° 

HZC(SH)Z, btio 58"; n 25/D 1.5840; diBz., m. 119.5" 
EtCH(SH),,  b. 14Z0, b42 60"; d 25/4 1.043; n 25/D 1.5214; 

I diAc., bo..' 61-2"; n 25/D 1.5150. 
hleCRIe2CHyCHMeCH&H (SH) ?, bo 60-3" ; d 25/4 0.935 ; n 

25/D 1.4875; diAc., bo,' 96-100"; n 25/D 1.4930. 
Mc2C(SH)2, m. 4-8"; b. 1134" ,  bloj 61-2"; d 25/4 1.006; n 

25/D 1.5063. 
Et2C (SH) 2,  b4, 80-2" ; n 25/D 1.5042. 
H2C(CH2CH2).C(SH)2, b6 69-73" ; d 25/4 1.083; n 25/D 

1.5440. 
PhCH(SH)2, b ~ . ~  74-6"; n 25/D 1.6218; dihc., m. 38"; b ~ . ~  

122"; n 25/D 1.580"; diBz., m. 138". 

Some Properties of a,w-Dimercaptans 26G 

Latent 
m.p. hl, blm b7m Heat of 

No. "C "C "C "C do/, d2i/d n2'/D Vaporization 

The boiling points at  10 mm. are from distillations, those at 
100 and 760 mm. were taken with the Cottrell apparatus. 
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Tlie tlimc~rcaptan,i are weak acids; their norinal acidity poten- 
tials at 20" in alcoholic solution in volts are in the Table 
17.1. 

TABLE 17.1 

An'dity Potentials of the Dirnercaptans, HS(CH,),SH 549 

Alcohol 
Volume n = 2  3 4 5 

% HzX HS' H2X HX' H Z  HX' HzX ELI. 

-- 

Properties of Some Dimercaptans 

Ethylene, ethanedithiol-1,2, HSCH2CH2SH, m. 4 1 . 0 " ;  b. 
146_6.50,266, 627 1460 8, 19, 165, 422, 646b, 654 b 14 4 3 4 " )  bl6 46-7°,566 

b60 67",3" b2:, 53-5°,191' b 20 54.2" , 41" b720 140-1°;549 d 20/4 
1.122,'" 1.1243,412n d23.5 1.1231054 d 23/4 1.123,19 d 25/4 1.1185; 
n 20/D 1.5590,412a n 25/D 1.5558; 206s 627 diAc. m. 60°,503 69" ; 
diBz. m. 95°.412a 

Trimethylene, HSCH2CH2CH2SH, m. -79"; 417 b. 172.9°,266 
169°,260, 627 169-70° ,I7 170-1 " ,682 b720 160-1 " ,5'9 b15 63 " ,412n b60 
94","" b120 1 10°,1')0 bloo 104.6" ; 266 d O/4 1.1007, d 25/4 1.0775, 
d 20/4 1 .0772,08".0783 ; n 20/D 1.5392,68~.5406,412a n 25/D 
1.5371 ; "6 diAc., bg4 152",120 bl 104-5" ; d 20/4 1.1401 ; n 20/D 
1.5406,4128 n 24/D 1.5209; diBz., m. 56.3°.412a 

Propanedithiol-1,2, CH3CH (SH) CHZSH, b. 152" ,I9, 4 7 4 v  489 b 17 

51-2°,"0 b5a 72-4" ; 145 d 20/4 1.061.566 
Tetramethylene, HSCH2CH2CI12CH2SH, m. -53.9" ; b. 

195.6°,2GG b30 1054,91n bll 75-6; 549 diBz., m. 49",Y1" 49.5°."9 
Butanedithiol-2,3, CH3CH (SH) CH (SH) CH3, b50 86-7°.368 
Pentamethylene, HSCH2CH2CH2CH2CH2SH, m. -72.5"; b. 

217.3°,'66 bl:, 10&9", bZ7 123",la b15 107-8°,a49 b16 110" ; gla diBz., 
,. 45 0.15, 91" 

2,2-Dimethylpropanedithiol-1,3, HSCHZC (CH,) 2CH2SH, bl2 
72" .24 

Hexamethylene, IISCH2CH2CH2CH2CH2CH2SHJ m. -21.0"; 
b. 237.1°,266 blj 118-9'; diBz., m. 57°."n 

Mercaptans 7 1 

Hexanedithiol-12, CH3CH2C112CH2CH (SH) CH,SH, b14 99" ; 
n 19/D 1.5071.26 

Decamethylene, HSCH2 (CH2) 8CHZSH, m. 17.8°,26"00 ; 
b. 297.1°,266 b16 176°,91a bg 99-102"; 170b diBz., m. 55°.91a 

2,6-Dimethyloctanedithiol-3,7, bll 132"; n 17/D 1.5025.442 
2,6-Dimethyloctanedithiol-2,6, bg 110"; n 16/D 1.4971.442 
Pentadecanedithiol-7,8, C6HI3CH (SH) CH (SH) C7H15, b16 

196-7" .368 
' 

Octadecamethylene, HSCH2 (CH2) 16CH2SH, m. 52" .266 
Cyclohexanedithiol-l,2, CGHIO (SH) 2, b15 97" 
1,l-bis (mercaptomethyl) cyclohexane, C6Hlo (CH2SH) 2, bl7 

136" .24 
3,4-Thiophenedithiol, C4H2S(SH)2, b2 120-5"; d 25/4 1.446; 

r n 20/D 1.70.397 
! Propanetrithiol-1,2,3, trithioglycerol, HSCHZCH (SH) CH2SH, 

b0.4 60°,6G6 b2 80°,42G b15 11 5-20' ; 616, d 20/4 1.23 1 ; 666 n 22/D 
1.6105.426 

Neopentanetetrathiol, C (CH2SH) 4, m. 73".lgob 

Properties of Some Aromatic Mercaptans 

: Thiophenol, C6H5SH, m. -14.9"; 466 b. 169.5°,85, 879 13' 168.3°,s76 
168°,3773 677 165°,63g 172.5 0,6- b743 168-9°,203 bTao 16E&70°,603d 

1 b50 86.20ra5 84°136T blOO 103.6°,85 bso 77" ,lsO b20 68",2" b22 68" ; 620 

d 20/4 1.0780,620 d 23.2/4 1.0739,87- lsO d 24/4 1.078,155, 639 d 25/4 
[ 1.0728; 64i n 14/D 1.5931,603d n 20/D 1.587 87 1.5888:*O : 1.5855,24h 23/D 1.55613,180 n 25/D 1.5805; lg8 heat of fusion 

24.90 cal./g.; specific heat a t  25" 0.3829; entropy a t  25" 52.6 466 

viscosity, surface tension and p a r a ~ h o r . ~ ~ ~  
o-Thiocresol, CH3C6H4SH, m. 15"; 859 296, 377 b. 194.3°,85 

18743°,"i7 bSo 106", bloo 124.7°.85 
m-Thiocresol, b. 195.4°,sV950 ,789 b25 90-3", bao 107°,606 

b50 107.S0, bloo 126"; 65 p-nitrobenzoate m. 96°.35 
p-Thiocresol, m. 43.s0,198 43",284, 318. 367, 3779 494. 603d 4 3 4 " .  203 

b. 195",85 194°,122, 631 190-2°,140 187-8°,377 blOO 124.9°.85 
0-Ethylthiophenol, b730 207-9°,26T b768 210.1-0.9"; d 20/4 

1.0349; n 20/D 1.56995?20 
p-Ethylthiophenol, b12-3 91-3°.483 
26-Thioxylenol, b. 20743°.233 
2,5-Thioxylenol, b. 205-6°.233 
o-Propylthiophenol, b730 219-21°.267 



o-i-P1.opylthioplicnol, bT1,, 225-7°.2(;i 
p-i-Propyltl1io1)1icnol, bl4 100-4.5" : 11 20, 4 1.0009; n 20/D 

1.5542 241 

o-Allylthiophenol, C3HjCGH4SH, b17 183-90" ; n 21/D 1.6098.302 
2-Allyl-4-mcthylthioplienol, Me (C3HZI CGH2SH, bjl 1 9 0 4 "  ; 

n 21/D 1.6921.3"2 
o-Phenylthiophenol, C6H5CsH4SH, b12 160°.9" 
p-Phenylthiophenol, C G H 5 C G ~ ~ 4 S H ,  m. 11 1 0.231 
o-Chlorothiophenol, b. 20&6°,14s 2 0 5 4 '  ; 22a dln ;, 1.2752.14s 
rn-Clilorothiophenol, b. 205-7"; d12.5 1.2637.1h8 
p-Chlorothiophenol, nl. 54"; 14s, 4a1, b. 205-7°.14s 
2,5-Dichlorotliiophenol, bSo 1 124°.23S 
o-Chloro-p-phenylthiophenol, in. 196O."' 
o-Bron~otliiophenol, bll 96.5°,54s blq 11 7--8' ; n 24/D 1.6321 .665 
m-Bronlothiophenol, b20-2 119-21 0,6G5 b4,, 1 2 3 4 '  ; n 20/D 

1 .633glT9 n 25/D 1 .6310.G65 
p-Bromothiophenol, m, 75",4L 86, 280. 29; 71°.603C, 603d b. 

230-1 " ; 4"c. m. 52" ; Bz. m. 84.5°.662 
0-Iodothiophenol, bll 1 19.5°.54s 
m-Iodothiophenol, bll 121.3°.548 
p-Iodothiophenol, m. 85" ,690 S6°.46 
o-Nitrothiophenol, m. 61°,427 58°,3i3 56°,420 4Soei4 
nl-Nitrothiophenol, 3i2 

p-Nitrothiophenol m. 77°.ms9 661b 

2,4-Dinitrothioplienol, nl. 132°,34G 131 ; Bz. m. 1 13°.661h 
2,4,6-Trinitrothiophenol, m. 1 14".@ln 
2,4-Nitrobrc~mothiopl~enol, in. 110" .74 

2,4-Nitrochlorot~iiophenol, ni. 1 2 2 ° , i ~ 2 0 0 , " ~ 1 3 0 . 5 "  
2,s-Nitrochlorothiophenol, m. 171 "."" 
m-Methylsulfonylthiophenol, m. 69°.629 
p-Mcthylsulfonylthiophcnol, m. 68O.'" 
Benzyl, b. 195",l9 l7OCx lwQ 194-5" , 22G b 364.5-5.5°,'18b221000,120 

b32 99'; d 25/4 0.8097; n 20/D 1.5779,1i0c~ 190a 1.576.11 
o-Nitrobenzyl, m. 29.5"; bl; 149.5"."Oa 
?n-Nitrobenzyl, m. 12°,39H 14"; bls 164°.4wa 
p-Nitrobenzyl, m. 52.5 
a-Phenylethyl, b. 1 19-20°,44 b l j  8 7 - 8 a , m 9 ~ 1 0  81-3" ,2mc b14 

8 3 4 "  ; d 18/4 1.0396,4"-'. tl 20/4 1.022; "sc n 18/D 1.5691,;"' 
n 20/D 1.557; [ a ]  26/D 105.6", -105.6"; 2sw Ac., b13 123-5'; 
d 20/4 1.0698; n 20/D 1.5480.289b 

Jfc?.captnns 
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(3-l'11c>n) lctliyl. b I i  104 , ; ; ' ' I  90-8 .4 f ' 1  7 i  (~-i',:<')~) bz: 
1 O i 0  ; "Ih rl 18 /1 I .0318; n 1 0  D 1.5613: "-' . I),.; 131-5 ; (1 2C) 4 
1.0730; n 20 D 1.5478 '"''I 

a-Phenylpropyl, bl, 1 0 3 4 "  .:""' 
y-Phenylpropyl, blo 109°,"'b b23 120-2"; 5i4 d 17/4 1.010,4G4 

1.0107; 5i4 n 19/D 1 .5492,464 1 .5543.5i4 
p-Phenylpropyl, bl 74" ; n 20/D 1.5510; Ac., b4 105"; n 20/D 

1.5429; lo" bb,, 70-1 " ; [a ]  25/D 93' .3s1 

p-Phenyl-i-propyl, b16 105-10"; d 19/4 0.999; n 20/D 
1.5312.331 

D-p-Phenylbutyl, bl 81" ; [a ]  25/D 7.0°.3X1 
E-Phenylamyl, blo 1324".91b 
a#-DiphenyIethyl, b4 146-8°.2i4 
o-Methylbenzyl, b5 57-8"; ri 25/D 1.5702.274 
7th-Methylbenzyl, b12 
p-Methylbenzyl, bll 89-90°,93bb35 1 18°.3s5 
2-Nitro-p-tolyl, m. 58°.30 
a-  (0-Tolyl) benzyl, b4 149-50°.x4 
a- (p-Tolyl) benzyl, b6 15942°.22g 
o-Chlorobenzyl, ba:, 120-1 "," bzq 126-8" ; n 25/D 1.58401385 

1 .5650.77 
m-Chlorobenzyl, bI9 12&1°; n 25/D 1 5810.2xS 

, p-Chlorobenzyl, m. 85" ; 3 1 9 0 . 4  66-7°.385 
/ 2,3-Dichlorobenzyl, b29 151-2' ; n 29/D 1.5993." 
j 

3,4-Dichlorobenzyl, bo,, 87-90°,38fi 170-1" ; n 29/D 
1 .6003.T7 

p-Brumobenzyl, BrC6H4CH2SH, m. 75"."15 
a-Phenyl-p-chlorobenzyl. p-C'ICGH4CBPhSH, b2 16s-9" .229 
3-Hydroxy-5-rnethoxybenzyl, boo., 75-80" ; n 20/D 1.5940.340 
Cinnanlyl, CGH&H : CHCHZSH, m. 7-8" ; b13 124-5" ,9"0 

1 16-So ; 375a 3,s-dinitrobenzoate m. 1 
ply-Diphenylallyl, bo ol 105-6" ; 3,5-dinitrobenzoate m. 157°.39;' 
4,4'-Dichlorobenzhydryl, b5,6 168-9°.229 
Triphenylmethyl, Ph3CSH, 111. 107"; ""3 ""L 6f1 Ac., 111. 1 3 9 4 1 " ;  

Bz., m. 185°.641 
a-Thionaphthol, b. 285°,"0J" b2",~ 208.S0, bZo 187.2", bno 161°,35h 

bz 13WOo,  b7 142-2.5°,62" bl j  152.5-3.5"; d 0/4 1.1729, d 23/4 
1.1549,328 d 20/4 1.607; n 20/D 1.6802; "" Bz., n ~ .  118°.603n 

p-Thionaphthol, 111. 81"; "js b. 286"," bloo 210.5", boo 18g0, bzo 
162.7", b l j  153.5","j8 b15 1534°.6ss 
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I-C'liloro-a-tl~ioriaplitkiol, 111. 440.'jo3" 
4-13roiiio-a-thionaphthol, in. 56°.60"d 
2-Nitro-a-tliionaphthol, m. 70-3°,396 205' ; Ac., m. 103°.2s5 
4-Nitro-a-thionaphthol, m. 77-9°.396 
5-Nitro-a-tliionaphthol, Ac., m. 182°.285 
1-Nitro-p-thionaphthol, m. 9&100°.396 

Some Selenomercaptans 

Phenyl selenomercaptan, b. 182°.603c 
o-Selenocresol, b25 99°.209 
m-Selenocresol, b16 89°.209 
p-Selenocresol, m. 47 " .603c 
p-Bromoselenophenol, m. 77" .603c 
p-Chloroselenophenol, m. 55 0.603c 

a-Selenonaphthol, b2o 167°.603c 

Acidity Constants of Some Substituted Thiophenols in 48% 
Ethanol a t  25' 79 

Substituent pKa Substituent pKa Substituent P K ~  

* PhSH 8.05.62' 

Aromatic Dimercaptans 

Dithio-catechol, o-C6H7(SH)2, m. 28"; 482 b. 23&9°,257 b17 
119-20" ; diAc., m. 88.5°.482 

, 25" ; 202, Dithioresorcinol, m-C6H4 (SH) 2, m. 27.1 ",3" 27" "l 
4'3, 691 b. 24s0,2O2 243",8' b17 123°,202, 691 bz8 141 0,202 b20 13Z0, 
bloo 176.5 O ." 

Dithiohydroquinone, m. 98°.348, 411b, 463, 689 

4,s-Dimethyldithioresorcinol, b13 150-1 " ; diAc., m. 49°.4s4 
2,4-Dimethyldithioresorcinol, m. 121 " .483 
4-Ethyldithioresorcinol, bzo 150-2°.4s3 

Mercaptans 7 5 
- 

2,s-Dirhlorodithiorcgorrinol. m. 85°.235 
1,4-Naphthalcneditl~iol. m. 181" ; bl;, 210"."'" 
1,s-Naphthalenedithiol, m. 119°,139 118-21 0.411b 
2,6-Naphthalenedithiol, 196.5°,a1h 178°.97 
2,7-Naphthalenedithiol. m. 18701411b 181 0,256 174°,174 
2,2'-Dimercaptobiphenyl, m. 79°.35 
4,4'-Dimercaptobiphenyl, m. 17941°, 411b 176°.231 
9,lO-Anthracenedimethanethiol, m. 145 ".0°7 
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Reactions 
of Mercaptans 

Introduction 

Where the products of a reaction are the subject matter of a 
later chapter the reaction itself is not considered in this chapter. 
Examples of such react'ions follow. 

Two of the methods by which sulfides are prepared are the 
reaction of a ~nercaptide and an alkyl halide and the addition 
of a mercaptan t o  an  unsaturate: 

EtSNo + CICH2Ph -t EtSCH2Ph + NaCl  
PhSH + CHq:CHCN -t PhSCH2CH2CN 

Since both of these will come up in the several chapters on sul- 
fides, they will be omitted here. 

Sulfenyl halides are formed by the reaction of a l~alogen with 
a mercaptan: 

This reaction and its products are to be found in Chapter 3. 
The esterification of a mercaptan by an organic acid, or acyl 

chloride, gives a thioester: 

PhC0,H + EtSH e PhCOSEt + H,O 

phC0Cl  + EtSH + PhCOSEt + HS! 
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furc. t l ~ c  cstc~,ific:ttion o f  ~i~(~i~c~:i]!t:~nq is rol~~idcrcrl in tlic! cal~:iptc,~, 
on thioacid. 

JIercaptaIs anti n1ercal)toles :ire forn~ed by the reactions of 
mercaptans with alclchydes and ketoncs: 

These reactions are discussed under thiones and tliials. 
The formation of disulfides, trisulfides, and tetrnsulfitles by 

the reactions of chlorine and culfur chlorides with mcrcaptans are 
mentioned in thi. cl~aptcr,  but corlrc I I ~  again in thc cslrnl!t~r on 
disuIfidcs. 

Mercaptan reactiuns, not of the classes mentioned, are dis- 
cussed in this chapter. Thc chief interest has been in the possible 
use of most of these reactions for getting rid of the mercaptans 
that  are found in pctrolcum distillates. I n  discussing such reac- 
tions, the bulk of the space will be given to actual, or proposed, 
applications for the removal of n~crcaptans from petroleurli dis- 
tillates. Even then, i t  is impossible to go into detail. Sorne 
articles and patents will be listed. 

Of all the classes of sulfur compounds which are found in 
petroleum distillates, the mcrcaptans are the worst offenders. 
Somc desulfurization processes have been designed for the sole 
purpose of eliminating mercaptans, \\hilt. ot11el.s haye been in- 

tended to take care of sulfur compounds in general. As iller- 
captans nre involietl in all cnseg, it sccnls proper to givc hricf 
attention to  desulfurization proccsscs in gcncral in tl~iq r11al1tc.r. 

Reference is made to solne of the innumcrahle artielc- on sulfur 
compotlnds in  petroleunl,W)3 '$1 '0, 3 8  "0, 640, 643, 693, Soya l O V 2 1 1  1003, 

1023, 1039, 12489, 124bb,  1560, 13q1, 
1404R, 140G 16i1a Special attention is 

called to  a book by Kalichevcky and Stagner in wliicl~ desul- 
furizaliorl proee~ses arc considered fro111 the st2nd~joint of the 
gasoline refincr. 

The presence of sulfur colnpomicl> in cngoli~~c i i  ol~jcrtion- 
L."), l f 5 0  on account of oclor antl becau>c t11r;v ~ ~ ~ o n ~ o t c  q u n ~  

formation, clc~.r.lopnicnt of color, corro~ion of n~ctal., and thc 
formation of dc l~~)s i t s  in tllc engine.2Gi, - 1 4 i t .  44""1';), ;"\ : (;'I; 7.:; 90s 

919, 1130, 1421, 1341 1690, 1738 All sulfur colllpouncls rut down t h c  Lend 
I4esponsc of a gasoline Tllc 1% orst offenders arc the mercapta~ls 

Xen t t  iotis of I l lc i ,cc~pi t r t is  109 
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I1-%allc.l c.ylintlcr ~yr.:~1.. '~"~ 
Iligh-molecular-n-cigllt 1nercal)tans nlu>t I)c ahsent from cable 

oils.11"G 
I n  lubricating oils, sulfur compounds may causc deteriora- 

tion I l l "  IG7lb though it is believed t'hat some of those naturally 
present are beneficial, acting as  antioxidant^.^^" 

The rating of Diesel fuels is raised by the addition of some 

j sulfur corn pound^,^^^^ 150j but the vear  on the engine increases 
! with the sulfur content.llll High-sulfur fuel may increase venti- 

lation rccluirc~nents on account of the oxides of sulfur given off.'", 
598 

Nercaptans account for only a minor proportion of the sulfur 
in marlr~facturcd gas, but they must be t,aken care of in its purifi- 
cation.!l, 7" 22l ,  547, 617, 010, 747, i J i .  776, 777, i 8 i .  7 0 0 ~ .  874, 932, 960, 1163, 

110Xn, 1300, 1343, 1378. 1002 

Reference is made to  a nurnber of general articles on the re- 
moval of organic sulfur con~pounds from petroleum distillates.ll, 
141, 144,  130, 460, 26% 417c, 446b, 5163, 51611, 637, 630, 706, 722, 830, 880, 1119, 1322, 

1327, 1363, 14221, 1442b, 1326, lGOFc, 1663, 1724, 172Sb, 1734, lT0 la  Many more 

articles and bundreds of patents will be mentioned in connection 
with particular n~ct l~ods.  

ti Formation of Addition Compounds "?i 
Ethyl lilcrcaptan unite!: wit11 nater  to form the hydrate, 

C2HjSH.18H20.8slb~ l l 3 7  This is stable a t  low ternperntures only. 
An addi t~on compouild, C2H,SII-TiC14, has been repor tcd .36Vi-  
tric oxide forn~s a blood-red addition con~pound with ethyl mer- 
captan.M9" The same n~ercaptan forms an addition compound 
with hydrogen fluoride vhich dissolves in hydrogen fluoride.883 
Primary straight-chain mercaptans can be recovered from such 
solution unchanged, while benzyl lnercaptan is converted to the 
sulfide, with clinlination of hydrogen s~lfide.~"'  The conlbination 
of niercaptans with hydrogen fluoride may be the basis for the 
effectiveness of this agent for renloving sulfur co~~lpounds fro111 
hydrocarbons.-'", 48', 1410, 1428 Or the removal may be due to 
some catalytic action of the hydrogen fluoride, rather than to  its 
solvent power alone.lo7" 
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Boron fluoride a130 appears to llavc an affinity for mcrcap- 
tan$.,ii Its mixtures with hydrogen fluoride have been recom- 
mended for the desulfurization of l~ydrocarbons.'"~, 7 R n  4 t  -78" 
boron hydride and methyl mercaptan for111 an addition compound, 
illeSH.BH3.231.5 

Straight chain mercaptans form adducts with urea similar to 
those of the h y d r o c a r b ~ n s . ' ~ ~ ~  

Decomposition of Mercaptans 

BY v.4~10~~ AGENTS 

Light seems to split ethyl mercaptan into EtS- and H- which 
end up as ethyl disulfide and hydrogen. The over-all reaction 
is: 1680 

2 EtSH + EtSaSEt + H, 

The quantum efficiency with respect to hydrogen is less than 
unity, indicating that there are other reactions. Traces of higher 

unsaturates and 10% of ethylene are also formed.1078 Wit11 
methyl mercaptan and the mercury line 2537A, the quantum effi- 
ciency is 1.7.1488 In  the presence of activated carbon, ultraviolet 
light changes mercaptan vapors to sulfur-containing condensation 

X-rays, beta and gamma rays convert a mercaptan, in water 
solution, to the disulfide. The number of molecules oxidised per 
ion pair was 3 for x-rays and beta rays and 23% less for gamma 
rays.87 It has been proposed to sweeten naphthas containing 
mercaptans by exposing them to x-rays and air.loBO 

Aromatic hydrocarbons may be alkylated by passing them 
with mercaptans over  catalyst^.^^^^.^. 15so.n This may involve the 
decomposition of the mercaptans; the products are what would 
be expected from the reactions of the olefins. Tertiary mercap- 
tans, which decompose most readily, are the most e f f i~ ien t .~~3J~  

There have been many investigations of the thermal decom- 
position of mercaptans, usually with the object of finding con- 
ditions under which the mercaptans can be destroyed with a 
minimum of damage to  hydrocarbons that  may accompany them. 
To destroy completely 0.5% of mercaptans, which may be 

Rcnctton.5 of diercnptans 11 1 

present in a ga>oline, without altering any of the dozen$ of hydro- 
carbons, that make up the other 99.570, is out of the question, 
but much has been accomplished. 

Naturally the d a r t  has been made with pure individual mer- 
captans, without catalysts, other than the walls of the con- 
tainer, but most of the work has been done with catalysts. As 
the catalyst does not usually change the direction of the decom- 
position but only its speed, the catalytic and noncatalytic de- 
composition of mercaptans can be considered together. Many 
of the scientific articles and practically all of the technical ones 
are concerned with both kinds. The aim is to convert as much as 
possible of the sulfur into hydrogen sulfide. 

Hydrogen sulfide is split off of a niercaptan a t  around 
300°.1385.59 1580a, 1599 Branched-chain mercaptans are less stable 
than their normal isomers. The decomposition into the olefin and 
hydrogen sulfide appears to  be unimolecular. Between 380" and 
410°, ethyl mercaptan and ethyl sulfide decompose homogene- 
ously. The rate curves show an induction period, which has been 
attributed to the formation of an intermediate. No one of ten 
gases altered the course of the reaction materially.1604 This ex- 
planation has been doubted?05 A tertiary mercaptan, like a ter- 
tiary alcohol, goes to the olefin a t  a moderate temperature.lZ6~ lS9" 

Cyclohexyl mercaptan acts more like a tertiary, giving only 12 to  
15% of the sulfide, the rest going to cyc10hexene. l~~~~ 1508 The de- 
composition of n-propyl mercaptan leads to a pseudo-equilibrium 
of propylene, hydrogen sulfide, and i-propyl m e r c a ~ t a n . ~ ~ ~ ~  

I n  general, the C-S bond is harder to break than a similarly 
situated C-0 bond. The presence of a carbonyl or cyanogen 
group or a sulfur atom on a p-carbon weakens the C-S bond 
just as i t  does the C-0. The same factors influence the strength 
of both bonds in the same direction. This subject has been re- 
viewed.1574 

An octyl m e r ~ a p t a n , ~ ~ ~  allylic m e r ~ a p t a n s , ~ ~ ~ ~  and a-thionaph- 
go to the sulfides when heated. Mercaptans are con- 

verted to alkyl sulfides and hydrogen sulfide by passing their 
vapors, a t  elevated temperatures, 300 to 500", over catalysts, such 
as sulfides of cadnlium,"40, 1397, 1454a, 1455 xinc,540, 14548, 1455 ti, 7 

bismuth, aluminum, or iron.14" These may be on carriers. 
Higher-molecular-weight mercaptans and other sulfur compounds 
may be formed under such conditions.541 More or less of the sul- 
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til-c proportions of sulfi(lc3 :u~rl o l e f j ~ ~  pt,otl~~cetl tlcpelltl on tllt 
rnercaptan and tlic t('iii11~'1.:it11r(:. (::italp>t poisons inay he re- 
moved by passing tlie inc>rraptan over activated carbon.ii8 \\-hen 
passcd over a silica-alumina catalyst a t  250°, dccyl n~ercaptan 
gives 30% of dccyl sulfide along witli decene-1, but a t  300" there 
is no sulfidc.13" Over the same catalyst a t  300°, thiophenol 1398,5 

and m-dimercaptobcnzenc go to benzcnc, thiophcnol, and thian- 
tllrene.'""ickel catalysts dccomposc mercaptans a t  200 to 
3000 4.52, 453. 1570a 

Phosphoric acid is an efficient catalyst for the decomposition 
o f  lnercaptnns.x~, C I ~ &  I U ' J ~ ,  1014, 112.j1) -1 tertiary mcrcaptan is split 

cleanly into olefin and hydrogen sulfide when its vapor is passed, 
at 300 to 150°, eyer charcoal irnprcgnated with phosphoric acid.71 

T o  get information which might apply more closcly to petro- 
leum distillates, the pyrolysis of inercaptans, in solution in vari- 
ous Iiydrocarbons, has bcen invcstigated.lO~ja It has been hopcd 
that conditions could be found undcr x~hich thc mercaptans can 
be decomposed \vitl~nut too niucli destruction of the hydrocar- 
bons.lj80b 

References are given to articles and patents in which the de- 
sulfurization of petrolcuin dietillates is the objective and to 
others in whicli it is only incidental to cracking. There have been 
numerous rericTT,s 83, 516c, S ~ F C ,  1210,  l i 8 0 a  1620a and discussions 
of experimental resulte.191, 2"'. 311". 4.9; 372 602 676a. 694, 768, 944, 1361 

1370, 1336 Reference is made to ecxernl nrticlec on the nature ant1 
treatment of the sulfur compound< that result from cracliing Sq$ 
4458,  446c, 517, 685, 736, 866, 1092, 12Y3, 1401, 1501, 1714 

The desulfurization of pctrolcuill by l lcnt ing,~ 43"" 442b, 4i" is2 
1:'6'71 ' -' or by heating with steam, llas beer1 c lnimet l ."~~ ?", 

459c, .534, 786, 1106 TIle additioll of xnrious cubstances 
oils is said to aid the dccomposition of tlie mercaptans. -Among 
these arc: cresol,lX1 furfural,lO"" t c r p c i ~ c s . ~ ~ ~ ~ s p h a l t , " ~ ~  
drying oils,-'"" petroleum residuum,lfi4 lSo6 calci~lin cyanamide,"-" 
tlie sodium addition compounds of nntliraccnc and the lilie,14" 
citrus fruit acids,liO%nd ccllulo,cic n~ntcrials.~"%inmonium pen- 
tac2~lorodizincate and cliloridc """ arc said to aid dccomposition 
in the vapor 1)hasc. 

I t  is inipossiblc to iilakc a \llarp distinction between substances 
that aid tlic decon~pocition simply as catalysts and those that 

- 

talc(, ])art ill tllc rcnction-. .111uil1in:1 is l)roh:rhlj- only a catalyst 
n-hilc coppcr combines wit11 tlic sulfur. Other atlditives may func- 
tion, to a greater or less degree, in both TT-ays. 

l l a n y  proposals hare been made for dcsulfurizing petroleum 
distillates by passing their vapors a t  elevated temperat,~lres over 
catalysts,1246, 1 2 3 ,  1i"b such as metallic oxides,447~, 5 2 9 C ,  529e, 557, 

609, 812, 1200, 1544, 1360 ferrous sulfide,935, 1293 iron oxide, 329b, 335b, 529n, 

2 3 r ,  I(l46b. 1099, 1304, 1345, 1426, 1427, 1481b, l486a, 1513, 1558 this with 
tiOlls,53a. 238, 760b, 810, 1123c, 1232, 1332 of molybdenum, 

n i ~ l t e l , ' ~ ~  or lead oxide with sodium and aluminum hydrox ide~ ,3~~"  
nlllmina,i60a, 760b, 761, 1215, l530a, 1725b SiliCa,1i25b alumina with mag- 

n e s i t ~ , ' ~ O ~  magnesitc g.lone.3"- 7G0" ,G1, 1215 sulfides of alumi- 
n ~ m , ~ ~ ~ ~ ~  mercury or z i r c ~ n i a , l ~ ~ ~ ~  and acti- 
vated carbon.461, 592, 834 BauXite,20, 43, 117, 141 ,  227b, 413, 470, 615, 634, 

638, 644,  678, 684, 723c, 725, 760a, 774, 857, 873, 990, 1134b, 1208, 1259, 1271, 1434, 

1436, 133Oa, 1690, 1734 fuller's earth,20, 40"' 118, 141, 357, 43% 608d, 609, 61:, 

706, 833, 1134b, 1260, 12i5b, 1642, 1631, 1i25b,  l i 6 l s  ,,lays, 82, 1 9 3 ~ -  306, 44211, 474, 

649, 812, 977, 1046a, 1046b, 1061, 1366, 1433b, 1690 alld ,,lay with copper or 

chromium are used in various nays,  either with the hot 
liquid or the vapor. Vapor-phase trcatnlcnt over clay is especially 
c f f i ~ i e n t . ~ ~ ~ ~ ~  Carbon monoxide is mixed with hydrocarbon 
vapors which may be passed over llot alu111ina.~~~ Hydrocar- 
bons are desulfurjzed by heating them with iron 29" 332a3ja, 457, 969 or 

by contacting their vapors nit11 nickel, iron, or cobalt.93, 375, 394, 

910, 1188, 13iOa, 1370b, 13iOc, 1707 4 pyrOphoriC llletaJ is effectil,e,13i9C 
Oils iilay be heated n-it11 metals Ism or their vapors passed through 
metal packing.124VTlley may bc distilled from metals,'"6 either 
molten lGi2 or emulsified,1068 or their vapors nlay be passed over a 
moltcn metal."", l"j4 By  the uce of a selective silica-alumina cat- 
alyst, the sulfur compounds of a distillntc may be cracked without 
much change in tlie hydrocarbons.76i Coal gas is desulfurized 
over cobalt, iron, or nickel thiomolybdate.loil 

Oils may be treated nit11 inetnllic soaps 132, 386, '29b, OT 

oil-soluble salts of l e a ~ l , ~ ~ ' ~  copper, or iron.i03 -4 hot oil, or its 
vapor, with :351* 1l.m or witl~out liydrogcn chloridc,"""~ 691* 92ic is 
contactcd with various nlctals or their salts. Solutions of salts of 
various rlletals llavc Lccn recoiiiincnclcd for treating hydrocarbon 

=2luininum cllloritle forins c o ~ n ~ l c x e s  wit11 lncrcaptans and with 
other sulfur ~ o i n p o u n d s . ~ ~ ' " ~  46i* 6""ij I t  splits off hydrogen 
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sulfide from mcrcaptans, leaving the alkyl ~ulfide,3'~ or some 
other It causes a tertiary mcrcaptan to alkylate ben- 
zene,loi4 but this does not go with a p r imary .g4Vt  has been em- 
ployed extensively in the treatment of crude petroleums and of 
distillates. It effects desulfurization along with extensive altera- 
tions of the hydrocarbons. It attacks alkyl sulfides and thio- 
phenes as well as mercaptans. Under mild conditions, i t  may 
react preferentially with the sulfur compounds. I n  its use, prac- 
tice has far outrun theory. Reference is made to a number of 
articles 131, 141, 535t1, 631, 632, 651, 721a, 753, 842, 846b, 1004, 1267, 1404b, 1608, 

1727, 1761% 1761b, 1765 and to some of the patents.5, 111, 1628. 220, 352a, 

398, 419, 535b, 656, 667, 721b, 781, 837, 843, 928c, 938n, 1005, 1006c, 1009, 1042a, 

Zinc chloride has been recommended for the desulfurization of 
distillates.104d, 141. 311, 3 6 l C ,  352b, 352~ .  440b, 447d, 568, 569, 586, 

667, 781, 843, 855, 869c, 026. 927b, 0281l. 938h, 1136, 1138b, 1166, 12788, 1468 Zinc 
hydroxide,l'66 oxide,204p 113'd SUlfate,447b, 928% 1134c, 1660 and zinc 
ore 227c, 351a or silicate 352d have been suggested for this purpose. 

Several chromium compounds have been recommended for de- 
s u l f u r i z a t i ~ n . ~ ~ ~ ~  235de 941b, I o 7 O  Lithium chloride is used with 
aluminum chloride 1338b or silicic a ~ i d . ~ ~ 3 ~ ~  Lithium carbonate has 
been ~ 1 a i m e d . l ~ ~ ~ ~  Chlorides of a number of metals have been 
suggested.229 

Desulfurization of petroleum distillates may be effected by 
heating them with lime,l14a, 124, 247, 292, 327, 717b, 957, 1046b, 1369 diS- 
tilling them over lime,359, 48"s 611, 529d9 i l z ,  1569a 01. by their 
vapors over "*b, 404, 893, 1412, l23oa Calcium carbonate may 

be substituted for the 11", lm4 A calcium pyrophosphate 
is ~ 1 a i m e d . l ~ ~ ~  

Various catalysts and reactants have been proposcd: gravel,ssl 
granite,648 a reforming 1732 or aromatizing 235e catalyst, beryllium 
chloride,s69b montmorillonite,339 boron phosphate,"O magnesium 
~i l icate ,"~ precipitated silicic mercuric 447c, 

44id titanium chloride, 311p 692a tin dichloride 843 and tetrachlo- 
ride,'"~ 692b phosphoric anhydride,lo39b, I399 this with a metal hal- 
ide,103E, 1039a a liquid sulfonic acid,loSb sulfuric acid with a metal 
oxide,3OZb vanadium oxide,3I6 borax,llXa~ 11"~ 1737 sodium sili- 
 ate,"^ s o d a ~ n i d e , ~ ~ ~ ~  nitrides of various metals,1411 metallic ar- 
SeniC,405a, 1133a calcium and magnesium  chloride^,^^^^ 869a and po- 

tassium hydroxide or carbonate on ~ 1 i a r c o a l . l ~ ~ ~  Sulfites or other 
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13ctlucing agents mav hc added to an oil during disti1lat.ion.l4'" 
An inlproved fuc1 is said to bc obtained by adding an organic 

sulfur compound to an oil. rracking, and desulf~rizing.~~",  678 

Desulfurization by Hydrogenation 

Raney nickel, containing occluded hydrogen, reduces mercap- 
tans and other sulfur compounds, dissolved in absolute alcohol, 
to the parent  hydrocarbon^.^^^^ 1066, I5O8 The sulfur compounds in 
gasoline are eliminated by this treatrnenL6lv 63 Thiophene is de- 
s u l f ~ r i z e d . ~ ~ ~  Thiophenol and a-thionaphthol, in xylene, go to the 
 sulfide^.^^^.^ 

Hydrogenation, in the presence of molybdenum sulfide under 
300 lb. pressure, converts phenyl mercaptan, in cyclohexane solu- 
tion, to benzene a t  200". Carbon disulfide goes to  methane a t  
250" and thiophene to butane a t  300°.265 Mercaptans, sulfides, 
and thiophenes are desulfurized by passing their vapors, with hy- 
drogen, over cobalt molybdate a t  440°.242 The hydrogen is elimi- 
nated as hydrogen sulfide.502 Butyl mercaptan, with hydrogen 
over vanadium oxide, goes to butane and hydrogen sulfide.902 
The hydrogenation of methyl mercaptan over nickel sulfide is of 
the first order with reference to the mercaptan. The rate  is lower 
than with cobalt 

Various molybdenum compounds have been suggested as cata- 
lysts but, regardless of what is put in, the active catalyst appears 
to  be a sulfide. There appears to be an equilibrium: 

Hydrogen reduces the trisulfide to the disulfide which then picks 
, up ~ u l f u r . " ~  This conforms perfectly to Sabatier's conception 

of a catalyst as a carrier, an element which can go up or down 
from one valency to another, taking up or giving off sulfur. The 

,$ remarks about molybdenum apply equally t o  other metals, such 
I 

as nickel and cobalt. Whether they are put in as metals, oxides, 
or salts, they are converted to  sulfides. Polysulfides of indefinite 
composition appear to  be formed. One author, however, claims 
better results with oxides than with ~ u 1 f i d e s . l ~ ~ ~  Mixed catalysts 
are common. 

The catalytic hydrogenation of petroleum distillates is increas- 
ingly important. It is the most thorough way of getting rid, not 
only of mercaptans, but of all other classes of organic sulfur 
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part ol  t l ~ c  cost. 
Tlic hydrogen pressures run from atinospl1cl.i~ to tliousnnds of 

pounds. The most common temperaturcs are froin 300 to 450°, 
but higher and lower are nientioncd. As catalysts, mctal ox- 
ides 402", lGIG are used. As stated before, these are prohal~ly 
converted to tlie sulfides. 

Several mercaptans, in kerosene solution, n-ere heated 2 hours 
a t  230" in thc presence of molybdenum sulfide. The perc,entages 
decomposed werc: for plicnyl mcrcaptan 94, for ctliyl 83, anti for 
i-amyl 59YL. Sbout  37: of tlic aliphatic iilcrcaptans ncre con- 
verted to tlie sulfides, but nonc of t,he plienyl.l1°9 

Molybdenum compounds are mentioned frequently.24, 7 3 8  300n9 

300c, 318.5, 319, 3 i7 ,  644,  7.59, 7RDn. iS9c, i90a, 791a, 81.5, 817, 851, 1091, 1109, 1173: 

1174, 1198b, 1108c, 1253, 1296, 1297. 1485, 1.546, 1003, 1623, 1G2ib, 1628n, 1628b, 1629, 

Cobalt molybdate, or tliiomolybdatc as it is sonictiines called, 
is a favorite cat,alyst.ll& ?fib, 241c. :300n, 626, iG? . .5 ,  7900, 94 lb ,  1072.5, 1072.7 

I t  is probably morc accurate to consider it a mixture of thc two 
sulfides, or polysulfides. C,obalt and compounds of cobalt are fre- 
quently mentioncd,319, 47% 663.644, i 13n .  7893, 789b, iSOc, i89d, 10i3, 1174,  

X-ray examination of tlie used catalyst sliows the presence 
of cobalt sulfide.i13b T~mgsten sulfide appears as an alternate, or 
associate, of Inolybdcnunl sulfide,i3, 19% 3000. 3000". 300" 301, 31% 377. 

i.74, iSDc, 1483, 1603, 1028n Rutlicnium sulfide has been 
Nickel, the ~riost popular catalyst for ordinary l~ydrogenations 

and one that is so cnsily poisoned by t l ~ c  merest traces of sulfur 
compounds, becomes an efficient sulfur-insensitive catalyst \vlien 
it, is loaded sulfur,l%, 22% 2 4 1 ~ .  3003, 30011. 301. 310, 319. 326, 477, 478, 

523, S40, 618, 6.33. W9, 632, i 2 G .  i.YSr1, iSOh. i91n,  H U l .  SO;,. 815, 81;. 1000, 1001, 

1065, 10i3,  11i:j, 1 3 ~ 9 3 ,  14" Nickcl, or other iiictal, niap be introduced 

as a carbonyl.lZ5 
Iron and its oxides arc rncntioncd in iiiany patents as cat- 

alysts,73, 195, 2 4 l C .  "Ill'". X)I)L; 319, 4 iS ,  7""" 801, 814,  1000, I l i a ,  13T9a, 1340. 

""3 146i ,  162ia The vapors Iiiay be passcd over iron sulfide bcforc 
]lydrogcnation.llJOl ('ollper,i3. 1!15. 319. 4 i8 ,  (339, ilh, 804, 814, 13i9a. 1379b, 

1408 cllronliuln,i3, 300~ .  31% 564. 769:1, 7913, 937. 1174, 1108b, 1623 manga- 
nC~C,T3. 3 0 0 ~ .  319, 814 ZillC,i3, 19;. 319, 644, 756, i800,  814 CadIlliUm,10i3, 1398 

-- . . ---~p -- - -- -- .- - - ~p - - -~- - -  - -- - - -~ 
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--I cciiicnt rontaining 2.572, 01. Iriore, of aluliiina, wit11 or n-itl~out 
metals, is clai~iicd as a catalyst.' An oil and liydrogcn arc passed 
over coke at, 3 3 0 ° . " V i i  oil, liydrogen, ant1 phosgcne arc con- 
tacted with ~ l ~ a r c o a l . ~ ~ ~ ' ~  An oil is heated with aqueous zinc 
cliloridc 440e or n-it11 aluminum chloride l 0 O G o  in the presence of 
liydrogen. 

The ncccssary hydrogcn may come from the action of steain 
on ~net,als which may serve also as catalysts.is" l o i 3 3  1415 The oil 
ma.y be passcd over a catalyst a t  a suitably high temperature 
along n-it11 aminonia lMU or a liglit l~~drocarbo i l  315 or a hydro- 
:ironlatic 15honipound to furnisli liydrogcn. An oil may be suh- 
jected to tlie simultaneous action of sodium and hydrogen a t  
300" to effect d e s u l f u r i ~ a t i o n . ~ ~ ~  The hydrogen may be gen- 
crateci in contact wit11 tlic oil by thc action of steam on the 
~ ( j d i u i i i . ~ ~ ~ "  

It has bcen proposed to desulfurize oils by means of acet- 
ylene 132Z or a metal cnrbide.l", 100 in ,  1165 

I n  the "Platforming" process gasoline and hydrogen are passed 
over a supported platinum or palladium catalyst. It is clairned 
that  sulfur compounds are convertcd t'o hydrogcn sulfide almost 
c ~ m p l e t e l y . ~ ~ "  l m 3  G 4 - " ,  840" 654 A t reahient  of tliis sort was sug- 
gested in 1906,"()"" hut only lately lias bccoine important. 

Hydrogenation by nnrcent liydrogcn, generated in ~rarious ways, 
llas bcl,n sugqcstcd.G1, 6:'. "30. 683, 1llS:l. 1110, 1123a, 1415, 1.7S8, 1674 The 

us(: of ntoniir 11ytll.ogcn l1:ls bcen c l a i r ~ l e c l . ~ " ~ e v c r a l  morc or less 
: related proccsscs llave been l,l~ol-)osctl,:3XL 790" 12SG. 160Sf 1619 

Curiously enougl-I, thc llydrogenation may be effected by liy- 
drogen s ~ l f i d e , ~ : ~ ~ ~  wllicli may \ye11 hc added along with the 

.' h y ~ i r o g e n . ~ ~ ~ ~ ~ ~  1629 I n  destructive liydrogcnation, tlic prcscnce of 
sulfur is b c n c f i ~ i a l . ~ ~ ~ ~  

Consideration has been given to the t~hermodynamics of de- 
sulfurization by hyclrogcnation in the presence of metals and 
their o x i ~ l c s . l ~ ~ ~  

I t  is n-cll known that  con1 rail bc coilvcrtctl to litluitl l i r o d ~ c t s ~  
l~~-t l rora~.bons for tbe i~lost p:irt, by Ilcntiiig \\-it11 11)-rlrogcn rit liigll 
~~( J~suYPs . ' " '  Oils arc transfoi~iiietl into lighter oils ant1 gases lX"l" 

:!ntl :llne ili~l~l,o\.ctl Gy surll trc:~tiiicnt.~~;'l' Distillation residues arc 
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d e s u l f u r i ~ e d . ~ ~ ~ ~  Carbon oxysulfide in an oil and hydrogen give 
hydrogen sulfide.1406 Heating with hydrogen under pressure causes 
polymerization of unsaturates and of part of the sulfur com- 
p o u n d ~ . ~ ~ ~  The sulfur is eliminated as hydrogen sulfide.1123d 

The hydrogenation of a shale oil without a catalyst gives 
products containing considerable sulfur, but with a catalyst the 
sulfur is almost completely r e m 0 ~ e d . l ~ ~ ~  Desulfurization of oils 
is effected if sulfur-resistant catalysts are present.123- 216, 300b, 341, 

5859 791b, 825, 1206, 1268, 1269, 1049 In one case i t  is reported that the 
sulfur content of a distillate from a cracked brown coal t a r  was 
reduced from 3.84% to 0.0Z%.1827b9 1630 A shale oil was com- 
pletely d e s u l f u r i ~ e d . ~ ~ ~ ~  

Oxidation 

The oxidation of a pure mercaptan by air goes on extremely 
slowly, if  a t  all, but in the presence of a catalyst i t  may be rapid. 
Catalysts are not mentioned in the recorded oxidation of benzyl 
m e r ~ a p t a n , ~ ~ ~ ~  4 - m e r c a p t ~ b i p h e n y l ~  p-nitro- 84 and p-bromo- 
p h e n ~ l , ~ ~ ~  mercaptans and dimercaptomethyl sulfide 543 by air, but 
some may have been present. The most effective catalysts are 
the copper and iron protoporphyrins; with dithiols the distance be- 
tween the groups influences the rate.88 In  fact, all copper and 
iron compounds speed up the rate of oxidation.679 A number of 
metals and their oxides are claimed as catalysts.llggb~ l 6 Z 0  

Air may be freed from noxious mercaptans by passing it over 
such catalysts.792c Gases containing mercaptans are mixed with 
air and passed over  catalyst^.^^^^ 7 9 3 a 3  lsge Sulfate turpentine 
can be purified by air oxidation.307 

Petroleum distillates are freed from traces of mercaptans by 
contacting them with various metallic compounds in the presence 
Of air.279, 281, 378, 391, 575, 623, 771b, 1135a, 1267 

The oxidation of a mercaptan to the disulfide may be effected 
by passing its vapor with air over a catalyst, such as bauxitc,los8 
irOn,547.5, 1700 copper or other m e t a l ~ , " ~ ~ j  or an aluniina-base 

catalyst.715 Activated charcoal a t  100°, or above, has been recom- 
rnended.lo4"* 1812 Oxides of nitrogen may be used as oxygen car- 
r i e r ~ . ~ ~ ~ ,  14793 With their aid, the oxidation may go on to the 
sulfonic acid.lZg2 

I n  alkaline roll~tion, ~nrrcaptane are osidi~ed by gaseous osp- 
gcn.164CXix~ii~ol~ium l~ydrnaitle may servc' as the This 
ox~dntion can be ,hpcedccl up by rataly~ts ." :~~,  44"i9  624 An organic 
nitroso compound,liO% substituted p h e n ~ l e n e d i a m i n e , ~ ~ ~ ~ . ~  N,N'- 
tetrabutyl-p-phcnylenediamine,"'x5 and a phenolic compound 
which can be oxidised to a quinone 170e may serve as catalysts. 
Oxidation is slowed down by hydroquinone 203b and by hydro- 
cyanic acid.m9 The metals that aid the alkaline oxidation, ar- 
ranged in order, are: arsenic, copper, antimony, zinc, cadmium, 
silver, iron, and nickel.lZ9 The oxidation is aided by supplying 
the oxygen under p r e s~u re .~~~" t  is facilitated by the presence of 
finely divided solids and by the dispersion of the air in fine 
bubbles."j"~ 925 I n  a solution buffered with sodium bicarbonate, 
sodium indigodisulfonate is a catalyst for the oxidation.4g7b Elec- 
trolysis in alkaline solution is effective.159b, 2307 558a, 559, llggc It is 
claimed that,  when hydrocarbons are placed in an electric field, 
the impurities collect a t  the electrodes.224b 

In a quantitative study, it was found that the rate of oxidation 
is the faster the more concentrated the alkali. It decreases in the 
order: propyl, butyl, amyl, benzyl, and phenyl. Somewhat more 
oxygen than that  calculated to produce the disulfide is taken 

This excess oxygen probably goes to form sodium sul- 
finate. It is known that dry sodium mercaptide takes up oxygen 
to form the ~ u l f i n a t e . ~ ~ ~ ~  

EtSNa + O2 EtS02Na 

A lubricating oil is refined by treatment with oxygen in the pres- 
ence of irietallic s ~ c l i u r n . ~ ~ ~ T h e  above reaction Inay be involved. 

fi-hlercaptopropyldiinethylamine, MeCH (SH) CH2NMe2, is 
oxidised rapidly by air in alkaline s01u t ion . l~~~  The spontaneous 
oxidation of fi-aminoethyl mercaptan may be attributed to its 
basicity .549 

In  the petroleum industry, it is common practice to regenerate 
the alkaline solutions, that  have been used to extract mercaptans 
from distillates, by blowing them with air. The disulfides, which 
are insoluble in alkali, separate out. This will be taken up later 
on when alkaline extraction is considered. 

The rapid oxidation of mercaptans in alkaline solution by air 
should be taken into account in making derivatives, such as aikyl 
sulfides. Sometimes i t  is stated that "the mercaptan was added 
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tlropn-ise if  necessary to control tlie reaction. 

The simplest case is t l ~ e  conversion of a n~crcaptan to the di- 
sulfide by the tlisulfide corresponding to anothcr mercaptan. An 
equilibrium is estnblislied : 

Pr2S2 + 2 DecSH 2 PrSH + Dec2S2 

This reaction is brouqht about by heating2", s92 or by tlic pres- 
ence of catalysts, sodium hydroxide or mercaptide, or by a halo- 
gen acid.8x4 

Quinones have been uscd in the classification of mercaptans as 
to oxidisability. Scvcral mercaptans are given in the order of 
decreasing oxidation potential: mercaptobenzothiazole, tertiary 
mercaptans, sucli as butyl and dodccyl, primary mercaptans, such 
as ethyl and butpl, aromatic, such as phenyl and b e n ~ y 1 . l ~ ~ ~ "  

The effectit-encss of active oxygen fro111 several sources in de- 
creasing order is : peracids, l~ydrogcn peroxide, liypochlorites, and 
persulfates. Anodic oxidation is With persulfate, the 
rate is higher a t  pH 13 than a t  pH 10."l 

Oxidation of mercaptans by liydrogcn peroxide may give the 
disulfide,", "6, 10% 464, 1106 5 10S8, 1339 tile sulfonic,67, 68, 1487 the 
sulfuric acid IUs' according to c ~ n d i t i o l l s . ~ ~ ~ ~  A high yield of the 
sulfonic acid can be obtained frorn tertiary mercaptans.", 6S 

P-Aminomercaptans arc oxidised to tlle d i s u l f i d e ~ . ~ ~ ,  lli6 Thc oxi- 
dation of tliiophenol by benzoyl nitrate is q u a n t i t a t i ~ c . ~ ' ~  The 
use of organic peroxides, or hydro peroxide^,^^^ or of hydrogen 
peroxide for removing mcrcaptans from petrolculll distillatcs has 
been proposcd,li9, 2 % ~ .  302n, 718. l l l l d b ,  1238, lGi5 ,  l i l 6 a  Sodium per- 
borate in alkaline solution l ~ a s  been recommended.1122b Metal 
peroxides are said to  be useful in thc purification of sulfate tur- 
p e ~ i t i n e . ~ ~ ~  

Ozone has been suggested as an agent for removing mercaptans 
from distillates 30, 224a, 406, 441b, 872. 1031, 113ib, 1557, 

la' and from 

Nitric acid oxidises riiercaptans readily, usually taking them 
all the way to tlie sulfonic acids. I n  ninny cases, the yields are 
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Ilcarl!. t[leoleticaI,':'. ""7. ""4. 4"'. " 7 0 ,  ;'!I". i"!'. "3"". !"". !I::" !+I". !"'!"I. 

11I;4. 1168, 1244. 1409, 1i;::R. l(i!!.3. 1721  ~Olllctillles tile t?,ticln is 
rcl-cr~ed."~ Pctroleunl tlistillatcs 21n~-c been trentcd rr-it11 nitric 

to rernol.c mercaptans,22'31, 8!l& I l i Z a ,  1289, l S h R .  l.iN9 Kitric 

lias been added to oils during distillation."""" liZu 

This is an excellent way to prepare sulfonic acids ~vlleil the re- 
quircd mercaptans are available. concentrated nitric acid diluted 
with 1 or 2 parts of water is put in a flask with reflux condenser. 
,4 small portion of the nlercaptan is added through the condenser. 
The onset of t.he oxidatio~l is sho~vii by the evolution of red fumes. 

! Heat  is applied as required. Portions of mercaptan or of nitric 
acid arc added from time to tiiric to keep the reaction going. Care 

1 must be taken to avoid an accun~ulation uf both, otlierwise the 

I reaction may beconie violent. When the oxidation is judged to be 
: complete, thc liquid, n~liich should be clear, is poured into a dish 

and evaporated on the steam bath to a syrup. T o  remove nitric 
acid, water is addcd and tlie solution evaporated again. This 
sliould be repeated several times. The product is pure enough for 
many uscs. Inconlplete oxidation may give the disulfide 2"s 

094, 1037, 1 2 % ~ ~ ~  1643 and sometimes the thiosulfonic ester."9bv 99" 1242 

Nitrous acid has been recommended for preparing disulfides 
from m~rcaptobenzothiazolew7and other mer~ap tans .~"~ ."  Ni- 
trous acid and oxides of nitrogen have been proposed for use in 
(lesulfurizing ~lydrocarbons~~528d, 889, l l"5ej  1289 

Potassium pernlanganate osirlises nlercaptans to suIfonic 
acids.j4. "4. " 8 ,  11"":1"", 1700 The oxidation potentials of various 

mercaptans 11al-e bcen determined by perrlianganate titration.lWgF 
It lias been proposed to  purify petroleuni distillates by treatment 
\vith pcrnlanganates,H3, 688, 100ib, I IBc ,  1321, 1541, 1542 di- 
oxide,14% 1113 or other nlanganese cc,mpounds,41". .i2"! 1011 

Tlle oxidatiori of mercaptans by potassium persu1f:lte is a reac- 
tion of the first order with reference to the persulfate. The rate 
const.ant is indcpcndent of t'he kind of mercaptan and of its con- 
~entrut ion.~" '  I t  is faster in tlie presence of an unsaturate."l 
The use c,f persulfates in the treatment of petrolcum distillates 
llas been proposcd.5xa, 63s. 1137" 

-4 ~ a r i e t , y  of other coni~~ounds effect the oxidation of iiiercap- 
tans: cllrolnatc- b >  304,  44Sb, iG6,  1O::i Oxides of c ~ l r o l l l i u m , ~ ~ l  $41' sele- 

niuin d i o ~ i d c , l " ~ ~ ~  lW1 ~ l i l o r o p i c r i n , ~ ~ ~ ~  a diaznnium c ~ ) n ~ p o ~ ~ n ( l , ~ ~ ~ ~  
various salts,16iH and nitrosyl chloride."" "It, l'."G 

In  the presencc of alkali, ammonia, or an amine, sulfur converts 
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a inercaptan to the disulfide.lo3~ i jo* ,  10'99 1219, 1220 This may be 
supposed to be a reaction of the mercaptide with either sulfur or 
with sodium polysulfide: 

2 RSNa + S + RSSR + Na2S 
2 RSNa + Na2S2 + RSSR + 2 Na2S 

Widely different proportions of the reactants may be used. Exten- 
sive use has been made of these reactions in the refining of dis- 
ti]lates.139a, 1"'. 2348, 235c, 246, 417b, f03c, 515, 555, 728, 740, 7648, 1060, 1128a, 

1145. 11468, 1324, 1441b, 1525, 1526, 1652 

Ethyl mercaptan and sulfur, in a sealed tube a t  15O0, give the 
disulfide and hydrogen s ~ 1 f i d e . l ~ ~ ~  A sour petroleum may be dis- 
tilled over Conversely, an  alkaline solution of the lower 
mercaptans has been recommended for removing free sulfur from 
hydrocarbons.1688 This subject will come up again under alkaline 
cxtraction and again when the doctor treatment is considered. 

Mercaptans are oxidised to disulfides by ferric compounds. 
Ferric chloride has bccn uscd for the preparation of disulfides 6739 

1771b, 1772, 1773 and this and other iron salts for the sweetening of 
distillates.107, 308, 311, 590, 687, 781, 79Zb. 843, 1128b, 1135a, 1186, 

1319, 1676 Ferric 26, 575, 1019 Or ferric Oxide 251, 329b, 330d, 331, 7924, 

1692 may be on adsorbents or mixed with an  all<ali.390b~ 996 B 0 g 
iron ore has been recommended.1698 A mixture of lime, ferrous 
sulfate, and sulfur is claimed for the sweetening of gas oiLg8 Gases 
are purified by being brought into contact with ferric oxide in 
aqueous 479, 755, 970 

Aromatic mercaptans are converted to disulfides, or polysul- 
fides, by selenium tetrachloride.136g 

Benzophenone is reduced to tetraphenylglycol, PhaC (OH) C 
(OH)Phz, by thiophenol, which goes to the d i s ~ l f i d e . ~ ~ ~ ~ . "  

Octadecyl mercaptan catalyzes the transformation of ajar-azo 
(ethylbenzene) into phenylmethylketazine. In  this the mercaptan 
appears to give up hydrogen in one stage of the reaction and re- 
capture it in 

A mercaptan and potassium bisulfite give the disulfide and 
potassium thiosulfate. This is easier to understand if i t  is written 
as two reactions: 

4RSH + SO, + 2 RSSR + S + 2 H 2 0  
K2S03 + S + K2S203 939.5 
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Sulfuric acid ositliscs rnei~a1,t nne.'"!';' T I IP  rlsttJnt of the oxidatiolr 
iiat~irally depcntls on conditions, sndi as concentration of the acid, 
temperature, and contact. Tlie first pruduct is the tlisulfide.", "'f 

136, 374. 471. 172 ,  122lic, 1292. I l l 6  Etllyl trisulfide has been identified 

as a product, but it must have resulted from a secondary reac- 
tion.139b An oxidation product of a disulfide, RSO2-SR, has been 
reportedF2 A mercaptan may be taken all the way to a sulfonic 
aCid.149, 1635 

Sulfuric acid has been used extensively in the refining of gas- 
; oline and other petroleum products. It is an all-purpose reagent, 
! taking care of all classes of sulfur compounds.1725b It oxidises 

mercaptans, dissolves out alkyl sulfides, and sulfonates thiophenes. 
, When a gasoline is treated with a simple oxidising agent, the 
1 mercaptans, which i t  may contain, are converted to  the disulfides. 

The odor is improved, but the amount of sulfur present is not 
diminished. Sulfuric acid dissolves some, or all, of the disulfides 
which it produces. Butyl disulfide has been recovered from the 
acid sludge from the treatment of a naphtha. It was accompanied 
by ethyl, propyl, butyl, and cyclic ~ u 1 f i d e s . l ~ ~ ~  Methylethyl, 
methylpropyl, cyclotetramethylene, and cyclopentamethylene sul- 
fides were recovered from a similar ~ 1 u d g e . l ~ ~ ~  These results show 
that sulfuric acid acts as a selective solvent for alkyl sulfides. One 
drawback to  the use of sulfuric acid as a refining agent is that  i t  
attacks unsaturates and aromatics, of which large amounts are 
present in modern cracked distillates. This may cause serious 
losses. 

There have been wide variations in the ways of using sulfuric 
acid for refining distillates. Various strengths of acid from 20% 
up to fuming and even sulfur trioxide have been recommended. 
The temperatures of treatment range from below freezing to 
200°C. Reference should be made to a number of reviews 
and discussions.91. 112, 13Rh,  141,  193b. 209. 260, 417c, 445b, 463, 567. 587. 

602, 655, 1055, 1095, 1133c, 1167, 1235, 12i0,  1387, 1480, 1528, 1377, 1067c, 1669, 

l ' iZGb, lili, l i 2 8 ,  1734, 176la Some patents are listcd.13, ISa, 58b, 59, 147, 

350c, 358, 374, 382, 562, 599, 650, 877, 1015, 1020c, 1032, 1124, 1135b, 1181, 1223, 

It has been found that the amount of sulfuric acid required is 
much less and that the sulf'atirlg of olefins and sulfonating of 
aromatics is reduced if the acid treatment is carried on a t  a low 
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The simplest case is the convcrsion of a mercaptan to the di- 
sulfide by iodine : 

2RSH + 1, RSSR + 2HI 

As llydriodic acid is a strong reducing agent, the reaction does not 
go to con~plction unless this acid is reinoved, eitllcr by solution in 
water or by conlbination with a base."; Tllis is tlle neatest way 
of preparing a pure alkyl disulfide from a mercaptan. Thc tliiol 
is dissolved in a hydrocarbon, such as benzene, in a flask over 
watcr. Iodine is addcd so long as it is dccolorizcd. The acid gocs 
into the water layer. Tlic benzcnc solution of tlic disulfide is 

and fractionated.56, 133, 139a, 304, 364, 487, 490, i30c, 773, 839, 

882, 1 0 i l h ,  1.129, 1368, 1682, 1694.3 Alkali may bc added to take care of 

tlic 11ydriodic acid.logi I n  the case of an aininomercaptan, the 
acid combines ~ i t h  the base and tlic reaction goes to complc- 
t i ~ n . " ~ ~  15099 1310 The titration of lnercaptans xvitli iodine is taken 
up  in the analytical section. 

With certain mercaptans the sulfenyl iodide, RSI,  is formcd 
instead of the disulfitlc. This will be discussed in Chapter 3. 

Brominc in dry carbon tctrachloride convcrts a niercaptan to 
the disulfide rapidly and completely.", 770, 17i1b AS hydro- 
bromic acid is not a reducing agent, it does not revcrse tlle reac- 
tion. \Yith bromine in watcr, the oxidation gocs further: 17j8 

EtSH + 3 Br, + 3 H,O + EtS03H + 6 H B I  

I n  cold acetic acid, the sulfonyl bromide is formcd: 7x0- li71a 

PhCH2CH2SH + 3 Br, + 2 H 2 0  + PhCH,CH2S0,Br + 5 H B r  

The addition of brominc to a mixture of tn-o niercaptans gircs 
three disulfides, a inixed disulfide, RSSR', along with tlic two 
si~nple disulfides, RSSR and R'SSR'.122i 

\Vhen an  cxcess of brominc reacts wit11 ethyl n~ercaptan, in the 
absence of water, ethyl bromidc, sulfur broniidc, and Ilydrogen 
bromide are produced.536 

Me,CBrCBrMe, + 2 RSH + Me,C:CMeL, + RSSR + 2 H B r  

CI,CBrCBrCI, + 2 RSH i CI,C:CCI, + RSSR f 2 HBr 

The liberation of the bromine is due to the crowding. 
It has bcen proposed to add bromine to a cracked distillate and 

pass the mixture through claym9"" or treat it wit11 p i~er id ine .~~ .?  
Chlorine also converts a mcrcaptan to the di~ulfide.~") The 

difficulty is to conrluct the rcaction in such a way that it will not 
become violent. I n  acetic acid,1"0.3* 1770, 1771h or in ice water, 
clilorine oxidises a mcrcaptan to the sulfone cliloritle: '82z 39n, 

RSH + 3 CI, + 2 H 2 0  + RS0,CI + 5 HCI 

If the tcrriperature is not kept down, the product is thc sulfonic 
acid. 

Any compound tha t  gives up chlorine readily can be used in- 

: stead of frec cl~lorine. Phenyl iodosochloride reacts with a sodium 
+ mercaptide: 1763 , fi 

PhlCI2 + 2 NaSEt + EtSSEt + P h l  + 2 NaCl 

Pulfuryl chloridc reacts similarly wit11 eit,licr a mercaptan or a 
sodiunl mercaptide: 320, 4 9 0 ,  1575 

2 RSH + SO,CI, + RSSR + SO, + 2 HCI 

The oxygen of tliionyl cliloricle may also take part in the oxida- 
tion: 320, 7SOa, iZ(Yu 

4 RSH + SOCI, + 2 RSSR + H,O + S + 2 HCI 

Tliionylanilinc gives siinilar results: 

Pliospliorus pentachloridc gives up tn.0 atorils of ~ l i l o r i n e : ~ ~  

2 PhSH + PCI, + PhSSPh + P C I ,  + 2 HCI 

A nlercaptnn can be con\.ertccl to the dia~~lfide by a chlorate 
or a nitritc wit11 I~yclroclrl~~ric acid.'"::"- l0 ' I i  

Chlorinc~ 11ns bccm useti ill :I \,:iriety of ways to sn-ceten pctro- 
leu:n distil]ates.laa2U; 2 2 2 . 2 7 4 .  ::""I. 243,  :3U& 489b, 491, "21, 733, i i l a ,  
--., 
a , - ,  T C X .  934, DDL'n, 100(i;1. 1006c, l o h i .  1 lS. l .  1210, 12j!%,, 1303, I+!)?. 1.501. 13i6, 

13 i9 ,  lG39 
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Chlorine, in the form of hypoclilorites, usually sodium or cal- 
cium and sometimes those of other metals, has been recommended 
for the removal of mercaptans and other sulfur compounds. Occa- 
sionally chlorine and water or hypochlorous acid have been used. 
There are numerous articles 44, 138, 140. 141. 165, 19311, 232, 417a, 421, 424, 

466, 53i, 593a, 630. 706, 726, 846d, 1063, 1069, 1084, 1301, 1528, 1665, 1666, 1700, 

1725b. 1726, 1734, 1750, 1767a, 1775 and on various ways of using 
hypochlorites in refining.22a. 22b, 459 162b, 163, 174, 206, 210, 

244a, 303, 366. 416, 418, 420, 448d, 489b, 528c, 552b, 606, 607, 611, 716, 792a. 833. 

927a, 930, 993, 1006a. 10G6c, 1087, 1132, 1137e, 1187, 1231, 1252a, 1252b, 1284, 1337, 

1381, 1407, 1420, 1441a, 1492, 1614, 1564a, 1569b, 1578, 1582, 1591, 1592, 1675 When 
a petroleum distillate containing various sulfur compounds is 
treated with a hypochlorite, probably many different reactions go 
on but, unless the treatment is not too vigorous, the mercaptans 
are converted t o  disulfides which remain in the oil.1727 Oxidation 
by a chlorite has been recommended.796c Oxidation by hypo- 
chlorite in the presence of amines leads to  condensation prod- 
ucts.48 

The reactions of mercaptans with sulfur chlorides may be 
classed as oxidations, since hydrogen is removed from the mer- 
captan. However, the products are not always disulfides. They 
may be trisulfides 293 or tetrasulfides: 750a~ 881h, 1238 

2 RSH + C12S + R2S, + 2 HCI 
2 RSH + C12S2 + R2S4 + 2 HCI 

It must be remembered that  chlorine-sulfur and sulfur-sulfur 
bonds are labile and that  the sulfur chlorides are statistical com- 
pounds. The alkyl polysulfides, obtained from them, are inix- 
tures, though their compositions may approximate trisulfides or 
tetrasulfides. This will be considered more fully in the chapter on 
disulfides. Tlie use of sulfur chloride in refining liydrocarbons has 
been p r ~ p o s e d . ~ ' ~ ~ "  

Formation of Mercaptides 

The most characteristic reaction of mercaptans, as Zeise recog- 
nized, is the formatioli of mercaptides. 

By the Zerevitinov method, a mercaptan shou~s the presence of 
one active 176c 

RSH + MeMgl + RSMgl + CH4 

Similar reactions take place n-ith ilie a l l i ~ l  conipounds of aluni- 
inum, zinc, cadmium, lead, boron, mercury, and bismuth."" 
Sodium naphthalene reacts slon.ly.'+~" 

Zeise found that  hydrogen is evolved and a solid formed when 
potassium metal is added to mercaptan. He  recognized the prod- 
uct as one in which a hydrogen atom had been replaced by a 
metal.1764a, 1764b, 1764c 

The inactivation of metal hydrogenation catalysts by mer- 
captans may be attributed t o  the formation of mercaptides. This 
effect varies with the length of the alkyl 

When a mercaptan is added to liquid ammonia a mercaptide is 
formed: 

RSH + NH3 + RSNH, 

This reacts with sodium: 1706 

Since ammonia is a weak base and mercaptans are feeble acids, 
ammonium mercaptides are unstable and hydrolyze instantly on 
contact with water. Thus the presence of water must be avoided 
if it is desired to separate mercaptans from hydrocarbons by 
means of these salts.1376a In  dioxane solution, thiophenol forms 
salts with a m i n e ~ . ~ ~ ~  

In order to  eliminate mercaptans and other sulfur compounds 
from petroleum products, it has been proposed to  heat them with 
ammonia to the temperature a t  which ammonia begins to dis- 
~ o c i a t e . ~ ~ ~ ,  992b, 1028, 1248a, 1641 An oil may be heated with am- 
monia under pressure, in the presence of a 897 with 
ammonia and ammonium persulfate, 287 or with ammonia and 
steam.532 The ammonia may serve as a source of hydrogen rather 
than as a base. 

ALKALI MERCAPTIDES 

When 25% aqueous sodium hydroxide is saturated with methyl 
mercaptan, the mercaptide, CH38Na.4.5H20, separates out as 
long flat needles, readily soluble in water and in alcohol. I ts  
Water solution gives off mercaptan only slowly on b0 i1 ing . I~~~ 
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\\;hen a 50542 sodium IiytIroxide solution is agitated "it11 a con- 
centrated hydrocarbon solution of a mcrcaptan having eight or 
less carbon atoms, the sodium lrlercaptide separates :~nd may be 
filtered off.402" sodium rncrcaptide may be made b! the action 
of sodium on a rnercaptan in an inert medium,-1'" or on an alkyl 
disulfide in liquid ammonia lio6 or in et11er.l '~~ 

As sodium reacts with mercaptans, its use for removing them 
from petroleum dist,illates seellls logical. At hig11 temperatures 
it reacts also with some I i y d r o c a r t ~ n s . ~ ~  I t  hits been proposed 
to refine petroleum products by treating them with ~0diu1-11 in 

ways.253, 254, 255,332, 363,339, 469, 4 9 3 ,  496, 49Rn, ;19, 743b, iiz, 

888, 1033, 112133, 1142,  1393, 1334,  1.563, 16Xtjl,, 1650, 1633n. 1653h, lio5 Other 

alkali metals are claimed in several of these patents. Calciun~?"~ 
l1""i"ariurn, and magnesium "%re mentioned also. 

0 ,  881b 
D ry  sodium illercaptide is decomposed above 200 . 

The stabilities of a nurnber of sodium mercaptides have been 
compared. The mercaptans were added to excess of 3 N sodium 
hydroxide solution and heated to 260" for 2 hours. Tfo reactions 
may take place: 

RSNo + NaOH ROH + Na2S 

2 RSNa R,S + Na2S 

The percentages decomposed are sho~\-n in Table 1.2. 

hlercaptan t Pr B i-Bu An] Hc" He13 

Total Decornpositlon 55 4 52 2 49.6 36.2 2 $1 37 0 35 0 
To RB 11 0 12.1 8.1 6.1 9.9 3.1 10:l 

Secondar!~ 
Mercaptan i-pr 3-Bu s-Am s-@Y ~ Y - H ~ P  

Total Decompos~t~oil 65 4 59.1 56 0 488 47.0 
To R?S 5.2 2.6 6.3 36 15 3 

'IYie t l l t : 1 1  ~ I c ~ ( ~ o ~ ~ ~ l ) o . ~ i t i o i i  i- ~ I T : L ~ C , I .  \\.it11 .1,(~0111!:~t~y 1 I I : I I I  \\.it11 
111ai>y. 'IY~c~ 1011g(,1, t11o ( * : I I . ~ I ~ ~ I  c,11:~i11, t111-  1111,r(, st:il)l(b is t l j ~ ,  I I I ( , ~ , -  
cal>tic1c1. It is ~>c)s"ihl(t tl~:it tl113 11igllc.r ~l~e~.c.:\l)ta~lx xere not VII -  
tirely i r ~   solution."^" 

p-Pl~enyletl~yl ~nrl~captam is split into styrcne and hydrogen 
sulfide by potassium hydroxide a t  above 200" but the a-isomer is 
only slightly affected. y-Phenylpropyl mercaptan is partly de- 
composed,l""" 11"" 

Thioplienol is taken out of an oil by contacting with fused po- 
tassium h y d r o ~ i d e . ~  Dodecyl mercaptan is converted to  lauric 
acid by this t r e a t ~ n e n t . ~ ~ ,  1202dp 1205.5 

An early patent for purifying naphthas by heating with sodium 
hydroxide solution nras granted in 1866.1"0 A still earlier pat- 
ent IS63 claimed the deodorizing of oil residullnl with sodium hy- 

droxide.llo4 There have been many recent patents on modifica- 
tions of this process.152, ""7, O i l ,  1016, 1245, IJG4,  1' d2"1kali may be 
added during the distillation of a p ~ t r o l c u m . ~ ~ 9 ~ ~  ?36, ZB4,  3i1, 442c, 

lose, l1I2, 113(' Hydrocarbon vapors may be brought into contact 
with sodillm hydroxide or other alkali,lh, 103c, 390a, 112Ga. 1x1, 1323, 

1367, 13749 1695 This may be done countcr-cllrrent-wise,~ilaa "1. 872 

Terpenes may be freed from mercaptans by treatment with al- 
kali.12ni High-boiling mineral oils a're purified by a caustic alkali 

w a ~ h . ~ ~ O a  
Solid sodium hydroxide is effective in removing rner~aptans.~~",  

14i7, 1 7 ~ l b  In  the substantial absence of xvater, sodium and potas- 
sium hydroxides remove nicrcaptans and sulfur from hydrocar- 
bons.lgh, 14" 379. 84% I:", 1""'. 1i0" 1i10, 1 i ~ l b  For taking thionaph- 

tlialene out of naphtllalcne, dry alkali and a lligli temperature 
are desirable.lm3 The alkali may be used in an anliyclrous sol- 
vent.1201a The particles of alkali may be of colloidal dirnen- 
~ i o n s . ~ ~ ~  A naphtha and molten caustic may be passed through 
a colloid mill. 

A suspension of magnesium llydroxide has been p r o p o ~ e d . ~ ' ~ ~  

R e ~ ~ z o v n l  of Mercnptnns bu Alkaline Exfraction 

This subject has been ably The use of lead tetra- 
ethyl to raise the octane number of gasolincs has brought about 
a radical change in the n~ethods of dealing with mercaptans. For- 
merly they were objectionable only on account of odor and cor- 
rosion. The "sour" gasoline was "sweetened" by converting the 
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mercaptans into disulfidc>. T l ~ c  oilor w:is improved ant1 col-ro- 
sion tliminislled, but the actual ~ul fur  content remained the sanie. 
hfercaptans counteract the bvneficinl effect of lead tetraethyl. The 
disulfides are even worse in tllis respect.14', 193" 5.2, 6683 689, 704, 748, 

846a, 8 i 5 ,  903, 911, 943, 964, 1316, 1356, 1 4 3 i ,  160611, 1622, 1690, 1717, 1746 Mathe- 

matical relationships between the amounts of different classes of 
disulfides and the lowering of octane rating have been worked 

1395 Disulfides are also antagonistic to antioxidants 1748a 

and cause instability in gas01ines. l~~~ Therefore, it is necessary to 
remove mercaptans from the gasoline instead of oxidising them 
to d i s ~ 1 f i d e s . l ~ ~ ~ ~  

Alkaline extraction has to do with mercaptans and with them 
only. It has been stutlied scientifically and quantitative measure- 
ments have shown just what can be done and how to do it. This 
information has been applied to practice on a huge scale. Within 
the last few years, the importance of mercaptans has diminished 
since smaller quantities of them are produced in present day cata- 
lytic cracking. 

The solubility of mercaptans in aqueous alkali was one of the 
first properties noted by their discoverer, Zeise. Early makers of 
mercaptans recommended separating them from by-product sul- 
fides by solution in aqueous sodium hydroxide from which they 
were subsequently liberated. Fermentation gave huge quantities 
of ethanol and by-product fuse1 oil supplied generous laboratory 
quantities of n-propyl, i-butyl and i-amyl alcohols. Most investi- 
gations were based on these starting materials. The mercaptans 
corresponding to these alcohols are soluble in aqueous alkali. 
When it became desirable to take mercaptans out of petroleum 
distillates, it was natural to try extraction with aqueous alkali. 
It was found that ethyl, i-propyl and i-butyl mercaptans can be 
taken out by this means.139a Fortunately the chief mercaptans 
present in petroleum distillates are the lower ones from butyl on 
down. 

When it comes to the higher mercaptans, extraction with aque- 
ous alkali becomes progressively less efficient. The mercaptans 
are acidic but weakly so. Values of the dissociation constant, 
K, for several mercaptans li3%re given in Table 2.2. Assuming 
2 X 10-l1 for the higher normal m e r c a p t a n ~ , ~ ~ ~ ~  calculation 
shows that in 1 N aqueous sodium hydroxide, the concentration 
of the ionized portion of the mercaptan is two thousand times 
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that of the unionizetl. Thus thc total  mount of a mercaptan 
that can be dissolved by 1 liter of 1 S alkali is to be found by 
muitiplying the solubiIity in n-ater by 2000. The data are in 
Table 2.2. The solubilities of the mercaptans in aqueous alkali 
fall off rapidly. Above nonyl, they would be very low. 

Solubilities of Some fifercaptans in Water and in 
1 N NaOH Solution 

~ (grams per liter) 

Merca~tan  K x 10" In water In 1 -V TaOH 

Methyl - 23.30 very soluble 
Ethyl 2.52 6.76 very soluble 
Propyl 2.26 1.96 very soluble 
Butyl 2.21 0.57 very soluble 
Amy1 2.00 0.164 328.0 
Hexyl (2) 0.047 94.0 
Heptyl (2) 0.0138 27.6 
Octyl (2) 0.0040 8.0 
Nonyl (2) 0.00115 2.3 

If there is a hydrocarbon layer in contact with an aqueous 
solution of alkali, any mercaptan that may be present will be 
partitioned between the two. Naturally the same equilibrium 
will be established regardless of wliether the mercaptan was orig- 
inally in the hydrocarbon or in the aqueous layer. There have 
been several investigations of partition coefficients and from them 
the extent of removal of a given mercaptan by a specific treat- 
ment can be ~ a l c u l a t e d . ~ ~ "  918, 1618, 1739 Since a mercaptan is 
only partially removed by one extraction, successive treatments 
are required. Many plant designs and operating methods have 
been described.2, 10c, 28, 29, 32, 41, 46, 50, 1041, 233b, 263b, 273, 415, 49211, 5 i 4 .  

67111, 749, 840c, 1027, 1121c, 1247, 1318, 1320, 1368, 1371b, 1433a, 1430, 1518, 1530d, 

1717, 1734, l750c 

The extent of the removal of a mercaptan is influenced some- 
what by the nature of the hydrocarbon but depends chiefly on the 
n a t ~ r e  and molecular weight of the mercaptan. hleasurements 
have been made of the extraction by aqueous sodium hydroxide 
of several mercaptans from naphtha, containing amounts of mer- 
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cnptnns ecl~1i~-:~lcnt to 0.0.; to 0.08'; of sl11fur.l'" lS1 Soinc of t l ~ c  
results are in Tahle 3.2. 

Extrac t ion  of ,Several Mercaptans  frovl (1 N a p h t h a  
b y  Different Strengths of A lkn l i  

In  another investigation, the extractions were: 417b, 417c 

% % % 
Ethyl 97.1 i-Propyl 87.2 i-Butyl 62.8 
n-Propyl 88.8 n-Butyl 63.2 i-Amy1 33.0 

In  thc cxtractioi~s givcn in Table 3.2 the amount of sodium by- 
droxide was twenty to two hundred times that  required by the 
mercaptans. The 2.18 A\- alkali removed more of the mercaptans 
than either the weaker or strongcr alkali. Other inrestigators 
havc found that  thcre is no advantage in using alkali stronger 
than 2 1'" Apparently thc mrrcaptan is salted out by the 
strong alkali. It has bcen proposcd to treat hydrocarbons with 
alkali unclcr such conditions that  three layers will be formed: 
the hydrocarbon. the caustic alkali solution, and the alkali mcr- 
captide.li4"' 

It is to he rioted in Table 3.2 that  less of the secondary mer- 
captans is taken out than of the isomeric primary. The secondary 
are more soluble in water but arc ~vcaker acids. 

Exact determinations liavc bccn nladc on the extraction of 
iilctliyl nlcrca1,tan fro111 n butane-butcne inixture ant1 of ethyl 
fronl a pcntanv-pcntcnc n~is tu re .~"  The results arc in Table 4.2. 
The "ratio" is t l ~ c  nicrcaptan in t l ~ c  aqueous laycr divided by that 
in an equal volmile of the hydrocarbon lnycr. The chief interest 
lierc is in the effect of a large or small excess of alkali. 

React ions of dTijrr.rrpttrns 
~ - -  ~~p 

C'.~.t~,~c.ti'otl o j  -1l( i.ccl11ttrns l i p  2.2 S -\-(101f h"511itiuti 

!The figures are in granlx of sulfur per liter) 

After % RSH r/c XaOH 
Original extraction In S:10H Ratio ~stractet l  ne~~tralizcd 

MeSH 13.20 0 018 13 8 733 
21.60 0.036 21.56 600 
38.40 0.089 38 31 432 

MeSH 54.30 0 264 54 04 205 
59 80 0 443 59 36 134 

EtSH 1061 0 069 10 51 I53 
28.40 0 223 28 18 126 
42.70 0.501 42.20 84 
57.50 1.160 56 34 49 

The figures show that thc cxtraction of tliesc mercaptans is prac- 
tically complete, even whcn therc is only about 20% excess of 
the alkali. 

The partition of mercaptans between benzene and water and 
sodium hydroxide solutions a t  2.5" has been studied. The con- 
centrations of mercaptans uerc 0.1 to 0.5 S, corresponding to 
0.4 to 2.0% of sulfur. The amounts of thc lower mercaptans takcn 
out were equivalent to 50 to SO? of the alkali. The percentages 
are those of tlic total mercaptnn found in the aqueouh layer. The 
results are in Table 5.2 4"X%nd are plotted in Figurc 1 2. cllrvcq I 
and 11. 

Percentczyes of ~ l l w c t r p t a n s  Ttrlcen o u t  of Benzene 
b y  Aqueous  S o d i u m  Hydrox ide  

Methyl 5 65 97 1 97 9 
Ethyl 2 14 89 0 94 0 
n-Propyl 0 32 61 0 77 0 
i-Propyl 0 42 67 0 78 0 
n-Butyl 0.077 32 0 47 0 
S-Butyl 0.121 29 0 45 0 
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NaOH 0 0.225 0.626 1.69 

FIGURE 1.2. Partition of Mercaptans between Hydrocarbons 
and Aqueous Sodium Hydro .de  with or without Methanol 
Curve I. Extraction of Primaty Mercaptans from Benzene hy 

0.626 N NaOH 
Curve 11. The Same for Secondary Mercaptans 
Curve 111. Extraction of Primary Mercaptans from Isooctane hy 

0.5 N NaOH 
Curve IV. The Same with 50% Methanol 

For methyl mercaptan, the extraction is nearly complete with the 
weakest alkali which was in only slight excess. The stronger al- 
kali took out only 0.26% of the n-nonyl. Any secondary mer- 

captan is more soluble than the corresponding primary but, with 
the exception of isopropyl, is more difficult to extract. The greater 
acidity of the primary more than compensates for its lower solu- 
bility. This was noted in Table 3.2. 

The nature of the hydrocarbon has some effect. The results of 
extraction from three hydrocarbons are shown in Table 6.2.45sb 

Percentage of Mercaptans Extracted by 0.42 N Sodium 
Hydroxide 

Benzene n-Heptane Cyclohexane 
- 

Ethyl 93.70 97.30 97.60 
n-Amy1 13.90 2 1.70 21.90 
s-Amy1 12.30 17.20 19.00 
n-Octyl 0.32 1.07 0.43 
S-Octyl 0.23 0.72 0.20 

The extraction from the nonaromatic hydrocarbons is better than 
from benzene. 

Similar experiments have been made, using isooctane (2,2,4-tri- 
methylpentane) as a solvent for the r n e r ~ a p t a n s . ~ ~ ~ ~  The results 
are in Table 7.2. 

Extraction of Mercaptans from Isooctane with 0.5 IS Aqueous 
Sodium Hydroxide a t  20" and with Water 

Mercaptan Water 0.5 NaOH 

Methyl 8.400 99.70 
Ethyl 4.250 98.70 
n-Propyl 0.990 93 .OO 
n-Butyl 0.220 78.10 
t-Butyl 0.380 7 1 .OO 
n-Amy1 0.052 42.40 
t-Amy1 0.071 26.60 
n-Hexy 1 0.012 13.70 
n-Heptyl 0.0026 3.20 

- n-Octyl 0.0006 0.72 
P ,. n-Nonyl - 0.15 
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In  the introtluctic:n to Tahle 2.2 it n-a5 s11o~~-n that tlic soluhilitic~~ 
of the liigher n~ercaptnns in 1 S sodiunl liydroxitle are a ~ ~ p r v x i -  
mately 2000 times as great as in water. In  Ta l~ lc  7.2 it is seen 
that 0.5 S alkali extracts 1230 tinles as mucll heptyl mercaptan 
from isooctane as does pure xvater. For octyl mercaptan this 
ratio is 1200. These figures are in reasonable agreement. The 
t'crtiary mercaptans are more soluble in watcr tlian tlie primary 
but are less acidic. 

Since tlie solubility of mercaptans in water increases as the 
temperataure is lowered, extraction is improved. In Table 8.2 are 
the results of extracting n-butyl nlercaptan from isooctane witli 
~ v : ~ t e r  and with 0.5 -IT sodium l~ydroside.~' :~!~ 

Extraction of n - R u t y l  ~ W c r c n p t a ? ~  from Isooctane 
at  Different Te,nperatures 

Taking the figures of Table 5.2 for 0.626 S alkali, tlie effects oi 
sucecesive extractions can be calculated (see Table 9.2).  

Pcrccntnges Remaining i n  Benzene after Several Extractions 
11u'th 0.626 N Alkal i  

Extraction from nonaromatic llydrocarbons would be somem~hat 
better, but it is obvious that tlie estr:iction of tlie higher mer- 
captans is iinpracticahle. 

An alkaline salt, such as tripotassium p h o ~ p h a t e , ~ ~ ~ ~ ~ ~  13i6b3 1552c 

and quaternary ammonium 1200" 1 7 4 4 9  li"jn and tertiary sulfon- 
ium laooc, lilSb bases have been recomn~endccl instead of thc 
alkali. 

By extracting in t ~ v o  stages, first witli a solution of an organic . 

base, or weak alkali, and later with a strongly alkaline solution, 
strongly acidic compounds and mercaptans can be taken out sepa- 
rately.2351'r l3:j, 1729 Individual mercaptans may be taken out of 
hydrocarbons by selective 

Solutizers 

Emphasis has been put on the fact that  tlie difficulty of extract- 
ing mercaptans by an aqueou.: alkali wash is due to their slight 
solubility in water and to tlieir low aridity. Nothing can be done 
to raise their acidity, but their solubility in the aqueous layer 
can be increased by the addition of various substances. Anything 
that has this effect is called a "solutizer." It is frequently ob- 
served that  the solubility of an organic compound in water is 
greatly diminished by the presence of salt or other inorganic 
substance. Thus propanol may be "salted out" of its aqueous 
solution by the addition of potassium carbonate. Conversely, 
the solubility of a mercaptan in water may be increased by the 
presence of water-soluble organic compounds. 

The effect of the addition of methanol to water and to 0.5 N 
sodiunl hydroxide on the extraction of mercaptans is shown in 
Table 10.2. Some of the figures are quoted from Yabroff and 
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\\71~itcb :~11(l konlc :IIY calculntctl f1.0111 tli('i1. (1:lt;i. o t l icr~ arc 
c~tr:lpolatctl . '~~! '  

Extraction of iVfercapta?zs from Isooctane by 50% Methanol, by 
0.5 N Sodium Hydroxide, and by 0.5 N Alkali in  50% Methanol 

Methanol 50% 0 50% Improvement 
NaOH 0 0.5 N 0.5 N % 

Methyl 
Ethyl 
n-Propyl 
n-Butyl 
t-Butyl 
n-Amy 1 
t-Amy1 
n-Hexyl 
n-Heptyl 
n-Octyl 
n-Nonyl 

The extraction of methyl and ethyl is so good with aqueous alkali 
that there is scarcely room for improvement, but with the higher 
mercaptans the effect is great. These results are plotted in Figure 
7, curves I11 and IV. 

Almost any water-soluble organic substance added to aqueous 
alkali will serve as a solutizer and assist in the extraction of mer- 
captans. To  be useful as a solutizer, any proposed compound 
must meet certain requirements. Obviously i t  must be stable in a 
high concentration of alkali, not only a t  low temperatures but 
also a t  high, when the mercaptans are driven out by steaming. 
It must not be extracted by the hydrocarbons from which the 
mercaptans are to  be removed. Methanol meets these require- 
ments, but has the disadvantage that  it is volatile and goes over 
with the mercaptans. However, i t  can be recovered and put back 
in the alkali. 

There has been much interest in s o l ~ t i z e r s . l ~ ~ ~ *  lg31h, 269b, 887, 

978, 12U4b, 1747, 1750dr 1 7 5 1 ~  Methanol has received atten- 
tion.lOOb, 143. 201, 219, 402c, 498, 696, 1017, 1041a, 1067 The (1Uniso17J process 
is based on it.115, 218, 518, 985, 1119. 1690 

Many substances have been claiined as solutizers, loner alco- 
hols,1°18~ ethylene,li51e p r ~ p y l e n e , ~ ~ ~ ~ ~  hutylene,li41a and tri- 
methylene,1742" glycols, d i g l y c o l ~ , ~ ~ " ~  polyethylene glycols,1i50e 
alkyl glycols,1742e monoethers of several diamines, 
alkanolamines, diaminoalcohols, aminoglycols, other a m i n e ~ , ~ ~ l ~ ,  
l2O3# 1240e, 1740c9 1741b and nitro paraffin^.^^^^ It has been proposed 
to use salts of the lower aliphatic acids12jDa. 323bv 1 2 0 4 ~ ,  1553a, 1750a9 

17518 Of naphthenic acids,6ha, 166, 349, 1030, 15531~ Of phenylacetic 

acid,1201b, 1 7 " ~  of acid oils,1031 of dicarboxylic of hy- 
droxyacids,17"lh of a m i n o a c i d ~ , ~ ~ .  17jld of cumic of ether- 
acids,4a of sulfide-acids,4lh, lZs0 of thiophosphoric 121a and of sul- 
fonic acids.1202b, ljna Halogen substituted acids, which are subsc- 
quently hydrolyzed, may be put lm8 Salts of phenols or 
cresols, alone 116, 214, 698a, '700, 7234, 1202c, 1553b, 1752c Or mixed with 

those of aliphatic acids l 7 O a .  1750b2 1752d or of t h i o p h e n o l ~ , ~ ~ ~ ~  may 
also be used. Salts of naphthenic acids may be combined with 
c r e ~ o l s , ~ ~ ~ ' ~  608b with C e l l o ~ o l v e , ~ ~ ~  or with glycols or a m i n e ~ . ~ ~ ~  
Tar  acids,l7, 62- 1026 wood tars,1212 anis01,*~~ and polyhydroxybi- 
phenyl have been mentioned. The reaction products of alkali 
with shellac,171 copalls4 rosin,699. 1553c and yacca gum 702 are said 
to be useful. Tannic acid, with or without oxygen, is an important 
s ~ l u t i z e r . ~ ~ ~ ~  929, 987, 1214. 16141h Emulsion breakers are useful with 
solutizers.75v 3439 11918, 1193 

Potassium isobutyrate has been specially recommended.ls6~ 175, 

176~2 259~9 263C, 1743, 1746, 1748a, 1749 The Usual solution is 3 N potas- 
sium isobutyrate and 6 N potassium hydroxide. As this contains 
378 g. of the salt and 336 g. of the alkali in 1 liter of solution not 
much room is left for the water. The peculiar thing about iso- 
butyric acid is that its alkali salts are not salted out by the high 
concentration of alkali. The natural oxidation inhibitors, which 
are supposed to be alkylated phenols, are reriloved by the iso- 
butyrate solutizer but not by the inixed isobutyrate-alkyl- 
 hena ate.^^^^^ These natural inhibitors may be rcturned to the 
oi1.542a 

A solutizer may be added to the alkaline solution with which 
hydrocarbon vapors are contacted for the removal of mercap- 
tans.1202a 

Phenols and other weakly acidic substances, as well as mer- 
captans, can be removed from nonmiscible solvents by alkaline 
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So far solutizers were discussed that are intentionally put into 
the alkaline was11 liquors. Actually considerable amount< of solu- 
tizers are acquired by these liquors in the course of the cxtrac- 
tions. Naphthenic acids, alkyIphenoIs, and other acidic com- 
pounds which may be present in the naphthas pass into the 
alkaline solution and serve as s o l ~ t i z e r s . ~ ~ ~ T h e  sodium mer- 
captides from the solution of the lower mercaptans serve as 
solutizers for the higher m e r ~ a p t a n s . ~ ~ ~  

Solutions of alkali in methanol or ethanol or a mixture of 
alcohols have heen recommended.998 104e, 276, 12016, 1251, 1306b, 13716, 

1713 AS the solubilities of the undissociated mercaptans in such 
solvents are high, the extractions are complete. The disadvan- 
tages in their use are the cost and tlie difficulty of recovery ant1 
reconditioning the solvent for reuse. 

Regeneration of W a s h  Liquors 

Regeneration of the spent wash liquor is essential to  economic 
operation. The  mercaptans tha t  have been taken up must be 
removed so that  the wash liquor can be reused. This may be 
accomplished in three ways: steaming out, oxidation to disulfides, 
and extraction. 

Earlier in this section, i t  was pointed out that a considerable 
proportion of the mercaptan is present in tlie molecular form 
along with its ions in alkaline solution. This must be in equi- 
librium with its vapor above the solution. With rise in tempera- 
ture, the solubility of a mercaptan in water decreases while its 
vapor pressure increases. If the vapor above the solution is 
removed, some of the undissociated mercaptan will evaporate to 
restore the equilibrium. This causes some of the dissociated mer- 
captan to revert to  the undissociated form. If the vapor is 
continuously removed, all of the mercaptan will eventually pass 
out of the solution. hIercaptans, provided they are reasonably 
volatile a t  100°, can be steam distilled out of even strongly 
alkaline solution. Curiously enough methyl, which is the lowest 
boiling, goes over more slowly than those for some distance above 
it. At 100" the vapor pressure of liexyl mercaptan is 150 mm., of 
heptyl 70 mm., and of octyl 30 mm. All of these and those belo~r  
them go over with steam a t  good rates. Above nonyl, the vapor 
pressures a t  100" are too low, but the ainount of these higher 
mercaptans is negligible. 

Advantage is taken of these facts for the regeneration of alka- 

Kctrctions of J1ercaptnn.c 
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line solrltions that li:i~.c 11ooil 11sr.d for tlic cstr:tction of lncrc.n],- 
tans. Tlle extraction is effected a t  a lon- teinperature at n-hicli 
tlie solubility of a inercaptan is liigh and its rapor pressurc low. 
The mercaptans are tiien steam-distilled out. Steanl distillation 
is applicable whether or not a solutizer is present. A volatile 
solutizer goes over with the mercaptans and must be separated 
from them in a special cperation. A few references are given 
without going into details.lOc, 28, 32, 85, 1396, 1766, 1712,  1T6d, 239, 642b, 704, 

8- 

i23b, 949, 950, 1011b, 1082, 12026, 1470, 1556, 1742f, 1762b, 1763 It is desir- 
able to remove emulsifiers before ~ t e a m - d i s t i l l i n g . l ~ ~ ~ *  1033p llg2 

Any hydrocarbons tha t  have been dissolved along with the mer- 
captans will go over 

As extraction is a reversible process, it has been proposed to 
extract the mercaptans from the alkaline wash by kerosene or 
other suitable solvent.211p 26363 3737 724b, 1191b 

A method of regeneration that  is used extensively is the oxida- 
tion of the mercaptans to the disulfides which are not soluble 
in the alkaline solution and can be separated from it. The oxida- 
tion may be effected by blowing with air.273, 497, 174Obn 17426, l i 4 3 e  

Some oxidation takes place spontaneously when steam distillation 
is used.417b The oxidation may be facilitated by catalysts.4c- 1699 

170b, 172, 263c, OG9c, 1204c, 1375, 1466, 1466 Oxidation may be effected 
by oxygen a t  an  elevated temperature and under p r c s ~ u r e , ~ ~ ~ ~ ~  

or by a compound containing active ch10rine.l~"~ The spent 
liquor may be waihed with a hydrocarbon containing sulfur: 

2 RSH + S + RSSR + H2S 

The disulfide is taken up by a l ~ y d r o c a r b o n . " ~ ~ ~  "968 lxg 

Various impurities accumulate which must be eliminated.701, 
1201c, lTl1 Methods of analysis are a ~ a i l a b l e . ~ ~ ?  90G 

There is the possibility of recovering enormous quantities of 
mercaptans from the spent 1 i q ~ o r s . l ~ ~ ~  As industry develops, 
uses will doubtless be found for these or for products that  may 
be made from them. 

The alkaline solution wliich has been used for extracting mer- 
captans may be treated with chloracetic acid to make sulfide 
acids, RSCH2COOH.8s6b 

One of the first things that  Zeise noted about his new com- 
pound, ethyl mercaptan, was its ability to form insoluble pre- 
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cipitatc- \\llcn it \\a. :~dded to solutions of salts of tlie heavy 
iiietalb. Hc made bodium, ~)otaasiuill, platinum, mercury, gold, 
cupper, silver, and lead mcrcaptide~.~'"~. liG"- lTR4"9 1iG4d Vogt 
reported sodium, lead, copper, mercury and silver m e r ~ a p t i d e s . ~ ~ ~ "  
Klason prepared mercaptides of thallium, iron, nickel, cobalt, 
zinc, cadmium, mercury, tin, platinum, and bismuth.BB1a* "lb 

Human made the i-butyl mercaptides of potassium, mercury, 
lead, copper, and gold.7s4 Lowig and Weidmann used ethylene 
mercaptan for making mercaptides of the heavy metals.969a. 969b 

Mercury derivatives of methyl,1211 p r ~ p y l , l ~ ~ ~  and t-butyl 388 

mercaptans were early preparations. 
Mercaptides have been prepared from the mercaptan and oxides 

of gold, silver, and lead, but the usual way is to add the mercap- 
tan to an aqueous solution of a salt of the 7089 921. lB61, 

17e4a, 1764b, 1764r, 1764d The mercaptides of the heavy metals are so 
insoluble in water that they precipitate immediately. However, 
the acid liberated from the salt must not be allowed to accumu- 
late, else the reaction will not be complete. Ammonia, or other 
base, should be added so as to keep the pH  just below 7. For 
the higher mercaptans, which are insoluble in water, alcoholic 
solutions are convenient. The precipitated mercaptide is filtered 
off. I t  is well to wash it with water containing some of the mer- 
captan to prevent hydrolysis. All mercaptides of metals are 
decomposed by strong hydrochloric acid into metal chlorides and 
free r n e r ~ a p t a n s . ~ ~ ~ ~ e a v y - m e t a l  mercaptides of o-aminothio- 
phenol are prepared by the addition of solutions of the salts to a 
solution of its hydroch10ride.l~~~ 

Although the mercaptides of the heavy metals are very slightly 
soluble in water, the corresponding sulfides are still less so. There- 
fore, the mercaptan is liberated and the sulfide precipitated xhen 
hydrogen sulfide is passed into a water suspension of the mer- 
captide : 1264, 1764a, 1764" 

Hg(SMe), + H2S + HgS + 2 MeSH 

It has been proposed to convert the mercaptans in a petroleum 
distillate into heavy metal mercaptides from which the naphtha 
may be distilled.llos~ lm7 

Mercury 

Mercuric mercaptides are most characteristic and have been 
relied upon for the isolation and identification of mercaptans. 

Reactions of Mercaptans 
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They are readily prepared by precipitation froin mercuric >altc 
or by treating mercuric oxide with the m e r ~ a p t a n . ~ ~ ~  "3 i399 

862 5 Shaking a solution of a disulfide wit11 mercury gives tlie 
m e r ~ a p t i d e . ~ ~ ~ .  939a 

Mercury mercaptides can be recrystallized from organic sol- 
vents and many of them have satisfactory melting points. A 
number of these are given in Table 11.2 in the section on the 
identification of mercaptans. 

The ethyl mercaptide is monoclinic and the propyl, amyl, 
hexyl and heptyl mercaptides are isomorphous with it, while the 
octyl is triclinic and the butyl is tetragonal.lG8' 

With mercuric ions, cysteine and reduccd glutathione give three 
mercaptides each, according to c~nditions.~""." 

-. The mercaptans in petroleum fractions have been isolated and 
identified by converting them into the mercury derivatives.538, 
1175b At 180 to 190°, these mercaptides decompose into mercury 
and the disulfide: 401. 939". 12268, 17648 

H s ( S E ~ ) ~  + Hg + EtSSEt 

A mercuric mercaptide reacts with carbon disulfide to form a 
trithiocarbonate and a complex: 1401 

3 Hg(SEt), + 2 CS2 + 2 SC(SEt), + Hg(SEt),.2 HgS 

Mercuric benzyl mercaptide, in benzene solution, is decom- 
posed by ultraviolet light into mercury, mercuric sulfide, and 
benzyl disulfide. In  sensitivity to light, the mercury rnercaptides 
are in this order: benzyl > n-propyl > i-propyl > t-butyl > 
phenyl.s62.5 

Phenylmercury and phenyl mercaptan, heated together, give 
mercury, phenyl disulfide, mercury phenyl mercaptidc, and ben- 
~ e n e . ~ O ~  

Under certain conditions the half mercaptides, EtSHgBr, 
MeSHgCl, EtSHgI, AmSHgCl, PrCH (Me) SHgCl, Et2CHSHgCl, 
DecSHgCl and DodSHgCl, are precipitated.lm, lB- 3R4, 741b, R20, 

828bp l3llC These may be formed from the mercaptide and mercuric 
chloride.750c There is an equilibrium: 

The ethyl and phenyl compounds, EtSHgC1 and PliSHgCl, are 
formed when ethyl and phenyl thioacetates are treated with mer- 
curic acetate and then with sodium c h l ~ r i d e . ~ ~ ~ ~ ~  1401." 



Alhumin, nliich r.i~ntains a xnercaptan group, 1jrccipit:ltci t l ~ c  
half mercaptide, ASHgCl, from mcrcurir chloridc solution.4di 

EtSHgCl does not melt a t  260" but PrSHgCl inclts a t  182". 
These form addition products with mercuric chloride: EtSHgC1. 
HgC12, m. 151" and PrSHgCl-HgCls, m. 139"."O X-ray studies 
have been made of these.828" Similar compounds from mercuric 
nitrite are known: RSHgNO, and (-CH.SHgN02) n.1311a9 1314 

Ethylmercaptomercury acetate, EtSHgObc, nitrate, EtSHgNO3, 
carbonate, (EtSHgl 2C03, and benzoate, PhCO-HgSEt, have been 
reported.1400 Derivatives of mercaptosulfonic acids will be dis- 
cussed in Chapter 4. 

A mcrcury mercaptide niay rcact with an alkyl halide: 

EtSHgSEt + Etl -+ EtSHgl + Et,S 
EtSHgl + Etl + Hgl, + Et,S 
Et2S + Et l  + Et3SI 

The sulfonium iodides form double salts with mercuric iodide, 
Me3SI.Hg12, and Et3SI*Hg12.741m~ 741b 

Dissolved in ethyl acetate, phenyl mercury mercaptide reacts 
with nlercrlric chloride: 

(PhV2Hg + HgCl, 2 PhSHgCl 

This is reconverted to the mercaptide by phenyl mercaptan: 

PhsHgCl + PhSH -+ (PhS),Hg + HCI 

I t  decomposes when heated: 939h 

2 PhSHgCl -+ Ph2S, + Hg2CI2 

AIcrcury derivatives have becn prepared from thioborneol.lX6~ 
673, 1736 

-4n alkylmcrcury liydrosulfidc, RHgSH, has been claimed as a 
fungicide and in~ccticide."'~ "Mcrcury methyl mcrcaptide is a 
catalyst for the addition of methyl mercaptan to ally1 :tl- 
~ o h o l . ~ ~ '  

Many complieatcd coml~ounds 11:~ve bee11 rcported from mer- 
curic mercaptides ~vitli iuercury salt:, ant1 alkyl llalidc;.. The alkyl 
mercapto-iiiercuric nitrites, RSHgN02,  react with alkyl io(lides to 
forrn such coilipountls as Illc2S2Hg12hIeI, ni. 16Z0, EtzS-HgI,EtI, 
in. l l Z O ,  Et2S2Hg12?\IeI, in. S6", lleEtSzHgI.EtI, m. 67") 
31ePrS2Hg12PrI, RlcBuS2Hg12BuI and even rliore complicatetl 
~ n e s . l " l ' ~ ~  l " l h 8  Ethyln~ercapton~ercuric bromide reacts witli 
iodoform to give 2 (EtS),Hg.HC13, m. 85.5°.820 

Rcrrcfronn of J I ~ r ~ o p f n ~ i s  14.5 
- -- - - - - - - -- - 

Etllylnltxic~~ry otllyl 111c3rcnptitlc. EtHg>Et,  froln EtHg('1 an(1 
EtSH, is a yellon- oil. 111. -3 to 0 " ,  rvilicli can be tli~tillcd in cacun 
The mixed n~crcal~title, EtHgPPI1, melts at  61 0.14'j2 

Phenylmcrcury aryl mercaptides Iiare been prepared from 
phenylmercury and p-chlorophenylmercury chlorides and the aryl 
mercaptans. The melting puints of PhHgSAr and ClC6H4HgSAr 
are: phenyl 103.j0, 140"; o-tolyl 169", 141"; p-tolyl 104", 14.5"; 
benzyl 13S0, 130"; a-naphthyl 154.5" . . . 15i l  5 

Mercaptans can be removed from distillates by contacting 
them with solutions of mercuric chloride,H61, 1305a, 1344 or ace- 

with mercuric o ~ i d c ~ ~ ~ '  or with metallic mercury l1l6* 

1140a or amalgan~.1149a~ n4Qb bIethyl mercaptan can bc takcn out 
of gases by a 3% solution of mercuric 

Copper 

Copper mercaptide was supposed to 'he the  cupric compound, 
(C2H5S)2Cu, until Klason showed that  the reaction product of 
a mercaptan with a cupric salt is a cuprous mercaptide mixed 
with the disulfide: ssld 

It is curious that this seems to have been overlooked by a number 
of chemists who still write formulae for cupric mercaptides. 
This reaction offers a convenient method for the estimation of 
mercaptans in llydrocarbons which will be discussed in the ana- 
lytical section. It has been suggested that  unstable cupric mer- 
captides arc the first products. If so, they decon~pose quickly: 

Cuprous nlercaptides have been prepared, from primary and 
secondary mercnptans up to nonyl, by shaking an aqueous solu- 
tion of copper acetate witli a benzene solution of thc m e r ~ a p t a n . ~ ~ ~  
The cuprous derivatives of the normal primary and of i-propyl 
and s-butyl mercaptans are insoluble in benzene, or in cthcr, but 
those of tl1c IiigIicr eccnntlary are soluble. 

When a napllt l~a containing a rlicrcaptan is treated with copper 
acetate ancl then steani-clistilled, it conies over "s~vect" and 
brirgs ~vitll it tllc tlisulfide, if tllis is sufficie~ltly volatile. Tlic 
amount of this iliay corresponcl to from onc llnlf to two thirds of 
the original mercaptan. The disulfides from the l~iglier mercap- 
tans are scarcely volatile with steam.ls3. ls5 
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-4 cuprous mercaptitlc reacts with sulfur: 148" 

2CuSR + 2 S + 2 C u S  + RS'SR 

More sulfur may be taken up to  form the tris111fide.l~~~ It com- 
bines with carbon disulfide to  make a tritliiocarbonate: 412 

CuSR + CS, + CUS-CS-SR 

Cupric sulfide reacts with a mercaptan in benzene solution: 

2 CUS + 4 HSR + 2CuSR + RS'SR + H2S 

As the cuprous mercaptides that  are formed from the primary 
and lower secondary mercaptans are insoluble in the hydrocarbon 
they remain on the surface of the copper sulfide while those from 
the higher secondary go into solution. I t  is remarkable that such 
an insoluble substance as copper sulfide should be dissolved by 
a mercaptan. As this takes place in hydrocarbon solution the 
reaction is probably not ionic.148g Amorphous copper sulfide is 
said to be effective in removing sulfur compounds from hydro- 
c a r b o n ~ . ~ ~ ~  

It is known that a mercaptan and hydrogen cyanide corrode 
copper rapidly.'lG3 Copper powder reacts with a mercaptan, 
probably with the aid of the oxygen of the air: 387a, 387b 

2 Cu + O2 + 4 HSR + 2CuSR + RS'SR + 2 H 2 0  

In  two experiments, the disulfide formed was equivalent to 47 
and 48% of the mercaptan that d i ~ a p p e a r e d . ~ " ~  

Cuprous mercaptides from sulfurized terpenes are claimed as 
additive agents for lubricating 0ils."~8 g08 

Copper and copper compounds have been used extensively for 
desulfurizing distillates.lO" 33878, 387b, 743% 846e, 1438b, 1725a 

An early desulfurization method was the Frasch process. This at-  
tained considerable importance and has been described in a num- 
ber of articles.69, 141 ,  156, 271, 527, 706, 865b, 1248b, 1351, 1186a, 1727 The 
first of twenty Frasch patents, U.S. 378,246, Feb. 21, 1888, was 

?8a, 528b, 528c, 528d, 528e, 529% 529b, 529c, 529d, applied for Feb. 1, 1887.5- 
529e9 530 It included the oxides of eleven other metals. Compounds 
of metals other than copper are claimed in subsequent patents, 
some of which ignore copper. The last appeared in 1900. It is 
of interest to  note that  the same inventor was responsible for the 
superheated-water process for mining sulfur. 

It is claimed that 99.770 of the sulfur contained in an oil is 

Reactions of alIercaptat~o 
.- -- - - 
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remol-ctl hy passing its T:II)II~' througl~ 11:t(:lit!tl aiid corli1~resactl 
copper turnings.121" ( loppc~ Ilns been usctl for tlcsulfurizing 
vegetable and aniillal oils.'!"" The oxides of copper are desulfur- 
izing agents.5-16, 798, 1170, 12:30, 126% 1291, 1-184, 16-16, 1673, 1725b There are 

a host of articles and patents covering the use of copper, copper 
oxide or salts, either in liquid petroleum products or in t.heir va- 
pOrS.231, 330d, 331, 344 ,  354, 375, 228e, 603, 608c, 794b, 807, 890, 89lb, 894, 945, 975, 

976, 1099, 1127d, 114011, 1162, 1170, 12OSd, 1207, 1210, 127511, 1270, 1277, 1355, 1481b, 

1494, 1560, 1570b, 164.5, 1617 

I n  some cases copper and its compounds appear to act cata- 
lytically in the oxidation of mercaptans to  disulfides, while in 
others, the sulfur is removed as copper sulfide. Several kinds of 
reactions may be involved in what appears to be a siinple opera- 
tion. 

The oxidation of glutathione by oxygen in the presence of cop- 
per ions depends on the pH of the solution, which should be above 
7.1760 

Much attention has been given to the use of cupric chloride for 
the oxidation of mercaptans in the sweetening of petroleum clis- 
tillates. It is used in a variety of ways, in solution or spread on 
the surface of a solid, such as bauxite. It may be considered as  a 
catalyst or oxygen carrier for air oxidation. There are numerous 
articles on the use of copper &loride 51, 314b, i17aq 729, 763, 846e, 864, 

1054, 1414,  1 4 1 3 ,  1626b many patents.102, 104c, 106, 110, 167, 226, 272, 

332.5, 350b, 353b, 418c, 524, 525, 526, 703, 7G4b, 765a, 928b, 1089, 1090, 1127b. 1129b. 

1133b, 1138c, 1255, 1262, 1328, 1435, 1439, 1444,  144311, 1415b, 1657, 1662. 

The use of copper sulfate has been described 1601 and several 
ways of applying it been patented.3"5ap 448a, 1317, 144211, 1462, 1510, 

1660, 1681 Copper hydroxide,18b, 105. 862, 1020a, 1 1 2 6 ~  various salts,302~, 
3 2 8 ~ ~  544, 879, 126Ga, 1733 acetate,6W3a, 008b Oil-SOlllble SaltS,2i9 naphtlle- 

oleate,llo8 and silicate have been recom- 
mended. Copper hydroxide may be mixed with the hydroxides of 
other metals.1205b The use of an ammoniacal solution of a copper 
salt has been proposed.141, 318v 769, 1129b3 1159, 1774 Mercaptans may 
be converted to cuprous mercaptides whieh are removed by filter- 

- ing through granular material,112ga~ 1266b or extracted by means of 
an alkyl amine.1531Weans have been proposed for taking care 
of residual copper compounds remaining in the 3801 420, 1240c, 

1417a, 143Sa, 144% 1440, 1175, 1530C Various units and cycles have been 
p~oposec~~lOb, 330b, 710, 1177, 1722 



C'atliiii~uii inci,cal)titlc 11:lve hccn 11):ltle a> a ninttcr of course. 
along with those of otlicr hcavy iiiet:lls, by xcrrkers with mercap- 
tans, but nothing of special interest has bcen recorded about 

Pure t-butyl mercaptan has been prepared from the 
cadmium mercaptide.lOO1." 

Cadmium nitrate has bccn used in analyses for the r e m o ~ a l  of 
hydrogen sulfide and m c r ~ a p t a n s . ~ ~ ' V a d n ~ i u r n  hydroxidc, in 
one way or another, has been suggested for the removal of mer- 
captans from petroleum lj0, 390c1 lZ0jc, Cadmium 
metal and salts 11:lve becn recoinmcndccl for thc same purpose 333111 

012, 1 2 U . 3 ~  

The cadmium mercaptide from o-aminothiophenol is claimed as 
a fungicide and bactericide.1534 

Zinc mercaptides are mentioned in many of the early articles 
on mercaptans but little is said about them. Zinc mercaptides 
are formed when disulfides are reduced by 1s34 Thcy 
dissolve readily in acid and thus are not isolated. They can bc 
prepared from aryl mercaptans in an inert solvent and zinc 
oxide.16" The mercaptides of zinc and of some other metals forin 
persulfides which are said to  be a ~ c e l e r a t o r s . ~ ~  

Silver 

Silver mercaptides are readily formed and are extrenicly insolu- 
ble.38in, 734 This accounts for their use in qualitative tests for 

n~ercaptans and in their quantitative determination as outlinccl 
in the section on analysis. A coordinated silver mercapt id~,  
CloHlsOSAg.Xg?rTO3.H20, is formed from thiolcainpl ior .40~i lver  
~nercaptides ~vliich arc soluble in thiosulfate may be added to a 
photograpliic fixing bath.si3 Silver removcs mercaptans from 
l ~ y d r o c a r b o n s . ~ ~ ~  Some silver mercaptides are said to llavc thera- 
peutic v a 1 ~ e . l ~ " ~  

Iron, Nickel, and Cobalt 

Dinitroso-iron mcrcaptide, (N0,12FeSC2H,, m. 78", is foriiled 
from ferrous mercaptide, or from inercaptan and ferrous liydros- 
ide, and nitric oxide: 742, 1047a, 1329 

Fcrrous hyrlroxide, rllcrcwptan. : ~ l r [ l  cart)orl ~i~onoxidc give :I 

con~plex, Fe(SEt,l iCOj3, nl. 67': ~\.liicli inay havc tlie tlclublc 
f o r n 1 ~ l a . l ~ ~ ~  Thc same conlpouncl is obtained from iron carbonyl 
and mercaptan. There is a similar one, ColPEt) (CO)3, from 
cobalt ~arbonyl .~"  Iron carbonyl has bccn suggest'etl as an agent 
for the removal of m e r ~ a p t a n . ~ ~ ~ " ,  2"4" 

A complcx nickel compound, Ni2 (KO) (SEt) 3-6H20, is formed 
from a nickel salt, mcrcaptan, and nitric oxide. If nickcl hydrox- 
ide is used instcad of the salt, thc product is Xi (NO) SEt. Carbon 
monoxide decomposes t,his, fornling nickel ~ a r b o n y 1 . l ~ ~ ~ ~ .  lo", 1330 

Thc poisoning c ~ f  nickel catalysts by mercaptans has becn 
stu,jierl,l"5i." 

Xickcl mercaptidcs, Xi (8K) 2 ,  arc diniiiagnetic. Tlicir proper- 
ties indicate t,hat tllcy arc high polyn~ers. Thc nickcl salt of di- 
thiooxainide is also p ~ l y m e r i c . ~ ~  

Antimony and Bismuth 

These are mentioned herc though they will be taken up in other . 

chapters. The chief objective in making rnercaptides of antimony 
and bismuth has bcen to get these clcments into medicinals. The 
most of the conlpounds prepared have contained solubilizing 
groups, either salt forming or hydroxyl. These will be discussed 
in the chapters on rnercaptoacids and on hydro,xymercaptans. 

The con~pounds of thc gencral formula SblSR).? may be re- 
garded either as mercaptides of the metal antimony or as the 
estcrs of tritl~ioantimonous acid. Actually they arc liquids and 
behave illore like estcrs. Tlicy will be mcnt'ioned in Chapter 3 
along n-ith estcrs of tritliiopliosphorous and tritliioarsenious 
acids. 

Since antimony chloride is hyclrolyzed in water, except in the 
presence of an exccss of acid, it is not convenient to make anti- 
mony rnercaptides in the usual way. Thcy can be obtained from 
anhydrous antimony chloride either with a sodium mercaptide or 
with a mixture of a mercaptan and a tertiary an~ine."~ The 
highcr menlbers of tl-ic series have becn prepared by adding the 
mercaptans, oct.yl to octadecyl, to  n warin chloroform solution 
of antimony t,ricliloride. Up to  the dccyl they are liquids, the 
higher arc solids, dodecyl 111. 40°, tetradccyl 111. 51°, cetyl m. 52" 
and octadccyl in. 59°.1.58 2 4 4 8  245 The p-nitrophenyl mcrcaptidc 
has bcen made s i ~ ~ i i l a r l y . ~ ~ ~ ' ~  
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few bismuth mercaptides 11ave been i i ~ a c l e . ~ ~ V h e  tricthpl, 
Bi(SEt)3,  a solid melting a t  200°, appears to be a iilercaptide 
rather than an ester n-hich is in keeping with the metallic char- 
acter of m The phenyl mercaptide, Bi (SPh)a, has 
been made by adding phenyl mercaptan to an acid solution of 
bismuth tri~hloride."~ 5 9  It can be obtained from triphenyl- 
bismuth : 

Ph3Bi + 3 PhSH + Bi(SPh), + 3 PhH 

There are intermediate compounds, PhzBiSPh, m. 160°, and 
PhBi (SP11)z. A pentavalent compound, Ph3Bi (SPh) z, m. 44" is 
known.5s0 Triethylbismuth reacts similarly.lls2 

Antimony and bismuth conlpounds have been made from par- 
tially hydrolyzed keratin.li3"ismuth mercaptides have been 
proposed as therapeutic agents.40s, l l56 ,  1515 

Gold, Platinu?rz, and Palladium 

Auric chloride and a mercaptan give an aurous mercaptide and 
t,he disulfide : 

AuCla + 3 RSH + AuSR + RSSR + 3 HCI 

The mercaptide decomposes a t  150": 'I4 

2AuSR + 2 Au + RSSR 

Some, a t  least, of the paints used in gilding china appear to con- 
tain gold mercaptides which decompose in this way during the 
firing. Gold mercaptides have been proposed as therapeutic 

T w c r  79i, 
151,i Most of the compounds prepared for 

such use have contained solubilizing groups, either salt forming 
or hydroxyls. These will be taken up in chapters on mcrcapto- 
acids or on hydroxymercaptans. 

Platinic mercaptide, Pt  ISEt)q, decomposes in a vacuum a t  100" 
into the platinous mercaptide and the d i s ~ l f i d e . ~ ~ ~ ~  Many com- 
plex compounds have been prepared starting with platinum or 
palladium mercaptides.278r 739, 1311~3 1311d, 1313 

Other Metals 

Trimethylaluminum reacts to give diiiietl~ylaluminum methyl 
mercaptide, a liquid whose vapors give a nlolecular weight corre- 
sponding to  (Me2A1SMe) 2.338 

- -- - - -- -- - - -- 

Till ~licrcal)tltlcs I I ~ ~ T  ($ l )ot '~i  11i:id~. but t l ~ ( ~ c  1. little to say about 
t lleii~. S o l ~ i e  I~al-c Lccii clui~iiccl niorclants.';"' Tlic stannic coni- 
pountli, Sn (dR)4 ,  are esters rather than incl~cayticles and are in- 
cluded in Chapter 3. Tlie stannic phenyl mercaptide, (PhS) 4Sn, is 
more reactive than the corresponding lead, mercury, and bismuth 
compounds.9og An alkali stannite has been recommended for 
taking out po ly~u l f i de s .~~  

The compound, (MeS)3B, is trimethyl trithioborate and be- 
longs in Chapter 3.3"5 

i Several thallous mercaptides have been prepared.l. 
F 
I: 

i Lead Mercaptides 

Lead inercaptides have been of great importance on account 
of their formation as intermediates in the u-ell-known "doctor" 
process for sweetening gasol ine. lsVhey are precipitated in- 
stantly when a mercaptan is added to an aqueous solution of a 
lead salt. For preparing the mercaptides from the mercaptans 
above dodecyl, the mercaptan is added to  a boiling alcoholic solu- 
tion of lead acetate. The mercaptides crystallize out on cooling.514 

The lead mercaptides are yellow and resemble organic com- 
pounds in being soluble in organic solvents and in having melting 
points.lBg4 The lead mercaptides are oxidised by the oxygen of 
the air and become insoluble. There is little, if any, change in 
appearance. The products have peroxide properties.1225b Some 
disulfide is formed also: 1140 

2 Pb(SR), + 0, + 2 RSSR + 2 PbO 

Triethyllead mercaptide, EtaPbSEt, is from the reaction of 
triethyllead hydroxide with the r n e r ~ a p t a n . ~ ~ ~  Lead tetraphenyl 
and thiophenol give lead pl~enyl mercaptide, phenyl disulfide and 
benzene.g0g 

Lead mercaptides have been used for making other derivatives. 
They react much like the alkaline mercaptides: l s 2 8  4ssv 514, 1211 

(MeS)zPb + 2 MeCOCl + 2 MeCOSMe + PbCl, 
(RS),Pb + 1, + RSSR + Pbl, 

They are oxidised by nitric acid to the corresponding sulfonic 
acids.llo4 

At 180 to 190" a lead mercaptide decomposes into an alkyl or 
aryl sulfide and lead sulfide: "O3 ssldf 1zz6c 

Pb(SEt), + Et2S + PbS 
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The doctor solution may be used to take out eleinental sul- 
fUr,731, 827a, 1443, lGRic 

The operation rnay be continuous 636b, 634, 1527 and may be car- 
ried out a t  above 90°.32se An alcoholic solution has been recom- 
mended.480b. 1687b Certain organic compounds are claimed as  s o h -  
t i z e r ~ . ~ ~ ~ ~ .  ll4I Mercuric chloride,1539 lead a n t i m ~ n a t e , ~ ~ ~  and 
powdered antimony 400 have been suggested as useful additions t o  
the doctor solution. 

The addition of hydrogen sulfide to the naphtha before treat- 
ment is said to be b e n e f i ~ i a 1 . l ~ ~ ~ ~  1306 

There has been much discussion as to the role of lead sulfide in 
sweetening.l121b, 16#0 I t  seems to serve as a catalyst in promoting 
the reactions involved.33! IGS9 Experiments with several mercap- 
tans added to sulfur-free naphtha showed that  oxygen alone does 
not sweeten and the addition of lead sulfide does not help, but 
oxygen, lead sulfide, and sodium hydroxide do sweeten.l140 The 
lead sulfide acts as a catalyst when a sour gasoline is blown with 
air in the presence of sodium plumbite solution.925 

The study of this effect lead to experiments in which lead 
plumbite, the characteristic constituent of the doctor solution was 
left o ~ t . ~ ~ ~ ~ 9  1383, 1456 In the "Stratco" process, a naphtha is blown 
with sodium hydroxide in which lead sulfide is suspended.15+ 'OC. 

llg7- 15503 15wb Freshly precipitated lead sulfide is more effec- 
t i ~ e . l ~ ~ l  A minor arnount of cupric hydroxide is a useful addition 
to the sodium hydroxide and lead s ~ 1 f i d e . l ~ ~ ~ ~  Oxygen may be 
supplied by sodium peroxidc.lM3 It is claimed that the sweetening 
process goes on in the absence of oxygen if the solution is kept 
substantially free of lead salts by the regulated addition of 
sodium After all, the lead plumbite may be present 
though i t  was supposed to have been left out. It is known that 
lead sulfide is oxidised easily to lead sulfate, which may dissolve 
in the alkali to  forrn lead plumbite. 

Sweetening is effected by treating an oil with alkali, lead sul- 
fide, and 783 

As far as odor is concerned the doctor treatment is entirely 
satisfactory.1049 I t  is frequently combined with other treatments 
to give a finished pro,jUCt.12b, 436, 528c, 594, 053h, 1122a. 1283 

The regeneration of the doctor solution and the recovery of lead 
and other ~ubstances from i t  have received considerable atten- 
tion but cannot be gonc into here. A few references are given.l0", 

Reactions o f  lIlercuptuna 1 .i .; 
~ 

31, 3.7. .72, 121k. .  ; ; ? I .  : : 4 \ .  : : 7 : : .  ::!I:, 4 1 4 ,  + h & ,  :Oil, ,jO:YI,, 5!l;il,, i2'i:1, 7311. ? > I ,  R i 6 .  

10tT2, IOit;. l l l \ . - a .  l I : < l .  1 2 2 1 : ~ .  124;;. l2!1!l, l:;Ili, l : ; l . - ~ .  l . & l ; j ,  l 4 ! ! 7 .  l.i4:3, 1621. llj.->ti, 

171.7, 1711~11 

Various ways of using lead sulfide have Ixen p r o p o s ~ d . l ~ ~ ,  '"8 

671b, 67% S 4 l b ,  979, 999 

Lead naphthenate and sulfur, in the presence of water, are rec- 
ommended for the removal of m e r c a p t a n ~ . ~ ~ ~ ~  An intimate mix- 
ture of calcium hydroxide, lead oxide, and sulfur has been pro- 
posed for sweetening naphthas.24gn, 250 Gasoline may be treated 
with sodium hydroxide and sulfur and then with dry powdered 

: lead p l ~ m b i t e . ? ~ ~ ~  
The doctor process is said to be applicable to the removal of 

mercaptans from secondary  alcohol^.^' 
Many factors are involved in doctor sweetening.981* 983 A large 

volume would be required to  describe its many modifications and 
its applications and adaptations to various oils. All tha t  can be 
done here is to list a few 141.  144, 197, 396, 430, 459, 561, 669b, 670, 

706, 995, 1133b, l486c, 1528, 1727, l i 28 ,  1734 and ,f the patents.9i, 137, 

146, 167, 207, 215, ?34c, 23i, 297 3.30a, 336, 348, 441a, 460, 462, 503a, 509, 653, 659, 

732, 746, 765b, 7 i9h .  585. 836a. Mia, 858, 898, 915, 9i2,  982, 986, 1012, 1102, 1127a. 
1205a, 1209, 1228, 1240d,  1357, 1 4 5 i ,  146i, 14 i4 ,  1511, 1531a, 1648, 1565, 1587a, 1655, 

Physical Methods for the Removal of Sulfur Compounds 

These do not properly come under reactions of mercaptans but 
are mentioned briefly for the sake of completeness. 

The refining of petrolcurn distillates would be beautifully sim- 
ple if a solvent could be found which would selectively extract all 
of the  undesirable and none of the desirable constituents. In spite 
of many efforts this dream has not been realized. Solvents have 
been found which dissolve the sulfur compounds preferentially 
but none that  tnke them out completely and exclusively. A seri- 
ous difficulty is that the good solvents for sulfur compounds are 
also good solvents for olefins, which are present in cracked dis- 
tillates, and for aromatics, which abound in the catalytically 
cracked fractions. This is the same difficulty which has been en- 
countered with sulfuric acid treatment. A few articles and patents 
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Furfural ]]as met \vitli sul~le faror.4"" 6 % ~  lo,;"'* I"6a Plicnul, 
cresols and mixtures containing tllcrll,2sg% 610, 1364% 1""~'. ljXQni- 
l ine ,2 i~minobipl lenyl ,288b alcohols,3.Vh, 530, "7, 676. 1615 aminoa]- 
cohols,l151, 1 4 5 8  amines,li0Qglycols,lU2& 1101~ fiorlnic esters,796a, S W ,  

997 nitrobcnzene,"Ol~ 1364 amyl acetatc,l"4 acetonc,!21. 2 2 ,  1364, 1644  

aldehydes,72, li311" ethylene and propylene o ~ i d c s , ~ ~ ~  and 
water,96i particularly a t  a higli temperature under pressure,4G, 830 

have been propoeed. Phenol is recornmcndcd for lubricating 

At low temperatures, sulfuric acid niay bc considered as a 
selective solvent, but its use has already bcen discussed under 
oxidation. Phosphoric acid is of some valuc.121h 

Extractions with selective solvents arc carricd out extensively 
in the petroleum industry, but the rcmoral of sulfur compounds 
is only incidental.81s1' 

SIThile adsorption is prirriarily a pliysical process, it is frc- 
quently accompanied by oxidation, po ly iner iza t i~n ,~~"  666q 666 and 
other chemical changes in the substance adsorbed. Probably all 
aclsorbents are more or less selective, but none has been found 
that takes out sulfur compounds and nothing else. As was stated 
about sclective solvents, olefins and aromatic3 tend to go along 
with the sulfur compounds. Adsorbcnts are used extensively in 
the petroleum industry for purifying oils, particularly for the less 
volatile types, but desulfurizntion is only one item. The elimina- 
tion of gum formers and color bodies is usually the main objec- 
tive. Oxidising 393 and other agents are sometirncs aclded. This 
subject can be treated only bricfly here. 

Silica gel is discussed in a number of articlcs.141 Ins, i41, 7;14* "la, 

891b, 1056d, 1404c, 1666, l(iGia, 1668, l F i O a ,  16TOb, 1728, 1i31a 1iGla A cllronla- 
tographic separation of paraffins, olefins, aromatics, and sulfur 
compounds can be made n-ith a colurlin of silica gel."'", 674 It is 
said to take thiophenol out of p l i ~ n o l . ~ ~ ~ ~ ~  A fcw patents are 
listed.330c, 734, 732, l4lib, 1696 It may be combined with alumina 
gel 1266c which may be used alone.28" Ii2' Alcohols ant1 nlercap- 
tans may be separated by silica 

Kctrc.(ic~t!s of -111 ~ ( ~ i r p f n n s  1.;7 
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FI1lICI.',. e:,l.t]l.:i4. 240 .  4 2 2 .  " I .  " 2 ,  '.jl~:l~. l;2!1. 1;2"]nl-::i3S% 4 3 4 ,  S?lO. 

686, 1 4 S l n ,  1RR::n h:,,lsitc ::'. 10". Ym. 212, :a". 41711. 417'. " 3 .  42" .  44";. 

69P')3 7L'3c. 1340n 11:ive rccci~erl iriucll attention. Actiratecl cliar- 
28" 747. 79611, X!lln. 13Z8, IG!lT, 1755. IT76 L,nci otllcr a(leorbents 3, ~ ' S I J ,  

380c, 810a, 1048, 10;O. lON0, 109S, 1256 hare been rccolrlmende~ 

Various additions, methods of activating adsorbents by addi- 

. ' tions or by special treatments, and different ways of using them 
& have bcen proposed but cannot bc expanded on here. & 

I n  some cases, a major portion of the hydrocarbons can be 
solidified hy strong cooling and tlrc sulfur compounds left in 

" the liquid part.llW"dThis mctllod has been uscd to free benzene 
of tlii~phene.~", l G 3 ~  

SEGREGATION BY DISTILLATION 

In some cases, considerable concentration of the sulfur in 
certain fractions, or in the residue, may be effected by careful 

, 

fractionation, either straight or azeotropic. This may lighten the 
load on the desulfurizing process.6G3 647, 833, 1103, 1391, 1445b, 1486b, 

1530b. 1381, 1730 

Detection of Mercaptans 

On account of the importance of rnercaptans in the refining 
of petroleum products, much attention has bcen given to their 

: detection and estimation. I n  practice, usually the "doctor" test 
is used for this purpose. A distillatc supposed to contain mer- 
captans is shaken with lead plumbite solution from which it is 
separated. A hydrocarbon containing a small percentage of free 
sulfur is added. Tlic formation of a black precipitate of lead 
sulfide indicates the presencc of a mercaptan. If no such pre- 
cipitate forms, the gasoline is said to be "swcet."llo7- 1 1 7 1 9  1702 

For the chemistry of this te5t, refcrcnce should be made to the 
section on thc "doctor" treatment. It is extremely scnsitire, 
capable of detecting n niolar concentration of 0.00006% nmr- 
captan.g2s Tlic sensi t i~~i ty  varies wit11 the inercaptan, being 
0.00270 for methyl. O.OOOZ1/'c for butyl, and 0.00009% for 
hepty1.l" I t  has been maintained tha t  it is unnecessary to refine 
a gasoline until it can pass so severe a "4, 669b7 OiO, 912, 88-1 

It should be noted that  diolefins and some terpenes react with 
the doctor solution.1121a, lAs6 Organic peroxides givc a dark 
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precipitate of lead peroxide in the doctor test."u Standardized 
conditions for making the test are important.36" 

Conversely, the doctor test can be used to show the presence 
of sulfur in a naphtha. A mercaptan, such as butyl, is added 
to the suspected naphtha which is then shaken with the lead 
plumbite solution. Different authors give the sensitivity of this 
test as 2.5 to  20 parts of sulfur per million of gasoline.l13. 983, 

1057a, 1632, 1723 

There are several color tests for mercaptans. Isatin in sulfuric 
acid gives a green color with a m e r ~ a p t a n . ~ ~ ~ ,  133Q, 1613 A mixture 
of fuchsin, formaldehyde, and sulfuric acid will show the presence 
of mercaptans or of thioacids.lS3 Ferric ~ h l o r i d e , ~ ~ ~ ~ ~  1308 tetra- 
nitromethane, trinitrochloromethane, t r i n i t r ob rom~methane ,~~ '~~  
and chloropicrin 1313 give colors. The alkyl thionitrites, RSNO, 
from nitrous acid, have distinctive colors, red for primary and 
secondary, and green for tertiary.1348 Sodium nitroprusside is 
employed in several tests."1- 1056c9 1222, 13099 1769 A red-violet 
color is produced by 0.0001% mercaptan sulfur in solvents or 
petroleum fractions. This is said to be the most sensitive test.533.5 
It is quicker than the "doctor" test.826.5 Grote1s reagent gives a 
purple-red ~ o l o r . 6 ~ ~  The acceleration of the reaction of sodium 
triazotate with iodine can show the presence of a m e r ~ a p t a n . ~ ~ ~ .  
495 This is more sensitive to mercaptans than to other sulfur 
corn pound^."^ Bismuthtriethyl and lead tetraethyl serve to 
detect the sulfhydryl lls2 A disulfide reagent, 2,2'- 
dihydroxy-6,6'-naphtholdisulfide, has been recommended as a re- 
agent for detecting the presence of mercaptan groups in pro- 
t e i n ~ . ~ ~ . ~  Mercaptans can be detected by the use of the blood 
of larvae of actia ~ a j a . l ~ ~ l  

Gases containing mercaptan vapors may be passed through 
alcohol having mercuric oxide in suspension, or mercuric chlo- 
ride 130 or cyanide 1279 ll8"n solution. An aqueous solution of 
cadmium chloride, or acetate, may be used.lO'l- llil By adjusting 
the acidity, a distinction can be made between mercaptans and 
hydrogen s~lfide.l35~, 1463 Liquid hydrocarbons containing mer- 
captans can be shaken with one of these solutions.1285 Detailed 
directions of tests for aliphatic and aroi~iatic mercaptans have 
been g i ~ e n . ~ ~ ~ . ~  

The corrosion of a copper strip is a test much used indus- 
trially.49b. 407, 451, 669a, 1077. 1386 I n  making this test control of 

P 
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tirne ancl tc1i11)crature is i i i ipo~tant."~~)~ I:'?" silver strip i. 
similarly  affected.-'"'^ ""' JIereury iiiay also be used.""'. 1::"" 

Elemental sulfur is even more corrosive than mercaptanss and 
must be eliminated before testing for mercaptans. The corrosive 
effects of several mercaptans have been compared with those 
of other sulfur compounds.607 

Petroleum peroxides give a black precipitate with mercury.30 

1 Estimation of Mercaptans 

Methods for determining mercaptans have been r e v i e ~ e d . ~ ~ ~ . ~  
A commonly used method for determining mercaptans is the 

titration with iodine: 

2 RSH + l2 8 RSSR + 2 HI 

Since hydriodic acid is a strong reducing agent, the reaction 
does not go to completion unless it  is removed. The mercaptan 
is dissolved in a hydrocarbon, such as benzene, under which 
there is a water layer to take care of the acid. A standard 
solution of iodine is run in as long as i t  is decolorized. Naturally, 
high values are obtained if unsaturates are present. This can be 
checked by titrating the acid in the water layer. By taking 
proper precautions, an accuracy of about 0.1% may be at- 
tained.870, 882. 1189a, 1217, 1378, 1385, 1403 An alcoholic iodine solution 
containing pyridine has been tertiary mercaptan 
may take twice as much iodine and go to the sulfenyl iodide 
instead of the disulfide: 

RSH + l2 + RSI + HI 

Much attention has been given to the iodometric titration of 
~ y s t e i n e . ~ ~ ~ ,  9369 980, 14829 1634 The oxidation does not always stop 

. a t  the disulfide stage, but may go on to cysteic acid.14i2, 14i3 

A mercaptan can be titrated with lead t ~ t r a a c e t a t e . ~ ~ ~  ti.$ 
& It has been proposed to determine a mercaptan by its reducing 

action on cupric chloride. The resulting cuprous chloride is 
titrated with ~errnanganate . l~~O 

When a mercaptan reacts with a cupric salt, a cuprous mer- 
captide is formed: 

2 CuCI2 + 4 RSH + 2 CuSR + RSSR + 4 HCI 

-* 
I -  The cuprous mercaptide is a pale yellow and the disulfide is 

* - 
colorless, or nearly so. To determine a mercaptan, a standard 
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solution. a staiidarcl solution of cupric olcate or napl~tllenate in 
kerosene has been r)ropo6etl. This is adtlccl as long as the color 
is changed to a pale yello1v.li3 A cupric alkyl plitlialate may 
be substituted for the oleate. Cupric octyl phthalate, which is 
readily soluble in hydrocarbons, is used for mercaptans in gaso- 
line, while cupric butyl phthalate is suitable for alcoholic solu- 
t ion~ . ' "~  The cupric olcate method has been used for determining 
mercaptan warning agents in natural 1233, 1409 Cupric 
acetate has also been used for this purpose.4zG" 

Silver nitrate is particulaily u>cEul in the detection and esti- 
mation of mercaptans. A black precipitate ~ r ~ i t h  it is a sensitive 
test for the presence of mercaptans in distillates.l171 This has 
been compared with the doc for  test.llOi As the precipitation of 
silver mercaptides is quantitative, this gives a method of estirna- 
tion. A naphtha, froill n-llicli hydrogen sulfide has been re- 
moved, is shaken n-it11 a il~easurcd volume of standard silver 
nitrate solution, the excess of which is determined by titration.lS4 
The original method has been modified and improved in various 
WayS,25, 78, 101, 1043, 1045b. lO5Gb l G O G b ,  1723 The silver mercaptides 

may be filtered off and rveighed."l Elementary sulfur does not 
interfere.1418 An automatic recorder for plant control uses silver 
nitrate.lZR2 

Mercaptans can be titrated potentiometrically 34". or 
an~perometrically "l w9bj  1373, with the aid of silver 
nitrate. A11 acidimetric nietllod is based on the liberation of 
acid by the reaction of a mercaptan with silver sulfate loSG"r 
~nercuric ch10ride.l~~" A polarograpliic method has been pro- 
posed."0 j 

A mercaptan can be deterinined colorimctrically by the aid 
of phosphotungstic acid.lfioh 

A single volatile mercaptan, resulting from a chemical reac- 
tion, may be distilled into a lead acetate llsi, 11R9b3 138z, 1459 or 
mercuric cyanide  solution.'"^ ""? By x~eigliing the pre- 
cipitate and determining its metal content tlie amount and 
molecular weight of the mercaptan can be found. 

The widely used lamp method for the determination of the 
total sulfur in distillates 4 9 a r  10s7b. 144i is applicable to mer- 
cap tan^,"^, 1762 but only when no other sulfur compounds are 
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present. It III:I! x i \ (  Ion. 1 ( + 1 1 l t -  nl th illc~l.c.al)tan.. p a r t i ~ i ~ l a r l y  
largcl ; I ~ ~ I I I I ~ I ~ .  :11.(. ll~.c.ciit ';'I "'i"'' I(;'"' Slncac a large 

sample of tllc il:il~litli:~ iiiay \)c' t)ul-iled, tlics 1~1111) nlethod 1. 

particularly :~pplirable t o  t l ~ e  e-tinintion of sillall percentage3 oi 
sulfur con~pounds. An aryl mc-rcaptan can be oxidisecl over 
platinum gauze a t  900" and the sulfur neighed as barium sul- 
fate.49" 5 

The opposite of the lamp method is passing the hydrocarbon, 
containing the sulfur compounds, with hydrogen, over a catalyst 

. which converts them to hydrogen sulfide, which is 

d;* In tlie determination of a mercaptan in the oxygen bomb, the 
oxygen pressure sliould not be less than 35 atmospl~eres ."~~ 
Lead nitratc niay be used to precipitate the sulfuric acid.lidl' 

#- There is always the possibility of the formation of more or less + of a sulfonic acid which resists further oxidation and is not 
precipitated by barium or lead ions.616 The bomb method is not 
applicable to low percentages of sulfur compounds, since the 
size of the sample is limited. The Parr bomb may be used.445n 
It is subject to the same limitations as to size of sample. Pre- 
liminary oxidation of the mercaptans with brornine or nitric 
acid reduces their volatility.16i1a 

A given petroleum distillate may contain hydrogen sulfide, 
free sulfur, alkyl sulfides and disulfides, and thiophenes, along 
with mercaptans. The usual question is: How mucli of the total 
sulfur is accounted fur by each of these classes? To answer this 
requires a number of ailalyses and some arithmetic. Several 
schemes have been proposed.lOl, "3, 4866, 551, 84Gb, 123i. 1689 The 
total sulfur is determined, usually by the lamp iiietliod. Hydrogen 

q sulfide is removed by shaking with cadmium chloride or sodium 
bicarbonate 213 solution, and free sulfur with mercury. Alercap- 
tans are determined by any appropriate method. Disulfides 
are reduced by zinc and acid and estimated as mercaptans. 
Some determinations may be made in succession and some on 
aliquots. Alkyl sulfides are precipitated with mercurous nitrate 
or titrated with bron1ine.l0l Any undetermined sulfur is credited 
to thiophenes. 

TO determine mercaptans in a sodium hydroxide solution which 
has been used to extract them, the solution is acidified and 
extracted with a sulfur-free naphtha. They are then estimated 
in the hydrocarbon.0°6 

* 

Conversely, mercaptans can be used as analytical reagents. 



011c in l>nl~tlculalx. 3,1-toluciictlitl1iol, w.vc.5 n r l l  for thc clctection 
and estim:itioli of ~iiolyhdcnuln, tungstci~, rlirniui~i, ailti tin, with 

it distinctive colors.i4. 1". 3 0 ,  6":', 1OWj 1274, 1478  

2-hlercaptobcilzoxazole serves for tllc deter~nination of rho- 
dium.1394 Several substituted mercaptoiinidazoles give charac- 
teristic colors with heavy metals.923 The extensive use of 2-mer- 
captobenzothiazole for this purpose will be discussed when this 
compound is considered in a later chapter. 

Ethyl mercaptan has been employed in the separation of the 
metals of the platinum group. It gives a yellow coloration with 
a solution of 1 part  of palladium in 1 million parts of water.lla9 

Identification of Mercaptans 

The mercuric derivatives, (RS)zHg, which were among the 
first mercaptides to be prepared, have convenient melting points 
and have been used frequently for identification.1398- 287, lZa4 

They serve well for distinguishing the isomeric propyl and butyl 
mercaptans. Their melting points are given in Table 11.2, along 
with those of other derivatives. s-Butyl mercaptan has been 
identified by the mercury derivative S - B U S H ~ C ~ . ~ ~ ~  The lead 
mercaptides have been prepared, but their melting points are not 
satisfactory and get worse on r e c r y ~ t a l l i z a t i o n . ~ ~ ~  This is prob- 
ably due to air 0 x i d a t i 0 n . l ~ ~ ~ ~  

The alkyl a-anthraquinone sulfides are easily prepared from 
the mercaptans in alkaline solution with a salt of a-anthraquinone 
sulfonic acid: 

CI4H7O,SO,Na $ NaSR + C14H702SR $ Na2S03 

With the higher mercaptans, sorne alcohol should be added to  
promote solution. These sulfides crystallize well and have good 
melting points. They can be oxidised to the s u l f o n e ~ . ~ ~ ~ ~  7379 1326 

The p-nitrophenyl alkyl sulfides, NO2CsH4SR, melt low but 
can be oxidised to s ~ 1 f o n e s . l ~ ~ ~  The 2,4-dinitrophenyl alkyl 
sulfides, 2,4- (NO2) 2CFH3SR, which can be made from 2,4-dinitro- 
chlorobenzene and the mercaptide, and their sulfones are good 
derivatives.189, 

The melting points of the aryl p-nitrotl~iobenzoates, 
p-N02C6H4COSAr, are conveniently high, but those of the alkyl 
esters are too The alkyl 3,s-dinitrothiobenzoates melt 
somewhat higher but hardly high enough. The 3-nitrothio- 
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phthalates mclt high enough, hut tlie spread 1. ~111nll 1"iJ4 P<cudo- 
saccharin chloride gives satisfactory der i l -a t i~es  wit11 inany 
aliphatic m e r ~ a p t a n s . l O ~ ~  

Triphenylmethyl chloride reacts with a mercaptan in ether 
solution : 

Ph3CCI $ HSR + Ph3CSR $ HCI 

The methyl derivative melts a t  10SO, the ethyl a t  125", and 
the phenyl a t  105°.1093 This looks like a promising reagent. 
Diphenylcarbamyl chloride, Ph2NCOCl, reacts with mercaptans 
to give Ph2NCOSR. The ethyl ester melts a t  108" and the 
benzyl a t  125°.481 More of these should be made. 

The melting points of a number of these derivatives are 
ven in Table 11.2. An inspection of the data shows that  much 

remains to  be done. There are many blanks in the table, par- 
ticularly with the higher mercaptans and several of the series 
show rather narrow spreads. 

The mercury derivatives serve for sorne of the mercaptans. 
For the normal mercaptans, the spread is not great and data 
are lacking for the higher. The a-anthraquinone derivatives for 
the lower mercaptans are good but are also lacking for the 
higher. The p-nitrophenyl sulfones are good as far as they go 
but their preparation involves two steps. The only series that  
are fairly complete are IV and V, 2,4-dinitrophenyl sulfides and 
sulfones. As the sulfones are made from the sulfides by a 
simple oxidat,ion, two derivatives are made from one sample of 
mercaptan. Except for the first three members, the spread is not 
large in either series. The melting points of the 3,s-dinitro- 
benzoates, series VI,  are inconveniently low. So far as made, all 
of the 3-nitrophthalates melt between 132" and 149". 

Physiological Effects 

Methyl mercaptan acts on the central nervous system of fish 
to produce paralysis.299 I t  is relatively nontoxic, 0.5% by volume 
of the vapor being required to produce paralysis in rats.965 The 
toxicity of ethyl mercaptan vapors has been compared with that 
of other vapors.1°13 It depresses the activity of catalase and per- 
oxidase 317, llol and inhibits the growth of yea~t,5~"ut may serve 

,, as a source of sulfur for the growth of cellar mold.sas It counter- 
2 acts c h l o r o p i ~ r i n . ~ ~  Less than 1% in anesthetic ether has little 



JIcltiny Points of Some JIercaptnn Derivatives 

I * 11 * 111 * 1s7 * 57 * VI*  VII* 

Methyl 
Ethyl 
Propyl 
Butyl 
Amy1 
Hexyl 
Heptyl 
Octyl 
n'onyl 
Decyl 
Undecy! 
Dodecyl 
Tridecyl 
Myristyl 
Pentadecyl 
Cetyl 
Heptadecyl 
Octadecyl 
i-Propyl 
i-Butyl 
s-Butyl 
t-Butyl 
i-Amy1 
t-Amy1 
Cyclohexyl 

* I  = (RS),Hg. I1 = a-Anthracluinone SR, I11 = p-O2XChH,SO2R. IV = 
2,4-(0>N),C,,HaSR, V = 2,4-(OzS)iC,HaSOIR, VI = 3,5-(O?S):CaH;COSR, 
VII = 3-Nitrophthnlic 
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effect.lt'\4 review has been written on tlic toxicology of ali- 
phatic mercaptans." ;'j tn-Nitrothiophenol has been cornpared with 
a nurr~ber of other cori~pounds as an anticoccidal agent.1"4,5 The 

tlliocrosol- arc :ti,c111t i ' (~ l l l .  tiliics :is t o s i c s  a. t l ~ c >  cl .c~ol~."" 'l'l~io- 
phenol lon-crf tile hloo(l >rlgur ill r a \ j k j i t ~ . ~ : ~ ~ ~ ~ :  

Tlle relations b r t n w n  the structure of tliicrl- :incl tl~c.ii, roac~tion3 
~ i t h  antibiotics Iiavc been traced.2fi4 Streptoniycin is inactivntt~tl 
by p-aiiiiriuetllyl mercaptan and hy cysteine."" The activation of 
papain by various mcrcaptans has been studied.14s1 

Ethyl mercaptan breaks the dormancy of potato tubers l l O O z  l l 'J1 

and p-thiocresol does the samc for peach  bud^.^:^; 

I t  was noted that  the parts of roots in wliich growth by cell 
division normally occurs most rapidly gave the strongest test with 
nitroprusside, indicating a concentration of sulfliydryl com- 
p o u n d ~ . ~ ~  Ethyl mercaptan ilriproves the root system of to- 
bacco.l'18 Thesc observations led to cxperirncnts on the skin of 
animals and eventually on humans. These have demonstrated 
that  mercaptans do aid in the healing of mounds. The one used 
most extensively has been p-thiocresol wit11 benzyl mercaptan in 
second place.iO, 500". 660, 662, 66% 66""j 1118, 1331, 1332, 1333, 1335, 1336, 1600, 

1712 It has been found t'hat thioglucose 6m, 1334 and thioglycerol 1j66, 

1567 are also effective. 

Uses of Mercaptans 

The industrial uses of niercaptans arc small compared to  those 
of some other classes of organic compounds, such as alcohols and 
amines, but some of tliem arc important. The disagreeable odors 
of the lower mercaptans have been a serious l~andicap. Only rc- 
cently have the higher mercaptans become available. 

The reac t i~ i ty  of mercaptans and the variety of compounds 
that can be made from tliem make thcin attractive starting matc- 
rials. Ethyl mercaptan has long been cmployecl as one vf the 
starting materials for making sulfonal, hlc2C(S02Et)2. The 
lower mercaptans, which are obtained in the process of refining 
gasoline, are available in quantity and await applications. 

Methyl mercaptan has come into dellland for the industrial 
synthesis of methionine. 

Memaptans may be starting materials for making plastics?jR. 
1410, 1333 wetting agents, pharmaceuticals and insecticides.1422b 

Mercaptans can be made to combine with acetylene to  give 
vinyl sulfides, RSCH:CH2, to which mercaptans can he added, 
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giving deri~ativc,. of et1i:lnctlithiol. IiS('112('I-I,SR'. T l i c ~ c  prod- 
ucts Iinl-e v:trious uses."'"" 

The powerful odor of ethyl mercaptan, which lias been against 
other uses, makes it desirable for disclosing leaks in distribution 
systems for natural gas. About eight pounds per million cubic feet 
of gas is sufficient to  disclose leaks in underground pipes.l161- 140s 

It may be added to methyl chloride and other refrigerants as a 
warning agent.389 Amy1 mercaptan also has been recommended 
for this purpose.15g3 Butyl mercaptan has been used for emer- 
gency warning in mines.677 "Cal-Odorant," presumably a mix- 
ture of the lower mercaptans froill the refining of high-sulfur 
petroleum, is used as an odorant in natural gas.356, 758, 1302* 

During World War I, n-butyl mercaptan was proposed as a 
camouflage gas. A quantity of it was manufactured a t  the Amer- 
ican University in \TTashington, but there is no record of its u ~ e . ~ 7  

The antioxidant and stabilizing power of mercaptans is attrib- 
uted to the removal of catalytic q u i n o n e ~ . ~ ~ ~  Mercaptans in gen- 
eral, and thioglycolic acid in particular, inhibit the catalytic effect 
of copper salts in oxidation.1430a 

Various mercaptans are claimed as stabilizers for polysulfone 
resins.818 Butyl mercaptan, 0.1% or less, stabilizes chlorine com- 
pounds, such as carbon tetrachloride, trichloroethylene and per- 
c l i l ~ r e t h y l e n e . ~ ~ ~ ~  lW0 Ethyl mercaptan stabilizes ethylene sulfide 
and similar cyclic sulfides.11wa n-Hexyl and (3-naphthyl mercap- 
tans are recommended as antioxidants for white oil, a petroleum 

Lauryl mercaptan and 2-mercaptobenzothiazole are 
claimed as stabilizers for pyrethreum-DDT aerosol ~+nix tures . l~~~ 
t-Butyl and other mercaptans stabilize alkyl thionitrites in fuel 
blends.324 

In  the pickling of steel sheets, 0.0370 of i-propyl, i-amyl, benzyl 
or (3-naphthyl ~nercaptans is said to  be sufficient as an  inhibitor.243 
The higher alcohols, which are by-products in the methanol syn- 
thesis, may be turned into mercaptans for this use.966 The decom- 
position of tetralin peroxide is greatly influenced by the presence 
of propyl and phenyl mercaptans.li5' 

Unsaturated fatty oils are said to be stabilized by reacting with 

a higher mercaptan in tlie presence of n c:ttnlyct.lM4 110lding 
powders are improvcd by tlle addition of a small amount of a 

.,.3.,, 1079 mercaptan.-' " 
One per cent, or less, of a mercaptan and an aliphatic amine 

prevent gum formation in cracked petroleum distillates.234b A 
selenomercaptan has the same 1540.5 Mercaptans are 
useful in various oils.360 They prevent corrosion by antifreeze 

q ~ i d s . ~ ~ O ,  428b Certain mercaptans are added to lubricating oils 
prevent bearing corrosi~n.~",  1632.6 (3-Alkylaminomercaptans, 

HMeCH2SH, in which R may be lauryl or cyclohexyl, are 
ended as oxidation  retarder^.^"^ A colloidal dispersion 
salts and mercaptans added to  latex improves its qual- 

s.266 A study has been made of the addition of mercaptans to 
roleum p r o d ~ c t s . ~ ~ ~ . ~  

The use of mercaptans to control polymerization is probably 
connected with their antioxidant properties. They may be used 
to  modify the polymerization of various monomers,312." 4 2 8 c p  898.5, 

1.858 of b~tadiene, '~" of other hydrocarbons,305 and of methyl 
methacrylate.lG8~ 2D8 They lead to synthetic rubbers of improved 

1064 Studies have been made of the relation of the 
thiol structure to this effect 521 and of the reaction of the thiol 
with the catalyst.248 The role of mercaptans in regulating poly- 
merization has been d i s c u s ~ e d . ~ ~ ~ , ~  This use of mercaptans has 
grown to large proportions.g2, 613, 795b, 809a, 913, 1143, 150-1 

Mercaptans promote the isomerization of straight-chain paraf- 
fins to branched 493 and of alp-unsaturated acids from the cis to 
the trans form.1453 

+ Mercaptans and mixtures containing them have been tried out 
, pesticides.128, 223, 372, 637, 79511, 917, 966, 13-11, 1599 5 ,  1638, 1756 Mer- 

. Captans and other sulfur co~npounds prepared from chlorinated 
higher aliphatic hydrocarbons are said to  be useful in combating 
pests.799 Lauryl mercaptan is claimed as an insecticide and fungi- 
cide.600 

Ethyl mercaptan has been tried against a number of insects 
 pith varying success,1114, 1179. 15x2 Of five lower mercaptans, it is 

the most toxic to rice weevils, 17 mg. per liter.lX0 It increases the 
attractiveness of food to l'" Butyl mercaptan was found 

.a to be a repellant for white rats, but not for ordinary wild rats.513 
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~t rcpela flie,< !''a, 1 2 : ; ~  a~ltl  is a fulnigant against \~-cevils.ll'~, 

Plienyl ~ncrcaptan increa~cs tlit' effectiveness of I~ytlrocyanic acid 
sonien-hat.12s8 fi-Tl~ionaplitl~ol is rr~otleratcly effective against 
mosquito larvae 'l" and apllids,13jo but not against Japanese bee- 
tles.j1° I t  is not toxic to silk w o r m ~ , " ~ ~ u u t  damages bean foli- 
age."'" 

LIercaptans are useful in flotation along with the widely used 
xanthates. Terpene mereaptans are l3l0* 1390 

Aiercaptans alone, or mixed with alkyl sulfides, are claimed for 
the flotation of copper sulfide ores."", 1148 Sodium, zinc and 
lead mcrcaptitlcs are said to be useful in flotation."", ll"j The 
mixed n~ercaptans from the higher alcohols of the methanol syn- 
thesis are claimed.966 

Thiocresol aids the dispersing of Paris grcen in ~ a t c r . " ~ "  A 
linear polymcr can be made by the reaction of a diisocyanate with 
a dithiol such as decamethylene d i rn~ rcap t an . ' ~~  Resins can be 
obtained by heating phenol and sulfur cl~loride with a mixture of 
rnercaptans, such as is extracted from petroleuin.'4"4b Rlercapto- 
ethylamines, I-ISCH2CH2NHR and HSCH2CH2NR2, may be 
starting materials for making vulcanization a c ~ e l e r a t o r s . ~ ~ ~ "  
2-;LIercaptoaryltl~iazoles sent the same purpose.x""ulfurized 
turpentine or pine oil, supposed to contain terpene mercaptans, is 
recommended as a plasticizer for chlorinated ~1111bcr.l~'~ 

Polynleric organic sulfidcs are plasticiz~tl by t'hc joint action 
of a inercapt'an and an unpolyincrizable d i s ~ l f i t l e . ~ ~ ~  Tlle addi- 
tion of niultivalent nlctal salts of a terpenetlliol reduces mate- 
rially t l ~ c  milling time in compounding rubbcr.lm3 Part,icular 
concentrations of ethyl mercaptan stabilize colloidal solutions of 
sulfur."l" In  alkaline solution, mercaptans hare  a tlepilatory ac- 
tion 1~11icli iliay be utilizctl for removing hair from Iiitles.lG1"- lG1I,  

lil!' Tliey may hc constituents of tle1)ilatorics for 11rl111an 11se.~~" 
'"" T11e us(' of n~e~-cal)tans ill hair ~vaviilg will bc taken up in 
connection wit11 tlrioglycolic acitl. T l ~ e  :~dtlition of a srilall amount 
of a nic.rcal)tail to r? f u ~ ~ l  is said to sup1)ress carbonization of ~ne ta l  
parts.1fi::2.4 In  tlie ositl:ttinn of n~ct l~anol  to foriiialtleliytle, I~ICI--  
captans are claimed to diminish the forn~ation of undesirable by- 

~ ) r o ( l ~ ~ ( ~ t - . ' " ~ : ' . "  I t  ic: 1 . ( > 1 1 1 i l t ( ~ 1 1  I 11:lt t l ~ i c ~ l ~ l ~ ( ~ l r ~  1 1 .  1 1 - ( ~ 1  ill d l ~ ( '  Iiig11- 
tcrnpcr:ttr~~.c tlige>tioll ( I S  n-ootl, gavc nlnrkcrl ilnprovement in p l n ~ -  
tic ~xol)crticbs."-'.;' X1erc:il)tniis :Ire wet1 in one II-:I~ or anot,her in 
making ez;trclnr-l~rc*.~urc lubricants.:'"' 4"" 1'"""* l'" Etllyl and 

, butyl mcrcaptans are e:~id to aid in the production of asphalt from 
' petroleum  residue^.'"'^ Oct'adecyl mercaptan and sulfide have 

been recommended for the moistureproofing of Cellophane.277 
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(1929)-C.A. 23, 1260. 
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13. 'r, 151~0~1li.. 11111. 1 ~ : 1 1 ~ .  ( ' l i ( ' 1 1 1 . .  10 ,  .is8 I 1024)---('..A. l ! S ,  
280.3. 
13. T. 1~i1~1oks :11ir1 1 .  \\-. 1$~11111~111.(~y. .J. .1ii1. ('lit'lii. So('.. 
40. ,822-~Sf~ I lL)l?;)-C.A\. 12, lC113. 
B. T. 131'(IOk.% :l.ntl H. 0. Parker, U.S. l ~ a t .  1,528,398 
(1925)-C.A. 19, 1494. 
J .  A. Brooks, J .  H.  Icrause, T. B. Tom, and Nathan 
Fragcn to  S. 0. Co. of Intl., U.S. pat. 2,556,414 (1951)- 
C.A. 46, 1024. 
G. ill. Brooner and M. IV. Conn, Oil Gas J., 45, No. 25, 
9 6 8 ,  1 15-21 (1946)-C.A. 41, 270. 
A. S. Broun and E. M. Zclenina, J .  Applied Chem. 
(CSSR), 13, 1491-7 (1910)-C.A. 35, 4188. 
P. \". Bro~~.er to Pllc11 D w .  Co., U.Y. p i ~ t  2,223,028 (1911) 
-C.A. 35, 3075. 
P. V. Brower and Lon-r-y Love to Shell Dev. Co., U.S. 
pat. 2,311,328 11943)-C.A. 37, 4890. 
C. L. Bron-n, Alexis Voorhics, .Jr., and \V. AI. Smith, Ind. 
Eng. Chem., 38, 13640 (1916)-C.A. 40, 261 1. 
E. S. Brown and D. B. Xutt to S. 0. Co. of Ind., U.S. 
pat. 2,049,423 (1936)-C.,4. M, 6546. 
K. h4. Brown, World Petroleum, 18, No. 8, 72-4 (1947)- 
C.A. 41, 7087. 
K. XI.  Brown and C. G. Gerhold to U. 0. Prodt's. Co., 
U.S. pat. 2,437,348 (19481-C.A. 42, 7975. 
R. H. Bran-nlec, U.S. pat. 1,309,432 !1919)-C.A. 13, 
2274. 
Horst Briickner, Chc~n. Fabrik., 1939, 489-93-C.A. 34, 
872. 
MT. Brucning, C.S. pat. 421,904 (1890). 
H. A. Bruson to Rolim and Haas Co., U.S. pat. 2,282,931 
(1942)-C.A. 36, 6301. 
Andi.6 Bruzac, (a) Fr. pat. 681,618 (1929) ; 689,021 
11930) ; 693,281 (1929) ; (b) 752,690 (1933) ; (c) 764,813, 
770,677 (1934j-C.A. 24, 5305; 25, 1060, 1666; 28, 979, 
5767; 29,691. 
K. Bube, Brit. pat. 260,129 (1925)-C.A. 21, 3454. 
A. E. Buell to Phillips Pctrolcurn Co., Y.S. pat. 2,094,485 
(1937) ; Can. pat. 371,482 (1938)-C.A. 31, 8912; 32, 
2729. 
A. E. Buell and V7. A. Schulze to Phillips Petrolcum Co., 
(a )  U.S. pat. 2,016,272 11935) ; (b) 2,016,271 (1935) ; 
2,075,171, 2,075,172, 2,075,173, 2,075,174 (1937); (c) 
2,098,943 (1937)-C.A. 29, 8312; 31, 3679; 22, 337. 
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228. T ,  T3~llin~c.r. >I .  1\I(,lli:irtlt. H.  T\-c,i<z. 11. \I-ii~tcrnitz, alltl 
E. Zcrner, Brit. pat. 218.989 i19231-C.A%. 19; -575. 

229. F. C. Bungc :-\ntl Hcinricli IIacura. Fr. pat. 633,643 
11928); Brit. pat. 285,000 11927)-C.A. 22, 3519, 4779. 

230. X. Bunge, ~ e r . ,  3, 911-3 (1870). 
231, A. H. Burchard, Brit. pat. 24,216 of 1909; 20,982 of 

1910-5. Soc. Chem. Ind., 30, 123 (1911). 
231.5. A. B, Burg and R. I.  IYagner, J .  Am. Chcm. Soc., 76, 

3307-10 (1954)-C.A. 49, 10166. 
232. Louis Burgess, Trans. Am. Electrochem. Soc., 49 (pre- 

print) (1926)-C.A. 20, 1512. 
233. Louis Burgess to S. 0. Dev. Co., (a)  U.S. pat. 1,681,638 

11928) ; (b) 1,681,895 (19281-C &I. 23. 3984. 
234. R. E. Burk to S. 0. Co. of Ohio, (a1 C.S. pat. 2,009,954 

(1935) ; (b) 2,033,877 (1936) ; (c1 2,201,883 (1940) ; 
(d) 2,306,933 ( 19421 ; (e) 2,333,841 ( 1944) -C.A. 29, 
6413; 30, 3223; 31, 6807; 37, 3970; 38, 3814. 

235. R .  E. Burk and E. C. Hughes to S. 0 .  Co. of Ohio, (a)  
U.S. pat. 2,020,932 (1935) ; (b)  2,162,670 (19391, 2,232,- 
436 (1941) ; (c) 2,150,149 (1939) ; id) 2,301,802 (1942) ; 
(e) 2,401,334 (1946)-C.A. 30, 607; 33, 8004; 35, 3809; 
33, 4776; 37, 2566; 41, 5297. 

236. A. M. Burke and S. Wright, U.S. pat. 65,999 (1867). 
237. G. H. Burruss to Col-Tex Refg. Co., U.S. pat. 1,863,967 

(1932) -C.A. 26, 4465. 
238. A. \IT. Burwell and L. 0. Sherman to L. 0. Sherman. U.S. 

pat. 738,656 (1903). 
239. h'. A. Butkov and K. P .  Larrovskii. Vostochnaya Neft., 

1939, No. 1. 28-36-C.A. 34, 7589. 
240. J .  G. Butz, U.S. pat.2,222,400 (1940)-C.A. 35, 2313. 
241. A. C. Byrns to Union Oil Co. of Calif., (a )  U.S. pat. 

2,309.337 (1943) ; 1b) Can. pat. 413,254 119431 ; U.S. pat. 
2,325,033, 2,325,034 (19431 ; 1c1 2,369,432 (1945) ; 2,- 
398,919 (1946)-C.A. 31, 4238, 5562; 38, 246; 39, 5451 ; 
40, 4209. 

242. A. C. Byrns, IT'. E. Bradley, and 11. IT-. Lee, Ind. Eng. 
Cliem., 35, 1160-7 11913)-C.A. 37, 6863. 

242.5. T. L. Cairns, G. I,. Evans, A. V7. Larchar, and B. C. 
hlcKu-ick, J .  A111. Clicln. Soc.. 74, 3982-9 (19.52)-C.A. 
47, 4283. 

343. MT. S. Calcott ant1 I. E. Lec to Du Pont Co., ['S. pat. 
1,785,513 (19301-C.A. 25, 483. 

244. Lyle Caldncll to Cclite Co.. (a)  lT.S. pat. 1,691.266 
(1928) ; (b) 1,802,628 (1931)-C.A. 23, 509; 25, 3820. 



245. F. L. Campbell, TT-. N. Sullivan, L. E. Smith, and H. L. .I. 
Haller, J .  Econ. Entomol., 27, 1176-85 (1934)-C.A. 29, 
3101. 

246. J.  A. Campbell, Jr., and T. M. Phillips to Union Oil Co., 
U.S. pat. 2,143,405 (1939)-C.A. 33, 3133. 

247. Canadian-American Finance and Trading Co., Ltd., Fr. 
pat. 521,630 (1921)-C. 1923, IV, 36. 

248. R. F. Cane, Australian Chem. Inst. J .  & Proc., 10, 279-86 
(1943)-C.A. 38, 1465. 

249. H. H. Cannon to Cannon-Prutzman Treating Processes, 
Ltd., (a)  Brit. pat. 367,969 (1930) ; U.S. pat. 1,798,784 
(1931) ; 1,888,219 (1932) ; 1,926,226 (1933) ; 1,979,448 
(1934) ; (b) 1,924,911 (1933)-C.A. 27, 2294; 25, 3159; 
27, 1502, 5959; 29, 329; 27, 5531. 

250. H. H. Cannon and W. W. Gary to Cannon-Prutzman 
Treating Processes, Ltd., U.S. pat. 1,789,167, 1,789,168 
(1931) ; 1,907,150 (1933)-C.A. 25, 1067; 27, 3600. 

251. R. G. Capell and R. C. Amero to Floridin Co., U.S. pat. 
2,433,426 (1947) -C.A. 42, 2095. 

252. L. Carius, Ann., 124, 221-42 (1862). 
253. P. J .  Carlisle to Du Pont Co., U.S. pat. 2,058,131 (1936) 

-C.A. 31, 248. 
254. P. J .  Carlisle to Roessler & Hasslacher Chem. Co., Can. 

pat. 300,843 (1930) ; 31 1,328 (1931) ; U.S. pat. 1,801,412 
(1931)-C.A. 24, 3639; 25, 3357. 

255. P. J .  Carlisle and C. R. Harris to Roessler & Hasslacher 
Chem. Co., U.S. pat. 1,862,003 (1932)-C.A. 26, 4167. 

256. F .  J. Carman, U.S. pat. 501,988 (1903). 
257. W. M. Carney, H. D. Noll, and A. IT. Hoge, Petroleum 

Engr., 20, No. 2, 246-50 (1948) ; Petroleum Times, 52, 
974-6 (1948); Petroleum Refiner, 27, No. 12, 625-8 
(1948) ; Petroleum Processing, 3, 1267-9 (1948) ; World 
Petroleum, 19, No. 13, 49-51 (1948)-C.A. 43, 841, 3180. 

257.5. Cesare Carola, Olii minerali, grassi e saponi, colori e 
vernici, 27, 82-4 (1950)-C.A. 45, 2658. 

258. Georges Carteret and Maurice Davaux, Er. pat. 573,407 
(1924)-C. 1925, I ,  2131. 

259. A. V. Caselli and A. C. Nixon to Shcll Dev. Co., (a)  U.S. 
pat. 2,258,279 (1941) ; (b) 2,270,667 (1942) ; (c) 9,285,- 
898 (1942)-C.A. 36, 893, 3954, 7295. 

260. L. J .  Catlin, Refiner Natural Gasoline Mfr., 7, No. 2, 
66-8 (1928) ; 9, No. 4, 67, No. 5, 95, KO. 6, 77, No. 7 .  
117, No. 8, 99 (1930)-C.A. 24, 5140. 

T\.. E. Catlin t o  L)II Pont ( ' I ) . .  P S. pat. 2,284,637 (1942) 
-C.A. 36, 6707. 
R. A. Cattell, H.  P. Kheeler, Jr., et al., U.S. Bur. Mines, 
Inform. Circ., 7358, 29 p. (1946)-C.A. 40, 6241. 
S. P .  Caulcp to Socony-Vac. Oil Co., (a)  U.S. pat. 
2,455,656 (1948) ; (b) 2,467,355 (1949) ; (c) 2,446,507 
(1948)-C.A. 43, 1557,6235, 8667. 
C. J .  Cavallito, J .  Biol. Chem., 164, 29-34 (1946)-C.A. 
41, 94. 
C. h1. Cawley and C. C. Hall, .J. Soc. Chem. Ind., 62, 
116-9 (1943)-C.A. 37, 6640. 
Cela Holding S. A., Brit. pat. 454,036 (1936)-C.A. 31, 
1658. 
Frederick Challenger, Ind. Chemist, 2, 445-8 (1926)- 
C.A. 21, 646. 
Frederick Challenger, John Haslam, and R. J. Bram- 
hall, J .  Inst. Petr. Technologists, 12, 106-134 (1926)- 
C.A. 20, 3560. 
Frederick Challenger, John Haslam, R. J. Bramhall, 
and James Walkden, Petroleum Times, 15, 289-90, 513-6 
(1926)-C.A. 20, 3231. 
Frederick Challenger and A. A. Rawlings, J .  Chem. Soc., 
1937,868-75-C.A. 31, 5321. 
C. F. Chandler, Ind. Eng. Chem., 4, 132-4 (1912)-C.A. 
6, 796. 
L. V. Chaney and A. E. Buell to Phillips Petroleum Co., 
U.S. pat. 2,111,487 (1938)-C.A. 32, 3951. 
L. V. Chaney and W. A. Schulze, U.S. pat. 1,998,863 
(1935)-C.A. 29, 4167. 
M. L. Chappell to S. 0 .  Co. of Calif., U.S. pat. 1,891,619 
(1932)-C.A. 27, 2028. 
M. L. Chappell and G. J .  Ziser to S. 0 .  Co. of Calif., U.S. 
pat. 1,741,555 (1929)-C.A. 24, 1209. 
ill. L. Chappell, G. J .  Ziser, and E. L. Moper to S. 0. 
Co. of Calif., U.S. pat. 1,672,304 (1928)-C.A. 22, 2661. 
W. M. Charch, M. RII. Brubaker, and F .  M. Meigs to 
Du Pont Co., U.S. pat. 2,098,542 (1937)-C.A. 32, 352. 
Joseph Chatt and F. G. Mann, J .  Chem. Soc., 1938, 1949- 
5 G C . A .  33, 2433. 
L. P. Chebotar to Tlie Tcxas Co., U.S. pat. 2,036,396 
(1936)-C.A. 30, 3626. 
H.  Cheftel, F.  Custot, and M. Nowak, Bull. soc. chim. 
France, 1949, 441-3-C.A. 43, 8957. 
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3353. 
('hein. E'ahr. \.or1 Heytlcn \\ altcr Ollie 1 .  (;cr. pat. 550.- 
685 ( 192s l-C.,I. 26, 482s 
T. Cherchez, hlon. pttrolc rouiiiain, 1946, 230-1; Cliimie 
& industrie, 57, 569 (1947)-C.A. 12, 2749. 
C. Cherry, U.S. pat. 15,642 (1856). 
J. K. Chowdhury and R. C. Bagclii, J. Indian Cliem. Soc., 
5, 11 1-25 (1928)-C.A. 22, 3981. 
J. K. Chowdhury and S. C. Das, J. Indian Cliem. Soc., 
7, 379400 (1930). 
J. C. Clancey, Can. pat. 215,380, 215,386, 215,387 (1922) ; 
U.S. pat. 1,423,710, 1,423,711, 1,423,712 (1922)-C..i. 16, 
1148. 3202. 
E. Clark, U.S. pat. 232,685 (1880). 
L. A. Clarke to The Texas Co., (a)  U.S. pat. 1,974,805 
(1934) ; (b) 2,131,999 (1938)-C.A. 28, 7516; 33, 368. 
R.  G. Clarkson and C. J .  Pedersen to Du Pont Co., ITS. 
pat. 2,054,282 (1936)-C.A. 30, 7731. 
A. Claus, Ber., 8, 530-3 (1875). 
F. G. Claussen and G. T .  B. Cobbett, Brit. pat. 15,593 
of 1907. 
G. Claxton and \Y. H.  Hoffert, J. Soc. Chern. Ind., 65, 
333-41, 3 4 1 4  (1946)-C.A. 41, 1577. 
J .  0 .  Clayton and D .  H. Etzler, J. Am. Chem. Soc., 69, 
973-5 (1947) -C.A. 41,4096. 
I,. IT, Clernence and hl.  T.  Leffler, J. Am. Chem. Soc., 
70, 243940 ( 1 9 4 8 ) C . A .  42.8154. 
L. IT. Clemence and 31. T. Leffler to hbbott Laboratories, 
U.S. pat. 2,510.738, 2,510,739, 2,510,740 (1950)-C.A. 
45, 175. 
A. 31. Clifford to Goodyear Tire Co., Can. pat. 321,453 
( 1932)-C.A. 26, 3264. 
Oscar Codier to Bennett-Clark Co., U.S. pat. 2,042,056 
(1936)-C.A. 30, 5024. 
S. G. Coheri arid D. B. Sparrow, J. Polymer Sci., 3, 693- 
703 (1948)-C.A. 13, 8199. 
A. E. Cole, J. Phnrinacol., 54, 445-53 (1935)-C.A. 30, 
1443. 
R. M. Cole to Shell Dcv. Co., (a) U.S. pat. 2,392,579 
(1946) ; (b) 2,394,751 (1946) ; (c) 2,413,312 (1946) ; 
(d) 2,431,920 (1947)-C.A. 40, 1024, 2468; 41, 1423; 42, 
6107. 
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301. R. 11. Colc nn(l D L) Dn\itl-on. In11 Eng. Clicm. 41. 
2711-15 11949)-C.A 44.2216 

302. T. F .  Colin, ( a )  T.S pat. 007.017 (1898) , (b) 685,907 
(1901) ; (c) 744,720 (1903). 

303. T .  F. Colin and 0 .  P Amend, C.S. pat. 723,368 (1903). 
304. G. Collin, T .  P.  Hilditch, P.  Marsh, and A. F. AlcLeod, 

J. Soc. Chem. Ind., 52,272-5T (1933)-C.A. 28, 1984. 
305. A. M. Collins to Du Pont Co., U.S. pat. 2,351,108 (1944) 

-C.A. 38, 5338. 
306. J. H. Collins, Petroleurn TTorld, 37, No. 1, 43 (1940). 
307. R. A. Collins to Hercules Powder Co., US.  pat. 2,409,614 

(1946)-C.A. 41, 608. 
308. SaImen Comay to C. 0. Prodts. C o ,  r . S .  pat. 2,045,262 

(1936)-C.A. 30, 5778. 
309. Compagnie f ran~ais  de raffinage, (a)  Fr. pat. 859,311 

(1940) ; (b) Brit. pat. 668,089 (1952)-C.A. 42, 3559; 
46, 7756. 

. 310. Compagnie gknkrale industrielle, Fr. pat. 644,281 (1927) 
-C.A. 23, 1748. 

311. Compagnie des Mines de Vicoigne, Noeux et Drocourt, 
Fr. pat. 691,118 (1929)-C.A. 25, 1068. 

312. J. B. Conant and A. H .  Blatt, J. Am. Chem. Soc., 50, 
542-50, 551-8 (1928)-C.A. 22, 943, 941. 

312.5. \I7. R. Conard and C. E. Best to Firestone Tire & Rubber 
Co., U.S. Pat. Appl. 96,832 (1952)-C.A. 47, 1981. 

313. A. L. Conn and C. TI7. Brackin, Ind. Eng. Chem., 41, 1717 
(1949). 

314. &I. \T. Conn, (a )  Oil Gas J., 39, No. 24, 10, 12, 15, 17 
(1940) ; (b) Refiner Natural Gasoline Rlfr., 20, 77-85 
(1941)-C.A. 3.5, 2307, 3422. 

315. 31 n- Conn to Pliillips Yetroleuin Co., U.S. pat. 2,355,366 
(1944)-C.A. 38, 6543. 

316. G. C. Co~lnolly to S. 0. Dev. Co., U.S. pat. 2,324,066, 
2,324,067 (1943)-C.A. 38,246. 

317. J .  P. Conrad, ,J. Am. Soc. Agron., 33, 3 7 4 6  (1941)-C.A. 
35, 2257. 

318. R.  H. Cook, Petroleum Eng., 2, So .  4, 163-5 (1931)- 
C.*I. 25< 13c)1. 

318 5. A. C. Col~e and Eugcne Farkas, ,J. Org. Clrein., 19, 385- 
(1951)-C A. 49, 1511. 

319. B. B Cor-crn and (; S. hlonroc to IT. (1. Protlts. Co., U.S. 
pat. 2,298,346, 2,298,347 (1912)-C.A. 37, 1860. 

320. E. Courant and V von Richter, Ber., IS, 3178-80 (1885). 
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W. A. Craig to Richfield Oil Co. of Calif., U.S. pat. 
2,080,654 (1937)-C.A. 31, 5149. 
Mr. A. Craig to Vapor Treating Processes, Inc., U.S. pat. 
2,104,791 (1938)-C.A. 32, 1918. 
W. A. Craig and P. C. Rich to Richfield Oil Co., (a) U.S. 
pat. 2,222,170 (1940) ; (b) 2,297,537 (1942)-C.A. 35, 
1982; 37, 1858. 
G. S. Crandall, R. S. George, and E. M. Nygaard, U.S. 
pat. 2,328,709 (1943)-C.A. 38, 1247. 
R. W. Crary and M. M. Holm, Ind. Eng. Chem., 29, 
1389-92 (1937)-C.A. 32, 1437. 
Blick Crawley and R. H. Griffith, J .  Chem. Soc., 1938, 
720-3, 20344-C.A. 32, 6138; 33, 3243. 
R. H. Crosby and B. R. Carney, Petroleum Z., 30, hTo. 11, 
5-6 (1934)-C.A. 28,4873. 
Roy Cross, (a)  Brit. pat. 227,084 (1923) ; (b) U.S. pat. 
1,515,733 (1924); (c) 1,587,491 (1926); (d) 1,623,018 
(1927) ; (e) 1,654,581 (1928)-C.A. 19, 2126, 397; 20, 
2410; 21, 1704; 22, 1037. 
Roy Cross to Cross Dev. Corp., (a) U.S. pat. 1,760,585 
(1930) ; (b) 1,882,000 (1932)PC.A. 24,3638; 27, 593. 
Roy Cross to Cross Dev. Corp., (a)  U.S. pat. 1,718,218 
(1929) ; (b) 1,816,827 (1931) ; (c) 1,817,969 (1931) ; (d) 
1,840,158 (1932)-C.A. 23,4060; 25, 5552; 26, 1433. 
Roy Cross to Cross Dev. Corp., U.S. pat. 1,782,808 (1930) ; 
1,836,577 (1931)-C.A. 25, 411 ; 26, 1111. 
Roy Cross to Cross Dev. Corp., U.S. pat. 1,805,686 (1931) ; 
1,859,027, 1,859,028, 1,865,235 (1932)-C.A. 25, 3819; 
26, 3912, 3913,4465. 
W. W. Crouch to Phillips Pct. Co., U.S. pat. 2,421,545 
(1947)-C.A. 41, 5544. 
T. 16'. Culmer to Lincoln Oil Refg. Co., (a)  U.S. pat. 
1,772,985 (1930) ; (b) 1,899,314 (1933)hC.A. 24, 5146; 
27, 3066. 
G. ITT. Cupit, Jr. ,  Refiner Natural Gasoline Mfr., 7, No. 4, 
69-71 (1928)-C.A. 22, 2657. 
H.  T. Darlington to Oil Corp. of America, (a) U.S. pat. 
1,944,170 (1934); (b) 1,944,877 (1934)-C.A. 28, 2176, 
2517. 
M. S. Darrow and L. S. Swecney, U.S. pat. 1,903,094 
(1933) -C.A. 27, 3323. 
JV. Davey, J .  Inst. Petroleum, 33, 527-30 (1947)-C.A. 
42, 2755. 
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338. Sorman Dayidson an(\ 13. (2 .  Bro~vn. .J. -4m. Cl~em. Soc., 
61. 316-24 (1942)-(:.A. 30: 1836. 

339. R .  C. Dayidson, Petroleum Refiner, 26, No. 9, 663-72 
(1947)-C.A. 3-3, 9138. 

310. E. R. H.  Davies and J. IFT. Armstrong, .J. Inst. Petroleum, 
29, 323-8 (1943 j-C.A. 38, 2481. 

341. G. H. B. Davis to Standard-I. G. Co., U.S. pat. 2,042,298 
(1936)-C.A. 30, 5023. 

342. J .  T. Davis, U.S. pat. 671,078 (1901). 
343. 0 .  L. Davis and A. C. Nixon to Shell Dev. Co., U.S. pat. 

2,364,582 (1944) ; 2,411,083 (1946)-C.A. 39, 4469; 41, 
1083. 

344. R. F. Davis to S. 0 .  Co. of Calif., U.S. pat. 1,551,806 
(1925)-C.A. 19, 3372. 

345. R. F. Davis to U. 0 .  Prodts. Co., U.S. pat. 1,980,189 
(1934)-C.A. 29, 332. 

346. W. N. Davis and IT7. H. Hampton to S. 0. Co. of Calif., 
Brit. pat. 301,450 (1927) ; U.S. pat. 1,977,717 (1934)- 
C.A. 23,4060; 29, 322. 

347. R. N. Davis, W. H. Hampton, and E. N. Klemgard to 
S. 0. Co. of Calif., U.S. pat. 1,705,809 (1929)-C.A. 23, 
2290. 

348. JV. N. Davis and M. M. Holm to S. 0. Co. of Calif., U.S. 
pat. 2,013,203 (1935)-C.A. 29, 7062. 

349. C. A. Day, Jr., to Richfield Oil Corp., U.S. pat. 2,084,575 
(1937)-C.A. 31, 5994. 

350. D. T. Day, (a)  U.S. pat. 826,089 (1906) ; 1,004,632 
(1911); (b)  1,365,894 (1921); (c) 1,411,237 (1922)- 
C.A. 1, 117; 6, 292; 15,944; 16, 1863. 

351. R.  B. Day to U. 0 .  Prodts. Co., (a)  U.S. pat. 1,970,284 
(1934); (b) 1,970,281, 1,970,282, 1,970,283 (1934); 
2,058,958 (1936) ; (c) 2,001,185 (1935)-C.A. 28, 6295; 
31, 249; 29, 4572. 

352. R. B. Day to U. 0 .  Prodts. Co., (a) U.S. pat. 2,029,757 
(1936) ; (b) 2,055,027 (1936) ; (c) 2,063,491 (1936) ; (d) 
2,189,058 (1940)-C.A. 30, 1991, 7835; 31, 846; 34, 
4562. 

353. R. B. Day to U. 0. Prodts. Co., U.S. pat. 1,920,247, 
1,920,248 (1933)-C.A. 27, 4916. 

354. R. B. Day to U. 0 .  Prodts. Co., U.S. pat. 1,937,873 
(1933) ; 2,001,185 (1935) ; 2,063,082 (1936) ; Brit. pat. 
409,901 (1934)-C.A. 28, 1179; 29, 4572; 30, 7835; 28, 
6295. 

I. 



l< 13. 1 1 : ~ ~  to 1- 0 Prc111tk. ('11.. (:I I 1- > 11at. 1.048.50.; 
t 1934) , I b 2.051,939 11936)-C'..A. 38. 2891. 30. 6938 
I\-. ('. Davliliff to S. 0. ('0. o f  ('all1 . T7.h pat. 2.322.617 
( 1933)-('.-4. -?A', 242. 
R .  I>cail, U.S. pat. 342,500 (1886). 
Ronlolo de Fazi, Brit. pat. 17,030 of 1909; 27,679 of 1911; 
Fr. pat. 451,382 (1912) ; Ger. pat. 269,348 (1912)-,J. 
Soc. Chem. Ind., 24, 999 (1910) ; C.A. 8, 1871; 7, 3312; 
8, 2059. 
Romolo de Fazi, Brit. pat. 25,496 of 191 1 ; U.S. pat. 
1,108,351 (1914)-C.A. 7, 1607; 8, 3500. 
Melvin De Groote to Tretolite Co., U.S. pat. 1,844,883 
(1932)-C.A. 26, 2047. 
,Julius Delinst, Ger. pat. 178,771 (lC)O.i) ; C.S. pat. 1,112.- 
602 (1914)-C.A. 1, 2201; 8, 3856. 
Christian Deichler and Rudolf Lesser, Ger. pat. 160,717 
(1905)-C. 1905, 11, 731. 
F .  T. G. Delbridge, Natl. Petr. News, 22, No. 35, 40-1 
(1930). 
Marcel Delepine and Simon Eschenbrenner, Bull. soc. 
chim., [4] 33, 703-11 (1923)-C.A. 17, 3161. 
Eug6ne Demar~ay,  Bull. soc. cllim., [2] 20, 132-3 (1873). 
H. D.  Demoulins and F.  H. Garner, Brit. pat. 216,918 
(1923)-C.A. 29, 397. 
H. J .  Deinpsey to S. 0 .  Dcv. Co., U.S. pat. 2,320,223 
(1943) -C.A. 37, 6885. 
G. Deniges. Compt. rend., 108, 350-1 (1889). 
G. H. Denison, Jr., Ind. Eng. Chcm., 36, 377-82 (1944)- 
C.A. 38, 3461. 
R. Denkelwater, AI .  A. Cook, and 111. Tishler, Science. 
102, 12 (1945)-C.A. 39, 3809. 
C. F .  Denney, U.S. pat. 2,105,523 (1938)-C.A. 32, 2334. 
E. R. de Ong, Ind. Eng. Chem., 22, 8 3 6 9  (1930)-C.A. 
24, 4888. 
T.  L. De Pastrovich, Riv. ital. petrol., 10, No. 1, 15-22 
(1942)-C.A. 38, 3464. 
G. F. De Riddcr to Shell Dev. Co., U.S. pat. 2,356,980 
(19.1.1)-C.A. 39, 411. 
Martin DeSimo and A. P. Brady to Shell Dev. Co., U.S. 
pat. 2,168,256 (1939)-C.A. 33, 9324. 
J .  J .  B. Deuss, Rec. trav. chim., 27, 145-8 (1908) ; ibid., 
28, 1 3 W 1  (1909)-C.A. 2, 2552; 3, 1746. 
Deutsche Gold-u. Silber-Scheidcanstalt vorm Roessler, Fr. 
pat. 711,046, 71 1,520 (1931)-C.A. 26, 1756, 2047. 

Rcrrr.tioir c o f  -1lcrccrptnns 
- 

189 

378. Dcut~c.11~ Pctloleun~ A4. (: . ( ;PI , .  pat. 464.253 11928)- 
C. 1928, 11, 1513. 

378.5. L. T. Derol and n'. .J. Ayres to Tide TT-ater Assoc. Oil 
Co., C.S. pat. 2,508,817 (1950)-C.A. 46, 2288. 

379. S. J .  Dickey, U.S. pat. 1,949,786 (1934)-C.A. 28, 2891. 
380. N. A. Dietrick and C. J. Pedersen to Du Pont Co., U.S. 

pat. 2,411,958, 2,411,959 (1946)-C.A. 41, 1084. 
381. S. H.  Diggs, Ind. Eng. Chem., 20, 1 6 7  (1928)-C.A. 22, 

1032. 
382. S. H. Diggs, J .  &I. McGee, and T. S. Cooke to S. 0 .  Co. 

of Ind., U.S. pat. 1,858,394 (1932)-C.A. -36, 3913. 
383. IV. ,J. D. van Dijck to Shell Dev. Co., U.S. pat. 2,160,607 

( 1 9 3 9 ) C . h .  33, 7537. 
384. R.  A. Dincrstein, J .  Am. Chem. Soc., 73, 1357 (1951)- 

C.A. 45,9483. 
385. G. IT. Dinneen, C. W. Bailey, .J. R .  Smith, 2nd J .  S. Ball, 

Anal. Chem., 19, 992-8 (1947)-C.A. 42, 3941. 
386. Peter von Ditmar, U.S. pat. 1,448,643 (1923) ; Brit. pat. 

191.037 (1922)-C.A. 17, 1886; C. 1923, 11, 1131. 
387. Egbert Dittrich, (a )  Brennstoff-Chem., 14, 2 8 3 4  (1933) ; 

ibid., 15, 14&9 (1934) ; ibl ibid., 20, 34&9 (1939)-C.A. 
27, 5933; 28, 5806; 34, 7779. 

388. Leonard Dobbin, ,J. Chem. Soe., 57, 641 (1890). 
389. F. J .  Dobrovolny to Roessler and Hasslacher Chem. Co., 

U.S. pat. 1,905,817 (1933)-C.A. 27, 3542. 
390. C. E. Dolbear to Philip Wiseman, P.  K. Wiseman, and 

C. E. Dolbear as Trustees, (a)  U.S. pat. 2,034,712 (1936) ; 
(b)  2,090,190 11937) ; ic) 2,221.183 (1940)-C.A. 30, 
3215; ?I, 7239; 35, 1982. 

391. C. E. Dolbear and Philip MTiseman, U.S. pat. 2,154,424 
(1939)-C.A. 33, 5641. 

392. B. F. Dooley, .Tr., to Thc Texas Co., U.S. pat. 1,926,515 
(1933) ; 2,022,558 (1935)-C.A. -37, 5961; 30, 851. 

393. A. B. Doran to Dorex Corp., U.S. pat. 2,314,576 (1943)- 
C.A. 37, 5581. 

394. .I. L. Dorman to Basic Patents Corp., U.S. pat. 1,828,733 
(1931 )-C.A. 26, 839. 

395. I. B. Douglass and T.  13. Jolinson, ,J. Am. Cl~cm. Soc., 60, 
13869 (1938)-C.A. 32, 5777. 

396. D. B. Dow, Bur. of Mines, Repts. of Investigations, No. 
2191, 4 p. (1920) ; KO. -3462. 13 p. (1923) ; Natl. Petro- 
leum News, 15, No. 20, 99-111 11920)-C.A. 16, 1313; 
17,2638,2360. 



Orgctnic Chemistry of Bivalent Sulfur 

Dow Chem. Co., Brit. pat. 401,210 (19331-C.A. 28, 
2363. 
W. F.  Downs, U.S. pat. 1,568,812, 1,568,813 (1926)-C.A. 
20, 661. 
T .  Drake, U.S. pat. 471,963 (1892). 
J .  E. Drapeau to Glidden Co., U.S. pat. 2,115,063 (1938) 
-C.A. 32, 4766. 
Eugen Dreher and Robert Otto, Ann., 154, 178-82 (1870). 
H .  E. Drennan to Phillips Petroleum Co., (a )  U.S. pat. 
2,300,877 (1942) ; (b)  2,408,920 (1946) ; 2,422,826 (1947) ; 
(c)  2,452,040 (1948)-C.A. 37, 2554; 41, 772, 6274; 43, 
2423. 
A. M. Drummond and D. T.  Gibson, J .  Chem. Soc., 1926, 
3073-7-C.A. 21,908. 
C. P. Dubbs to U. 0 .  Prodts. Co., U.S. pat. 1,787,570 
(1931)-C.A. 25, 808. 
J .  A. Dubbs, (a) U.S. pat. 407,182 (1889) ; (b) 470,911 
( 1892) . 
P. F. D.  Dubois, Fr. pat. 757,379 (1933)-C.A. 28, 2880. 
Ren6 Dubrisay, Ann. combustibles liquides, 8, 8 7 1 4  
(1933)eC.A. 28, 621. 
J .  V. Dubsky, A. Okac, B. Okac, and J .  Tritilek, Chem 
Obzor, 9, 1733,  189-91 (Eng. 191) (1934)-C.A. 29, 
2875. 
A. M. Duckham and J. S. Morgan, U.S. pat. 1,527,847 
(1925) ; 1,568,886 (1926)-C.A. 19, 1357; 20, 659. 
A. P.  Dumesny, Fr. pat. 845,453 (1939)-C.A. 35, 1062. 
W. E. Duncan and Emil Ott, J .  Am. Chem. Soc., 53, 
3940-9 (1931) ; 54, 4463 (1932)-C.A. 26, 390; 27, 35. 
W. E.  Duncan, Emil Ott, and E. E .  Reid, Ind. Eng. Chem., 
23, 3 8 1 4  (1931)-C.A. 25, 2381. 
H. V. Dunham, U.S. pat. 1,324,649 (1919)-C.A. 14, 470. 
R.  A. Dunham, U.S. pat. 1,982,577 (1934)-C.A. 29, 595. 
C. L. Dunn to Shell Dev. Co., U.S. pat. 2,285,696 (1940) 
-C.A. 36, 7295. 
A. E. Dunstan, J .  Soc. Chem. Ind., 39, 290A; Petroleum 
Times, 11, 63-5 (19211 ; J. Inst. Pet. Tech., 10. 51-82, 
201-5 (1924) ; Chem. Weekbld., 21, 193-9 (1924) ; Mon. 
petrole Roumain, 25, 29-33 (1925)-C.A. 18, 749, 1563, 
2072; 19, 1343. 
A. E .  Dunstan, (a)  Oil Gas J., 27, KO. 30, 138-9 (1928) ; 
(b) ibid., No. 42, 169, 175 (1929) ; (c)  Fuel Sci. Pract., 
8, 441456 (1931)-C.A. 23, 1742, 3335, 5563. 

A. E. Dunstan, Austrian pat. S7,805 (1922) ; Brit. pat. 
139,233 (1918) ; 184,281 11921) ; 201,233,201,078 (1922) ; 
U.S. pat. 1,435,821 (1922) ; 1,492,969 (1924) ; 1,549,469, 
1,552,830 (1925)-C. 1922, IV, 909; C.A. 14, 2079; 17, 
206 ; 18,325,899 ; 17,467 ; 18, 2072 ; 19,3013,3586. 
A. E. Dunstan, Brit. pat. 119,751 (1917) ; 204,078 (1922) 
-C.A. 13,259; 18, 899. 
A. E. Dunstan to Anglo Iranian Oil Co., Ltd., U.S. pat. 
1,999,041 (1935)-C.A. 29, 4164. 
A. E.  Dunstan and B. T. Brooks, Oil Gas J., 21, No. 16, 
14 (1922) ; Petr. Times, 8, 424 (1922) ; Petr. World, 19, 
428 (1922); Ind. Eng. Chem., 14, 1112-5 (1922)-C.A. 
17, 205. 
A. E .  Dunstan and F.  B. Xleadhurst, Brit. pat. 186,955 
(1921)-C.A. 17, 1137. 
A. E. Dunstan and F. G. P.  Remfry, Brit. pat. 190,553 
(1921)-C.A. 17, 2955. 
A. E. Dunstan and F .  B. Thole, Oil Gas J., 28, No. 1, 190, 
1 9 4 5  (1929)-C.A. 23,4054. 
A. E. Dunstan and F .  B. Thole, U.S. pat. 1,457,656 (1923) 
-C.A. 17, 2499. 
A. E. Dunstan, F. R. Thole, and F .  G. P. Remfry, J. Soc. 
Chem. Ind., 43, 179-88T (1924)-C.A. 18, 2802. 
F.  I .  Du Pont, U.S. pat. 1,609,349 (1926)-C.A. 21, 317. 
E. I .  du Pont de Nemours & Co., (a)  Brit. pat. 424,572 
(1935) ; (b) 473,292 (1937) ; (c) Fr. pat. 821,580 (1937) 
-C.A. 29, 5216; 32, 3061, 3766. 
C. G. Dyer and Charles Wirth, 111, to U. 0 .  Prodts. Co., 
U.S. pat. 2,297,751 (1942)-C.A. 37, 1859. 
LeRoy Eabey, Oil Gas J., 40, No. 37, 25-7 (1942)-C.A. 
36, 4699; 37, 5228. 
R. L. Eager and C. A. Winkler, Can. J .  Research, 26B, 
52740 (1948)-C.A. 43, 120. 
DuBois Eastman to The Texas Co., U.S. pat. 2,395,806 
(1946)-C.A. 40,2619. 
L. T.  Eby to S. 0 .  Dev. Co., U.S. pat, 2,382,700 (1945)- 
C.A. 40, 723. 
0. Eckart, Seifensieder-Ztg., 54, 82-3 (1927). 
Lazar Edeleanu, U.S. pat. 911,553 (1909); Brit. pat. 
11,140 of 1908-C.A. 3, 1082, 1213. 
Lazar Edeleanu to Edeleanu-G. m. b. H., U.S. pat. 
1,776,752 (1930)-C.A. 24, 5475. 
Lazar Edeleanu and W. Hess, U.S. pat. 1,526,665 (1925) 
-C.A. 19, 1345. 



Organic. C?hemi.stry of Bi~,nlrnt  S~rlfur 
- - 

E ~ ~ o ~ ( ~ : ~ I I L I - ~ ~ .  11,. I ) .  1-1.. ( i v y ,  l ~ t .  670. 590 (193?-C'.:\. .?.?, 

6581. 
H:il.olcl Erlc~ll~ot.l\, Ephl.;iilrr Eintr11alsl;i. R .  11. 3layhury, 
I\-. I,. Huglle?, .lr., :lnd J .  'I'. Edsnll, J .  Anl. Clieln. Soc., 
75. .5058-72 (1953 1-C.A. 38, 1123. 
E. A. Edwards, U.S. pat. 439,745 (1890). 
J .  E.  Eggleston to S. 0. Co., U.S. pat. 908,400 (1908) ; 
1,018,040 (1912)-C.A. 6, 930. 
Gustav Egloff to fi. 0. Prodts. Co., (a)  U.S. pat. 1,703,- 
616 (1929) ; (b) 1,954,867 (1934) ; 2,291,886 (1942) ; 
(c j 1,960,624 ( 1934) ; id) 1,962,182 (1934) ; (e) 2,009,879 
(1935)-C.A. 23, 2030; 28, 3886; 37, 1259; 28, 4589, 
4897; 29, 6114. 
Gustav Egloff to C. 0. Prodts. Co., (a) U.S. pat. 1,575,- 
905 (1926); (b)  1,803,964 (1931); (c )  2,325,115 (1943) 
-C.A. 20, 1514; 25, 3822; 38, 642. 
Gustav Egloff and H. P. Benner, (a)  U.S. pat. 1,535,653 
(1925) ; ( b )  1,569,855 (1926) ; (c )  1,608,089 (1926)-C.A. 
19, 1944; 20, 817; 21, 318. 
Gustav Egloff and C~. D. Lowry, Jr., Ind. Eng. Chem., 20, 
83943 (1928)-C.A. 22, 3520. 
Gust'av Egloff, C. D. Lowry, Jr., and Paul Truesdell, 
Natl. Pet,roleum News, 22, No. 24, 41-3; No. 25, 69-72; 
No. 26, 79-80 (1930) ; Petroleum Z., 26, 919-27 (1930) 
-C.A. 24, 5473. 
Gustav Egloff and J .  C. Morrell, (a )  Chein. Met. Eng., 
28, 633-5 (1923) ; (b)  Oil Age, 20, No. 5, 27-8 (1923) ; 
(c)  Oil Gas J . ,  25, Xo. 39, 140-1 (1927)-C.A. 17, 2046; 
18, 324; 21, 1543. 
Gustav Egloff and .J. C. hlorrell, (a) Refiner Natural 
Gasoline Mfr., 2, Ko. 7, 5-7, 11-8 (1923) ; (b) Petroleum 
Times, 17,777-8 (1927) ; ( c )  Petroleum, 24,303-7 (1928). 
Gust,av Egloff and J .  C. Morrell to U. 0. Prodts. Co., 
(a)  U.8. pat. 1,733,656 (1929) ; (b) 2,040,366 (1936) ; 
(c)  2,057,424 (1936) ; (d) 2,063,494 (1936)-C.A. 24, 
495 ; 30, 4660, 8596; 31, 846. 
Gustav Egloff and J .  C. hlorrell to U. 0. Prodts. Co., 
(a)  U.S. pat. 1,725,068 (1929) ; (b) 1,969,302 (1934) ; 
( C  j 1,988,114 (1935) ; (d) 1,997,861 (1935)-C.A. 23, 
4814; 28, 6295; 29, 1618, 3818. 
Gust,av Egloff, J .  C. RIorrell, IT'. L. Benedict', and Charles 
Wirth, 111, Ind. Eng. Chem., 27, 323-9 (1935)-C.A. 39, 
27 16. 

Rcnction..; of Jfcl.ccrptnns 
-- ~- ~- ~ 103 -- - 

450. 1.1. vo11 E i ~ l ~ ~ \ ~ a l ~ l .  (;(,I , .  1 1 ~ t 1 .  .:1j1),02S; I-.,<. 1):it. 1,5.50.523 
1 92.5 -C-' .:I. .?(I. 108. 

4.1. .I. S. Eigcnson all(/ E. P. ' ~ O ~ I O ~ O T . : ~ .  SC~'~J.:III(IC Khoz., 26: 
KO. 2, 47-9 ( 1948)-C,.A. 42, 7513. 

452. J .  C. Elgin, Ind. Eng. Cllein., 22, 1290-3 (1930)-C.A. 25, 
1663. 

453. J. C. Elgin, G. H. Wilder, and H .  S. Taylor, Ind. Eng. 
Chem., 22, 128490 (1930)-C.A. 25, 1663. 

454. L. P.  Elliott and M. H. Holm to Calif. Research Corp., 
U.S. pat. 2,440,258 (1948)-C.A. 42, 8456. 

455. Carleton Ellis and J. V. Meigs, Gasoline and Other Motor 
Fuels, D. Van Nostrand Co., New 170rk, 1921 

456. Carlcton Ellis, T. C. IThitner, and IT. V. Kccgan to S. 0. 
Dev. Co., P.S. pat. 2,255,417 (1941)--C.A. 36, 648. 

456.5. E. \V. Ellis and Thomas Barker, Anal. Chem., 23, 1777-9 
(1951)-C.A. 46, 2964. 

457. J.  Ellis and E. C. Kattell, U.S. pat. 63,789 (1867). 
458. L. M. Ellis, Jr., and E.  E. Reid, (a)  J. Am. Chem. Soc., 

54, 167447 (1932) ; (b)  Read before the Petroleum Divi- 
sion A. C. S. Kansas City, April 1936-C.A. 26, 2697. 

459. P.  TV. Emery, hTatl. Petr. News, 32, No. 34, R 302-3 
( 1940) . 

460. A. F. Endres to S. 0. of Ind., U.S. pat. 1,996,236, 2,022,847 
(193.5)-C.A. 29, 3509; 30, 851. 

461. \Ti. F. Engel to N. V. de Bataafsche, Dutcli pat. 61,745 
(1948) -C.A. 43, 390. 

462. E. F. Engelke, V.S. pat. 1,986,565 (1935)-C.A. 29, 1238. 
463. C. Englcr, Dingier's Poly. J . ,  2-50, 316-321 11883). 
464. C. Engler and H. Broniato~vski, Bcr., 37, 3274-6 (1904). 
465. C. Engler and L. Ubbelollde, Z. angerv. Clleln., 26, 177-78 

(1913)-C.A. 7.  2299. 
466. B. A. Englln, Geftyanoe Iilloz., 1939, S o .  8, 3U0--C.A. 

34, 3483. 
467. B. A. Englin and 1'. T. Brazhnikov, Novosti Tekniki, 

1939, No. 35-6, 26-7; Vostochnaya Neft, 1939, No. 4 5 ,  
49-55; Kliiin. Keferat. Zhur., 1930, No. 6, I l 6 C . A .  34, 
4893; 36, 5339. 

468. 0. L. Erdmann, J.  prakt. Chem., 34, 447 (1845). 
469. Erdol- u. Kolllc-Terwtung A.-G., Ger. pat. 469,228 

(1928)-C. 1929, I .  2850. 
470. C. Erkstrand, U.S. pat. 1,388,415 (1921)-C.A. 15, 4048. 
471. Emil Erlenmeyer, Zeit. f. Chemie, 1861, 660. 
472. Emil Erlenmeyer and Lisenko, Jahresb., 1861, 590. 



194 Organic Chemistry of Biz'ulcnt Sulfur 

473. Erilil Erlci~n~cvcr ant1 J .  9. n'anlilpn, .Inn., 135, 129-51 
(1865). 

474. J. C. Ernest to AIid-\\7cst Refincries, Inc., U.S. pat. 2,421,- 
320 (1947)-C.A. 41, 7104. 

475. Ferd Escherich, Bruno Pretzsch and Otto Danguillier, 
Ger. pat. 392,206 (1924)-C. 1924, I ,  2655. 

476. R. H. Espach and 0 .  C. Blade, Bur. Mines, Tech. Paper, 
513, 22 p. (1931)-C.A. 26, 1106. 

477. E. V. Evans, U.S. pat. 1,257,829 (1918)-C.A. 12, 994. 
478. E. V. Evans and So. Metropolitan Gas Co., Brit. pat. 

22.147 of 1914; Fr. pat. 480,129 (1916)-C. A. 10, 1266; 
11; 1296. 

479. 0 .  B. Evans, Gas Record, 15,215-6 (1919) ; Gas Age, 43, 
475-6 (1919)-C.A. 13, 1380. 

480. R.  L. Evans and E. G. McDonough, Brit. pat. 521,240 
(1940)-C.A. 36, 1144. 

481. T. W. Evans and W. M. Dehn, J .  Am. Chem. Soc., 52, 
3645-7 (1930)-C.A. 24, 5028. 

482. B. L. Evering, A. P .  Lien, and J. M. Page, Jr., to S. 0. Co. 
of Ind., U.S. pat. 2,450,588 (1948)-C.A. 44, 2228. 

483. W. L. Evers to Socony-Vac. Oil Co., U.S. pat. 2,088,193 
(1937)-C.A. 31, 6867. 

484. L. M. Fanning, Oil Gas J., 24, No. 19, 352 (1925). 
485. W. F. Faragher, J. C. Morrell, and S. Comay, Ind. Eng. 

Chem., 20, 527-32 (1928)-C.A. 22,2459. 
486. W. F. Faragher, J .  C. Morrell, and G. S. Monroe, (a)  Ind. 

Eng. Chem., 19, 12814 (1927); (b) ibid., 1647-C.A. 
22, 2266. 

487. M. W. Farlow, Madison Hunt, C. M. Langkammerer, 
W. A. Lazier, TT. J .  Peppel, and F. K. Signaigo, J. Am. 
Chem. Soc., 70, 13924 (1948)-C.A. 42, 5420. 

488. E. H. Farmer and F .  W. Shipley, J .  Chem. Soc., 1947, 
1519-32-C.A. 43, 995. 

489. A. Farrar, (a )  U.S. pat. 96,097 (1869) ; (b) 100,876 
(1870) ; (c) 129,014 (1872). 

490. Heinrich Fasbender, Ber., 21, 1470-2 (1888). 
491. H. W. Faucett and T.  McGowan, U.S. pat. 133,425 (1872). 
492. C. B. Faught, (a)  Refiner Natural Gasoline Mfr., 10, No. 

4, 179; No. 5, 70 (1931) ; (b) ibid., 11, No. 4,272 (1932) 
-C.A. 25, 4112; 26, 3097. 

493. E.  W. M. Fawcett and E.  S. Narracott to Anglo-Iranian 
Oil Co., U.S. pat. 2,389,659 (1945)-C.A. 40, 1531. 

493.5. C. F. Feasley to Socony-Vac. Oil Co., U.S. pat. 2,502,001 
(1950)-C.A. 44, 6617. 

Fritz Feigl, Rlikrochemie, 15. 1-8 (1934)-C.A. 28, 6393. 
Fritz Feigl and G. F. Dacorso, lLlinistCrio agr., Dept. 
nacl. produ~ao mineral., Lab. producao mineral. (Brazil), 
Bol. No. 5, 147-58 (1942)-C.A. 38, 2585. 
Benjamin Feiner, W. J .  Burke, and Samuel Moskowitz, 
J .  Ind. Hyg. Toxicol., 28, 276-7 (1946)-C.A. 41, 1577. 
E.  Ferber, Z. angew. Chem., 41, 680-2 (1928)-C.A. 22, 
4237. 
L. C. Fetterly to Shell Dev. Co., U.S. pat. 2,426,087, 
2,432,301 (1947) ; 2,451,817 (1948) ; 2,472,473 (1949) ; 
2,557,643 (1951)eC.A. 41, 7100; 43, 1793, 7223; 45, 
8214. 
H. TV. Field, Natl. Pet. News, 33, No. 40, R316-8 (1941) ; 
Refiner Nat. Gasoline Mfr., 20,419-21 (1941) ; Oil Gas J., 
40, No. 20, 40, 41 (1941)-C.A. 36, 1474, 4699. 
J. D. Fields, (a) U.S. pat. 1,864,687 (1932) ; 1,864,719 
(1932) ; 1,983,220 (1934) ; 2,027,770 (1936) ; (b) 2,024,- 
968 (1935)-C.A. 26, 4464; 29, 589; 30, 1554, 1224. 
J. Fielschmidt and T. L. Cantrell, Refiner, 9, No. 2, 97 
(1930) -C.A. 24, 5 145. 
J .  G. Fife, (a)  Brit. pat. 527,509 (1940) ; (b) 563,930 
(1944)-C.A. 35, 7073 ; 40, 2972. 
Franz Fischer and H. Tropsch, Brit. pat. 254,288 (1925) 
-C.A. 21, 2552. 
H.  G. M. Fischer to S. 0 .  Dev. Co., (a) Brit. pat. 295,728 
(1927) ; U.S. pat. 1,767,356 (1930) ; 2,369,554 (1945) ; 
(b) 1,970,693 (1934) ; 2,338,579 (1944) ; (c) 1,795,278 
(1931) ; (d) 2,001,715 (1935)-C.A. 23, 2291 ; 24, 4384; 
39, 4468; 28, 6296; 38, 4430; 25, 2278; 29, 4379. 
H. G. hI. Fischer and W. J .  Addems, Brit. pat. 270,626 
(1925) ; Can. pat. 278,206 (1928) ; U.S. pat. 1,789,335 
(1931)-C.A. 22, 1676, 2835; 25, 1373. 
W. M. Fitzhugh, Jr., Laryngoscopc, 48, 886903 (1938) 
-C.A. 33, 2214. 
Ogden FitzSimons and W. H. Bahlke to S. 0 .  Co. of Ind., 
Can. pat. 357,077 (1936) ; U.S. pat. 2,073,517 (1937)- 
C.A. 30, 4001 ; 31, 3683. 
Ogden FitzSimons and F. C. Croxton to S. 0. Co. of Ind., 
U.S. pat. 2,063,597 (1936)-C.A. 31, 851. 
B. Flaschentrager and G. Wannschaff, Ber., 67, 11214 
(1934)-C.A. 28, 5401. 
Richard Fleming to Richard Fleming Co., U.S. pat. 
1,325,668 (1919) ; Brit. pat. 135,855 (1919)-C.A. 14, 
466, 1217. 



Or.r,rci?ic ( ' h c i u i \ t r ~ l  o f  n r ~ n l e n t  S ~ i l f u r  
--- --- - -- 

11'. E. Flc~ning :mrI F. E. Baker, 1-.P. Bur. Ent. ck Plnnt 
Quar. Scn-> I,etter, 13. t 11) 7 (1935). 
G. TIT. Flowers, ,J. C. Happersett, :inti D. I\-. Happersett, 
tT.S. pat. 74.756 (1868). 
Abraham Fookson and A. D. Bell, Petroleum Refiner, 27, 
S o .  9, 459-67 (19481-C.A. 43, 384. 
L. A. Ford and D .  F.  Clausen, Ind. Eng. Chem., News 
Ed., 19, 783 (1941)kC.A. 35, 6016. 
Dan Fore, Jr., and R. TV. Bost, J.  Am. Chem. Soc., 59, 
2557-8 (1937)PC.A. 313, 911. 
G. F.  Forwood and J. G. Taplay, Brit. pat. 129,349 (1917) 
-C.A. 13, 3007. 
A. I,. Foster l a )  Petrolcum Engr., 11, S o .  9, 49-52 
(1940); (b)  Oil Gas J . , 42 ,  KO. 7, 111, 112, 115, 116 
(1943) ; (c) ibid., 38, No. 19, 67 (1939) ; ibid., 46, No. 31, 
74-6, 11 1-3 (1917) ; Natl. Petr. News, 31, No. 38, 394-403 
(1939) ; Refiner Natural Gasoline Mfr., 18, No. 10, 80-6 
(1939)-C.A. 34, 7096; 37,6859; 42, 2751. 
M. J .  Fowle and R. D.  Bent, Oil Gas J., 46, No. 28, 209- 
15; Petroleulll Processing, 2, No. 12, 93542 (1947) ; Pe- 
troleum Refiner, 26, No. 11, 87 (719)-95 (727)-C.A. 42, 
1725. 
hl. J .  Fowle and H. TV. Field, World Petroleum, 13, No. 
2, 4 6 7  (1942)-C.A. 36, 5637. 
A. L. Fox to Du Pont Co., U.S. pat. 2,349,820 (1944); 
2,414,035 (1917) ; Brit. pat. 580,366 (1946)-C.A. 39, 
1534; 41, 2237, 1710. 
Francis Francis, Bcr., 39, 3803 (1906)-C.A. 1, 424. 
R. L. Frank, P.  V. Smith, F.  N. lJToodward, IV. B. Rey- 
nolds, and P. J .  Canterino, J .  Polymer Sci., 3, 39-49 
( 1948) -C.11. 42, 3986. 
Adolf Franke and Rudolf Divorzak, ILIonatsh., 43, 661- 
71 (1923)-C.A. 17, 2103. 
C. J .  Frankforter to Frankforter 0 1 1  Process Inc., U.S. 
pat. 1,780,873 t 1930) ; Reissue 18,318 (1931) ; Fr. pat. 
703,226 (1930)-C.A. 25, 200; 26, 1432; 25, 4394. 
L. U. Franklin to Gulf Oil Corp., U.S. pat. 2,235,921 
(1941) ; 2,284,273 (1942)-C.A. 35, 4587; 36, 7294. 
L. U. Franklin and TV. H .  \\'eeks to Gulf Oil Corp., U.S. 
pat. 2,284,271 (1942)-C.A. 36, 7294. 
L. U. Franklin, Mr. H. Weeks, and J .  TI-. Harris to Gulf 
Oil Corp., U.S. pat. 2,284,272 (1942)-C.A. 36, 7294. 
Herman Frasch, Ind. Eng. Chem., 4, 134-40 (1912) - 
C.A. 6, 796. 

Ins of I I c r o r ; l ~ t n n s  
-- 

1CIi 

J I ~ ~ I I I I : I I ~  Fl :(-I 1 1 ,  I 1. >. <378,240 I lSaS8 I ; (11 I 487,- 
216 (18921: I ( . )  52.5.sll (1894,; ((11 .542,849 tlS9.qI. 
ie I 622,79(4, 630.496 I 1899 1 : 649.047, 649.048 ( 1900) . 
I-Ierilian Frakcl~, t a )  t-.S. l m t .  448,480 (1891) ; 490,114, 
500,252 (1893) ; (b )  487,119 (1892) ; (c) 543,619 (1895) ; 
564,920, 564,921, 564,922 (1896); (d)  561,216 (1896); 
(e) 564,923, 564,924 (1896). 
Herman Frasch to S. Oil Co., U.S. pat. 951,272 (1910)- 
C.A. 4, 1542. 
G. Free, Brennstoff Chem., 18, 25-31 (1937)-C.A. 31, 
1800. 
N. H. Freeman, Brit. pat. 193,979 (1921)-C.A. 17, 3603. 
D .  RI. French. Paint, Oil, Chem. Rev., 112, KO. 20, 1.5, 
26, 28, 30, 32 (1949)-C.A. 44, 3267. 
Hans Freytag, Z. anal. Chem., 138, 259-66 (1953)-C.A. 
47, 7374. 
L. H.  Friedburg, U.S. pat. 306,734 (1884). 
Charles Friedel and J .  A l .  Crafts, (a )  Chem. Ind., 1878, 
411-Jahresber., 1878, 1166; Compt. rend., 84, 1392 
(1878) ; (b )  Brit. pat. 4,769 of 1877. 
Charles Friedel and A. Ladenburg, Ann., 145, 189 (1868). 
Walter Friedmann, Erdol u. Teer, 6, 285-6, 301-3, 3423,  
359-63 (1930) ; Oil Gas ,J., 29, No. 31, 32, 106, 107 (1930) 
-C.A. 24, 5989; 25, 1981. 
Walter Friedmann and Carlos Rodriquez, Petroleulri Re- 
finer, 25, No. 2, 5 3 4 0  (1946)-C.A. 40, 2285. 
I .  T. Fritz, Oil Gas J., 48, No. 42, 180 (1950)-C.A. 44, 
4663. 
P.  K. Frolich to S. 0 .  Dcv. Co., U.S. pat. 2,035,121 (1936) 
-C.A. 30, 2985. 
P. K. Frolic11 and P. J .  TT7iezevlcli to S. 0. Dev. Co., U.S. 
pat. 2,045,766 (1936)-C.A. 30, 5596. 
B. A. Frolov tcl Shell Dcv. Co., (a)  U.S. pat. 2,213,801 
(1940); (b)  Can. pat. 426,405 (1945)-C.A. 35, 885; 39, 
2643. 
Enlil Fronim and Carltheo Shultis, Ber., 56, 937-47 
(1923)-C.A. 17, 3014. 
W. C. Fry and B. F. Hartman to Socony-T'ac. Oil Co., 
U.S. pat. 2,297,650 (1942)-C.A. 37, 1860. 
C. F .  Fryling to B. F.  Goodrich Co., U.S. pat. 2,401,346 
(1946)-C.A. 40, 4907. 
A. Fiirth and M. Jaenicke, Z. angew. Chem., 38, 16673 
(1925)kC.A. 19, 1486. 



Organic Chcnzistry of Bivalent  Sulfur 

\\'atnru Fun;\,ialin, Sri. Papers Init .  Cliein. Pliys. Re- 
qearcli, 37, 323-30, 331-7 (1940)-C. 1910, 11, 2842. 
IVataru Funasalia, Ryokiclii Fuliushima. Toinio Jinta, 
Tesuo Inaba, Itsuo Alatsubara, and Masayasu Yuguclii, 
J. Soc. Chem. Ind. Japan, 50, 125-6 (1947)-C.A. 44, 
9136. 
F. D.  Fuqua, Petroleum Processing, 3, 1050-1 (1948)- 
C.A. 43, 2761. 
S. Gabriel and J .  Colman, Ber., 45, 1643-54 (1912)- 
C.A. 6, 2618. 
S. Gabriel and A. Deutsch, Ber., 13, 386-91 (1880). 
S. M. Gabriel'yantz and 0. A. Artem'eva, Groznenskii 
Neftyanik, 4, No. 8, 41-5 (1934)-C.A. 29, 2725. 
R. Gaggin, (a)  U.S. pat. 118,359 (1871); (b) 138,629 
(1873). 
Ernst Galle and Walter Michelitsch, Montan. Rundschau, 
27, No. 5, 1-8 (1935) ; Petroleum, 31, No. 8, 1-8 (1935)- 
C.A. 29, 4251, 7060. 
Frank Gardner, U.S. pat. 2,073,147, 2,082,331 (1937)- 
C.A. 31, 3253, 5560. 
F. T. Gardner, Chem. Met. Eng., 39, 378-9 (1932)-C.A. 
26, 5408. 
F. T. Gardner and E. C. Higgins, Jr., Ind. Eng. Chem., 
24, 1141-6 (1932)-C.A. 26, 61067. 
J .  Gardner and J .  F. Harris, U.S. pat. 442,802 (1890). 
J .  A. Gardner to Monsanto Chemicals Ltd., (a)  U.S. pat. 
2,385,410 (1945) ; (b) Brit. pat. 574,773 (1946)-C.A. 
40, 21 ; 43, 1067. 
J .  A. Gardner and Monsanto Chemicals Ltd., Brit. pat. 
572,669 (1945)-C.A. 43, 7036. 
R. H. Gardner and H. G. Hodge to Sinclair Refg. Co., 
U.S. pat. 1,740,584 (1929)-C.A. 24, 1211. 
W. W. Gary, Petroleum World & Oil Age, 26, No. 12, 
67-70 (1929)-C.A. 24, 1208. 
W. W. Gary, U.S. pat. 1,677,440 (1928) ; 1,893,138, 1,929,- 
489 (1933); 1,994,511 (1935); 2,041,754 (1936)-C.A. 
22, 3289; 27, 2291; 28, 307; 29, 3146; 30, 5024. 
W. W. Gary, one half to C. 0. Middleton, U.S. pat. 1,893,- 
138 (1933)-C.A. 27, 2291. 
Gas Research Board and Arthur Key, Brit. pat. 561,679, 
563,350 (1944)-C.A. 40, 197, 2285. 
Wilhelm Gaus and Mathias Pier to I .  G. Farben., U.S. 
pat. 1,932,174 (1933)-C.A. 28, 624. 

Reactions of Mercaptans 199 

566. Martin Geissler, Braunkohlenarcli., No. 43, 1-10 (1935) 
-C.A. 30, 3992. 

567. 31. H. Gerasimov and V. E. Glushnev, Neftyanoe Khoz., 
1949, No. 1, 22-5. 

568. M. M. Gerasimov, V. E. Glushnev, S. N. Solodov, A. N. 
Tsyba, and M. N. Sharonov, Neftyanoe Khoz., 1939, No. 
6, 43-5-C.A. 34, 8239. 

569. M. M. Gerasimov, V. E. Glushnev, S. F. Vasil'ev, and 
S. N. Solodov, Neftyanoe Khoz., 1940, No. 2, 2 3 6 C . A .  
34, 8239. 

3 7 0 .  E. Gerathewohl, Ann., 56, 303-5 (1845). 
r 570.5. M. I. Gerber, Zhur. Anal. Khim., 2, 265-73 (1947)- 

C.A. 43, 6943. 
571. IV. A. Gersdorff, Protoplasma, 31, 199-206 (1938)-C.A. 

i - - 33, 3004. 
k' 572. D. F. Gerstenberger, Natl. Petroleum News, 21, No. 8, 

61, 64, 66 (1929)-C.A. 23, 3335. 
573. Gevaert Photo-Producten, N. V., Belg. pat. 437,217 

(1939)-C.A. 36, 2486. 
574. Gewerkschaft Mathias Stinnes, Brit. pat. 425,938 (1935) 

-C.A. 29, 6417. 
575. R.  L. Gholson, U.S. pat. 2,303,835 (1942)-C.A. 37, 3263. 
576. G. R.  Gilbert to S. 0 .  Dev. Co., (a)  U.S. pat. 2,334,549 

(1943) ; (b) 2,369,558 (1945)-C.A. 38, 3813; 39, 4470. 
577. C. E. Gill, Gas, 15, No. 6, 24, 29 (1939)-C.A. 33, 6028. 
578. Henry Gilman and J .  F. Nelson, J .  Am. Chem. Soc., 59, 

t 935-7 (1937)-C.A. 31, 4265. 

579. Henry Gilman, Mary A. Plunkett, L. Tolman, L. Full- 
hart, and H. S. Broadbent, J .  Am. Chem. Soc., 67, 1845-6 
(1945)-C.A. 40, 60. 

: 580. Henry Gilman and H. L. Yale, J .  Am. Chem. Soc., 73, 
2880-1, 4470-1 (1951)-C.A. 46, 3974. 

: 581. J .  E. Gilpin and 0 .  E. Bransky, U.S. Geol. Survey, Bull., 
1 475, 50 p.; Am. Chem. J., 44, 251 (1910)-C.A. 5, 375. 

582. J .  E. Gilpin and P. Schneeberger, Am. Chem. J., 50, 59- B 
P 100 (1913)-C.A. 7, 3408. 

583. L. G. Gindin, I .  I .  Torsuev, and V. A. Kazakova, Compt. 

1 
rend. acad. Sci., (USSR), 16, 413-8 (1937)-C.A. 32, 
3313. 1 584. I .  Ginsberg, Refiner Natural Gasoline Mfr., 4, No. 11, 16 

1 (1925)-C.A. 20, 1319. 
585. J .  M. Ginsburg and C. J .  Cavallito, J .  Econ. Entomol., 29, 

5 
k 

856-9 (1936)-C.A. 31, 1149. 



Orqnnlc ~ J I C I I Z ~ S ~ ~ ~  of Bii ~ l c n t  Siilflir 
- --- - -- 

T7. E (;luillnc~- nntl 31. 31. (;ern-ii~iov, T70+torl~na>-a Seft ,  
1930, S o .  12, 29-30; Bhim. Rcfel.nt. Zliur . 1, S o .  9, 120 
11941)-C.X. -38, 1867. 
V. E. Gluchncv and S. F.  TTasil'er, Izvest. Akad. Kauk 
SSSR Otdcl. Tekh. Kauk, 1947, 829-33-C.A. 43, 8125. 
C. Godard, Brit. pat. 22,085 of 1903. 
J. Gossl and R .  0. Herzug, Z. physiol. Clieni., 88, 103-8 
(1913)-C.A. 8, 1293. 
H. P.  J .  B. Goffart, Fr. pat. 350,091 11904). 
D. L. Gol'dshtein and A. Ya. Semenova, Vostochnaya 
Neft, 1939, No. 2, 2 2 4  Translation: Foreign Petroleum 
Tech., 8, 285-91 (1940)--C.A. 34, 8238. 
H. Goldwater, 1'.S. pat. 132,52.5 r 1890). 
R. E. Goode, r a )  Refiner, 8, KO. 7, 77-80 (1929) ; (11) Oil 
Gas J., 28, No. 23, 46, 148 (1930)-C.A. 23, 4562; 24, 
287 1. 
T .  J .  Gordon, U.S. pat. 451,724 11891). 
George Gorin, Gregg Dougherty, and A. V. Tobolbky, 
J .  Am. Chem. Soc., 71, 3551 (1949)-C.A. 34,  1008 
N. Grabowsky and Alexander Saytzeff, Ann., 171, 251-8 
(1874). 
A. J .  Gracia to IVingfoot Corp., U.S. pat. 2,119,131 
i 1938) -C.A. 32, 5413. 
Edward Graefe, Petrolcum Z., 1, 606 (1905-06) ; Gas 
World, 58, 752 (1913)-C.A. 7, 2851. 
J .  B. Grant and A. RIason, U.S. pat. 339,546 (1886). 
Grassclli Chem. Co., Brit. pat. 336,327 (1935)-C.A. 30, 
1936. 
R.  J .  Graul and J .  V. Karabinae, Scicncc, 104, 557 (1946) 
-C.A. 41, 2397. 
F. G. Graves, Ind. Eng. Cllem., 31, 8 5 0 4  (1939)-C.A. 
33, 6577. 
F. G. Graves, U.S. pat. 1,867.697 (1932)-C.A. 26, 5200. 
,I. L. Gray, U.S. pat. 1,474,117 (1923)-C.A. 18, 465. 
L. R. Gray, Pctrolcum Refiner, 23, 38%94 (1944) ; Pe- 
troleum Engr., 16, KO. l ,  160-78 (1944)-C.A. 39, 405 ; 
10, 3590. 
T .  H. Gray, Brit. pat. 5,132 of 1889-,J. Soc. Chem. Ind., 
8, 167 (1889) . 
T. T. Gray, U.P. pat. 1,340,889 (1920)-C.A. 14, 2261. 
T .  T. Gray to Gray l'rr~ce$ses Corp., (a)  U.S. pat. 1.76s.- 
683 (1930); ( \ I )  1,825,861 (1931); (c) 1,937,113 (1933); 
1,952,751 (1934) ; id) 2,019,184 (1935)-C.A. 24, 4624; 
26, 589; 28, 1179, 3576; 30,281. 

Reac t ions  of JIcrcaptnnn 
- -- - -- - - 

20 1 

60's T. T, (;ray a11(1 A[ .  11. 31:1ii~loIl)~~11111. 1i1tl Eng ('11ci11 , 16,  
91,3-6 i 1924)-Ci..1. 18. 317.3. 

610. B. A.  (;reencfeldcr and 11. E. Spaglit to  Shell Ilev. Co., 
U.S. pat. 2,171,171 (1939)-C.A. 34, 615. 

611. C. J. Grcenstrcct, U.S. pat. 1,110,925 (1914)-C.A. 8, 
3628. 

612. E. Juanita Greer, Ind. Eng. Chem., 21, 1033 (1929)- 
C.A. 24, 493. 

612.5. D. C. Gregg, H. A. Iddles, and P.  TV. Stearns, Jr., J .  Org. 
Chem., 16 ,24652 (195 1)-C.A. 45,8485. 

613. R.  A. Gregg, D. M. Alderman, and F. R. Mayo, J .  Am. 
Chem. Soc., 70, 3740-3 (1948)-C.A. 43, 1340. 

614. Gregory, Ann., 15, 23940 (1835). 
615. L. S. Grcgory to PhilIips Petroleum Co., U.S. pat. 2,197,- 

799 (1910)-C.A. 34, 6061. 
616. R. C. Griffin, Analytical Chem., 1, 167-9 (1929)-C.A. 

23, 4332. 
617. R. H. Griffith, Inst. Gas Engrs. Copyright Publication, 

No. 175/64, 4 5 4 4 ;  Gas J., 220, 4754 ,  379-85, 667; Gas 
World, 107, 379-83, 471-6, 563-C.A. 32, 6438. 

618. R. H.  Griffith and S. G. Hill, J .  Chem. Soc., 1938, 717- 
C.A. 32, 6138. 

619. R. H. Griffith and J .  H.  G. Plant, Gas J. ,  244,48-50, 5 3 4  
(1944) ; Gas World, 121, 28-36 (1944)-C.A. 38, 5063, 
566 1. 

620. R. H.  Griffith and J .  H. G. Plant to Tlie Gas Light and 
Coke Co., U.S. pat. 2,193,278 (1940) ; 2,295,653 (1942)- 
C.A. 34, 4891; 37, 1247. 

621. G. F. Grillot and T.  J .  Brooks, Jr., J .  Ain. Chern. Soc., 72, 
4281 (1950)-C.A. 45, 2896. 

622. G. F. Grillot, P.  M. Levin, Richard Green, and R. I. 
Bashford, J .  Am. Chem. Soc., 72, 1863 (1950)-C.A. 44, 
5838. 

623. H. P.  A. Groll and George Hearne to N. V. Bataafsclie, 
Brit. pat. 449,783 (1936)-C.A. 30, 8598. 

624. H. H. Gross to The Texas Co., U.S. pat. 1,962,103 (1934) 
-C.A. 28, 4897. 

625. H. H. Gross, W. E. Skelton, and J .  C. Best, Oil Gas J. ,  
Mar. 23, 1950, 211-3, 332. 

626. A. V. Grosse to U. 0 .  Prodts. Co., U.S. pat. 2,029,100, 
2.037.781 (1936) -C.A. 30, 1987, 3000. 

627. I .  FV. Grote, J .  Biol. Chem., 93, 25-30 (1931)-C.A. 25, 
5876. 



Organic Chenzistry of Bivalent Sulfur 

A. Guiselin, (a)  Petroleum, 6, 133-2nd Int.  Cold Con- 
gress; (b) J .  Inst. Pctroleurn Tech., 10, 9 1 W 6  (1924) ; 
Chimie et industrie, 12, 42340 (1924)-C.A. 5, 376; 19, 
394. 
Leo Gurwitsch, Wissenschaftliche Grundlagen der Erdol- 
verarbeitung, 2nd Edition, 1924, Berlin, Julius Springer. 
Leo Gurwitsch and A. Moore, Scienctific Principles of 
Petroleum Technologu, New York, D. Van Nostrand Co., 
Inc., 1934. 
S. L. Gusinskaya, Acta Univ. Asiae Mediae, Ser. VI, 
Chemia, No. 42, 6 p. (1938)-C.A. 34, 3482. 
G. Gustavson. Ber.. 14, 2619-23 (1881) ; J. Russ. Phys. 
Chem. Soc., 13, 149 ( lb80)-~ .  1881, 353. 
F. W. Guthke to I. G. Farben., U.S. pat. 1,897,798 (1933) 
-C.A. 27, 2691. 
Boyd Guthrie and M. C. Simmons, U.S. Bur. Mines Rept. 
Invest., 3729, 16 p. (1943)-C.A. 41, 5290. 
J .  D. Guthrie, Contribn. Boyce Thompson Inst., 12, 45-7 
(1941)-C.A. 35, 4906. 
V. B. Guthrie, (a )  Natl. Petroleum News, 14, No. 7, 34, 
37-8 (1922) ; (b) ibid., 18, No. 29, 17-8 (1926)-C.A. 16, 
1312; 20, 3559. 
H. C. Guy, Del. Agr. Expt. Sta. Bull., 206, (Tech. Bull. 
19), 60 p. (1937)-C.A. 31, 6806. 
J .  A. Guyer to Phillips Petroleum Co., U.S. pat. 2,338,581 
(1944)-C.A. 38, 4430. 
M. H. Gwynn, U.S. pat. 2,073,578 (1937)-C. A. 31, 
3255. 
J .  E. Hackford, J .  Inst. Petr. Techn., 12, 1 3 5 4  (1926). 
Vladimir Haensel, Petroleum Processing, 5, 356-60; Pe- 
troleum Refiner, 29, No. 4, 1 3 1 4 ;  Petroleum Engr., 22C, 
No. 4,9-14 (1950) ; Oil Gas J., 48, No. 47,85; 82-85, 114, 
119; Calif. Oil World, 43, No. 7, 3, 5, 7-9, 11, 13 (1950)- 
C.A. 44, 6610. 
A. Hagemnnn and K. I .  Skarblom, Braunkohle, 31, 152-7, 
171-5 (1932)-C.A. 26, 2577. 
W. E. Haines, W. J. Wenger, R.  V. Helm, and J. S. Ball, 
U.S. Bur. Mines Rept. Investigations, 4060 (1946). 
J. H. Hale, M. C. Simmons, and F. P. Whisenhunt, Ind. 
Eng. Chem., 41, 2702-8 (1949)-C.A. 44, 2212. 
J. H. Hale, C. J .  Thompson, M. G. Barker, H. M. Smith, 
and J .  C. Ball, A.C.S. Meeting, March 26-30, 1950, Hous- 
ton, Tex. 

Reactions of Mercaptans 203 

646. F. IV. Hall t o  Thc Texas Co., U.S. pat. 2,091,239 11937) 
-C.A. 31, 7638. 

647. F. IV. Hall and C. E. Lauer to The Texas Co., U.S. pat. 
1,936,086 ( 1933) -C.A. 28, 887. 

648. T. G. Hall, U.S. pat. 372,672 (1897). 
649. W. A. Hall, U.S. pat. 1,239,100 (1917)-C.A. 11, 3427. 
650. H. J .  Halle to U. 0 .  Prodts. Co., U.S. pat. 1,681,638 

(1928) -C.A. 22, 3984. 
651. Albin Haller and E. Michel, Bull. soc. chim., (3) 15, 

1065-70 ( 1897). 
652. Albin Haller, Paul Sabatier and J .  B. Sanderens, Fr. pat. 

376,490 (1906)-C.A. 3, 245. 
653. R. L. Hallett to Natl. Lcad Co., U.S. pat. 1,678,984 

(1928)-C.A. 22, 3772. 
654. R. L. Hallett and W. H. Sowers, Petroleum Engr., I ,  

No. 8, 78-81 (1930)-C.A. 24, 3892. 
654.5. E. G. Hallonquist, Modern Plastics, 27, No. 12, 100, 152 

(1950)-C.A. 44, 8157. 
655. R. A. Halloran, Oil Gas J., 26, No. 29, 36, 147 (1927) ; 

Natl. Petroleum News, 25, No. 30, 3 5 4 ,  38, 40 (1933) ; 
World Petr. Cong., London, 1933, Proc. 2, 3-6-C.A. 22, 
1465 ; 27, 5523. 

656. R. A. Hallornn, M. L. Chappell, and J .  H. Osmer, U.S. 
pat. 1,872,446 (1932)--C.A. 26, 61 16. 

657. H. Halvorson, U.S. pat. 305,181 (1894). 
658. J. H.  Hamence, Analyst, 65, 1 5 2 4  (1940)-C.A. 34, 

2729. 
659. IV. G. Hamilton, R. G. Follis, and H. P.  McCormick, 

U.S. pat. 1,993,140 (1935)-C.A. 29, 2731. 
; 660. F .  S. Hammett, Protoplasma, 13, 33147 (1931)-C.A. 

26, 1349. 
r 661. F. S. Hammett and S. S. Chapman, ,J. Lab. Clin. Mcd., 
t 24,293-8 (1938)-C.A. 33,5018. 
1 662. F. S. Hammett and D. IV. Hammett, Protoplasma, 16, 

I 253-86 (1932)-C.A. 27, 3009. 
! 663. F. S. Hammett and S. P.  Reimann, J .  Exptl. Med., 50, 

445-8 (1929) -C.A. 23, 5479. 
664. F .  S. Hammett and Dorothy TIT. Smith, Protoplasma, 13, 

I 261-7 (1931)-C.A. 26, 1037. 

i- 665. F. S. Hammctt and Louise P. Wilson, Growth, 7, 153-97 

F 
(1943)-C.A. 38, 416. 



204 Orqrrnic. C h c l t l r t f ~ y  o f  I31tsnlcnt Sl i l f i~r 
-- - -- - - - 

I T 
2 

666. ITT. T. Hnnc.ock, 1-S. pat 2,097,097 11937) ; 2,162,715 
$ 

(1939) ; 2,225,172 11910) ; 2,260,617, 2,260,618, 2.260.620 
(1941) ; 2,288,131, 2,303.547 ( 1912) ; 2,308,172 (1943)- 
C.A. 32, 344; 33, 7999; 35,2710; 36, 1481, 1173, 1478; 37, 
524, 2920, 3923. 

667. \Ti. T. Hancock, to Hancock Oil Co. of Calif., U.S. pat. 
2,316,954 (1943)-C.A. 37, 6120. 

668. T. K. Hanson and I(. F. Coles, J .  Inst. Petroleum, 33, 
589-97 (1947) -C.A. 42, 3 164. 

669. John Happel and S. P. Cauley, (a)  Refiner Natural Gas- 
oline Mfr., 19, No. 6, 89-92 11940) ; (b) ibid., 19, 205-8 
(1940) ; Proc. Am. Petroleuln Inst., 10th Mid-Year Meet- 
ing, Sect. 111, 21,96104 11940) ; ( c )  Ind. Eng. Chcm., 39, 
1655-9 11917)-C.A. 34, 5638, 7095; 42, 1413. 

670. John Happel, S. P. Cauley, and H.  S. Kelly, Proc. Am. 
Petroleum Inst., 23, 111. 67-77 (1942) ; Petroleum Re- 
finer, 21, 40613 (1942) ; Oil Gas J . ,  41, No. 27, 136, 139, 
140, 142, 147, 148, 150, 152 11942)-C.A. 37, 1250, 6863. 

671. John Happel and D. W. Robertson, (a )  Ind. Eng. Chem., 
27, 941-3 (1935); (b) Oil Gas J., 36, No. 46, 1254,  128 
(1938)-C.A. 32, 8752. 

672. John Happel, Jr., and D. W. Robertson to Socony-Vac. 
Oil Co., ( a )  U.S. pat. 2,102,796 (1937) ; (b)  2,273,263 
(1942)-C.A. 32, 1439; 36, 4327. 

673. Joseph Haraszti, J .  prakt. Chcrn., [2] 149, 301-10 (1937) 
-C.A. 32, 528. 

671. Dorothy Haresnape, F. A. Fidler, and R.  A. Lowry, Ind. 
Eng. Chem., 41,2691-7 (1949)-C.A. 44, 2214. 

674.5. D.  P. Harnish and D. A. Tarbell, Anal. Cheni., 21, 968-9 
( 1949)-C.A. 43, 8978. 

675. C. Harries, Ber., 52, 65-72 (1919)-C.A. 13, 1590. 
676. C. Harries to Siemens and Halske, Ger. pat. 439,005 

(1926)-C. 1927, I ,  1256. 
677. D.  Harrington and J .  H. East, Jr. ,  U.S. Bur. Mines, Cir. 

7246, 7 p. (1943)-C.A. 37, 6765. 
678. P. J .  Harrington to S. 0 .  Der. Co., U.S. pat. 2,293,205 

(1942) ; 2,367,348 (194.5)-C.A. 37. 1259; 39, 3923. 
679. D. C. Harrison, Biochein. J. ,  131, 335-16 (1927)-C.A. 21, 

2594. 
680. TV. IT. Hartman, L. A. Smith, and J .  B. Dickey, Ind. Eng. 

Chem., 24, 1317-18 (1932)-C.A. 27, 71. 
680.5. Heinrich Hauptmann, Blanka TTTladislaw, Lucy L. Na- 

zario and It7. F. TTTalter, Ann., 576, 4 5 4 0  (1952)-C.A. 
47, 3814. 

c'ons o i  .I1 cl,cclpttr n s  
~ ~. . --- ~- 

20 .: 
- -- - - - . - -. - - 

U .  S. Han-cs, I-.S. l n t .  1 1 4 .  833 I 18?1 1 .  

I>. F. I-Inwle,~, Incl. Eng. C'lic~ni., 9. 8636-71 (19171-C.A. 
11, 3098. 
A. Haye.. 71,s. pat. 1,428.885 11922)-('.A. 16, 3751. 
H .  I,. Hayes to Phillips Petroleuln Cu. ,  U.S. pat. 2,378,079 
(1945)-C.A. 39, 3658. 
J .  n7. Healy and 16. R. Hertwig, ACS Meeting, Sept. 18- 
23 (1949), Atlantic City. 
R .  Heap and B. C. Saunders, .I. C,hem. Soc., 1949, 2983-8 
-C.A. 44, 3880. 
F. TV. Heath to Shell Dev. C,o., Can. pat. 327,496 (1932) ; 
U.S. pat. 1,888,382 (1932)-C.A. 27, 1154, 1497. 
E.  Heber, Brit. pat. 10,004 of 1903. 
L. E .  Hebl, T.  B. Rendel, and F. L. Ga,rton, Ind. Eng. 
Chem., 25, 187-91 (1933)-C.A. 27, 1493. 
W. 0 .  Heilmann to S. 0. Dev. Co., (a )  U.S. pat. 2,273,104 
(1942) ; (b) 2,324,927 (1943)-C.A. 36, 4327; 38, 482. 
G. H. Hellsing, Brit. pat. 9,180 of 1907-C.A. 2, 487. 
T. Hellthaler, (a)  U.S. pat. 1,643,272 (1927) ; (b)  1,645,- 
530 (1927)-C.A. 21, 3739; 22, 162. 
R. V. Helm, W. E. Haines, and J .  S. Ball, U.S. Bur. Mines 
Rept. Investigations, 4566 (1949). 
C. J.  Hellners and G. M. Brooner, Petroleum Processing, 
3, 133-8 (1948)-C.A. 42, 9142. 
L. M. Henderson to Atlantic Refg. Co., U.S. pat. 1,940,861 
(1933)-C.A. 28, 1521. 
L. M. Henderson to Pure Oil Co., U.S. pat. 2,317,053 
(1943)-C.A. 37, 6121. 
L. M. Henderson, M. S. Agruss, and G. TV. Ayers, Jr., 
Anal. Chem., 12, 1-3 (1910)-C.A. 34, 1604. 
L. M. Henderson and G. 11'. Ayers, Jr. ,  to Pure Oil Co., 
(a)  U.S. pat. 2,292,636 (1942) ; ib) 2,297,621 (1942) ; 
(c)  2,312,820 (1943) ; (d)  2,317,054 (1943) ; (e) 2,341,917 
(1944)-C.A. 37, 1260, 1860, 5581, 6121; 38, 5076. 
L. M. Henderson, G. W. Ayers, Jr., and D. C. Bond to 
Pure Oil Co., U.S. pat. 2,317,055 (1943)-C.A. 37, 6120. 
L. ill. Henderson, G. \V. Ayers, Jr., and Timothy McNa- 
mara to Pure Oil Co., V.S. pat. 2,341,918 (1944)-C.A. 
38, 5076. 
L. IL1. Henderson, G. \Ir. Ayers, Jr., and C. M. Ridgway, 
Oil Gas J., 38, No. 46, 114, 118, 121 (1940)-C.A. 34, 
4551. 
L. M. Henderson and D.  C. Bond to Pure Oil Co., U.S. 
pat. 2,317,056 (1943)-C.A. 37, 6120. 



Organic Chemistry of Bivalent Sulfur 

1,. 1 I .  Hcncler~on and 11 .  C'. Cowlcs, Jr., to Atlantic Refg. 
Co., U.S. pat. 1,515,563 (1931)-C.A. 25, 5551. 
L. h1. Henderson, IV. 13. Ross, and C. X. Ridgwap, Ind 
Eng. Chem., 31, 27-30 (1939)-C.A. 33, 1128. 
L. M. Henderson and Arthur Schroder to Pure Oil Co., 
U.S. pat. 2,297,620 (1942)-C.A. 37, 1859. 
A. Henriksen, Natl. Petr. News, 19, No. 42, 64-8 (1927) ; 
Refiner Natural Gasoline Mfr.. 6, No. 10. 51-2. 93 
(1927) ; Oil   as J., 26, NO. 21, '1361 (1927j-C.A: 22, 
158. 
C. Henry, Brit. pat. 1,664, of 1898; Ger. pat. 107,239 
(1898)-C. 1900, I, 840. 
L. Henry, Ber., 2, 495-7 (1869). 
0. Henry, J .  prakt. Chem., 46, 16@2 (1847). 
R. W. Henry, J. A. Reid, and W. A. Schulze to Phillips 
Petroleum Co., U.S. pat. 2,089,373 (1937)-C.A. 31, 7242. 
Harry Hepworth and H. W. Clapham, J .  Chem. Soc., 119, 
1188-91 (1921)-C.A. 15, 3088. 
S. ill. Herber, U.S. pat. 1,111,580 (1914)-C.A. 8, 3628. 
S. H. Herglotz and A. Lissner, (a )  Z. anorg. Chem., 260, 
141-53 (1949) ; (b) ibid., 261, 237-47 (1950)-C.A. 44, 
10474. 
F. Hermann, Ber., 38, 2814 (1905)'. 
D. A. Hermanson and J .  L. Biles to Socony-Vac. Oil Co., 
U.S. pat. 2,537,999 (1951)-C.A. 46, 2288. 
P. R.  Hershman, U.S. pat. 2,064,541 (1936)-C.A. 31, 
850. 
E.  C. Herthel to Sinclair Refg. Co., (a )  U.S. pat. 1,733,- 
800 (1929); (b) 1,772,865 (1930)-C.A. 24, 496, 5147. 
Jean Ilerzenberg, Erdol u. Teer, 9, 4369,  448-51 (1933) ; 
Brit. pat. 424,564 (1935)-C.A. 28, 3566; 29, 5260. 
Jean Herzenberg and S. Ruhemann, Braunkohle, 26, hTo. 
23/24, 526-32, 5 5 M 4  (1927). 
R. W. Hess to Barrett Co., Can. pat. 313,447 (1931) ; 
U.S. pat. 1,904,461 (1933)-C.A. 25, 4510; 27, 3436. 
F. Heusler, (a)  Z. angew. Chem., 9, 318-321 (1896) ; (b) 
Ger. pat. 83,494 (1894)-C. 1895,11, 1142. 
H. H. Hewetson, Oil Gas J., 27, No. 29, 118, 181, 182 
( 1928)-C.A. 23, 2281. 
A. P. Hewlett to S. 0. Dev. Co., (a )  U.S. pat. 2,218,610 
(1940) ; (b) 2,316,691 (1943) ; (e) 2,336,174 (1943) ; 
(d) 2,337,467 (1943)-C.A. 35, 1624; 37, 6121 ; 38, 3825. 

I @ Reactions of Mcrcaptans 207 

724. A. P. Hcwlett and H. C. Paulsen to S. 0 .  Dev. Co., ia)  
U.S. pat. 2,348,623 (1944) ; (b) 2,428,623 (1947)-C.A. 
39, 806; 42, 749. 

725. A. P. Hen~lett and G. E. Phillips to S. 0. Dev. Co., U.S. 
pat. 2,391,091 (1945)-C.A. 40, 1025. 

726. W. G. Hiatt, Oil Gas J., 23, No. 48, 22-3, 175 (1925) ; 
Natl. Petr. News, 17, No. 16, 2&9 (1925)-C.A. 19, 1943. 

727. W. Hieber and P. Spacu, Z. anorg. allgem. Chem., 233, 
353-64 (1937)-C.A. 31, 8411. 

728. E. C. I-Iiggins, Jr., and F. T. Gardner, U.S. pat. 1,977,631 
(1934)PC.A. 29, 334. 

729. H.  M. Hill and M. L. Wolfrom, J .  Am. Chem. Soc., 69, 
1539 (1947)-C.A. 41, 5851. 

730. J. B. Hill to Atlantic Refg. Co., U.S. pat. 1,667,550, 
1,682,562 (1928)PC.A. 22, 2054, 3985. 

731. E. S. Hillman to Anglo-Saxon Petroleum Co., Brit. pat. 
214,733 (1923)-C.A. 18, 2804. 

732. J. H. Hirt to L. J .  Hirt, U.S. pat. 1,809,554 (1931) ; 
1,910,288 (1933)-C.A. 25, 4395; 27, 4070. 

733. L. E. Hirt, U.S. pat. 1,250,879 (1917)-C.A. 12, 531. 
734. W. G. Hockberger to S. 0. Dev. Co., U.S. pat. 2,469,726 

(1949)PC.A. 43,5584. 
735. W. H. Hoffert and G. Claxton, Fuel in Science & Practice, 

9, 35966, 440-7, 47641 (1930)-C.A. 24, 5967. 
736. W. H. Hoffert and K. Wendtner, J .  Inst. Petroleum, 35, 

171-92 (1949)PC.A. 43, 5932. 
737. W. S. Hoffman and E. E. Reid, J. Am. Chem. Soc., 45, 

1831-8 (1923)-C.A. 17,3338. 
738. A. W. von Hofmann, Ber., 4, 163 (1871). 
739. A. W. von Hofmann and Auguste Cahours, J .  Chem. Soc., 

10, 320 (1858). 
740. Fritz Hofmann and Robert Uloth, Brit. pat. 306,421 

(1929) ; Ger. pat. 595,349 (1934)-C. 1929, 11, 963; C.A. 
28, 4213. 

741. K. A. Hofmann and W. 0 .  Rabe, (a)  Z. anorg. Chem., 14, 
2 9 3 6  (1897) ; (b) ibid., 17, 2 6 3 4  (1898). 

742. K. A. Hofmann and 0 .  F. Wiede, Z. anorg. Chem., 9, 295- 
303 (1895). 

743. H. Hofmeier and S. Wisselinck, (a)  Brennstoff-Chew 
14, 101-3 (1933) ; (b) ibid., 2 8 G C . A .  27, 3802, 5933. 

744. H.  Hofmeier, S. Wisselinck, and A. Rluller, Ange~v. Cllem., 
47, 513-5 (1934)-C.A. 28, 6289. 



Orqrcnic ( 'hrltcistry o f  Ril-olcnf Sulf~ri. 
- - - 

Max Hofcnc+ anrl Internntionalc R c i , ~ ~ n  ('omp. vool. Olie- 
en-Kolcn Clienlie, Brit. pat. 213,661 11923) ; V.S. pat. 
1,729,943 (19291-C.A. 18, 2426; 23, 5568. 
TV. Mr. Holland to Petrolcu~n Conversion Corp., P.S. pat. 
2,125,636 (1938)-C.A. 32, 7715. 
H. Hollings, Inst. Gas Engrs., Copyright Pub. h'o. 175/64; 
4 7 ,  5 1-64 (1937) ; Gas. J . ,  220, 4754.  479-85, 667; Gas 
World, 107,379-83, 471-6, 563-C.A. 32, 6437. 
C. Holloway, Jr. ,  and TY. S. Bonnell, Ind. Eng. Chem., 37, 
1089-91 (1945)PC.A. 40, 1303. 
F. A. L. Holloway and D .  0 .  Wilkes to S. 0 .  Dev. Co., 
U.S. pat. 2,317,770 (1943)-C.A. 37, 6447. 
Bror Holmbcrg, 1a) Ann., 359, 81-99 (1908) ; ib) Ber., 
43, 226-7 (1910) ; 1c) Arkiv Kcmi, Mineral. Geol., IZA, 
No. 14, 10 p. (1937) ; ((1) ibid., 12B, No. 17, 3 p. 11938) ; 
(e) ibid., 13A, No. 8, 9 p. (1939)-C.A. 2, 1690; 4, 1047; 
31,4292 ; 32, 41 5 1 ; 33, 6278. 
A. Holmes and L.  Burgess, U.S. pat. 1,832,461 (1931)- 
C.A. 26, 11 14. 
H .  N. Holmes, U.S. pat. 1,882,146 11932)-C.A. 27, 593. 
H .  N. Holmes and Norvil Beeman, Ind. Eng. Chem., 26, 
172-4 (1934)-C.A. 28, 1697. 
H. N. Holmes, A. L. Elder, and Norvil Bccman, .J. Phys. 
Chem., 36, 2981-93 (1932) -C.A. 27, 1491. 
TV. C. Holmes & Co. Ltd., Charles Cooper, and J. J. 
Priestley, Brit. pat. 593,253 (19471-C.A. 42, 1412. 
Ronald Holroyd, D.  H.  P .  Peel, a r~d  Imp. Chem. Ind., 
Brit. pat. 577,813 (1946)-C.A. 41, 2236. 
.I. C. Holtz, Tlic Origin and Decompos~tion of Organic 
Sulfur Compounds under Gas-Making Cor~ditions wit11 
Particular Reference to the Role of the C-S Complex. 
Johns Hopkins Univ., 83 p.-Reviewed, Ind. Eng. Chem., 
22, 1261 11930). 
Lee IIoltz, Gas-Age Record, 66. 341-5 (1930)-C.A. 24, 
5977. 
Holzverkohlungs-Ind. ,4. G. anti J .  Varga, Brit. pat. 
313.505 (1929)-C'. 1930, I, 2666. 
J .  J .  Hood, (a)  Brit. pat. 145,818 (1919) ; (b)  U.S. pat. 
1,404,293, 1.404.294 (1922)b.J. Soc. Cl~ern. Ind., 39, 65lA 
(1920) ; C.A. lo, 1148. 
.J. .J. Hoot1 ant1 Oil Refining Improven~~t i t~  Co., Lttl., 
Japan. pat. 35.796 (1920)-C.A. 14, 3788. 
,I. J. Hood and A. G. Salamon to Oil Rcfining Improve- 
ments Co., U.S. pat. 962,840 (1910)-C.A. 4, 2568. 

7nc  of JIcrcn(~tn??\. 209 
- - - -- - 

H Hoog. Rec t rnr  cliin1 . 69. 12s')-90 I 19501-C' -1. 4.;. 
4435. 
C. 0. Hoovcr. Pctrolcuni Rcfiner, 27, 35.7-9 1194s)-C..l. 
42, 7963. 
C. 0. Hoover to Air Reduction Co., (a)  1- 8. pat. 2,329,- 
615, 2,329,616 11943) ; (b)  2,418,884 11947) ; 1c) 2,423,- 
238, 2,430,981, 2,430,982 1 1947) ; 2,455,061 11948)-C.A. 
38. 1352; 41, 7103,6398; 42. 1415, 1412; 44. 4237. 
C. 0 .  Hoover to Bennett-Clark Co., in) U.S. pat. 2,042,- 
050, 2,042,051, 2,042,052, 2,042,053, 2,042,054 11936) ; Re- 
issue 20,938 (1938) ; (b) 2,042,055 (1936)-C.A. 30, 5024; 
33. 232 1 ; 30, 5024. 
,J Houbcn and Hans Doeschcr, Ber ,39 ,  3503-9 (1906)- 
C.A. 1, 304. 
E. J .  Houdry to Houdry Process Corp., U.S. pat. 2,259,469 
(1941)-C.A. 36, 892. 
E.  J. Houdry, W. F. Burt, A. E. Pew, Jr., and TV. A. 
Peters, Jr., Oil Gas J . ,  37, No. 28, 4G3, 45, 48 11938) ; 
TVorld Petroleum, 9, No. 11, 68-71, 132, 134; Natl. Petro- 
leu111 News, 30, R570-2, 574, 57680;  Refiner Natural 
Gasoline Rlfr., 17, 57482, 619-C.A. 33, 4005. 
TV. R. Hounsell, Natl. Petr. News, 20, No. 1, 8 3 4  (1928) ; 
Refiner Nat. Gasoline Mfr., 7, No. 3, 59-60, 112 (1928) ; 
Oil Gas J. ,  27, No. 44, 34 (1929)-C.A. 23, 3336. 
Theo van Hove, Bull. soc. chim. Belg., I.?. 206-24 (1927) 
-C.A. 22, 62. 
R. D.  Howard to Petroleum Researrh Corp., (a )  U.S. pat. 
2,205,410 (1940) ; 1b) 2,338,941 (1944)-C.A. 34, 7593; 
38,1430. 
H. F. Howell, Brit. pat. 2,410 of 1879; C.S. pat. 216,518 
(1879). 
H.  Hubner and Julius Aleberg, Ann., 156, 308-32 (1870). 
T .  B. Hudson and .I. 0 .  Turner to Phillips Petroleum Co., 
C.S. pat. 2,371,298 (1945)-C.A. 39, 4471. 
Hugo Hutz, Ger. pat. 374,928, 385,761, 387.593 (1923)- 
C. 1923, IV, 346; 1924, I, 1132, 1133. 
TV. ,T. Huff. Proc. 2nd Intern. Conference Bituniinous 
Coal, -3, 814-5 (1928)-C.X. 23, 4047. 
TY. J .  Huff and Lloyd Logan, Am. Gas. Assoc.. Proc., 
18, 724-33, 733-52, 754-9 (1937)-C.A. 21, 5 134. 
.I. R .  Huffman and J .  ;\I. \\-hiteley, ,TI.., r .S.  pat. 1,9~5,612 
(1935)-(?.A. 29, 2976. 
E. C. Hughes to S. 0. Co. of Oliio, (a) U.S. pat 2,148.470 
(1939) ; (b)  2,211,695 (1940)-C.A. 33, 3980; 35, 586. 



Organic Chenzistry of Rit~alcnt Sulfur 

E. C. Hugher. l17. R. Scorill. C. W. IVhitarre, R. B. Faris, 
,J. D.  Bartlckon. an~ i  S. 11. Darling, ACS Meeting, Hous- 
ton, Tex., 3Iarch 26-30, 1950. 
Huile~,  Goudrons ct Derivki, Fr. pat. 601,172 (1926)- 
C. 1926, 11, 149. 
S. H. Hulse to S. 0 .  Dev. Co., U.S. pat. 2,402,893 (1946) 
-C.A. 40, 6247. 
S. H.  Hulse and J. 0 .  Collins to S. 0 .  Dev. Co., US. pat. 
2,288,401 (1942)PC.A. 37, 525. 
E. Human, Ann. chim. phys., [3] 44, 337 (1855); Ann., 
95,256 (1855). 
E. B. Hunn to S. 0 .  Dev. Co., U.S. pat. 1,786,246 (1930) 
-C.A. 25, 588. 
J .  B. Huston, U.S. pat. 486,406 (1892). 
W. K. Hutchison, Inst. Gas Engrs., Copyright Pub. 
175/64; 8-44, 51-64; Gas. J., 220, 475-6, 479-85, 667; 
Gas World, 107, 379-83, 471-6, 563-C.A. 32, 6437. 
E.  M. Hyatt, U.S. pat. 1,445,688 (1923)-C.A. 17, 1547. 
I. G. Farben., (a )  Australian pat. 17,448 (1928) ; Brit. 
pat. 327,194 (1930) ; (b) 247,584,247,585 (1926) ; 348,690 
(1931) ; (c) 333,511 (1930) ; (d) 364,655 (1932) ; Fr. pat. 
717,301 (1932)-C. 1930, I,  2667; C.A. 24, 5150; C. 1926, 
11, 2256; 1931, 11, 1233, I,  194; 1932, 11, 485. 
I .  G. Farben., (a) Brit. pat. 31 5,439 (1930) ; (b) 320,921 
(1928) ; (c) 340,016 (1929); (d) 365,619 (1930)PC.A. 
23, 1731, 2595; 25, 2838; 137, 1738. 
I. G. Farben., (a)  Fr. pat. 655,230 (1928) ; (h)  Brit. pat. 
300,900 (1927) ; 327,463 (1928) ; 345,738 (1931)-C.A. 
23,3934,4061 ; 24, 5119; 26, 589. 
I .  G. Farben., (a )  Brit. pat. 274,828 (1927) ; (b) 276,427 
(1926) ; (c) 321,406 (1928) ; (d) 340,470 (1929)-B.A. 
1928, 702B ; C.A. 22, 2462; 24, 282 1 ; 25, 4108. 
I. G. Farben., (a) Fr. pat. 652,243 (1928) ; (b) 772,002 
(1934) ; Brit. pat. 361,357 (1930) ; 435,113 (1935)-C.A. 
23, 3523; 29, 1436; 27, 1890; 30, 1068. 
I .  G. Farhen., (a)  Gcr. pat. 705,850 (1930); (b) Brit. 
pat. 362,961 (1930) ; (c) 465,291 (1937)-C.A. 26, 329; 
27, 1535; 33, 3810. 
I. G. Farben., ia) Fr. pat. 767,014 (1934) ; (b) 843,903 
(1939) ; Brit. pat. 519,730 (1910) ; (c) 497,939 (1938)- 
C.A. 139,2655; 34,7143; 36,295; 33, 3810. 
I.  G. Farben., (a) Brit. pat. 291,817 (1927) ; (b) Ger. 
pat. 708,933 (1941) ; (c) Bclg. pat. 451,249 (1943)-C.A. 
23, 1190; 37,3252; 42, 586. 

I. G.  F:4rhe11. (I\I:ls Rocki~iiil~l, llTalter Perscl~, anrl ll'al- 
ter I<roii), Gel. pat. 565.064 11930)-C.A. 27, 1093. 
I .  G. Farben. (F. A. Hcnglein and I-Ierinann Hagenest), 
Ger. pat. 555,940 (1927)-C.-4. 27, 513. 
I. G. Farben. (Karl Iieller), Ger. pat. 557,245, 559,739 
(1930)-C.A. 27,310,730. 
I.  G. Farben. (Martin Luther and Kurt Pieroh), Ger. 
pat. 471,076 (1926)-C.A. 23, 2313. 
I.  G. Farben. (Alvin Mittasch and Tl7illielm Pungs), Ger. 
pat. 556,369 (1921)-C.A. 26, 5749. 
I. G. Farben. (Friedrich Muth), Ger. pat. 564,043 (1932) 
-C.A. 27, 1204. 
I. G. Farben. (Ludwig Orthner and Ewald Zaucker) , Ger. 
pat. 651,763, 651,811 (1937)-C.A. 32, 834. 
I .  G. Farben. (Wilhelm Pungs), Ger. pat. 455,522 (1921) 
-C. 1928, I ,  2330. 
I .  G. Farben. (Wilhelm Pungs and Ernst Galle), Ger. pat. 
453,883 (1927)-C. 1928, I,  1125. 
I. G. Farben. (lT7alter Reppe and Fritz Nicolai), (a)  Ger. 
pat. 617,543 (1935) ; 624,845 (1936) ; (b) 631,016 (1936) 
-C.A. 30, 733, 4871, 6008. 
I. G. Farben. (Edward Tschunkur and Ernest Herdieck- 
erhoff), Ger. pat. 565,967 (1930)-C.A. 27, 2538. 
I .  G. Farben. (Hans Ufer), Ger. pat. 528,915 (1926)- 
C.A. 26, 1045. 
I.  G. Farben. (Gustav Wietzel, Josef Jannek, and Fritz 
Fried), Ger. pat. 476,286 (1927)-C.A. 23, 3797. 
H .  K. Ihrig to Associated Oil Co., U.S. pat. 1,712,619 
(1929)-C.A. 23, 3340. 
Imp. Chem. Ind., Ltd., Brit. pat. 520,505 (1940)-C.A. 
36, 595. 
Imperial Oil, Ltd., Brit. pat. 305,108 (1929)-C.A. 23, 
4814. 
Internationale Bergin Compagnie voor Olie-en Kolen 
Chemie, Dutch pat. 13,594 (1925) ; Fr. pat. 559,787, 632,- 
509 (1926)-C.A. 20, 495; 22, 3773. 
International Hydrogenation Patents Co. Ltd., Fr. pat. 
774,343 (1934)-C.A. 29, 2338. 
Vladimir Ipatieff to U. 0 .  Prodts. Co., U.S. pat. 2,037,- 
789, 2,037,790, 2,037,791, 2,037,792 (1936)-C.A. 30, 
4000. 
V. N. Ipatieff and B. S. Friedman, J .  Am. Chem. Soc., 61, 
7 1 4  (1939)-C.A. 33, 1659. 



Orqnnrc f h c m i s t r ~ ~  o j  IZii'ulcnt Slrlfrrr 
- - -- 

T S. 1l)ntirff. (; S. 3Ioi11.oe. nncl I i  E. Sclian~l, ACb 
Meeting, Sail Francisco. llarcli 27-a41)r11 1, 1949; Houi- 
ton. March 26-30 (1950). 
E. P. Irany nnd H. D. Koetllcr to Celanebc Corp., U.S. 
pat. 2,481,596 (1949)-C.A. -13, 9527. 
E. Iwase, Kolloid Z., 45, 31-6 (1928)-C.A. 22, 3081. 
C. L. Jackson and A. Oppenheim, Ber., 8, 1032-4 (1875). 
T.  H. Janles and A. TJTeissberger, J .  Am. Chem. Soc., 61, 
442-50 (1939)-C.A. 33, 2498. 
F. Jardine, J .  Soc. Automotive Engrs., 17, 605-6 (1925). 
A. R. Javes, J .  Inst. Petroleum, 31, 129-53, 343-6 (1945) 
-C.A. 39, 3902; 40, 2964. 
TY. P. Jenney, U.S. pat. 178.061 (1876). 
J .  &I. Jennings to S. 0 .  Dev. Co., Brit. pat. 360,201 (1930) 
-C.A. 27, 593. 
K. A. Jensen, Z. anorg. Chem., 252, 227-33 (1944)- 
C.A. 40, 4352. 
J .  Ji~ninez-Herrera and L. Bermejo, Anales soc. espan. 
fis, quim., 31, 267-70 (1933)-C.A. 27, 2908. 
E. hl.  Johansen, (a)  U.S. pat. 1,587,649 (1926) ; (b)  
1,601,216 (1926)-C.A. 20, 2583, 3799. 
Axel Johansson, (a)  Arkiv Kemi, hlineral Geol., 13A, 
No. 14, 11 p. (1939) ; (b)  ibid., 24A, No. 30, 12 p. (1947) 
-C.A. 33, 8467; 42, 5409. 
,Johnson, Chem. Trade J. .  19, 476 (1896). 
A. J .  Johnson to Shell Dev. Co., U.S. pat. 2,368,595 
(1945)-C.A. 39, 5440. 
H. R. Johnson, U.S. pat. 2,348,543 (1944)-C.A. 39, 806. 
J .  Y. Johnson, Brit. pat. 8,348 of 1896. 
S. E. Johnson and E. E. Johnson, Brit. pat. 5255 of 1875. 
J .  J .  Johnston, U.S. pat. 31,982 (1861); 91,447 (1869). 
L. M. ,Johnston and J .  L. Farrell, U.S. pat. 1,706,614 
( 1929) -C.A. 23, 2290. 
TV. TV. Johnstone to U. 0. Prodts. Co., (a )  U.S. pat. 
2,185,768 (1940) ; 2,258,249 (1941) ; (b) 2,318,495 (1943) ; 
(c)  2,593,761 (1952)-C.A. 34, 3070; 36, 892; 37, 6447; 
46, 7756. 
E. 51. Jolly and C. C. Swoope, U.S. pat. 1,934,068 (1933) 
-C.A. 28, 631. 
H. 0. Jones and J .  K. Mattlle~vs, Proc. Camb. Phil. Soc.. 
15, 529-30-C.A. 5 ,  1237. 
,J. P. Jones to Phillips Petroleum Co., U.S. pat. 2,376,060 
(1945) -C.A. 39, 4468. 

840. 31. C. I< .Jonc\ t o  b. 0. L>cx ( ' 0 ,  I : ~ I  IT b 11at 2,270,058 
I 1932) ; 2,319,738 (1933 1 ; I b )  2,372.084 t 193.5) : I c )  
2,320,543 (1937) ; ((11 2.110,673 r 1948)- C A.  36, 39.53; 
37, 6880; 40, 455 ; 41, 7105 ; 42, 8356. 

831. 31. C. K. Jones and R .  C. Brandon to S. 0 .  Der.  Co., 
(a)  P.S. pat. 2,320,277 11943); (b)  2,338,585 (1944)- 
C.A. 37, 6880; 38, 4429. 

842. Alexandre Joseph, Rev. chim. ind., 36, 16 (1927)-C.A. 
21, 1346. 

843. P. M. ,Justice to Allgem. Ges. f. Chem. Ind., Brit. pat.. 
3572 of 1 9 1 G J .  Soc. Chenl. Ind., 34, 1004 (1915). 

844. Herman Kahn, Bull. soc. chirn. Roumania, 5, 70-2 (1923) 
-C.A. IS, 1467. 

845. V. A. Kalichevsky, (a )  Petroleum Rcfiner, 24, No. 4, 89- 
91 (1945) ; (b) No. 9, 89-94 (1945). 

846. V. A. Kaliche~rsky, (a )  Petroleunl Refiner, 29, No. 11, 
97-100 (1950) ; (b)  ibid., h'o. 12, 113-5; ic) ibid., 30, No. 
1, 129-35 (1951) ; td) zbid., No. 2, 95-6; ie) ibid., NO. 3, 
122-5; ( f )  ibid., Xo. 4, 111-8; (g) ibid., No. 5, 117-22; 
(h) ibid., No. 6, 135-7-C.A. 45, 1756, 2183, 3151, 4434, 
5395, 6372, 6828, 8239. 

847. V. A. Iialichevsky, Modern Methods of Refining Lubri- 
cating Oils, New York, Reinhold, 1938. 

848. Vladimir Kalichevsky to S. 0. Dev. Co., U.S. pat. 2,028,- 
335 (1936)-C.A. 30, 1549. 

849. V. A. Kalichevsky, E. T .  Scafe, and K. F. Hayden to  
Socony-Vac. Oil Co., U.S. pat. 2,311,.593 (1943)-C.A. 
37, 4890. 

850. V. A. Kaliclie~skp and B. A. Stagner, Chemlcal Refining 
of Petrolcu~~z, New York, Reinhold, 1932. 

851. E. D .  Kamm, Basil Taffs, and Imp. Chcm. I n d ~ .  Ltd., 
Brit. pat. 403,960 (1934kC.A.  28, 4.589. 

52. Takeo Kaneko, J .  Chem. Soc. Japan, 59, 1139-41 (1938) 
-C.A. 33, 2105. 

853. J .  H. Karchmer and J .  W. Dunahoe, Anal. Chem., 20, 
915-9 11948)-C.A. 43, 8123. 

853.5. Clarence Karr, Anal. Chem., 26, 528-36 (1953)-C.A. 
18, 7499. 

854. &I. L. Kastens and Robert Sutherland, Ind. Eng. Chen~., 
42, 582-93 (1950)-C.A. 43, 5085. 

855. H. L. Iiauffnlan and I. A. Clark to H. L. Kauffman, U.S. 
pat. 1,684,035 (1928)-C.A. 22, 4241. 



214 Orgnnic Chemistry of Rit'nlrrnt Sulfur 
- 

856. A. Kayser. ( a )  1-3. 1)nt. -508,479 (1893); ( h )  640,918 
( 1900) . 

857. E. I .  Kazukov, n'. G. Edelstein, and A. F .  Tcliegis, Bull. 
acad. sci. URSS, Classe sci. Tech., 1946, 1621-8; Dept. 
Sci. Ind. Research (Brit.), Fuel Abstracts, 2, No. 1, 38 
(1947)-C.A. 41, 3605; 42, 5650. 

858. W. 0 .  Keeling, U.S. pat. 2,150,170 (1939)-C.A. 33, 4779. 
859. August Kekulk and Linnemann, Ann., 123, 279 (1862). 
860. C. H.  Keller to Minerals Sepn. N. A. Corp., U.S. pat. 

1,728,761 (1929)-C.A. 23, 5148. 
861. E. D. Kendall, U.S. pat. 451,660 (1891). 
862. D. M. Kennedy, Brit. pat. 6,018 of 1887; U.S. pat. 

370,950 (1887) ; Ger. pat. 43,145 (1888). 
862.5. R. J. Kern, J .  Am. Chem. Soc., 75, 1865-6 (1953)-C.A. 

48, 4462. 
863. H.  L. Kerr to Frank Gardner, U.S. pat. 2,053,909 (1936) 

-C.A. 30, 7833. 
864. A. L. Khalif and L. B. Saxnoilov, Azerbaidzhanskoe 

Neftyanoe Khoz., 1939, No. 12, 31-2-C.A. 35, 3421. 
864.5. M. S. Kharasch, W. Nudenberg, and G. J .  Mantell, J. Org. 

Chem., 16, 524-32 (1951)-C.A. 46, 1483. 
865. K. V. Kharichkov, (a)  J .  der Kakt.-Abtheil der K. 

Russ. tech. G., 1897, 272; (b) Fi7estnik shirow. promysl., 
7, 61 (1906)- Z. angew. Chem., 11, 86-7 (1898) ; Chem. 
Ztg., 30, Rep. 205 (1906). 

866. Hugo Kiemstedt, Oel u. Kohle, 39, 833 (1943)-C.A. 38, 
5388. 

867. Hugo Kiemstedt, Ger. pat. 640,204 (1936)bC.A. 31, 
2410. 

868. E. Kiene, Vorratspflege u. Lebensmittelforsch., 2, 698- 
706 (1939)-C.A. 35, 7002. 

869. F .  E. Kimball, (a)  U.S. pat. 1,892,801 (1933) ; (b )  1,895,- 
223 (1933) ; (c) 2,108,438 (1938) ; 2,171,033 (1939) ; 
(d) 2,121,169 (1938)-C.A. 27, 2294, 2572; 32, 3140; 34. 
255; 32, 6453. 

870. J .  iV. Kimball, R. L. Kramer, and E. E. Reid, J .  Am. 
Chem. Soc., 43, 1199-1200 (1921)-C.A. 15, 2881. 

871. T. B. Kimball, Brit. pat. 291,379 (1927)-C.A. 23, 1260. 
872. T. B. Kiii~ball to Shell Oil Co., U.S. pat. 1,831,916 (1931) 

-C.A. 26, 837. 
873. H. L. King, Jr., C. D. Laughlin and H. hl. Gwyn, .Jr., Oil 

Gas J., 42, No. 49, 236, 239, 241, 244; No. 50, 51-74 
(1944)vC.A. 38, 4416. 

ns of JIcrcap tons  21.5 
- - - -- 

H. $. Icing an(] E'. T3. JI>L~I(IO(~~~, ( 'an.  ('l~cxll. I'roccbs In(!. , 
2.T. 3 4  (19391-('.A1. 23, 2312. 
R. 0. King, Can. J .  Rt>earch, 26F, 125-50 (1948)-C.A. 
42, 5651. 
A. Kinsel, Chem. n'let. Eng., 32, 8 7 3 4  (1925) ; U.S. pat. 
1,525,301 (1925 ; 1,883,947 (1932) ; Brit. pat. 263,730 
(1925)-C.A. 20, 661; 19, 1049; 27, 1157; 22, 162. 
J. L. Kirk, U.S. pat. 215,756 (1879). 
M. L. Kirk to M. P.  Kirk & Son, Inc., U.S. pat. 1,977,993 
(1933)-C.A. 29, 329. 
R. Kissling, Chem. Ztg., 32, 849, 867, 879-C.A. 3, 589. 
R. Kissling, Das Erdol, seine Verarbeitung und Verwend- 
ung, Halle, 1908. 
Peter Klason, (a)  Bull. soc. chim. [2] 25, 183-7 (1876) ; 
(b) J .  prakt. Chem., [2] 15, 193-218 (1877); (c) Ber., 
14, 411-2 (1881) ; (d) ibid., 20, 3407-13 (1887). 
Peter Klason and Tor Carlson, Ber., 39, 7 3 M 2  (1906). 
Willi Klatt, Z. anorg. allgem. Chem., 232, 393409 (1937) 
-C.A. 31, 5705. 
Morton Kleixnan to Velsicol Corp., U.S. pat. 2,510,893, 
2,510,894 (1950)-C.A. 45, 636, 637. 
E. N. Klemgard, Refiner hratural Gasoline Mfr., 6, NO. 
5, 51-2 (1927)-C.A. 21, 2788. 
H.  W. Klever, (a)  Ger. pat. 301,773 (1921) ; (b) 368,740 
(1923)-C. 1921, IV, 212; 1923, 11,878. 
A. Klinkenberg, Oel u. Kohle ver. petroleum, 35, 709-12 
(1939)-C.A. 34, 4260. 
N. V. S. Knibbs, Brit. pat. 154,464 (1919)-J. Soc. Chem. 
Ind., 40, 38A (1921). 
H. TV. Knottenbelt, U.S. pat. 1,194,033 (1916)-C.A. 10, 
2402. 
W. M. Knowling (hlichael Kostevitcli), Fr. pat. 651,641 
(1928)-C.A. 23, 3339. 
W. M. Knowling and Michael Kostevitcli, (a) Brit. pat. 
287,141 (1927) ; Fr. pat. 641,926 (1927) ; (b) Brit. pat. 
308,604 (1928)-C.A. 23, 510, 1259; 34, 496. 
G. P. Koch to Sliell Oil Co., U.S. pat. 1,742,263 (1930)- 
C.A. 24, 1212. 
H. Koehler, U.S. pat. 507,441 (1893). 
Kohle u. Eisenforschung G.m.b.H., Brit. pat. 491,299 
(1938)-C.A. 33, 1478. 
E. P .  Kohler, Am. Chem. J., 22, 67-80 (1899). 



216 0 1  g( t7 i io  C'ht  rl~ittry of Bicnlcnt SILWUI. 
- -- - 

896. Tohllio I\U]IIII:L. 1 ' ; 1 1 \ ( 5 0  ~ ~ I I ~ : I I I I I ~ I ~ O .  :L~I(I rrc~i:~/)\~~'~l sall:l11 
to Hoc1og:~ya ('11(,111 l r l ( l  ('0 , .J:illtlll. p:lt. 175.175 ( 1947 1 
-C.A. 44, 5913. 

897. Cr .  Kolsky, I-.S. pat. 1,598,973 (1926)-C.A. 20, 3563. 
898. Eric Kolthoff and A. E .  Catanach to Gulf Oil Corp., U.S. 

pat. 2,250,915 (1941)-C.A. 35, 7703. 
898.5. I .  hl. Kolthoff and ITT. J .  Dale to Phillips Pet. Co., U.S. 

pat. 2,625,537 (1953)-C.A. 47, 7249. 
899. I. M. Koltl~off and W. E .  Harris (a)  J.  Polymer Sci., 2, 

41-8, 49-71 (1947) ; (b)  Anal. Chem., 18, 161-2 (1946) ; 
(c) ibid., 21. 963-5 (1949)-C.A. 41, 4957; 40, 3370; 44, 
76. 

900. I .  M. Kolthoff, D. R. Alay, Perry >!organ, H. A. Laitiner, 
and A. S. O'Brien, Anal. C'hem., 18, 4 4 2 4  (1946)-C.A. 
40, 5359. 

901. I. M. Kolthoff and I. K. Miller, J. Am. Chem. Soc., 73, 
511tG22 (1951), 74, 4419-22 (1952)PC.A. 46, 1853; 47, 
63. 

902. V. I. Komarewsky and E.  A. Knaggs, Ind. Eng. Chem., 
43, 1414-8 (1951)-C.A. 46, 490. 

903. M. S. Komskii, Neftyanoe Khoz., 1937, No. 7, 49-53- 
C.A. 33, 7086. 

901. Fritz von Konek, Ber., 53, 166671 (1920)-C.A. 15, 845. 
905. T.  A. Kontorova and M. B. Neumann, Physik. Z. Sow- 

jetunion, 4, 81g24  (1933)-C.A. 28, 2979. 
906. R. D. Koons, Refiner Natural Gasoline Mfr., 20, 393 

(1941)-C.A. 36, 1474. 
907. Hcrniann Kopp, Ann., 35, 343-50 (1840). 
908. E .  L. Korb and J .  R .  Sabina to Du Pont Co., U.S. pat. 

2,380,976 (1945)-C.A. 10, 729. 
909. I). N. Korotcllenko and P.  I. Tsyganok, Neftyanoe Khoz, 

19, KO. 7, 21-5 (1938)-C.A. 33, 1917. 
909.5. M. R1. Koton, E .  P. Moskvina, and F.  S. Florinskii, J .  

Gen. Chem. (USSR), 20, 2093-5, 2167-9 (English trans- 
lation) (1950)-C.A. 45, 5644; 46, 11135. 

910. M. H .  Kotzebue and L. M. Bowman, U.S. pat. 1,485,083 
(1924)-C.A. 18, 1383. 

911. A. V. Kozhevnikov and I .  Y. Grachev, J .  Applied Chen~. 
(USSR), 11, 9 6 2 4  (1938)-C.A. 33, 1920. 

912. A. J. Iiraemer, Bur. Mines, Rept. of Investigations, 3026, 
11 p. (1930); Oil Gas J. ,  29, No. 8, 31 (1930)-C.A. 24, 
3878. 

913. H. I. Kramer, Ind. Eng. Chem., 34, 243 (1912). 

Carl Kraudl. llatliia. Prcr, anrl Iinrl \T7inkler to Stand- 
ard-I. G. Co., U.S. pat. 1,957,787 (1934)-C.A. 28, 4216. 
P. L. Krauel and G .  I\'. Katts,  U.S. pat. 1,936,629 (1933) 
-C.A. 28, 1179. 
William Krause, Chemist-Analyst, 27, NO. 1, 14 (1938)- 
C.A. 32, 2722. 
Krausz-3loskovits Egyesiilt Ipartelepek R.  T. and 
Miklos Moskovits, Hung. pat. 102,737 (1928)-C.A. 26, 
1703. 
A. Iiremser, Natl. Pet. News, 22, No. 21, 43-9 (1930) ; 
Oil Gas J., 29, No. 1, 146, 148, 150, 178 (1930)-C.A. 24, 
5143, 3328. 
0 .  Kruber and \I7. Schade, Brennstoff-Chem., 14, 124-8 
(1933)-C.A. 27, 3802. 
R. C. Krug to Atlantic Refg. Co., U.S. pat. 2,441,493 
(1948) -C.A. 42, 8462. 
Hermann Krutzsch, .I. prakt. Chem., 31, 1 4  (1844); 
Ann., 52, 317-9 (1844). 
Richard Kuhn, Leonard Birkofer, and F.  IT. Quacken- 
bush, Ber., 73, 407-16 (1939)-C.A. 33, 4625. 
11. Kuras, Chem. Obzor, 16, 17-8, 124-5 (1941) ; 17, 41 
(1942) ; 18, 177-8 (1913)-C.A. 38, 933; 37, 3023; 39, 
3222. 
E. IT. Laake, D.  C. Parman, F. C. Bishopp, and R. C. 
Roark, U.S. Dept. Agr. Tech. Bull., 270, 10 p. (1931)- 
C.A. 26, 4882. 
Arthur Lachman, Ind. Eng. Chem., 23, 354-7 (1931)- 
C.A. 25, 2553. 
Arthur Lacliman, Oil Gas J., 30, No. 26, 30, 133-5 (1931) ; 
Natl. Petroleum Kews. 23, KO. 15, 32-E-33, 35; Petro- 
leum World, 28, KO. 11, 23-3, 46; No. 12, 41-3 (1931) ; 
Refiner Natural Gasoline hlfr., 10, No. 11, 72 (1931)- 
C.A. 26, 1425, 2044, 5408, 3097. 
Arthur Lachman to Richfield Oil Co., (a)  U.S. pat. 1,709,- 
3 15 (1929) ; (b) 1,790,622, 1,809,170 (1931) ; (c) 1,826,- 
138, 1,826,139, 1,826,140, 1,826,141, 1,826,142, 1,826,143, 
1,826,144, 1,826,145, 1,826,146, 1,826,147 (1931); (d) 
1,890,516 (1932)-C.X. 23, 2820; 25, 1374, 439.5; 26, 589; 
27, 1745. 
Arthur Lacllll~an to Vapor Treating Procebses. Inc., 
(a)  U.S. pat. 2,035,607. 2,035,608 (1936) ; (b)  2,035,609 
(1936); (c) 2,035,610 (1936); (d) 2,042,718 (1936)- 
C.A. 30, 3626, 3627, 5024. 



Organic Chemistry of Bivalent Sulfur 

H. N. LaCroix, Natl. Petroleum N e w ,  33, KO. 10, R-72- 
80 (1941) ; 36, No. 9, R 17C1 (1944) ; World Petroleum, 
15, No. 3, 5 6 7  (1944)-C.A. 35, 3071 ; 38, 2814, 2191. 
R. H. Laird, U.S. pat. 507,230 (1893). 
H. A. Laitinen, A. S. O'Brien, and J .  S. Nelson, Anal. 
Chem., 18, 471-2 (1946)-C.A. 40, 5668. 
G. R. Lake to Union Oil Co. of Calif., U.S. pat. 2,405,258 
(1946)-C.A. 40, 6252. 
W. A. LaLande, Jr., to Attapulgas Clay Co., U.S. pat. 
2,451,564 (1948)-C.A. 44, 4666. 
D. M. Lamb, U.S. pat. 183,401 (1876). 
August Laurent, J .  prakt. Chem., 51, 242-3 (1850). 
T. F .  Lavine, J .  Biol. Chem., 109, 141-5 (1935); 113, 
583-97 (1936)-C.A. 29, 4399; 30, 3842. 
W. A. Lazier and J .  V. Vaughen to Du Pont Co., U.S. pat. 
2,041,840 (1936) -C.A. 30, 5006. 
W. G. Leamon, (a)  U.S. pat. 1,769,791, 1,769,795 (1930) ; 
(b) 1,769,792, 1,769,793, 1,769,794 (1930)-C.A. 24, 4625. 
H. Z. Lecher, (a)  Ber., 48, 1425-32 (1915) ; (b) ibid., 53, 
568-77 (1920)-C.A. 9, 3241 ; 14, 3078. 
H.  Z. Lecher and Elizabeth &/I. Hardy, J .  Org. Chem., 20, 
475-87 (1955)-C.A. 50, 4101. 
H.  Z. Lecher and Werner Siefkin, Ber., 59, 1314-21, 
2594-2601 (1926) -C.A. 20, 2976. 
M. W. Lee to Union Oil Co. of Calif., (a) U.S. pat. 2,337,- 
826 (1943) ; (b) 2,417,308 (1947)-C.A. 38, 3824; 41, 
7104. 
S. W. Lee and Gregg Dougherty, J .  Org. Chem., 4, 48-53 
(1939)-C.A. 33, 4191. 
T. W. Legatski and H. R.  Legatski, Oil Gas J. ,  45, No. 1, 
99-707 (1946)PC.A. 40, 4504. 
R. E. Lege, Refiner Natural Gasoline Mfr., 16, 327-30 
(1937)-C.A. 31, 8903. 
P. C. Lemale, Fr. pat. 589,095 (1925)-C. 1925, 11, 1239. 
T. A. Lennartz and Rudolf Middeldorf, Siiddeut. Apoth. 
Ztg., 89, 593-5 (1949)PC.A. 44, 76. 
W. B. Lerch, C. H.  Mathis, and E.  J .  Gatchell to Phillips 
Petroleum Co., U.S. pat. 2,235,936 (1941)-C.A. 35, 
4587. 
R. Leuckart, J .  prakt. Chem., [2] 41, 179 (1890). 
L. N. Leum to Atlantic Refg. Co., U.S. pat. 2,320,939 
(1943)-C.A. 37, 6880. 

)ns of Mercaptans 
- -- . - - - - -. 

219 

I,. K. I,cunl an(l  E. R .  Hirkl~inicr to ,Itlantic Refg. Co.. 
C.S.  pat. 2,.30'1,f)52. 2,.i0(1.633, 2,309,654 (1942)-C.X. 37, 
4240. 
P. Levenc and L. AI. hlikeska, J .  Biol. Chem., 70, 
365-80 (1926)-C.A. 21, 52. 
Lewes, The Carbonization of Coal, (1912). 
R. I. Lewis to Shell Dev. Co., (a )  Can. pat. 290,441 
(1929) ; (b) 318,892 (1932)-C. 1932, I, 3252; C.A. 26, 
2048. 
R.  I .  Lewis to N. V. de Bataafsche, Brit. pat. 345,596 
(1929) -C.A. 26, 293. 
Eugene Lieber and Raphael Rosen, U.S. pat. 1,976,806 
(1934)-C.A., 28, 7441. 
A. P. Lien, D .  A. McCaulay, and B. L. Evering, Ind. Eng. 
Chem., 41, 2698-2702 (1949)-C.A. 44, 2214. 
C. L. Lightenhome, U.S. pat. 1,434,300 (1922)-C.A. 17, 
467. 
Leon Lilienfeld, Ger. pat. 254,762 (1910)-C.A. 7, 1110. 
W. B. Lindsay and W. B. Davidson, Brit. pat., 232,347 
(1925)-C.A. 19, 3585. 
R. Lindskog, Svenska Gasforen, MBnadsblad, 14, 2 6 8  
(1947) -C.A. 42, 5210. 
Louis Link and hl. B. Amis to S. 0 .  Dev. Co., U.S. pat. 
1,718,714 (1929)-C.A. 23, 4059. 
Arnold Lippert and E. E. Reid, J .  Am. Chem. 'SOC., 60, 
2370-1 (1938)-C.A. 33, 127. 
H.  K. Livingston, Oil Gas J., 46, No. 45, 80-7 (1948) ; 
Ind. Eng. Chem., 41, 888-93 (1949)-C.A. 42, 5650; 43, 
5579. 
H. K. Livingston, J .  L. Hyde, and M. H .  Campbell, Ind. 
Eng. Chem., 41, 2722-26 (1949)-C.A. 44, 2215. 
Gustaf Ljunggren and Bo Norberg, Acta Physiol. Scand., 
5, 248-55 (1943)-C.A. 38, 5970. 
D. J .  Loder to Du Pont Co., U.S. pat. 2,075,295 (1927)- 
C.A. 31, 3505. 
0 .  Loew, U.S. pat. 101,284 (1870). 
Carl Lowig, Pogg. Ann., 47, 15341 (1839). 
Carl Lowig and Salomon Weidmann, (a )  Pogg. Ann., 46, 
91; ibzd., 49, 123 (1840) ; (b) ibid., 323-40-Ann., 36, 
321-23 (1840). 
L. Logan and G. G. Desy, Natural Gas, 5, No. 2, 12-3, 
3 6 4 4  (1924)-C.A. 18, 1560. 



Orrlrrn/r ( 'hrtir~,tr.y o f  h ' l ~ ~ r l c n t  S711f711' 
- - - -- - - - -- - -- 

\IT I3 I,og:~n to  TIIV 'rt G I *  ( 0.. 1-  5 ~ ) a t  I 098.76.5 1935 I 
-(' A4 29, 3823 
.I I, 1,ooncy. 1 - 5  piit 1.777.005 t 10301-(' Ll 21. 5999 
E ,J Lorantl to Hcrr l i lc~ Pon dcr ( ' ( 1  . T.b. pat. 2,395,055 
(1946)-C.A. 40, 3007. 
G. A. Lorenz to Shell Dev. Co., U.S. pat. 2,224,636 11940) 
-C.A. 35, 2710. 
C. Lossen, U.S. pat. 537,121 (1895). 
L. L. Lovell and L. F. Boullion to Sliell Dev. Co., U.S. 
pat. 2,293,395 (1942)-C.A. 37, 1260. 
L. L. Lovell, P. E. Malson, and L. F. Boullion to Sliell 
Dev. Co., U.S. pat. 2,306,993 (1942) ; Brit. pat. 560,225 
(1941)-C.A. 37, 3920; 40, 1652. 
L. L. Lovell, A. E. Martin, and F. \T. Bell, to Sl~ell Dev 
Co., U.S. pat. 2,346,497 (1944)-C.A. 38, 5393. 
111. H. Low to Richfield Oil Co. of Calif., U.S. pat. 
1,777,619 (1930)-C.A. 24, 6001. 
\V. P. Lowc and C. ITT. Bilfinger, U.S. pat. 556,155 (1896). 
C. D. Lowry, Jr., U. Oil Prodts. Co Booklet No. 242, 
5-1 1 (1940)-C.A. 33, 8238. 
C. D. Lowry, Jr. to IT. 0 .  Prodts. Co., U.S. pat. 2.270,322 
(1942)-C.A. 36, 3954. 
C. D.  Lowry, Jr., C. G. Dryer, Charles \iTirtli 111, and R. 
E. Sutherland, Ind. Eng. Cliem., 30, 1275-9 (1938)- 
C.A. 33, 845. 
C. D. Lowry, Jr. and Gustav Egloff, Oil Gas J., 40, KO. 
31, 52-54 (1941)-C.A. 36, 2125. 
C. D.  Lowry, Jr .  and F. C. Moriarty. Oil Gas J., 44, No. 
26, 105-9 (1945)-C.A. 40, 701. 
C. D .  Lowry, Jr. and R. E. Sutherland to U. 0. Prodts 
Co., C.S. pat. 2,336,109 (1943)-C.A. 38, 3824. 
V. J .  Loyd to Socony-Vac. 011 C o ,  U.S. pat. 2,315,530, 
2,316,092 (1943)-C.A. 37, 5855. 
H. A. Lubs and A. L. Fox to Du Pont Co., U.S. pat. 1,839,- 
155 (1931)-C.A. 26, 1225. 
C. C. Lucas and E. J .  King, Biocliem. J., 27, 207G39 
(1932)-C.A. 27, 3164. 
0 .  D. Lucas and E. L. Lomax, U.S. pat. 1,615,286 (1927) 
-C.A. 21, 819. 
0 .  D .  Lucas, T. C. Palmer, and F. 11. Perkin, Brit. pat. 
108,019 (1916)-C.A. 11, 2961. 
0. D. Lucas and V. L. Oil Proce~ses Ltd., ( a )  Brit. pat. 
214,871 (1923) ; (b) 219,403 (1923)-C.A. 18, 2804; 19, 
726. 

--- - - - - - - 

993. 0. Lugo, U.P. pat. 60.7.57 11867). 
991. Lukaschen-icz. Z. f .  C'l~emie. 186s. 641. 
995. G. Lunge, Z. angen. Cl~em., 7 ,  69-74 (1894). 
996. G. Lupton, U.S. pat. 110,051 (1870). 
997. Rlartin 1,utlier and Kurt Pieroli to I. G. Farben., U.S. pat. 

1,732,371 (1929)-C.A. 23, 234. 
998. 111. A. Lutz and E. R. Butcher to Gulf Oil Co., U.S. pat. 

2,303,853 (1942) -C.A. 37, 3263. 
999. E. E .  Lyder to S. 0 .  Co. of Calif., U.S. pat. 2,208,591 

(1940)-C.A. 35, 612. 
1000. A. L. Lyman, R. C. Mitlioff, and H. B. Nichols to S. 0 .  of 

Calif., U.S. pat. 2,236,216 (1941)-C.A. 35, 4587. 
1001. A. L. Lyman, H. 13. Nichols, and R.  C. Mithoff to S. 0. 

Co. of Calif., U.S. pat. 2,143,078 (1939)-C.A. 33, 3128. 
1001.5. J .  P. Lyon, Jr., and A. A. Harban to Phillips Pet. Co., 

U.S. pat. 2,581,493 (1952)-C.A. 47, 143. 
1002. C. F. Mabery, (a )  J .  Franklin Inst., 139, 401-24 (1895) ; 

(b) Am. Chem. J., 18, 43-79 (1896) ; J .  Soc. Chem. Ind., 
19, 508 (1900) . 

1003. C. F. Mabery and J .  Quayle, J .  Soc. Chem. Ind., 19, 505 
(1899) ; Proc. Am. Acad. Sci., 41, 87 (1905) ; Am. Chem. 
J., 35, 404 (1906). 

1004. A. M. McAfee, Natl. Petroleum News, (2) 7, 2&5 
(1915) ; Chem. Met. Eng., 13, 592-7 (1915) ; Ind. Eng. 
Chem., 7, 73741 (1915)-C.A. 9, 2147, 2812. 

1005. A. M. McAfee, Brit. pat. 22,922 of 1914; U.S. pat. 1,277,- 
092, 1,277,328, 1,277,329 (1918) ; 1,326,072 (1919)-C.A. 
10, 1430; 12, 2126, 2125; 14, 1625. 

1006. A. M. RTcAfee, (a)  Can. pat. 163,092 (1915) ; (bi U.S. 
pat. 1,608,328 (1926) ; (c) 1,608,329 (1926)-C.A. 9, 
2729; 21, 317. 

1006.5. D. T. RfcAllan, T. V. Cullum, R. A. Dcan, and F. A. 
Fidlcr, J .  Am. Cliem. Soc., 73, 3627-32 (1951)-C.A. 46, 
5519. 

1007. T. Alacalpine, (a )  C.S. pat. 655,500 (1900) ; (b)  741,517 
(1903). 

1008. A. K.  Macbeth and D. D. Pratt, J .  Chem. Soc., 119,35+8 
(1921)-C.A. 15, 1699. 

1009. TV. F. M. McCarty, C.S. pat. 1,274,912, 1,274,913 (1918) 

i -C.A. 12, 2052. 
1 1010. R .  S. hlcClaughry and L. V. Moore to S. 0. Co. of Ind., 

U.S. pat. 1,927,068 (1933)-C.A. 27, 5959. 
1011. J .  M. NcClave to Conservo Co., U.S. pat. 1,703,158 

(1929) -C.A. 23, 2029. 



Organic Cheinistry of Bivalent  Sulfur 'ons o f  dfercnntnns 223 

J .  H. AlcClintock to S. 0 .  Der. Co., U.P. pat. 2,324,790 
(1943) -C.A. 38, 481. 
T. RlcClurkin, Oil Colour Trades J . ,  95, 1078-80 (1939) ; 
J .  Inst. Petroleum, 25, 382-9 (1939)-C.A. 33, 4668, 
7921. 
E. B. McConnell to S. 0. Co. of Ohio, U.S. pat. 2,148,869 
(1939) -C.A. 33, 4419. 
T. F. McCormick to Tide Water Assoc. Oil Co., U.S. pat. 
2,219,109 (1940)-C.A. 35, 1624. 
T. F. McCormick and Arthur Lazar to Tide Water Assoc. 
Oil Co., U.S. pat. 2,183,968 (1939)-C.A. 34, 2584. 
J .  H. McCullough to Atlantic Refg. Co., U.S. pat. 2,269,- 
467 (1942)-C.A. 36, 3351. 
J .  H. McCullough, E.  R. Birkhimer, and L. N. Leum to 
Atlantic Refg. Co., U.S. pat. 2,309,651 (1943)-C.A. 37, 
4238. 
P. J .  McDermott to Refiners, Ltd., U.S. pat. 1,999,335 
(1935)-C.A. 29, 4165. 
Thomson McGowan, (a)  U.S. pat. 257,961 (1882) ; (b) 
292,419 (1893) ; (c) 658,857 (1900) 4. Soc. Chem. Ind., 
I, 352 (1882). 
I. J .  W. MacHattie and N. L. McNiven, Can. Chem. 
Process Inds., 30, 87-90, 92, 94 (1946) -C.A. 40, 5546. 
Gordon McIntyre and E. G. Ulbricht to S. 0 .  Dev. Co., 
U.S. pat. 1,985,613 (1945)-C.A. 29, 1241. 
H. C. McKee, L. K. Herndon, and J .  R. Withrow, Anal. 
Chem., 20, 301-3 (1948)-C.A. 42, 5214. 
D. S. McKittrick, Ind. Eng. Chem., 21, 585-92 (1929)- 
C.A. 23, 3565. 
D. S. McKittrick to Shell Dev. Co., (a )  U.S. pat. 2,114,- 
852 (1938) ; (b) 2,201,903 (1940)-C.A. 32, 4772; 34, 
7596. 
B. L. MacKusick and H. -4. Alves, Oil Gas J., 42, No. 49, 
126, 127,252,255 (1944)-C.A. 38, 4416. 
Gordon MacLean to The Turbo-Mixer Corp., U.S. pat. 
2,290,980 (1942) -C.A. 37, 556. 
P. McMichael, U.S. pat. 1,655,068 (1928)-C.A. 22, 1036. 
F. H. McMillan and J .  A. King. J .  Am. Chem. Soc., 70, 
4143-50 (1948)-C.A. 43, 2187. 
T .  L. McNamara to Pure Oil Co., U.S. pat. 2,335,347 
(1943)-C.A. 38, 3825. 
T. L. McNamara and L. M. Henderson to Pure Oil Co., 
U.S. pat. 2,316,965, 2,316,966 (1943)-C.A. 37, 6120. 

E. M'. AIcXcaly t o  Tllc Texas C'o.. U.S. pat. 2,372,411 
(1945)-C'.A. -//I. 454. 
R.  K. llcOinic, 0. L. Davis, and A. C. Sison to Shell 
Dev. Co., t-.S. pat. 2,337,262 (1913)-C..l. 38, 3813. 
C. Marcker, Ann.. 136, 75-95 (1865). 
P .  L. Magill to Roessler and Hasslacher Chem. Co., U.S. 
pat. 1,807,924 (1931) ; 1,890,881 (1932)-C.A. 25, 4394; 
27, 1743. 
Hans Magnus, Ger. pat. 500,718 (1930)-C.A. 24, 4928. 
Alfonse, Mailhe and M. Murat, Bull. soc. chim., [4] 7, 
288-91 (1910)-C.A. 4,2297. 
Boris Malishev, Petroleum Z., 28, No. 17, 7-10 (1932)- 
C.A. 26, 4705. 
Boris Malishev to Shell Dcv. Co., (a )  Can. pat. 322,513 
(1932) ; (b) U.S. pat. 1,914,953 (1933)-C.A. 26, 3659; . . 

27, 4390. 
Boris Malishev, U.S. pat. 2,223,524 (1940)-C.A. 35, 
2313. 
W. M. Malisoff to Atlantic Refg. Co., (a) Can. pat. 333,- 
899 (1933) ; U.S. pat. 1,968,842 (1934) ; (b) 1,968,843 
(1934) ; (c) 2,013,663 (1935) ; (d) 2,043,254 (1936)- 
C.A. 27, 4916; 28, 5975; 29, 7064; 30, 5403. 
W. M. Malisoff to Atlantic Refg. Co., (a)  U.S. pat. 
1,948,528 (1934) ; (b) 1,972,102 (1934) ; (c) 2,015,080 
(1935)-C.A. 28, 2884, 6560; 29, 7635. 
W. M. Malisoff and C. E. Anding, Jr., Anal. Chem., 7, 
86-8 (1935)-C.A. 29, 3628. 
W. M. Malisoff and F. G. Hess to Atlantic Refg. Co., 
U.S. pat. 2,061,583 (1936)-C.A. 31, 846. 
IT. M. Malisoff and E. R4. Marks, (a)  J .  Chem. Phys., 1, 
2 8 4 5  (1933) ; Ind. Eng. Chem., 23, 11 1420  (1931) ; (b) 
ibid., 25, 780-3 (1933)-C.A. 27, 2866; 26, 82; 27, 421 1. 
BI. G. Mamedli, (a )  J .  Applied Chem. (USSR), 18, 62-8 
(1945) ; (b) ibid., 20, 115-9 (1947)-C.A. 39, 5443; 41, 
5705. 
IV. Manchot and H. Gall, (a)  Ber., 60, 2318-22 (1927) ; 
61,2393-4 (1 928) ; (b) ibid., 62, 67-1 (1929) -C.A. 22, 
2892; 23, 785, 4417. 
W. Manchot and F. Kaess, Ber., 60, 2175-80 (1927)- 
C.A. 22, 199. 
M. R. Mandelbaum, \%Torld Petr. Congr. London 1933, 
Proc. 2, 21-9; Petroleum World (London), 31, 44 (1934) 
-C.A. 28,4878. 



31 12. 3lnntlclbaun1 t,, G1.a~' PI~oc(~..c~ ( 'orp. I T S .  17:~t  

l.c)6,i,105 ( 1931 1 --(' .A.  2 S ,  5657. 
1I:lrtin Llanccli, 131 n ~ ~ i l k o l ~ l ~ n : ~ ~  rll , SO l 0 ,  53-90 ( 1933 1 
-C.b. 27, 4907. 
R. E. Manley and 11. H. Gross to Thc Tcxas Co., U.S. 
pat. 1.971,753 (1934)-C.A. 28, 6560. 
F. G. Mann and Donald Purdie, J .  Chern. Soc., 1935, 
1549-63-C.A. 30, 1680. 
G. L. RIann, Oil Gas J., 45, No. 46, 195-202 (1947)- 
C.A. 41, 4297. 
A. B. Manning, World Petr. Congr. London, 1933, Proc. 
2, 7-9-C.A. 28, 4878. 
G. E. Rlapstone, (a)  Australian Cl~em. Inst. J .  and Proc., 
13, 15660 (1946) ; (b) ibitl., 13, 232-8, 373-7 (1946) ; 
1.5, 2 3 W 1  (1948) ; ( c )  ibid., 13, 269-74 (1946) ; id) ibirl., 
14,61-7 (1946)-C.A. 40, 4504, 7580; 41, 1176; 43, 7216: 
40, 7578; 41, 4913. 
G. E. Mapstone, (a )  Anal. Chem., 18, 49%9 (1946) ; (b)  
J .  Inst. Petroleum, 34, 486-9 (1948) ; ( c )  ibid., 35, 132-7 
(1949)-C.A. 40, 6797; 42, 8455; 43, 4839. 
W. Marcknald, Ber., 33, 1556 (1900). 
Eugenio Mariani, Bull. sci. facolta chim. ind. Bologna, 3, 
21+20 (1942)-C.A. 38, 5657. 
M. B. Markowitsch, Russ. pat. 23,515 (1931)-C.A. 26, 
1769. 
A. M. Martin and L. Carlson, Oil Gas J . ,  40, No. 46. 
138, 1 4 2 4  (1942)-C.A. 37, 518. 
A. R. Martin, P. J .  Kelly, and K. H .  Repath, U.S. pat. 
1,858,635 (1932)-C.A. 26, 3913. 
Hokc Martin, Oil Gas J. ,  29, No. 47, 57-8 (1931) ; Sat l .  
Petr. News, 23, No. 14, 32F-32H (1931)-C.A. 25, 3814. 
C. S. ILlarvel and C. D. Lewis, J .  Polymcr Sci., 3, 354-7 
(1948)-C.A. 42, 6566. 
G. N. Maslyanskii, Doklady Akad. Nauk SSSR, 45, 25-8 
(1944)-C.A. 39, 1283. 
G. N. hlaslyanskii and E. 1. Pllezhebovskaya, J .  Gen. 
Chem. (USSR), 16, 701-8 (1946)-C.A. 41, 1205. 
C. F. Mason, R. D.  Bent, and J .  H.  AlcCullough, Proc. 
Am. Pet. Inst., 22nd Ann. Meeting, Sect. 111, 22, 45-51 
(1941) ; Oil Gas J., 40, No. 26, 114, 116, 119 (1911)- 
C.A. 36, 2396, 4699. 
A. A. M. Massenet, Ger. pat. 421,263 (1925)-C. 1926, I, 
1088. 

,\I:~tl~ic.wn Alkali 11 (11-1;~. 1111. .. S(,n York. lC12.Z r1ntlr1-- 
trial Bulletin). 
;\I P ,\latuszalt to Phil1il)s Petrolcun~ Co., I- S. pat 
2,399,496 (1946iLC.A. 40, 4209. 
Jean Rlaurin and Ren6 Piiris, (a)  Compt. rend., 231, 
1297-8 (1950) ; (b) J. chim. phys., 48, No. 9/10, Trans- 
ferts 6lectroniques en solns. et aux hlectrodes, C 30-6, 
C 3741,  discussion C 41 (1941)-C.A. 45, 4121; 46, 
10011. 
E. B. Maxted, Brit. pat. 490,775 (1938)-C.A. 33, 1478. 
E. B. Maxted and H. C. Evans, J. Chenl. Soc., 1937,603-6, 
1004-8; 1938, 4 5 5 a C . A .  31, 4882, 7322 ; 32, 5288. 
E. B. hlaxted and Arthur Marsden. J.  Soc. Chem. Ind., 
65, 51-2 (1946)-C.A. 40, 3868. 
E. B. Maxted and J .  J .  Priestley, Gas J., 247, 477-8, 
481-2, 515-16, 556-7, 593 (1946)-C.A. 40, 3586. 
C. D. Maze, Brit. Pat.  263,381 (1926)-C.A. 22, 162. 
J .  R. Meadow to Socony-Vac. Oil Co., U.S. pat. 2,403,013 
(1946)-C.A. 40, 6502. 
J. R. Meadow and J .  C. Cavagnol, J. Org. Chem., 17, 
488-91 (1952)-C.A. 47, 1696. 
J .  R. Meadow and 131. A. Stover to Socony-Vac. Oil Co., 
U.S. pat. 2,434,623 (1948)-C.A. 42, 7028. 
H. H. Meier and 0 .  H. Dawson to S. 0 .  Dev. Co., U.S. 
pat. 1,843,578 (1932)-C.A. 26, 1768. 
J .  V. Meigs and E. J .  Ford, Refiner Natural Gasoline 
Mfr., 2, No. 5, 6-7 (1923)-C.A. 17, 2496. 
M. Meissner and H. W. Thompson, Trans. Faraday Soc., 
34, 1238-9 (1938)-C.A. 33, 1598. 
E. F.  Meitzner to Rohm and Haas Co., U.S. pat. 2,517,- 
127 (1950)-C.A. 45, 1810. 
L. A. Mekler to U. 0 .  Prodts. Co., U.S. pat. 1,897,617 
(1933)AC.A. 27,2797. 
N. N. Blel'nikov, Uspekhi Khinl, 5, 443-50 (1936)-C.A. 
30, 5180. 
1Villiam Mendius, Refiner Nat. Gasoline Mfr., 11, 370 
(1932)-C.A. 26, 4454. 
C. C. hlengel, Sr., U.S. pat. 452,578 (1891). 
R. C. Menzies, J .  Chem. Soc., 121, 2787-93 (1922)-C.A. 
17, 970. 
P. 11;. Merchant, G.S. pat. 1,875,088 (1932)-C.A. 26, 
61 17. 
J .  Merrill, U.S. pat. 32,704 (1861). 



Orgtrnir C'hcnzist~y of Biz-alcnt Sulfur 

(;. ~I( ' I .>oI , : I I I ,  I-,$. ] ) : I{  , 1 224.4S.5 101 7 11, 202.5. 
('. 11.. 1 1 0 1 , t z .  11. 11.. ( '~ l j (a l~( ' r .  :11111 ,I.  .I. lIcIjride to 
P11illil)s I'etrolcu~i~ ( ' o . .  IT.$. pal.  2,558,221 119.51 1-C.X. 
46, 1021. 
H. E. llessiiiore to Plli1lil)s I'etroleuni Co., U.S. pat. 
2,393,476 (1946) -C.A. 40, 2620. 
H.  E. Messmore and J .  M. Mason to Phillips Petroleum 
Co., U.S. pat. 2,378,092 (1945)-C.A. 39, 3658. 
A. Mestern, Brennstoff-Chem., 14, 225 (1933)-C.A. 27, 
5154. 
F. L. Mevill, Brit. pat. 370,911 (1931)-C.A. 27,2564. 
Ernst von Meyer and P .  Fischer, .T. prakt. Chem., [2] 82, 
521-38 (1910)-C.A. 5, 1595. 
P. Meyer, J .  Inst. Pet. Technol., 17, 621-9 (1931)-C.A. 
26, 2308. 
Jaroslav Milbauer, Chem. Obzor, 12, 57-62 (1937)-C.A. 
31, 6093. 
Christina C. Miller, J .  Chem. Soc., 1941, 792; Analyst, 
69, 109-12 (1944)-C.A. 36, 2228; 38, 3566. 
Ellis Miller, F. S. Crossley, and M. L. Moore, J .  Am. 
Chem. Soc., 64, 2322-3 (1942)-C.A. 37, 99. 
E. B. Miller, U.S. pat. 1,647,459 (1927)-C.A. 22, 315. 
E. B. Miller and G. C. Connolly to Silica Gel Corp., Brit. 
pat. 280,947 (1926) -C.A. 22, 35 19. 
L. P. Miller, Contrib. Boyce Thompson Inst., 3, 309-12 
(1931) ; 5,29-81 (1933)-C.A. 25, 5445; 27, 1914. 
L. P. Miller, J .  D .  Guthrie and F. E. Denny, Contrib. 
Boyce Thompson Inst., 8, 41-61 (1936)-C.A. 30, 6039. 
R. IT'. Miller to Pittsburgh Plate Glass Co., U.S. pat. 
2,052,239 (1936) -C.A. 30, 7322. 
W. Miller to Continental Oil Co., U.S. pat. 2,041,364 
(1936)-C.A. 30, 4660. 
A. Millschau, G.S. pat. 38,641 (1863). 
Minerals Separation, Ltd., Brit. pat. 549,975 (1942)- 
C.A. 38, 945. 
F. W. Minshall, U.S. pat. 415,876 (1889). 
Masakichi &lizuta, ,T. Soc. Chem. Ind. Japan, 34, Suppl. 
287-8 (1931 ) -C.A. 25, 5976. 
Masakichi Alizuta and Teiji Yoshimura to Nippon Sekiyu 
Kabushiki Kaisha, U.S. pat. 2,080,087 (1937) ; 2,131,519 
(1938); 2,154,988 (1939)-C.A. 31, 4804; 32, 9473; 33, 
5644. 
B. L. Moldavskii and Z. I .  Kumari, J .  Gen. Chem. 
(USSR), 4, 298-306, 307-9 (1934)-C.A. 29, 1814. 

H. R. lloody, U.S. p t .  1,172,852 (1923)-C.A. 18, 465. 
C. C. Rloore and TIT .  L. Kent, S.*%.E. Quart. Trans., 1, 
687-93 ( 1947) -C.A. 42, 3943. 
G. H.  Moore, U.S. pat. 586,520 (1897). 
Harold Moore and James Barrett, J .  Inst. Petroleum 
Tech., 12, 582-5 (1926)-C.A. 21, 1703. 
William Moore, J .  Agr. Research, 10, 365-71 (1917). 
William Moore and F. L. Campbell, J .  Agr. Research, 28, 
395402 (1924) -C.A. 18, 3674. 
R. C. Moran to Vacuum Oil Co., U.S. pat. 1,692,756 
(1928) -C.A. 23,696. 

,T. S. Morgan, U.S. pat. 1,536,908 (1925)-C.A. 19, 1919. 
Sergius Rlorgulis and D .  E. Green, Protoplasma, 14, 
161-9 (1931)-C.A. 26, 1037. 
F. C. Moriarty, Natl. Petroleum News, 36, R 163-9, R 
307 (1944) ; Oil Gas J . ,  March 30, (1944) ; Calif. Oil 
World, 37, No. 8, 19, 21, 23 (1944) ; Petroleum Engr., 15, 
No. 7, 150, 152 (1944) ; ibid., 18, No. 5, 167-72 (1947) ; 
Petroleum World (Calif.), 41, No. 6, 53-5 (1944)-C.A. 
38, 2814,4783; 41,2880. 
F. C. Moriarty to U. 0 .  Prodts. Co., U.S. pat. 2,348,745 
(1944)-C.A. 39, 1046. 
J .  C. Morrell, (a)  Chem. Met. Eng., 30, 785-7 (1924) ; 
(b) Ind. Eng. Chem., 17, 101-2 (1925) ; (c) ibid., 18, 
733-8 (1926) -C.A. 19, 167, 1046; 20, 2742. 
J .  C. Morrell to U. 0 .  Prodts. Co., (a)  U.S. pat. 1,568,904 
(1926) ; 1,710,063 (1929) ; (b) 1,569,870, 1,569,871, 1 ,- 
569,872 (1926) ; 1,949,756 (1934)-C.A. 20, 661 ; 23, 
2819; 20, 817; 28, 2885. 
J .  C. Morrell to U. 0 .  Prodts. Co., (a)  U.S. pat. 1,799,431 
(1931) ; (b) 1,839,114 (1931) ; (c) 1,973,500 (1934) ; (dl 
2,061,845 (1936)-C.A. 25, 3158; 26, 1429; 28, 6993; 31, 
846. 
J .  C. Morrell to U. 0 .  Prodts. Co., U.S. pat. 1,853,920, 
1,853,921 (1932) ; 1,930,249, 1,935,162, 1,941,267 (1933) ; 
1,950,739 (1934)-C.A. 26,3370; 28,312,889, 1523,3576. 
J .  C. Rlorrell to U. 0 .  Prodts. Co., (a)  G.S. pat. 1,854,417 
(1932) ; (b) 1,927,182 (1933) ; (c) 1,933,748 (1933) ; 
2,009,898 (1935)-C.A. 26, 3370; 27, 5960; 28, 628; 29, 
6416. 
J .  C. Morrell to U. 0. Prodts. Co., (a)  U.S. pat. 1,904,381 
(1933) ; (b) 1,904,382 (1933) ; (c) 1,911,640 (1933) ; (d) 
2,002,747 (1935)-C.A. 27, 3600, 3601,4067; 29, 4931. 



Organic Chc~rais try  of B iva len t  i S u l f u ~  

.J. C. Alorrcll to U. 0.  Protlts. Cu., (a)  I7.S. pat. 1,920,270 
(1933) ; (b) 1,963,556 (1934) ; 1c) 1,968,089 (1934) ; (d) 
2,098,059 11937)-C.A. 27, 4918; 28, 5224, 5975; 32, 344. 
,J. C. Alorrell to U. 0 .  Prodts. Co., (a)  U.S. pat. 1,940,726 
(1933) ; (b) 1,973,499 (1934) ; 1,988,083 (1935) ; (c) 2,- 
034,197 (1936)-C.A. 28, 1520, 6993; 29, 1618; 30, 3220. 
J .  C. Morrell and W. L. Benedict to U. 0 .  Prodts. Co., 
(a )  U.S. pat. 2,197,873 (1940); (b) 2,289,924 (1942)- 
C.A. 34,6060; 37, 759. 
J .  C. Morrell, W. L. Benedict, and Gustav Egloff, Ind. 
Eng. Chem., 28, 122-8, 44g52 (1936)-C.A. 30, 2738, 
3979. 
J .  C. Aiorrell and D.  J .  Bergman, Chem. Aict. Eng., 35, 
3 5 M  (1928)-C.A. 22, 3038. 
J .  C. Morrell and S. Comay, U.S. pat. 1,627,055 (1927)- 
C.A. 21, 2185. 
J .  C. Morrell and Gustav Egloff, (a)  Refiner Natural 
Gasoline Mfr., 2, No. 9, 5-10, 1620,  36 (1923) ; (b) Oil 
Gas J., 32, No. 45, 51, 54-5, 57 (1934) ; (c) World Petro- 
leum Congr., London, 1933, Proc. 2, 10-20-C.A. 28,4579, 
4878. 
J .  C. Morrell and Gustav Egloff to U. 0. Prodts. Co., (a)  
U.S. pat. 1,946,096 (1934) ; (b) 1,947,868 (1934) ; (c) 
1,947,869 (1934) ; (d) 1,979,565 (1934) ; 2,057,629, 2,- 
057,630 (1936) ; (e) 2,087,525 (1937)-C.A. 28, 2517, 
2888; 29, 334; 30, 8595; 31, 6452. 
J .  C. Morrell and Gustav Egloff to U. 0. Prodts. Co., (a)  
U.S. pat. 1,855,486 (1932) ; (b) 1,897,582, 1,935,160, 1,- 
935,161, 1,941,266 (1933) ; 1,946,094, 1,946,095 (1934) - 
C.A. 26, 3370; 27, 2797; 28, 889, 1523. 
J .  C. Morrell and Gustav Egloff to U. 0 .  Prodts. Co., 
U.S. pat. 1,967,174 (1934); 2,063,518 (1936)-C.A. 28, 
5975 ; 31, 846. 
J .  C. Morrell and Gustav Egloff to U. 0 .  Prodts. Co., (a )  
U.S. pat. 1,954,487, 1,954,488 (1934); (b) 1,957,794 
(1934) ; (c) 1,967,173 (1934) ; 2,021,739, 2,021,740 (1935) 
-C.A. 28, 3884, 4218, 5975; 30, 603. 
J .  C. hlorrcll and Gustav Egloff to U. 0 .  Prodts. Co., (al 
U.S. pat. 1,868,333 (1932) ; (b )  1,954,486 (1934) ; (c) 
2,063,s 17 (1936)-C.A. 26, 5201 ; 28, 3884; 31, 846. 
J .  C. hiorrell and J .  L. Essex to U. 0 .  Prodts. Co., U.S. 
pat. 1,890,229, 1,890,230 (1932)-C.A. 27, 1744. 
J .  C. Morrell and W. F. Faragher, Ind. Eng. Chem., 19, 
1045-9 (1927)-C.A. 21, 3450. 

)?as of J fcrcnp tanc  
- - - - -- -- 

229 

C. S. llorri- to  P c t ~ o l ~ t o  ( ' u r p .  I,t(l.. I- S ~ ) a t  2,.166.54; 
( 1935 ) -C7..4. 39, 2398 
A. A. Alortoa, U.S. pat. 2.064.758 119301C.X. 31, 850. 
Maurice Alorton ant1 K.  T7. 1.. Xicholl~, Can. ,J. Research, 
35R, 159-82 (1947)-C.A. 41, 6758. 
A. J .  Morway to S. 0 .  Dev. Co., Can. pat. 358,686 (1936) 
-C.A. 30, 5783. 
F. R. Moser, Petroleum Z., 29, No. 7, 5 4  (1933)-C.A. 
27, 3594. 
F. R.  Moser to Shell Dev. Co., (a)  U.S. pat. 2,031,972 
(1936); (b) 2,186,425 (1940)-C.A. 30, 2745; 34, 3487. 
Carrie G. Moses and E. E. Reid, J .  Am. Chem. Soc., 48, 
7 7 6 7  (1926)-C.A. 20, 1217. 
F. G. Aloses, R. IV. Hess, and R.  L. Perkins to Barrett 
Co., U.S. pat. 1,739,369 (1930) ; 1,904,460 (1933) ; Can. 
pat. 313,446 (1931)-C.A. 24, 814; 27, 3436; 25, 4510. 
Eugen Mossgraber, (a)  Brit. pat. 368,882 (1930) ; (b) 
Swiss pat. 153,206 (1932)-C.A. 27, 2293; C. 1932, 11, 
2909. 
L. M. Mott, U.S. pat. 54,192 (1866). 
A. Y. Mottlau to S. 0 .  Dev. Co., U.S. pat. 2,287,118 
(1942)-C.A. 37,254. 
H. C. Mougey, Ind. Eng. Chem., 20, 1 g 2 1  (1928)-C.A. 
22, 1032. 
C. Moureu and C. Dufraisse, Compt. rend., 178, 18614 
(1924); Chem. Rev., 3, 11342 (1926); Chemistry 8t 
Industry, 42, 819-28 (1928). 
H. J .  Moyer to S. 0 .  Dev. Co., U.S. pat. 2,311,562 (1943) 
-C.A. 37, 4891. 
A. M. Muckenfuss to Du Pont Co., U.S. pat. 2,073,973 
(1937)-C.A. 31, 3254. 
Eugen Mueller to IVinthrop Chem. Co., U.S. pat. 2,111,- 
151 (1938)-C.A. 32, 3557. 
H. Muller, Arch. Pharm., 200, 147 (1872)-C. 1872, 529. 
M. Muller, J. prakt. Chem., [2] 4, 3 9 4 1  (1871). 
F. B. Muhlenberg, U.S. pat. 1,750,420 (1930)-C.A. 24, 
2283. 
J .  C. Munday, U.S. pat. 1,942,532 (1934)-C.A. 28, 1810. 
E. A. Munyan, Am. Gas J. ,  131, 5 3 4  (1929) ; Gas Age 
Record, 64, 499-500, 510 (1929)-C.A. 24, 226, 1723. 
E. V. Murphree, C. W. Tyson, D. L. Campbell, and H. Z. 
Martin to S. 0 .  Dev. Co., U.S. pat, 2,362,296 (1944)- 
C.A. 39, 2867. 



230 Organic Chemistry of Bivalent Szilfur 

1 163. E. ,J. 11Iurpliy, Gas Algc, 84, So. 11, 23-7 (1939) ; Am. 
Gas J., 151, S o .  6,9-13,41 (1940)-C.A. 34,2158. 

1164. R. C. Llurray, .J. Cllem. Soc., 1933, 73940-C.A. 27, 
4216. 

1165. K. A. hlusatov, Novobti Ttkhniki, 1940, No. 10, 3@1- 
C.A. 34, 7589. 

1166. K. A. Musatov and L. G. Krimova, J .  Applied Chem. 
(USSR), 13, No. 2, 227-34 (1940) ; Foreign Petr. Tech., 
9,61-73 (1940)-C.A. 34, 8239; 35,4188. 

1167. K. A. Musatov and S. S. Nifontova, Neftyanoe Khoz., 
1940, No. 3, 28-32; J .  Applied Chem. (USSR), 13, No. 2, 

23543 (Ger. 243) (1940)-Translation: Foreign Petr. 
Tech., 9, 220-33 (1941)-C.A. 34, 8239, 8231 ; 36, 256. 

1168. E. hlylius, Ber., 5, 978-9 (1872). 
1169. F. Mylius and A. Mazzucchelli, Z. anorg. Chem., 89, 1-38 

(1914)-C.A. 9, 419. 
1170. F. C. Nachod to Atlantic Refg. Co., U.S. pat. 2,422,982 

(1948)-C.A. 42, 9157. 
1170.5. Masao Nakazaki, J .  Inst. Polytech. Osaka City Univ., 

Ser. C, 2, 2 3 4  (1951)-C.A. 46, 7067. 
1171. S. S. Nametkin, V. G. Putsillo, and E. P .  Shcheglova, 

Bull. acad. sci. URSS, Classe sci. tech., 1943, No. 1/2, 
10-22-C.A. 39, 2863. 

1172. S. S. Nametkin, P .  I.  Sanin, S. V. Makover, and A. N. 
Tzuiba, J .  Applied Chem. (USSR), 6, 494-507 (1933) ; 
Goryuchie Slantzui, 4, No. 1, 44-50 (1934)-C.A. 28, 
3571, 6557. 

1173. S. S. Nametkin, P. I.  Sanin, and E. F .  Rudakova, Khim. 
Tverdogo Topliva, 4, 332-54 (1933)-C.A. 28, 6288. 

1174. S. S. Nametkin, P .  I.  Sanin, and A. N. Tzuiba, Goryuchie 
Slantzui, 4, KO. 2, 4 0 4  (1934)-C.A. 28, 6557. 

1175. S. S. Nametkin and A. S. Sosnina, (a)  J .  Applied Chem. 
(USSR), 7, 1 2 3 4  (1934) ; (b) Doklady Akad. Nauk 
SSSR, 63 ,7754 (1948)-C.A. 28, 7493; 43,2759. 

1176. A. H. Nathan and hl.  T.  Bogert, J .  Am. Chem. Soc., 63, 
2361-6 (1941)-C.A. 35, 7407. 

1177. H .  J .  Neback to U. 0 .  Prodts. Co., U.S. pat. 2,329,930 
(1943)-C.A. 38, 1352. 

1178. I. E. Neifert, F. C. Cook, R. C. Roark, W. H. Tonkin, 
E. A. Back, and R. T.  Cotton, U.S. Dept. Agr. Bull., 1330, 
40 p. (1925). 

1179. C. A. Neilson, J .  S. Hume, and B. H. Lincoln, Anal. 
Chem., 14, 4-5 (1942)-C.A. 36, 4697. 

ions of J fercnp tnns  
-- - - 

23 1 

1'. Nekrasor ant1 S. S. I\Iel'niko~. Bey., 62,20914 (1929) 
-C.A. 24, 87. 
J .  R. Neller and G. 31. Vance to The Texas Co., U.S. 
pat. 1,672,621 (1928) ; Can. pat. 286,732 (1929)-C.A. 
22, 2660. 
J .  F. Nelson, Iowa State Coll. J .  Sci., 12, 145-7 (1937)- 
C.A. 32, 3756. 
M. Nencki and N. Sieber, Sitzber. Akad. der Wissen., 98, 
417-22 (1589). 
A. C. Nesfield, Brit. pat. 183,527 (1921) ; 196,680 (1922) 
-C.A. 17, 206, 3786. 
C. Neuberg and F. F. Nord, Ber., 47, 2264-71 (1914)- 
C.A. 8, 3299. 
H. Neumann, U.S. pat. 1,545,440 (1925)-C.A. 19, 2741. 
R.  Newall, U.S. pat. 53,656 (1866). 
E. W. S. Nicholson and A. K.  Redcay to S. 0 .  Dev. Co., 
U.S. pat. 2,409,690 (1946)-C.A. 41, 275. 
F. Niemann, (a)  Archiv. f. Hygiene, 19, 117-25 (1893) ; 
(b) ibid., 19, 12635 (1893). 
P. S. Nisson to Gray Processes Corp., U.S. pat. 2,016,342 
(1935)-C.A. 29, 8312. 
A. C. Nixon to Shell Dev. Co., (a) U.S. pat. 2,305,549 
(1942) ; (b) 2,379,098 (1945)-C.A. 37, 3925; 40, 720. 
A. C. Nixon and 0. L. Davis to Shell Dev. Co., U.S. pat. 
2,305,550 (1942)-C.A. 37, 3924. 
A. C. Nixon and D. L. Yabroff to Shell Dev. Co., U.S. 
pat. 2,341,878 (1944) ; 2,411,105 (1946)-C.A. 38, 4792; 
41, 1084. 
C. R.  Noller and J. J .  Gordon, J .  Am. Chem. Soc., 55, 
10904 (1933)-C.A. 27, 1861. 
M. H. Norris, D.  H.  Falkner, and ?\/I. C. Price, J .  Chem. 
SOC., 121, 2161-8 (1922)-C.A. 17, 61. 
P .  Nowak, Petroleum Z., 29, No. 2, 1-7 (1933)-C.A. 27, 
2290. 
D .  B. Nutt and J .  A. Altschuler, Natl. Petr. News, 29. 
No. 17, 67-70 (1937) ; Refiner Natural Gasoline hlfr., 16, 
214-16 (1937)-C.A. 31,8903. 
N. V. Bataafsche, (a)  Dutch pat. 22,257 (1930) ; Brit. 
pat. 335,394 (1928) ; (b) 332,911 (1929) ; 353,507 (1930) ; 
(c)  Jugosl. pat. 7950 (1931)-C.A. 24, 5087; 25, 1364, 
588; 26, 3659; C. 193-3, 11, 1568. 
N. V. Bataafsclie, (a) Brit. pat. 481,642 (1938) ; (b) Fr. 
pat. 792,586 (1936) ; (c)  825,515 (1938) ; (d) 843,793 
(1939)-C.A. 32, 6261; 30, 4311; 32, 6559; 34, 7596. 



Organic Chenzistry of B i twlen t  Sul fur  I Retrcfions of J I t rcnptnns  
- - -- - -- - - 

S. V. Bataafsclie, (a)  Fr. pat. 795,596 11936) ; 1h) 811.- 
239 11937) ; (c) 814,191 11937) ; Brit. pat. 499,978 (1939) 
-C.A. 30, 6181 ; 32, 586, 761 ; 33, 5173. 
N. V. Bataafsche, (a)  Brit. pat. 481,235 (1938) ; (b) 503,- 
645 (1939) ; (c) 505,732 (1939) ; Fr. pat. 864,153 (1941) 
-C.A. 32,6665; 33, 7547, 7817; 42,9157. 
N. V. Bataafsche, (a)  Fr. pat. 842,536 (1939) ; (b) Brit. 
pat. 512,363 (1939) ; (c) 529,997 (1940) ; (d) 678,568 
(1952)-C.A. 34, 6807, 7105; 35, 612; 36, 1482. 
N. V. Bataafsche, Fr. pat. 827,345 (1938); Ger. pat. 
724,397 (1942) ; Dutch pat. 51,866 (1942) ; 54,433, 54,691 
11933) ; 62,284 (1949)-C.A. 32, 8126; 37,6121; 41,3612, 
4166, 395 1 ; 43,4844. 
N. V. Bataafsche, (a )  Fr. pat. 49,755 11939) ; Dutch pat. 
50,316 (1941) ; 51,939 (1942) ; (b)  53,316 (1942) ; (c) 
63,042 (1949)-C.A. 36, 2564; 35, 7703; 41, 3613, 3951; 
43, 6646. 
N. V. Bataafsche, (a )  Fr. pat. 753.229 (1933) ; (b) 798,- 
062 (1936) ; (c)  813,951 (1937) ; (d) 825,576, 826,385 
11938) ; (e) 864,157 (1941)-C.A. 28, 890; 30, 7326; 32, 
1085, 6851, 7713; 42, 9157. 
N. V. Bataafsche (S. A. Ballard, I<. E. Furman and H. 
deV. Finch), Ger. pat. 812,072 (1951)-C.A. 47, 4371. 
N. V. Internat. Hydrogeneeringsoctrooien Maatschappij, 
Brit. pat. 591,347 (1947)-C.A. 42, 752. 
E. M. Nygaard and 0 .  M. Reiff to Socony-Vac. Oil Co., 
1J.S. pat. 2,320,047 (1943)-C.A. 37, 6880. 
G. G. Oberfell to Phillips Petroleunl Co., U.S. pat. 2,319,- 
029 (1947)-C.A. 41, 7103. 
G. G. Oberfell, A. 81. Ballard, R. C. Alden, E. L. Utsinger 
and JV. R. Lentz, U.S. pat. 1,574,507 (1926)-C.A. 20, 
1514. 
A. Oberle, C.S. pat. 1,599,429 (1926) C . A .  20, 3563. 
Joseph Obermeyer, Ber., 20, 2918-28 (1887). 
R. D. Obolentozev and M. I.  Dement'eva, Compt. rend. 
acad. sci. URSS, 51, 621-3 (1946)-C.A. 41, 1416. 
L. L. Odo111, U.S. pat. 1,604,235 (1926)-C.A. 21, 172. 
.J. P. OII>onnell, Oil Gas .J., 13, No. 8, 45-7 (1943)-C.A. 
39, 4446,. 
Oil Refining Improvements Co., Ltd., Ger. pat. 374,042 
(1920)-C. 1923, IV, 305. 
Oil Refining In~prove~r~ents Co. Ltd. and J. J. Hood, Brit. 
pat. 206,535 (1922)-C.A. 18, 1195. 

H. S. Olco t t ,  ~c io i~co .  96, 4\54 l(942 1-(.'.~1. 57. 2407. 
Y. I .  0lenrlsl;ii. V>c>oylz. Snucli. I>sledo-\-atel. Illst. 
Talmcli. i Llakho-rocll. Proill., So. 12Yt 43-51 (Eng. 51) 
11936)-C.A. 32, 3710. 
J .  F. Olin to Sharpies 801. Corp., U.S. pat. 2,237,625 
(1941)-C.A. 35, 4393. 
J .  F. Olin and T .  E. Deger to Sharples Cklemicals, Inc., 
U.S. pat. 2,349,191 (1944)-C.A. 3.9, 710. 
J .  C. D .  Oosterllout to The Texas Co., (a )  U.S. pat. 
1,982,120 11934); (h) 2,439,670 (1948)bC.A. 29, 595; 
42, 8462. 
Alfons Oppenheim, J. prakt. Chem., 81, 307 (1860). 
Oranienburger Chem. Fab., Fr. pat. 671,912 (1929)- 
C. 1930, 11, 856. 
Emil Ott to Hercules Powder Co., U.S. pat. 2,046,277 
(1936)-C.A. 30, 5833. 
Emil Ott and E. E. Reid, (a)  Ind. Eng. Chem., 22,878-81 
(1930) ; (b) ibid., 882-4; ic) ibid., 8- C.A. 24, 4757, 
4758. 
Robert Otto, (a)  Ann., 143, 100-17, 205-28 (1867) ; 
(b) Ber., 10, 93941 (1877); (c) ibid., 13, 1289-90 
(1880); (d) ibid., 1290-2; (e) ibid., 1283-9. 
Robert Otto and Adalbert Rossing, Ber., 19, 3132-8 
( 1888) . 
JV. V. Overbaugh to The Texas Co., U.S. pat. 2,056,618 
(1936)-C.A. 30, 8597. 
L. Palfray, S. Sabetay, and Denise Sontag, Compt. rend., 
194, 1 0 2 4  (1932)-C.A. 26, 1591. 
Pan American Petroleum Co., Brit. pat'. 338,482, 338,483, 
338,484 i 1929)-C.A. 25, 2557. 
H. 0 .  Parker, U.S. pat. 1,622,879, 1,627,338 (1927)-C.A. 
21, 1703, 2185. 
J. H. Parker, U.S. pat. 958,820 (1910)-C.A. 4, 2371. 
R. TI'.  Parker, Petroleurll Engr., 12, No. 10, 114, 116, 119, 
120 (1941)-C.A. 35, 6420. 
D .  C. Parman, F.  C. Bishopp, E .  JV. Laake, F. C. Cook, 
and R.  C. Roark, U.S. Dept. Agr. Bull., 1472, 32 p. 
( 1927). 
Parris, Oil Gas J. ,  29, No. 42, 148 (1931). 
L. JY. Parsons and S. P .  Coleman, U.S. pat. 1,640,720 
(1927)-C.A. 21, 3451. 
Henri Pascal, IIe Cong. mondial petrole, 2, Sect. 2, Phys. 
chim., raffinage, 329-33 (1937)-C.A. 33, 355. 



Orgunic Chemistry of Bivalent  Sulfzlr 

t' 1'. I':tt('l, I. Son-(itll)t:i, a1111 C;. ('. ('l~al<~,avarti. - 7 .  
111~lian Inst. Scli.. 13.1. 73-84 (1'930~-('.~4. 24. 4770. 
\IT. A .  Patric>k, Jr. ,  (a )  U.S. pat. 2,114,313. 2,114,314, 
2,114,3 15 (19.58) ; (b)  Private con~munication-C..4. 32, 
4770, 4766. 
H. C. Paulsen to S. 0 .  Dev. Co., (a)  U.S. pat. 2,278,665 
(1942) ; (b)  2,330,735 (1943) ; (c) 2,324,948 (1943) ; 
(d)  2,327,547 (1943) ; (e) 2,343,794 (1944)-C.A. 36, 
6005; 38, 1633, 246, 1103, 3813. 
M. G. Paulus to S. 0 .  Co. of Ind., U.S. pat. 1,628,423, 
1,628,532 (1927) ; 1,716,973 (1929)-C.A. 21, 2186; 23, 
3805. 
C. Pauly and Robert Otto, Ber. 9, 163941 (1876). 
D.  E. Payne and Vandeveer Vorhees to S. 0. Co. of Ind., 
U.S. pat. 2,431,770 (1947)-C.A. 32, 6107. 
W. A. Payne and JV. E. Vail to Du Pont Co., U.S. pat. 
2,618,660 (1952)-C.A. 47, 9347. 
T.  J .  Pelouze and Auguste Cahours, Compt. rend., 54, 
1242-3 (1862) ; 56,505 (1863)-Ann., 127, 190-99 (1863). 
H. L. Pelzer to Sinclair Refg. Co., U.S. pat. 1,770,287 
(1930)-C.A. 24, 4623. 
J .  P.  Penisten to U. 0 .  Prodts. Co., U.S. pat. 2,293,759 
(1942)-C.A. 37, 1259. 
A. Pepper, Brit. pat. 20,077 of 1913-C.A. 9, 711. 
F. M. Perkin, (a) Chem. Trade J., 50, 251-2 (1917) ; 
(b)  J .  Inst. Petroleum Tech., 3, 22742 (1917)-C.A. 11, 
2041, 3424. 
H. F.  Perkins, G.S. pat. 1,541,274 (1925)-C.A. 19, 2271. 
P. P.  Perkins-Private communication. 
John Per1 and Reinllardt Schuhmann to Union Oil Co. 
of Ca,lif., U.S. pat. 1,935,725 (1933)-C.A. 28, 887. 
R. h1. Perrine, (a )  U.S. pat. 389,898 (1888) ; (b) 419,347 
(1890). 
J .  M. Pertierra, Anales soc. espafi. fis. quim., 28, 1435-50 
(1930) ; Chimic & industrie, 26, 9-14 (1931)-C.A. 25, 
2547, 5542. 
A. J .  van Peski to Shell Dev. Co., U.S. pat. 2,019,772 
(1935)-C.A. 30, 606. 
A. G. Peterkin, Jr., to Atlantic Refg. Co., U.S. pat. 1,810,- 
369 (1931)-C.A. 25, 4697. 
G. S. Petrov, U.S. pat. 1,233,700 (1917)-C.A. 11, 2609. 
Grigori Petrow, Fr. pat. 627,984 (1927)-C. 1928, I ,  455. 
E. F.  Pevere to The Texas Co., U.S. pat. 2,015,038 (1935) 
-C.A. 29, 7634. 

R~clc t ions  of .Ilcrcnptans 23.5 
- _  _ 

1253. .J. E. Pcxv and A. E. Ruell. Sat1 Petrolcum Sews, 31. 
No. 40, R. 354-8 (1910)-C.A. 34, 8239. 

1260. J. K. Pfoff and A. Kreutzer, Z. angew. Chem., 36, 437-9 
( 1923). 

1261. E. B. Phillips and J .  G. Stafford, U.S. pat. 1,639,531 
(1927) -C.A. 21, 3268. 

1262. E. B. Phillips and J .  G. Stafford to Gray Processes Corp., 
U.S. pat. 1,687,992 (1928)-C.A. 23, 273. 

1263. E. B. Phillips and J .  G. Stafford to Sinclair Refg. Co., U.S. 
pat. 1,774,611 (1930)-C.A. 24, 5146. 

1264. F.  C. Phillips, Z. anorg. Chem., 6, 229-54 (1894). 
1265. Ross Phillips and H. T.  Clarke, J .  Am. Chem. Soc., 45, - - 

1755-7 (19i3)-~.,4.17, 3319. 
1266. Phillips Petroleunl Co., (a)  Fr. pat. 830,031 (1938) ; 

(b) Brit. pat. 513,934 (1939); (c)  614,636 (1948)-C.A. 
33, 369; 35, 3074; 43, 4003. 

1267. Aime Pictet and I. Lerczynska, Bull. soc. chim., [4] 19, 
326-34 (1916) ; Arch. sci. phys. nat., 44, 400-1 (1917)- 
C.A. 10,'3154; 13, 182. 

1268. Mathias Pier, F.  Ringer, and Walter Simon, U.S. pat. 
1,932,186 (1933)-C.A. 28, 625. 

1269. Mathias Pier and TValter Simon to Standard-I. G. CO., 
U.S. pat. 1,975,475 (1934)-C.A. 28, 7516. 

1270. R. B. Pierce, Natl. Petroleum News, 22, NO. 46, 121-30 
(1930)-C.A. 25, 406. 

1271. R. B. Pierce, W. F .  Krausel, and J .  M. Laweon, Oil Gas J., 

i 47, No. 22, 96-7 (1948)-C.A. 43, 1171. 
1272. R. B. Pierce and A. JT. Trusty, U.S. pat. 2,060,112 (1936) 

-C.A. 31, 535. 
Herman Pines to U. 0. Prodts. Co., U.S. pat. 1,937,914 

I (1933)-C.A. 28, 1180. 
1274. C. S. Piper and R. S. Beck~vith, J .  Soc. Chem. Ind., 67, 

r 37+9 ( 1 9 4 ~ ) ~ C . A .  43, 2893. 
: 1275. JV. H. Pitt, (a) U.S. pat. 379,492 (1888) ; (b) 411,394 

? (1889) . 
1276. W. H .  Pitt  and van Fleck, Ger. pat., 45,958 (1888). 
1277. 34. M. E. Plait, Fr. pat. 858,331 (1940)-C.A. 42, 3169. 

, i 1278. Plnuson's (Parent Co.) Ltd., (a) Brit. pat. 193,071 
(1921) ; (b) 202,422 (1922)-C.A. 17, 3417; 18, 465. 

I 1279. Plauson's Forschungsinstitut, Ger. pat. 352,189 (1922)- 
i 
jl C. 1922, IV, 285. 
h 1280. 0 .  L. Polly and A. C. Byrns to Union Oil Co. of Calif., 
! U.S. pat. 2,347,432 (1944) ; 2,385,645 (1945)-C.A. 39, 



236 Orqnnic  C'hr jj/istrg o f  Bil nlcnt  S ~ l l f u r  
- - -  - - 

1281. 0. L. Polly, A\. C Byrn., and \\- E Bradlcy. Inf1. Eng. 
Chen~., 33, 755-8 119421-C A. 36, 4698. 

1282. D.  J .  Pompec~, C. J .  Pentllcr anrl K.  E. Hallikaincn, In- 
struments, 16,402-3,440,442.344 (1943)-C.A. 37. 5285. 

1283. .T. IT. Poolc, Refiner, 6, ATo. 3, 96, 98, 100 (1927) ; Oil Gas 
J., 25, No. 41, 1 5 4 6  (1927)-C.A. 21, 2787. 

1284. Wilhelm Posth and Franz Besemann to I .  G. Farben., U.S. 
pat. 1,788,204 (1931)-C.A. 25, 809. 

1285. I. Y. Postovskii, N. P. Bednyagina, and M. -4. Mik- 
hailova, Doklady Akad. Nauk SSSR, 44, 4 0 3 4  (1934). . . " I 

Compt. rend. acad. sci. URSS, 44, 375-7 11944)-C.A. 39, 
1529, 5073. 

1286. I .  Y. Postovskii and V. G. Plyusnin, Neftyanoe Khozy- 
aistvo, 19, 5 6 1 4  (1930)-C.A. 25, 3370. 

1287. P. 0 .  Powers to Newport Industries, U.S. pat. 1,926,648 
(1933)PC.A. 27, 5709. 

1288. F.  S. Pratt, A. F. Swain, and D .  N. Eldred, J .  Econ. En- 
ton~ol., 26, 103141 (1933)-C.A. 28, 5589. 

1289. R. B. Price, U.S. pat. 522,028 (1894). 
1290. W. B. Price and E. ~ i e t e ,  U.S. pat. 1,349,294 (1920)- 

C.A. 14. 3152. 
1291. W. A. proell and F. K. Ovite to S. 0. Co. of Ind., U.S. 

pat. 2,361,651 (1944)-C.,4. 39, 2643. 
1292. TV. A. Proell and B. H. Shoemaker to S. 0. Co. of Ind., 

U.S. pat'. 2,505,910 (1950)-C.A. 44, 7342. 
1293. C. F.  Prutton to Luhri-Zol Corp., U.S. pat. 2,318,629 

(1943)-C.A. 37, 6449. 
1294. C. F. Prutton and A. K.  Smith, Brit. pat. 454,552 (1936) 

-C.A. -71. 1607. , . 
1295. Robert Pscliorr, Ger. pat. 380,059 (1923)-C. 1923, IV, 

753. 
1296. P.  V. Puchkov, Khim. Tverdogo Topliva, 6, 852-60 

(1935) ; Neftyanoe Khozyaistl-o, 18, No. 6, 44-51 11937) 
-C.A. 31, 1593 ; 32, 7705. 

1297. P. V. Puchkor and A. F. Nikolacva, J. Applied Chern. 
(USSR), 10, 327-35 (1937)-C.A. 31, 4801. 

1298. A. N. Pudovik and N. N. Kudryavtscva, J. Gcn. Cheiii. 
(USSR). 20. 848-54 (1950)-C.A. 41, 9338. 

1299. E. T.  Puirinlill to Soconp-Vnc. Oil Co., U.S. pat. 2,078,773 
(1937); 2,114,354 (1938)-C.A. 31, 4491; 32, 4773. 

1300. S. Quarfort, Svenska Gasforen, ilfanadsblad, 1917, No. 5, 
85; Dept. Sci. Ind. Research (Brit.) Fuel Abs., 2, No. 5, 
36 (1917)-C.A. 42, 5204. 

Rcnctrou.\ oJ 1Icrcnptclns 237 
pp.ppp - 

- -- 

I ; iOl  (+. (;. ()11iii1i. 0 1 1  ( ; : I \  , I  . 2;. 111. 44. 1.2, 1.39 (1929)- 
( ' .A.  1'2, 3336 

1302. T .  Kabel;. Brenn=toff-Cllc.111 , 11, 189-92 1930)-C.A\. 25, 
187. 

1303. E. V. Rakov3ltii and K. I .  Suiskov. Khim. Tvcrdogo Top- 
liva, 5, 161-75 (1934)-C.A. 28, 6290. 

1304. A. S. Ramage, V.S. pat. 1,409,404 (1922)-C.A. 16, 1858. 
1305 A. S. Ramage to Gyro Process Corp. (a)  U.S. pat., 1,771,- 

350 (1930) ; ( b )  ibid., 1,796,621 (1931)-C.A. 24, 4624; 
25, 2557. 

1306. J. B. Rather, U.S. pat. 1,580,531 (1926)-C.A. 20, 1903. 
1307. J .  B. Rather and F .  S. Shepard, U.S. pat. 1,622,671 

(1927)-C.A. 21, 1703. 
1308. B. Rathke, Ann., 161, 118 (1872). 
1309. F. E. Raurich Sas, Anales soc. espan. fis. quim., 34,419-94 

(1936)-C.A. 30, 5900. 
1310. P.  A. Ray to Hercules Powder Co., U.S. pat. 2,073,492 

(1937) -C.A. 31, 2874. 
1311. P .  C. Ray, (a)  J. Chem. Soc., 109, 131-8, 603-12 (1916) ; 

ibid., 111, 101-9 (1917) ; (b) ibid., 115, 548-52 (1919) ; 
(c) ibid., 871-8; (d)  ibid., 123, 133-41 (1923)-C.A. 10, 
1325, 2582; 11, 1422; 13, 2021, 2858. 

1312. P .  C. Ray, K. C. Bose-Ray, and N. B. Adhikari, Quart. J. 
Indian Chem. Soc., 4, 467-75 (1928)-C.A. 22, 1922. 

1313. P .  C. Ray and Radhakishen Das, J. Chem. Soc., 121, 
323-8 (1922)aC.A. 16, 1953. 

1314. P.  C. Ray and P.  C. Guha, J .  Chem. Soc., 115, 261-71, 
541-8 (1919)-C.A. 13, 1707, 2021. 

1315. C. L. Rcad and T.  J. Broidrick to S. 0 .  Dev. Co., U.S. pat. 
2,146,027 (1939)-C.A. 33, 3581. 

1316. Davis Read. Jr., Petroleum Engr , 18, No. 3, 10614 
(1936)-C.A. 41, 1415. 

1317. Davis Read, Jr., and W. L. Benedict to U. 0 .  Prodts. CO., 
IT.S. pat. 2,298,411 (1942)-C.A. 37, 1859. 

1318. Davis Read, Jr., and Gustav Egloff, J. Inst. Petroleum, 
33, 621-7 (1947)-C.A. 42, 315941. 

1319. E. H. Records and J .  E. Louttit, U.S. pat. 2,232,971 (1941) 
-C.A. 35, 4192. 

1320. Redwood, Petr., 2, 383 (1906). 
1321. B. Redwood, Treatise on Petroleun~, Vol. 2, 515; London, 

Chas. Griffen & Co., 1922. 
1322. R. M. Reed, Oil Gas J. ,  $5, KO. 1, 99-107 (1946)-C.A. 

40, 4504. 





Rcclctions o f  JIcrcnntans 24 1 

1364. P.  .I. Roc.lf~c.mn t o  Slicll D ~ T .  CO., V 5. pat. 2.069,329 
11937)-C.A1. 31, 1996. 

1365. H. Roeiner, Ber., 6. 781 (1873). 
1366. F. 31. Rogers to S. 0 .  Co., Can. pat. 309,099 11931)-C.A. 

25, 1983. 
1367. F. RI. Rogers to S. 0. Co. of Ind., U.S. pat. 2,007,146 

(1935)-C.A. 29, 5645. 
1368. T.  H. Rogers and B. H .  Shoeniaker to S. 0. Co. of Ind., 

U.S. pat. 2,164,665 (1939)-C.A. 33, 8395. 
1369. F. Rohart, Ger. pat. 14,924 (1881). 
1369.5. E.  Rohrbaech, .4nn., 315, 9-18 (1901). 
1370. A. Romvalter, Roy. Hung. Palatine-Joseph Univ. Tech. 

Econ. Sci. Pubs. Dept., ZIining Met., 14, 40-71 (1942)- 
C.A. 41, 7714. 

1371. T. 1V. Rosehaugh to Shell Dev. Co., (a) Can. pat. 375,218 
(1938) ; U.S. pat. 2,146,353 (1939) ; (b) 2,299,426 (1942) 
-C.A. 32, 7055; 33, 3579; 37, 2561. 

1372. Raphael Hosen to Standard Catalytic Co., U.S. pat. 
2,253,308 (1941) -C.A. 36, 258. 

1373. Sheldon Rosenberg, J .  C. Perrone, and P. L. Kirk, Anal. 
Chenl., 22, 1186-7 (19.50)-C.A. 45, 4168. 

1373. Fritz Rosendahl, Petroleum Z., 28, KO. 41, RIotorenbe- 
trieb u. hlaschinen-Schmierung, 5, No. 10, 5-6 (1932)- 
C.A. 27, 180. 

1375. Ludwig Rosenstein, U.S. pat. 1,943,744 (1931)-C.A. 28, 
2175. 

1376. Ludwig Rosenstein to Shell Dev. Co., (a)  U.S. pat. 
1,974,724, 1,974,725 (1934) ; (b) 2,110,403 (1938)-C.A. 
28, 7516; 32, 3598. 

1377. Ludwig Rosrnstein ant1 n'. J .  Ilund, T.S. pat. 1.835.181 
(1931)-C.A. 26, 1113. 

1377.5. R. H. Rosenwald, Petroleum Processing, 6, 969-73 (1951) 
-C.A. 46, 1238. 

1378. R. Ross and <I. Rare, ,J. Soc. Chem. Ind., 29. GOG8 (1910) 
-(;.A. 4, 2365. 

1379. Heliodor Rostin, (a)  Fr .  pat. 714,825 (1931) ; ~ b )  U.S. 
pat. 1,451,052 (1923) ; ic) 1,904,172 (19331-C.A. 26, 
1768; 17, 2038; 27, 3325. 

1380. Heliodor Rostin and Karl Schuster, 1-.S. pat. 2,171,009 
( 1939)-C.A. 34, 252. 

1381. G. C. Ronden, U.S. pat. 1,845,723 ( 1932)-C.A. 26, 2311. 
1382. G. L. Ron-sey, Natl. Petrolcunl Kens, 18, S o .  29, 18 

11926) ; U.S. pat. 1,754,619 (1930) ; 1,954,103 (1933)- 
C.A. 24, 2876; 28, 3888. 

G. L. ROT\-vy ant1 J .  F. \\-liiteli~~~.st, Oil (;a< J . ,  6 .  S o .  
32, 2 5 0 4  (1927)-C.A. 22, 1461. 
L. W. Royer to Skelly Oil Co., U.S pat. 2,379,654 (1915) 
-C.A. 39, 3923. 
hl. Rubner, Archiv. f. Hygiene, 19, 136-93 (1893). 
hl.  G. Rudenko and V. N. Gromova, Doklady Akad. 
Nauk SSSR, 81, 207-9 (1951)bC.A. 46, 7515. 
H. P.  Rue, Oil Gas J., 26, No. 51, 162 (1928); Refiner 
Natural Gasoline Mfr., 7, No. 5, 62-3 (1928) ; U.S. Bur. 
Mines, Repts. of Investigations, No. 2862, 5 p. (1928)- 
C.A. 22, 2262. 
EI. P .  Rue and R. H. Espach, U.S. Bur. Mines, Bull. 333, 
I l l  p. (1930)-C.A. 25. 1663. 
IT. 11. C. Rueggeberg, Private Coiilmunication. 
T.  Ruemele, Seifcnsieder Ztg., 66, 434-5 (1939)-C.A. 33, 
5996. 
Riitgers-1Verke A. G., Ger. pat. 153,585 (1904)-C. 1904, 
11, 800. 
C. L. Ruiz, L. L. Silva, and L. Libenson, Rev. soc. Argen- 
tina biol., 6, 1 3 U 1  (1930) ; Compt. rend. soc. biol., 104, 
1029 (1930)-C.9. 25, 3079, 4058. 
A. L. Rummelsburg to Hercules Powder CO., U.S. pat. 
2,329,486 (1943)-C.A. 38, 1053. 
1V. H. Rupp and F. C. Hanker, Jr., to S. 0. Dev. Co., U.S. 
pat. 2,341,389 (1944)-C.A. 38, 4792. 
J .  T .  Rutherford, (a )  Gas Age, 87, 24 (1941) ; (b) Proc. 
Am. Pet. Inst., Sect. IV, 21, 89-91 (1930)-C.A. 35, 4180. 
R. F. Ruthruff to S. 0 .  Co. of Ind., U.S. pat. 1,938,672 
(1933)-C.A. 28, 1520. 
D .  E. Ryan, -4nal. Chenl., 23, 599-600 (1950)-C.A. '$4, 
6764. 
J .  C. Ryan, Ind. Eng. Chein., 34, 823-32 (1942) ; Natl. 
Petroleum News, 34, No. 30, R 23+9 (1932)-C.A. 36, 
5987. 
L. R. Rykhan and C. L. .4. Schmidt, Cniv. Calif. Pub. 
Physiol., 8, 257-76 (1944) -C.A. 361, 2977. 
Paul Sabatier and Alfonse hIaillie, Compt. rend., 150. 
1569-72 (1910)-C.A. 4, 2935. 
L. Sabrou and AT. Renautiie, Compt. rend. 17me Congr. 
cliim. iild., Paris, Sept.-Oct., 1937, 9S-103-C.A. 32, 6437. 
A. P. Saclis to Petroleuni Conversion C'orp., lT.S. pat. 
2,191,043 (1930)-C.A. 31, 4895. 
Georg Sachs, Z. anorg. allgem. Cheni., 135, 273-82, 283-8 
(1924) ; Ber., 54, 1849-5 1 (1921)-C.A. 18, 3154; 16,905. 



Orannic Chemistrrl of Rivtrlent Sulfur Rertcfions of Mercaptnns 243 

Georg Sachs and L. Balasa.  Z. anorg. Chem., 146, 196-9 
(1925)-C.A. 19, 3069. 
Georg Sachs and Minna Ott, Ber., 59, 171-5 11926)-C.A. 
20, 1605. 
Georg Sachs, L. Schlesinger, and H. Antoine, Ann., 433, 
154-63 (1923)-C.A. 18, 57. 
F. Sager, Inst. Petroleum Tech., 22, 609-15 (1936) ; Re- 
finer Natural Gasoline Mfr., 16, No. 6, 298-304 (1939)- 
C.A. 30, 8586; 31, 8899. 
Baldassarre Saladini, (a) Ann. chim. applicata, 18, 337- 
52 (1928) ; (b) Industria chimica, 4, 1023-38 (1929) ; 
(c) ibid., 4, 1132-7 (1929) ; 5, 1482-7 (1930) ; Atti I11 
Congreso Nationale chim. pura applicata Firence e Tos- 
cana, 1929, 584 (1930)-C.A. 23, 954; 24, 1963, 2279; 25, 
2552, 2276. 
J. R. Sampey and E. E. Reid, J. Am. Chem. Soc., 54, 
3404-9 (1932)-C.A. 26, 5034. 
G. E. Sample and W. B. Miller to Shell Dev. Co., U.S. pat. 
2,434,868 (1948) -C.A. 42, 7029. 
W. L. Savell, U.S. pat. 1,945,121 (1934)-C.A. 28, 2515. 
R. R. Sayers, A. C. Fieldner, W. P. Yant, R. D.  Leitch 
and S. J. Pearce, U.S. Bur. Mines Rept. of Investigations, 
3007, 13 p. (1930)PC.A. 24, 3884. 
Alexander Saytzeff and N. Grabowsky, Ann., 175, 344-8 
(1875). 
E. T. Scafe, Petroleum Refiner, 25, No. 9, 413-8 (1946)- 
C.A. 42, 9141. 
R. E. Schaad, U.S. pat. 1,954,843 (1934)-C.A. 28, 3887. 
J .  G. Schaafsma to Socony-Vac. Oil Co., U.S. pat. 2,364,- 
390 (1944)-C.A. 39, 3923. 
R. Schenck, Z. anorg. allgem. Chem., 148, 351-68 (1925) 
-C.A. 20, 692. 
C. T. Schieman, Jr., Petroleum Engr., 18, 18490 (1947) 
-C.A. 41, 4913. 
M. Schiller, U.S. pat. 580,652 (1897). 
R. Schiller and Robert Otto, Ber., 9, 1638 (1876). 
Hans Scllindler to Pure Oil Co., (a)  U.S. pat. 2,367,803 
(1945) ; (b) 2,405,905 (1946) ; (c) 2,488,479 (1939)- 
C.A. 39, 3912; 40, 6806; 44, 2025. 
Hans Schindler, G. TIT. Ayres, and L. hl. Henderson, Anal. 
Chem., 13, 326-8 (1911)-C.A. 35, 1943. 
Paul Sclilack to Alien Proprrty Custodian. 1'.8. pat. 
2,325,552 (1943)-C.A. 38, 432. 

1420. H. Scl~lo..tein. 1-3. pat. l.h3S,613. 1,638,611 11927)-- 
C.A. 21, 3268. 

1121. 11:1:1. Pcli:~~alfus., Fernientfor~rliung, 8, 1 4 1  11921)- 
C.A. 18, 3388. 

1422. Frithjof Schn~eling, (a) Braunkolilenarch., h'o. 45, 15-34 
(1936) ; (b) Oel, Kohle, Erdoel, Teer, 12, 83740 (1936) 
-C.A. 30, 7310; 31, 2398. 

1423. A. T. Schmidt, U.S. pat. 164,694 (1875). 
1424. H. Schmidt, Petroleum Z., 23, 646-8 (1927)-C.A. 21, 

2785. 
1425. R. Schmitt and 0. Mittenzwey, J .  prakt. Chem., [2] 

18, 192-5 (1879). 
1426. P .  M. E.  Schmitz, Erdol u. Teer, 6, 4934,  51@2 (1930) ; 

Clii~nie (t industrie, Spec. No. 355-68 (1931)-C.A. 25, 
2276, 3474. 

1427. P.  M. E. Schmitz, Belg. pat. 369,809 (1930); Fr. pat. 
707,335 (1930)-C.A. 25, 810; 26, 838. 

1428. K. Schneider and H.  Feichtinger, Angew. Chem., B20, 
12-16 (1948)dC.A. 42, 7968. 

1429. lf'ilhelm Schneider and August Bansa, Brr., 64, 13214 
(1931)-C.A. 25, 4232. 

1430. Alfons Schoberl, (a)  Z. physiol. Chem., 201, 167-90 
(1931) ; (b) Ber., 70, 1186-93 (1937)-C.A. 26, 364; 31, 
5762. 

1431. J. R. Schonberg to S. 0 .  Dev. Co., U.S. pat. 2,344,418 
(1944)-C.A. 38, 3824. 

1432. F .  Schulze, Petroleum Z., 5, 205, 446 (1909)-C.A. 4, 
1365. 

1433. W. A. Schulze to Phillips Petroleum Co., (a1 U.S. pat. 
1,998,849 (1935) ; (b) 2,151,721 (1939) ; ( c )  2,206,921 
(1910)-C.A. 29, 4163; 33, 5168; 34, 8255. 

1434. W. A. Schulze to Phillips Petroleum Co., U.S. pat. 2,087,- 
048 (1937) ; 2,162,319 (1939) ; 2,232,736, 2,234,505 
11941) ; 2,273,224, 2,291,581 (1942) ; 2,351,154 (1944)- 
C.A. 31, 6453; 33, 5168; 7551; 35, 4192; 36, 4324; 37, 
1255 ; 38, 6084. 

1435. \V. A. Schulze to Phillips Petroleum Co., U.S. pat. 2,081,- 
309 (1937) ; 2,131,525, 2,163,312 (1938) ; 2,204,234 

1 (1940) ; 2,255,391, 2,264,220 (1941)-C.A. 31, 5144; 32, 
9472; 33, 8000; 34, 7596; 36, 648, 2130. 

/ 1436. TV. A. Schulze and R. C. Alden, Refiner, Nat. Gasoline 
Mfr., 18, 4747,  515; Oil Gas J., 38, No. 27, 199, 200, 
2 0 2 4  (1939)-C.A. 34, 1468. 



Orqinir .  Chett ,z 'st t~y of Ri1,rrlent SuUur 
..~ ~- . - 

\I7. :I. SCI~~IIZ( \  ancl -4. E. Rt~rll. Sutl .  I'cti~c~lo~~llr Se\ \ . s .  -'7. 
S o .  41. 25-6. 28, 30-1 (1935) ; ibirl.. 29 ,  So. 23. 51-0 
I 1937) ; Oil Ciae J . .  34, So. 21, 2 2 4  r 1935 1 : i b id . .  .:6. 
No. 4, 59-65 (1937)-C.A. 29, 8306; 31, 5556; 30, 838; 
32, 336. 
W. A. Schulzc and A. E. Buell, (a)  Oil Gas J . ,  34, No. 22, 
42-6 (1935) ; (b) ibid., 36, No. 28, 56-7, 59 (1937) ; Re- 
finer Natural Gasolinc Mfr., 16, No. 6,268-71,276 (1937) 
-C.A. 30, 1216; 32, 2723, 336. 
W. A. Schulze and A. E. Buell to  Phillips Petroleum Co., 
U.S. pa,t. 2,315,820 (1943)-C.A. 37, 5856. 
W. A. Schulze and L. V. Chaney, Natl. Petroleum News, 
25, No. 34, 37-8, 40 (1933)-C.A. 27, 5952. 
IT. A. Schulze and L. V. Cl~aney to Phillips Pctroleum 
Co., (a) U.S. pat. 2,022,942 (1935) ; 2,028,998 (1936) ; 
(b) 2,034,837 (1936)-C.A. 30, 847, 1987, 3219. 
W. A. Schulze and F.  E. Frey to Phillips Petroleum Co., 
(a) U.S. pat. 1,964,219, 1,964,220 (1934) ; (b) 1,980,555 
(1934)-C.A. 28, 5224; 29, 332. 
IT. A. Schulze and L. S. Gregory, Natl. Petroleum News, 
28, No. 41, 34-40, 75 (1936)-C.A. 31, 2405. 
\V. A. Scliulze and J .  P. Lyon, Jr., to Phillips Petroleum 
Co., U.S. pat. 2,517,934 (1950)-C.A. 45, 638. 
W. A. Schulze and L. C. Morris to Phillips Petroleum Co., 
(a) U.S. pat. 2,271,665 (1942) ; 2,362,219 (1944) ; (b) 
2,315,875 (1943)-C.A. 36, 3954; 39, 3154; 37, 5856. 
IV. A. Schulze and G. H. Short to Phillips Pet'roleum Co., 
U.S. pat. 2,222,122 (1940) ; 2,242,621, 2,242,625 (1941)- 
C.A. 35, 1981, 6104. 
Mr. A. Schulze, V. I\'. IVilson, and A. E. Buell, Oil Gas 
J., 37, 76 (1939)-C.A. 33, 8969. 
Frit'z Schuster, Gas-u. Wasserfach, 79, 4 5 0 4  (1936)- 
C.A. 30, 6167. 
L. Schwarz and G. Miinclimeyer, Z. f. Hyg. u. Infekt. 
Krankh., 75, 81-100-C.A. 8, 2766. 
B. I. Scoggin and G. H. Burruss, Petroleum Refiner, 22, 
307 (1943) ; Oil Gas J., 42, No. 24, 6 1 4 ,  84, 85 (1943)- 
C.A. 37, 6859; 38, 4418. 
E. M. Scott and W. M. Sandst,rom, Arch. Biochem., 1, 
103-9 (1942)PC.A. 37, 391. 
N. D.  Scott to  Du Pont Co., U.S. pat. 2,048,169 (1936)- 
C.A. 30, 6184. 

Rrnctz'ona of J 1 ~ r c a p t a n . s  24.5 

1453. Rutli P.  Scott, executrix of the eitate of TT7infiel(l Scott, 
deceascd, to \T7ingfoot Corp., U.S. pxt. 2,401,103 ( 1946)- 
C.A. 40, 6500. 

1454. William Seaman to S. 0 .  Dev. Co., (a) U.S. pat. 1,993,287 
11935); 1b) 2,035,098 11936)-C.A. 29, 2547; 30, 3121. 

1455. William Seaman and J. R. Huffman to S. 0. Dev. CO., 
U.S. pat. 2,066,159 (1936)-C.A. 31, 1038. 

1456. N. F.  Sedykh, Xeftyanoe Khoz., 18, So .  10,20-2 (1937) ; 
Chimie & industrie, 39, 1 0 9 k C . A .  32, 7708. 

1457. Sigbert Seelig, Ger. pat. 472,070 (1927)-C.A. 23, 2567. 
1457.5. William Segal and R. L. Starkey, Anal. Chem., 25, 1645-8 

(1953)-C.A. 48, 2522. 
1458. J .  D. Seguy to U. 0 .  Prodts. Co., U.S. pat. 1,986,228 

(1935)-C.A. 29, 1241. 
1459. Leon Selitrenny, Monatsh., 10, 908-17 (1889). 
1460. A. Y. Semenova and D .  I,. Gol'dshtein, Neftyanoe Khoz., 

1939, No. 2, 31-5-C.A. 33, 7541. 
1461. H .  G. Semmes to Standard-I. G. Co., U.S. pat. 1,940,651, 

1,940,652, 1,940,653 (1933)-C.A. 28, 1519. 
1462. \IT. B. Shanley and R. E. Sutherland to U. 0 .  Prodts. Co., 

C.S. pat. 2,225,847 (1940)-C.A. 35, 2710. 
1462.5. Sharples Chemicals Inc., Brit. pat. 555,503 (1943)-C.A. 

39, 710. 
1463. J .  A. Shawl Anal. Chem., 12, 668-71 (1940)-C.A. 35, 53. 
1464. J .  J. Shedlock and Optime Motor Spirit Syndicate, Brit. 

pat. 1,878, of 1 9 1 k C . A .  9, 1994. 
1465. Shell Development Co., Brit. pat. 597,655 (1948)-C.A. 

42, 4338. 
1466. Shell Development Co. and E. \JT. Zublin, Brit. pat. 

601,978 (1948)-C.A. 42, 8462. 
1467. Shell Oil Co., Fr. pat. 718,305 (1931) ; Ger. pat. 545,214 

(1931)-C.A. 26, 3100, 3101. 
1468. M. 31. Sheraeirllov e t  a / . ,  Neftyanoe Khoz., 20, No. 6, 

43-5 (1939)-C.A. 31, 3483. 
1469. IT. H. Shiffler, U.S. pxt. 1,865,797 (1932)-C.A. 26, 4464. 
1470. IY. H. Shiffler ant1 L. P .  Elliott to S. 0. Co. of Calif., U.S. 

pat. 2,336,896 (1933)-C A. 38, 3825. 
1471. \V. H. Shiffler, 31. hI. Holm, and RI. F .  Miller, U.S. pat. 

1,869,781 (1932)-C.A. 26, 5413. 
1472. Karnenosuke Sliinoliara, ,4111. J .  AIccl. Sci., 182, 880-1 

(1931); J .  Biol. Chein., 96, 285-97 (1932)-C.A. 26, 
3171, 4305. 



Kamenosuke Shinohara and Martin Kilpatrick, J .  Am. 
Chem. Soc., 56, 146672 (1934)-C.A. 28, 5319. 
A. J .  Shmidl and Mehemet TYiggen to S. 0. Der.  Co., 
U.S. pat. 2,356,704 (1944)-C.A. 39, 181. 
G. H. Short to Phillips Petroleum Co., U.S. pat. 2,216,- 
856 (1941)-C.A. 35, 1624. 
D. A. Shtrom and A. V. Fateev, Zavodskaya Lab., 11, 
861 (1945)-C.A. 40, 7580. 
G. Shumovskii, Groznenskii Neftyanik, 2, No. 5-6, 5 9 6 1  
(1932) -C.A. 26, 5744. 
L. E. Shvartsburd and I .  A. Soiferman, Zavodskaya Lab., 
15, 387-94 (1949)-C.A. 43, 6940. 
Silesia, Verein Chem. Fabrk., Fr. pat. 786,126 (1935)- 
C.A. 30, 1068. 
Silesia, Verein Chem. Fabrk. (Gerhard Kallner), Ger. 
pat. 613,068 (1935)-C.A. 29, 5460. 
Silica Gel Corp., (a) Fr. pat. 630,081 (1927) ; (b) 641,695 
(1927)-C. 1928, I, 779; C.A. 23, 1253. 
Daisy G. Simonsen, J .  Biol. Chem., 101, 35-42 (1933)- 
C.A. 27, 5088. 
James Simpson to S. 0. Dev. Co., U.S. pat. 1,718,713 
( 1929) -C.A. 23, 4060. 
Sindicat d'Etudes des hIati6res Organiques, Fr. pat., 642,- 
305 (1927)-C.A. 23, 1253. 
F .  S. Sinnatt, Gas J., 208, 433-8 (1934) ; Gas JTTorld, 101, 
5569-C.A. 29, 578. 
D. W. Sissingh, (a)  Brennstoff-Chem., 4, 112-8 (1923) ; 
(b) ibid., 5, 22-5 (1925) ; (c) zbid., 2 3 L C . A .  17, 2953; 
19, 1491, 167. 
Bertil Sjoberg, Svensk Kem. Tid., 30,250-4 (1938)-C.A. 
33, 2106. 
N. P. Skerrett and H. n'. Thompson, Trans. Faraday Soc., 
37, 81-2 (1941)PC.A. 35, 3175. 
K. H. Slagle and E. E .  Reid, Ind. Eng. Chem., 24, 448-51 
(1932)-C.A. 26,2698. 
H. T.  Slemmer, U.S. pat. 52,897 (1866). 
R. G. Sloane to S. 0 .  Dev. Co., V.S. pat. 1,966,050 (1934) 
-C.A. 28, 5653. 
TV. M. Sloane, U.S. pat. 109,772 (1870). 
C. A. Smith, U.S. pat. 558,747 (1896). 
C. L. Smith and W. G. Annable to Pure Oil Co., U.S. pat. 
2,032,896 (1936)-C.A. 30, 2744. 
H. G. Smith to Gulf Refg. Co., U.S. pat. 1,813,642 (1931) 
-C.A. 25, 5280. 

.- 

11. 31. S11iit11 :ill11 0. ('. J31:1(Ic. Oil c i a ~  .I., 46, KO. 30, 73-8 
1 4  I-( ' .A. 42, 274.5. 

L. B. Snlitl~ an11 (I;. TI.. .Janlison to Atlantic Refg. Co., 
U.S. pat. l,f)i6,20-l ( 1928)-C.9. 22, 3289. 
Marvin Sn~ith to U. 0. Prodts. Co., U.S. pat. 1,889,388 
(1933)-C.A. 27, 1497. 
0 .  K. Smith and G. T. Williams, Gas Age, 84, No. 3, 
14-6 (1939)-C.A. 34, 6043. 
S. C. Smith, Oil Gas J., 36, No. 47, 44 (1938) ; Refiner 
Natural Gasoline Mfr., 17, 138-9 (1938)-C.A. 32, 7708. 
Watson Smith, Brit. pat. 2025 of 1880. 
W. A. Smith, Ger. pat. 108,364 (1897)-C. 1900, I ,  1007. 
TIT. A. Smith, (a)  U.S. pat. 1,938,116 (1933) ; (b) 1,938,- 
117 (1933) ; 1,961,087 (1934)-C.A. 28, 1178, 5224. 
W. V. Smith, J .  Am. Chem. Soc., 68, 2 0 5 9 4 ,  20649, 
2069-71 (1946)-C.A. 41, 1130, 1131. 
M. Smolak and F .  L. Nelson, Petroleum Refiner, 27, No. 
8, 405-9 (1948)-C.A. 43, 384. 
W. 0 .  Snelling, U.S. pat. 1,215,732 (1917)-C.A. 11, 1296. 
R.  D.  Snow and F .  E .  Frey, Ind. Eng. Chem., 30, 17682 
(1938)-C.A. 32, 2505. 
H. R.  Snyder and G. W. Cannon, J .  Am. Chem. Soc., 66, 
155-6 (1944)-C.A. 38, 954. 
H. R.  Snyder and E. L. Eliel, J .  Am. Chem. Soc., 70, 
28254 (1948) -C.A. 42, 81 59. 
H. R.  Snyder, J .  M. Stewart, and J .  B. Ziegler, J .  Am. 
Chem. Soc., 69, 2672-4 (1947)-C.A. 42, 1881. 
1,. J .  Snyder, U.S. pat,. 1,985,955 (1935)-C.A. 29, 1240. 
Soc. Anon. St. Denis, Ger. pat. 79,505 (1894)-C. 1895, 
I, 943. 
Societa italiana per le industrie mineraire e chimiche, 
Brit. pat. 315,459 (1928)-C.A. 24, 1735. 
Soc. Nouvelle des Mines de St. Champs, Fr. pat. 707,705 
(1930)-C.A. 26, 838. 
Soc. des usines chim. RhBne-Poulenc, Fr. pat. 753,401 
(1933)-C.A. 28, 1140. 
A. Sommer, U.S. pat. 523,716, 525,969 (1894). 
Denise Sontag, Ann. chim., [ I  1] 1, 359438 (1934)-C.A. 
28, 47168. 
Q. F. Soper, W. E.  Buting, J .  E. Cochran, Jr., and Albert 
Pohland, J .  Am. Chem. Soc., 76, 4109-12 (1954)-C.A. 
49, 5287. 
Mott Souders, Jr., and G. G. Brown, Ind. Eng. Chem., 24, 
519-22 (1932)PC.A. 26, 3416. 



- 

11.. .J. Spark. to Du Pont ('o., S. l)at 2,012..5.57 119361 
-C.A. 30, 5023. 
C. C. Sperling to Petroleum Conver-ion C'oip.. 17.S. pat 
2,319,354 (1913)-C.A. 37, 687.5. 
Spettmann, Technische Blatter, 5, 131 (1915) ; Cheni. 
Ztg., 40, Rep. 231 (1916). 
E. R. Speyer, Expt. & Res. Station, Chestnut, Herts, 8th 
Ann. Rept., 45-57 (1922). 
Otto Sprenger, Brit. pat. 3,074 of 1909-C. A. 4, 2569. 
C. Staen~mler, Brennstoff-Chem., 12, 43-5 (1931)-C.A. 
25, 1659. 
B. A. Stagner, Ind. Eng. Chem., 27,275-7 (1935) ; Oil Gas 
J., 33, No. 50, 6 2 4  (1935)-C.A. 29. 2716, 6411. 
B. A. Stagner, U.S. pat. 1,970,583 (1934)-C.A. 28, 6295 
I. J .  Staid and J. E. Murphy to S. 0. Dev. Co., U.S. pat. 
2,370,819 (19451-C.A. 39, 4469. 
F. K. Staley, Natl. Petroleum News, 19, No. 49, 88, 90 
(1927)LC.A. 22, 681. 
Standard Oil Co. of Ohio, Fr. pat. 796,424 (1936)-C.A. 
30, 6145. 
Standard Oil Development Co., (a)  Brit. pat. 550,715 
(1943) ; (b) 553,100 (1943) ; (c) 560.839 (1944) ; id) Ger. 
pat. 607,986 (1932)-C.A. 38, 1873, 5393; 40, 3890; C. 
1935, I, 2256. 
Standard Oil Development Co., (a)  Fr. pat. 658,889 
(1929); (b) 701,366 (1930); (c) 712,580 (1931); 
(d) 832,721 (1938) ; Brit. pat. 497.255 (1938)-C. 1930. 
I, 780; C.A. 25, 4115; 26, 2047; 33, 2694, 4011. 
E. A. Starke, U.S. pat. 597,920 (18981. 
H. \IT. Starkweather and A. 31. Collins to Du Pont Co., 
U.S. pat. 2,234,203 (1941)-C.A. 35, 3742. 
Norbert Steiger to Hoffmann-La Roche Inc., V.S. pat. 
2,490,717 (1949)-C.A. 44, 3527. 
A. Steigmann, J .  Soc. Chem. Ind., 61, 18-9 (1942) -C.A. 
36, 3453. 
M. .J. Sterba, Ind. Eng. Chern., 41, 2680-7 (1949)-C.A. 
44, 2213. 
D. R. Stevens and IT'. A.  Gruse to Gulf Refg. Co., U.S. 
pat. 1,999,345, 2,001,634 (1935)-C.A. 29, 4165, 4568. 
L. Stevens, U.S. pat. 414,601 11889). 
Alexander Stewart to Natl. Lead Co., U.S. pat. 2,110,745 
(1938)-C.A. 32, 3602. 
L. C. Stewart and Lee DePree to Dow Chem. Co., U.S. 
pat. 1,917,073 (1933)-C.A. 27, 4539. 

Reac t ions  of ATfercaptnns 219 

1510.5. \I7. T .  Stewart nnrl .J. 0. Clayton to Calif. Research C'orp., 
U.S. pat. 2,543,734, 2,543,735 (1951)-C.A. 45, 4033. 

1531. J. S. Stewart-\l.'allacc, Belg. pat. 152,278 (1900). 
1542. J .  S. Stewart-Wallace and \V. B. Cowell, Brit. pat. 9,796 

of 1900. 
1543. F. W. Stone and J. N. Garrison, U.S. pat. 2,022,550 

(1935)-C.A. 30, 850. 
1544. H. Strache and P. Porges, U.S. pat. 1,205,578 (1916)- 

C.A. 11, 207. 
1545. N. Strafford, F. R. Cropper, and A. Hamer, Analyst, 75, 

55-6 (1950)-C.A. 44, 3409. 
1546. L. C. Strang and Jack Owen to Anglo-Iranian Oil Co. 

Ltd., Brit. pat. 588,765 (1947)-C.A. 41, 6706. 
1547. Siegmund Stransky and F. Hansirlg, Brit. pat. 267,959 

(1926)-C.A. 22, 1232. 
1548. C. IfT. Stratford to S. 0 .  of Calif., U.S. pat. 2,308,755 

(1943)-C.A. 37,4240. 
1549. C. W. Stratford, F. G. Graves, and E. S. Brown, Refiner, 

17, No. 3, 109-14, 120 (1938)-C.A. 32, 4320. 
1550. C. W. Stratford and D. B. Nutt, I1 Congr. mondial 

pEtrole, 2, Sect. 2, Phys., chim., raffinage, 407-11 (1937) 
-C.A. 33, 354. 

1551. R. K. Stratford to Imperial Oil Ltd., Can. pat. 278,179 
( 1928)-C.A. 22, 2835. 

1552. R. K. Stratford to S. 0 .  Dev. Co., (a)  Can. pat. 308,405 
(1931) ; U.S. pat. 1,860,823 (1932) ; (b) Brit. pat. 369,- 
737 (1930) ; (c) U.S. pat. 2,336,651 (1943)-C.A. 25, 
1376; 26, 3915; 27, 2294; 38, 3813. 

1553. R. K. Stratford and If7. P. Doohan to S. 0 .  Dev. Co., (a)  
Can. pat. 312,866 (1931); (b) 334,378 (1933); (c) U.S. 
pat. 1,904,173 (1933)-C.A. 25, 4396; 27, 5529, 3325. 

1554. IV. M. Stratford to The Texas Co., U.S. pat. 2,078,468 
(1937)-C.A. 31, 4491. 

1555. B. R. Strickland to S. 0 .  Dev. Co., U.S. pat. 2,339,889 
(1944) -C.A. 38, 4421. 

1555.5. Falter  Stricks and I.  Ptl. Kolthoff, J .  Am. Chem. Soc., 75. 
5673-81 (1953)-C.A. 48, 10588. 

1556. D. A. Strom and N. M. Shestokova, Neftyanoe Khoz., 
24, hTo. 3 4 ,  68-70 (1946)-C.A. 41, 589. 

1557. Rlurray Stuart and L. M. Stuart, Brit. pat. 367,848 
(1930) -C.A. 27, 2293. 

1558. Studien-u. Verwertungs-G.nl.b.H. (Otto Roelen and Wal- 
ter Feisst), Ger. pat. 651,462 (1937)-C.A. 32, 1434. 



Orqnnic C h e m i s t r y  of R i ~ ~ r r l c n t  Sulfur 
-- 

Philip Subkow to Cnion Oil Co. of Calif., T.S. pat. 
2,081,310 (1937)-C.A. 31, 5156. 
J .  J .  Euckert, U.S. pat. 534,29.i t 1895). 
K. Suesselbeck vested in the Alien Property Custodian, 
U.S. pat. 2,308,249 (1943)-C.A. 37, 3924. 
F .  W. Sullivan, Jr., to S. 0 .  Co. of Ind., U.S. pat. 2,034,- 
495 (1936)-C.A. 30, 3222. 
F. W. Sullivan, Jr., and A. B. Brown to S. 0 .  Co. of Ind., 
U.S. pat. 1,938,670, 1,938,671 (1933)-C.A. 28, 1520. 
M. C. Sumpter to U. 0. Prodts. Co., (a)  U.S. pat. 1,912,- 
603 (1933) ; (b) 1,971,167 (1934)-C.A. 27, 4386; 28, 
6295. 
E. D. Sutton to Pure Oil Co., U.S. pat. 2,157,223 (1939) 
-C.A. 33, 6581. 
L. E. Sutton, J .  Am. Med. Assoc., 104, 216&71 (1935)- 
C.A. 29, 6650. 
L. E. Sutton to Chemical Foundation, U.S. pat. 1.926,- 
797 (1933)-C.A. 27, 5895. 
L. C. Swallen and C. E. Boord, J. Am. Chem. Soc., 52, 
651-60 (1930)-C.A. 24, 1340. 
D. ~ymonds,  ' (a) U.S. pat. 65,136 (1867) ; (b) 65,137 
(1867). 
Antoni Szayna to A. C. Travis, (a)  U.S. pat. 2,273,297 
(1942) ; (b) 2,273,298, 2,273,299 (1942) ; (c) 2,337,358 
(1943)-C.A. 36, 4327, 4326; 38, 3813. 
L. von Szeszich and R.  Hupe, Brennstoff-Chem., 14, 
221-5 (1933) -C.A. 27, 4901. 
Seishi Takagi, Hisashi Tanaka, and Hiroaki Tsukatani, 
Bull. Inst. Chem. Research, Kyoto Univ., 27, 72 (1951)- 
C.A. 47, 111. 
M. W. Tamele and L. B. Ryland, Anal. Chem., 8, 16-9 
(1936)-C.A. 30, 1329. 
hi. W. Tamele, L. B. Ryland, and V. C. Irvine, Anal. 
Chem., 13, 618-22 (1941)-C.A. 35, 6899. 
D. S. Tarbell and D. P. Harnish, Chem. Rev., 49, 1-90 
(1951). 
H. S. Tasker and H .  0 .  Jones, J .  Chem. Soc., 95, 1904-9 
(1909)-C.A. 4, 1023. 
J .  A. Tatro, U.S. pat. 106,233 (1870). 
J .  Tausz, 2. angew. Chem., 41, 628 (1928). 
H. A. Taylor and E. T.  Layng, J. Chem. Phys., 1, 79S- 
805 (1933)kC.A. 28, 702. 

Reactic 

W. I<. Taylor and 1). 31. Grahani, V 8. pat. 54.978 (1866). 
H. S. Taylor, [ a )  Iiefiner Satural Gasoline JIfr., 9, S o .  
12, 83 11930) ; (11) Can. Chem. Proce*ses Inri., 26, 339- 
40 (1942)-C.A. 2.5, 1370; 36, 5339. 
J .  F. H.  Taylor and H .  I. Lounsbury to Sliell Dcv. Co., 
U.S. pat. 2,025,255 (1935)-C.A. 30, 1223. 
M. C. Taylor, U.S. pat. 1,908,273 (1933)-C.A. 27, 3810. 
C. F .  Teichmann, U.S. pat. 2,011,954 (1935)-C.A. 29, 
675 1. 
A. J.  Tempere, U.S. pat. 557,291 (1896). 
Irmgard Teutsch, Petroleum Z., 30, No. 20, 1-6 (1934)- 
C.A. 28, 4872. 
Texaco Dev. Corp., (a)  Fr. pat. 761,270 (1934) ; (b) 
765,218 (1934)-C.A. 28, 4218, 6995. 
C. hi. Thacker and R.  T .  Bell to Pure Oil Co., U.S. 
pat. 2,409,080 (1946) -C.A. 41, 1242. 
C. M. Thacker and R. C. Swann to Pure Oil Co., 
U.S. pat. 2,423,530 (1947)-C.A. 42, 3777. 
R. B. Thacker, Jr., to Sinclair Refg. Co., (a )  U.S. pat. 
1,994,969 (1935); (b) 2,340,157 (1944)-C.A. 29, 3149; 
38, 4429. 
F .  C. Thiele, U.S. pat. 683,354 (1901). 
F. C. Thiele, I .  M. Parker, and J .  T.  Finke, Ger. pat. 
133,426 (1901)-C. 1902, 11. 555. 
E. H. Thierry, J .  Chem. Soc., 127, 2756-9 (1925)-C.A. 
20, 984. 
F .  B. Thole, S. F. Birch, and W. S. G. P.  Norris, Brit. pat. 
288,93 1 (1926) -C.A. 23, 695. 
F. B. Thole and S. T .  Card to Anglo-Iranian Oil Co., 
Brit. pat. 231,944 (1924) ; U.S. pat. 1,776,340 (1930) - 
C.A. 19, 3586; 24, 5476. 
C. A. Thomas and Wilhelln Schmidt-Nickels to Sharples 
Solvents Corp., U.S. pat. 2,065,614 (1937)-C.A. 31, 
1917. 
D. L. Thomas, U.S. pat. 1,781,826, 1,781,963 (1930)- 
C.A. 25,409. 
C. J .  Thompson, R. A. Meyer, and J .  S. Ball, J .  Am. 
Chem. Soc., 74, 3284-7, 3287-9 (1952)-C.A. 47, 5876. 
R. B. Thompson to U. 0 .  Prodts. Co., U.S. pat. 2,553,797 
(1951)-C.A. 46, 7579. 
~ i jb ren  ~ i j m s t r i ,  Brit. pat. 318,706 (1928)-C.A. 24, 
2284. 



2.52 Orqnnic C h ~ n l i a t r y  of Rivnlent  Sulfzlr. 

1596 81jbren T~jmktra to Rovalla Pctrolellln ('0.. U S pitt 
1,681,159 (1928) -C.A. 22, 4242. 

1597 Sijbren Tijmstra to Slmplex Refg C'n , Can pat. 2S3.705 
(1928) -C.A. 22, 3788. 

1598. I .  N. Tits-Skvortsova, A. I.  I,eoniva, and S. Y. Levina, 
Doklady Akad. Nauk SSSR, 80, 377-80 (1951) ; ibid., 84, 
741-3 (1952); ibid., 88, 1007-10 (1953)-C.A. 46, 5009; 
47, 3247; 48, 8752. 

1598.5. I.  N. Tits-Skvortsova, A. I.  Leonova, 8. Y. Levina, and 
E. A. Karaseva, Zhur. Obshchei Khim., 23, 303-10 (1953) 
-C.A. 48, 2637. 

1599. I.  N. Tits-Skvortsova, S. Y. Levina, A. I.  Leonova, and 
E. A. Karaseva, Zhur. Obshchei Khim., 21,242-50 (1951) 
-C.A. 45, 7513. 

1599.5. Suzanne Tocaven, Compt. rend., 234, 1581-3 (1952)- 
C.A. 47, 6593. 

1600. James Toman, Growth, 3, 419-25 (1940)-C.A. 31, 4369. 
1601. K.  Tomekichi, J. Soc. Chem. Ind. (Japan), 30, 129-35 

(1927). 
1602. J .  A. Tomes, Gas J., 245, 1 8 5 4  (1945)-C.A. 39, 1747. 
1603. A. Travers and P. Marecaus, 14me. Congr. chim. ind.. 

Paris, Oct., 1934, 6 p.-C.A. 29, 6747. 
1604. N. R. Trenner and H.  A. Taylor, J. Chem. Phys., 1, 77- 

88, 286 (1933)-C.A. 27, 1809, 3133. 
1605. M. J .  Trumble, U.S. pat. 1,725,320 (1929)-C.A. 23, 

4815. 
1606. A. TV. Trusty, (a)  Refiner Natural Gasoline Mfr., 19, 

No. 3, 9 3 4  (1940) ; (b) Petroleum Engr., 13, No. 4, 58. 
60, 62 (1942) ; (c) ibid., No. 8, 7 2 1 ,  7G7 (1942)-C.A. 
34, 4550; 36, 1763, 4699. 

1607. Eduard Tschunkur and Hugo Kohler to I.  G. Farben., 
U.S. pat. 2,064,395 (1936)-C.A. 31, 709. 

1608. I .  I .  Tsyganok and L. A. Vanyukov, Neft, 1940, No. 9, 
3&8; Petroleum Engr., 14, No. 11, 7 5 4  (1943)-C.A. 
37, 6868; 38, 4416. 

1609. Ernest Turk and E.  E. Reid, Anal. Chem., 17, 713-4 
(1935)-C.A. 40, 534. 

1610. H. G. Turley and Wallace TVindus, Stiasny Festschr , 
1937, 3 9 W O C C . A .  32, 8183. 

1611. H. G. Turley and Wallace Windus to Rohm and Haae, 
U.S. pat. 1,973,130 (1934)-C.A. 28, 7068. 

1612. L. B. Turner to S. 0 .  Dev. Co., U.S. pat. 2,028,303 
(1936)-C.A. 30, 1393. 

Reactions of Jlcrcaptans 253 

Yosiu Tutiya, J. *4gr. Clicn~. Soc. Japan, 17, 465-7.5; 
Bull. Agr. Chem. Soc. Japan, 17, 48-9 (1941) (English) 
-C.A. 36, 3752. 
R.  B. Tuttle, (a )  Oil Gas J., 43, NO. 45, 85-6 (1945); 
(b) ibid., 46, KO. 19, 8+5, 108-9 (1947)-C.A. 39, 2194; 
41, 7714. 
A. N. Tyler, U.S. pat. 38,015 (1863). 
Hans Ufer to I.  G. Farben., Ger. pat. 528,915 (1926)- 
C.A. 26, 1045. 
Henry Ulrich, U.S. pat. 1,810,803 (1931)-C.A. 25, 4697. 
A. J .  V. Underwood, Ind. Chemist, 10, 128-30 (1934)- 
C.A. 28, 3809. 
Gniversal Oil Products Co., Fr. pat. 736,834 (1932)- 
C.A. 27, 1499. 
Wilhelm Urban to Hydrierwerk Scliolven A.-G., Ger. pat. 
722,594 (1942)-C.A. 37, 5223. 
K.  S. Valentine and G. MacLean, Refiner Natural Gaso- 
line Mfr., 14, No. 10, 475-8 (1935)-C.A. 29, 8303. 
C. H. Van Hartesveldt and H. TV. Field, Refiner Natural 
Gasoline Mfr., 19, No. 6, 93-8 (1940). 
Lee VanHorn and L. J .  Kelly to The M. W. Kellogg 
Co., U.S. pat. 2,357,365 (1944)-C.A. 39, 408. 
L. Vanino and F. Mussgnug, Ber., 50, 2 1 1  (1917)-C.A. 
11, 2784. 
H. S. VanTine, U.S. pat. 60,290 (1866). 
M. G. Van Voorhis, (a )  Natl. Petroleum News, 32, No. 
2, R3-6 (1940) ; (b )  ibid., 32, R122, R129 (1940)-C.A. 
34, 4552. 
Jozsef Varga, (a)  Brennstoff-Chem., 9, 277-92 (1928) ; 
Kem., Folyhirat, 34, 65-76 (1928) ; (b) Math. naturw. 
Anz. ungar. Akad. miss., 48, 809-15 (1931); 50, 38G 
306 (1933)-C.A. 22, 4767; 23, 4796; 27, 1736; 28, 
3218. 
Jozsef Varga, (a )  Fr. pat. 676,464 (1929) ; (b) 683,069 
(1930)-C.A. 24, 3103, 4519. 
Jozsef Varga to Deutsche Gold-u. Silber-Scheideanstalt 
vorm. Roessler, U.S. pat. 1,852,988 (1932) ; 1,894,924, 
1,894,925, 1,894,926 (1933)-C.A. 26, 3091 ; 27, 2460, 
2560. 
Jozsef Varga and I.  Makray, Brennstoff-Cheln., 12, 389- 
90 (1931)-C.A. 26, 1096. 
J .  J .  Verbanc to Du Pont Co., U.S. pat. 2,413,531 (1946) 
-C.A. 41, 1704. 



254 Organic Chemistry of'Biualent Sulfur 
- -- -- -- 

1632. V. Veeselovsky and V. A. I<alichevsky, Ind. Eng. Chem., 
23, 181-4 (1931)-C.A. 25, 1370. 

1632.4. P .  S. Vile3 to S. 0. Dev. Co., U.S. pat. 2,337,018 (1951)- 
C.A. 45, 7779. 

1632.6. P. S. Vilcs and Elza Q. Camp to S. 0 .  Dev. Co., U.S. 
pat. 2,474,603 (1949)-C.A. 43, 7221. 

1633. J .  R.  Vincent to Du Pont Co., U.S. pat. 2,394,952 (1946) 
-C.A. 40, 2683. 

1634. R. W. Virtue and H. B. Lewis, J .  Biol. Chem., 104, 415- 
21 (1934)wC.A. 28, 3096. 

1635. N. E. Vishnevskii and R.  D. Obolentsev, J .  Applied 
Chem. (USSR), 19, 881-9 (1946)-C.A. 41, 4638. 

1636. Albert Vita, Ger. pat, 384,846 (1923)-C. 1924, I, 717. 
1637. H. Vittenet, Fr. pat. 329,076 (1903). 
1638. D. L. Vivian and Fred Acree, Jr., U.S. Dept. Agr., Bur. 

Entomol. Plant Quarantine, E-539, 48 p. (1941) -C.A. 
35, 4149. 

1639. D. L. Vivian and E. E. Reid, J .  Am. Chem. Soc., 57, 
255940 (1935)-C.A. 30, 1741. 

1640. V. L. Oil Processes, Ltd., Fr. pat. 575,600 (1924)-C. 
1925, I ,  1037. 

1641. V. L. Oil Processes, Ltd. and 0 .  D .  Lucas, Fr. pat. 575,- 
598 (1923) ; Brit. pat. 21 1,664 (1923)-C.A. 18, 1903. 

1642. A. C. Vobach to Sinclair Refg. Co., U.S. pat. 1,736,234 
(1929)-C.A. 24, 718. 

1643. Carl Vogt, Ann., 119, 142-53 (1861). 
1644. IV. H. Volck to Calif. Spray Chemical Corp., U.S. pat. 

2,047,755 (1936)-C.A. 30, 6181. 
1645. G. H. Von Fuchs and L. E .  Border to Shell Dev. Co., 

U.S. pat. 2,080,365 (1937) ; 2,149,035, 2,174,810 (1939)- 
C.A. 31, 5145 ; 33, 441 5 ; 34, 880. 

1646. G. H. Von Fuchs and H. H. Zuidema to Shell Dev. Co., 
Can. pat. 403,830; U.S. pat. 2,276,526 (1942)-C.A. 36, 
3957, 5007. 

1647. G. H. Von Fuchs and H. H. Zuidema to N. V. Bataafsche, 
Ger. pat. 735,328 (1943)-C.A. 38, 3828. 

1648. Vanderveer Voorhees and E. J. Schaeffer to S. 0 .  Co. of 
Ind., U.S. pat. 1,810,632 (1931)-C.A. 25, 4697. 

1649. Alexis Voorhies, Jr., and m'. 3l .  Smith, Ind. Eng. Chem., 
41, 2708-10 (1949)-C.A. 44, 2213. 

1650. R.  S. Vose to Du Pont Co., U.S. pat. 1,952,616, 1,962,698 
(1934)-C.A. 28, 3578, 4897. 

1650.5. Harman de Vries and T. A. Zuidhof, Rec. trav. chim., 
70, 696 (1951)-C.A. 46, 8625. 

Renctio ns of JIercnptans 2\35 

.l I[. \\ : i , l - \ \ o ~ ~ t l ~ ,  1 5 ] ) : i t  1.000.i01 I 1().?4l-(' 1 ? A ,  
4587. 
C'. R .  \Vagncl., 011 . I . ,  31. S o .  45, 58 (1933)-C.A. 
-37, 3594. 
J .  I?. \Vait, ( a )  t-.S. pat. 2,034,068, 2,050,772, 2,059,.542, 
2,063,860 (1936) ; 2,075,151 (1937) ; (b) 2,058,534 (1936) 
-C.A. 30, 3215, 6936; 31, 532, 853, 3685, 248. 
W. R.  f aldron and E. E. Reid, J .  Am. Chem. Soc., 45, 
2399-417 (1923)-C.A. 17, 3863. 
Emmanuel Waletzky to Am. Cyanamid Co., U.S. pat. 
2,531,754 (1950)-C.A. 45, 3132. 
H. H. Walker to The Texas Co., U.S. pat. 2,328,760 
(1943)-C.A. 38, 1352. 
H. H. II'alker and J .  P .  Alostyn to The Texas Co., U.S. 
pat. 2,366,580 (1945)-C.A. 39, 2399. 
H. V. Walker to Maas and Waldstein Co., U.S. pat. 
955,372 (1910)-C.A. 4, 1669. 
H. W. Walker to Du Pont Co., U.S. pat. 2,259,122 (1941) 
-C.A. 36, 929. 
W. R. Walkey and A. I?. Bargate, Brit. pat. 186,735 
(1921)-C.A. 17, 1136. 
C. A. Walter and F .  B. hluhlenberg, U.S. pat. 1,669,181 
(1928)eC.A. 22, 2268. 
J .  A. FVanklyn and E.  Erlenmeyer, J. Cheni. Soc., 17, 
190-3 (1864). 
P. F. Warner and J .  A.  McBride to Phillips Petroleum 
Co., U.S. pat. 2,503,644 (1950)-C.A. 44, 5896. 
J .  IV. Warren, (a)  U.S. pat. 666,446 (1901) ; (b) 705,168 
(1902). 
J .  I .  Tl'asson to S. 0 .  Dev. Co., C.S. pat. 2,522,476 
(1950) -C.A. 44, 11 130. 
H. I.  Raterman, J .  Inst. Petroleum Tech., 11, 576-82 
(1925)-C.A. 20, 1711. 
H. I.  Waterman and J .  H. Heimel, Che~n. TVeekblad, 21, 
3 7 4 5  (1924) ; J. Inst. Petroleum Tech., 10, 812-5 (1924) 
-C.A. 18,3710; 19, 889. 
H. I .  JVaternian and J .  N. J. Perquin, (a)  Brennstoff- 
Chem., 6, 255-7 (1925) ; (b) Chem. Il-eekblad, 22, 389- 
93 (1923); (c) J .  Inst. Petroleun~ Tech., 11, 560-70 
(1925)-C.A. 19, 3371; 20, 1712. 
H. I .  Waterman, J .  N. J .  Perquin, W. J .  M. Bogaers, and 
J. R.  H. Goris, Chem. IVeekblad, 22, 378-80 (1925)- 
C.A. 19, 3158. 



11. I. TT'atcrrn:in ant1 D. IT-. Sissingli, C'hem. \T7eclihlad, 
19, 489-92 (1922) ; Brcnnstoff-Chenl.. 4. 30 r 1923)-C.&I. 
17, 1133. 
H .  I. \\'aterman anti RI. J .  van Tussenbroek, ( a )  Brenn- 
stoff-Chem., 8, 20-1 (1927) ; 9, 397-8 (1928) ; (b)  ibid., 
9, 37-9 (1928) ; (c) Erdol u. Teer, 3, 7 4 3 4  (1927)- 
C.A. 21, 1540; 23, 2816; 22, 2528, 572. 
C. E. Waters, (a) U.S. Bur. Standards, Tech. Paper, 177 
(1920) ; Ind. Eng. Chem., 12, 482-5, 612 (1920) ; (b) 
ibid., 14, 725-7 (1922)-C.A. 15, 594; 16, 3752. 
C. B. Watson, U.S. pat. 1,474,395 (1924)-C.A. 18, 584. 
C. B. Watson to Pure Oil Co., U.S. pat. 2,064,999 (1936) 
-C.A. 31, 843. 
K. M. Watson to U. 0 .  Prodts. Co., U.S. pat. 2,315,144 
(1943)KC.A. 37, 5856. 
F.  W. Weber, U.S. pat. 1,636,946 (1927)-C.A. 21, 3126. 
C. TVegner, Can. pat, 273,682 (1927)-C.A. 21, 4060. 
Bengt Weibull, Arkiv Kemi, Mineral Geol., 23A, No. 18, 
25 p. (1946)-C.A. 44, 1427. 
E. Weingaertner and Herbert Kunze to Braunkohle- 
Benzin A.-G., Ger. pat. 721,911 (1942)-C.A. 37, 5850. 
J .  IfT. Weir, U.S. pat. 1,564,501 (1925) ; 1,581,369, 1,603,- 
174 (1926)-C.A. 20, 502, 1903, 3805. 
Joseph Weiss and Harry Fishgold, Nature, 137, 71-2 
(1936)-C.A. 30, 2494. 
J .  M. Weiss to Barrett Co., U.S. pat. 1,206,962 (1916)- 
J.  Soc. Chem. Ind., 36, 129 (1917). 
Ulrich Weiss to Endo Products, Inc., O.S. pat. 2,520,293 
( 1950) -C.A. 46, 133. 
Rudolf TVeissgerber, Otto Kruber, and TVilhelm Thies to 
G. fiir Teerverwertung, Ger. pat. 483,759 (1929) -C.A. 
24, 626. 
A.'F. Wells, Z. Kryst., 96, 435-50 (1937)-C.A. 31, 8303. 
W. C. T3'ells and P.  E. Wells, U.S. pat. 1,296,244 (19191 
-C.A. 13, 1528. 

1686. G. L. Tliendt, Petroleum Age, 15, No. 1, 16-7 (1925)- 
C.A. 19. 1343. 

1687. G. L. leendt, (a)  C.S. pat. 1,594,083 (1926) ; (b)  1,658,- 
505 (1938); (c) 1,668,225 (1928)-C.A. 20, 3235; 22, 
1233, 2267. 

1688. G. L. MTendt to S. 0 .  Co. of Ind., U.S. pat. 1,791,179 
(1931 )-C.A. 25. 1667. , - - - ~ ~  

1689. G. L .  Wendt and S. H. Diggs, Ind. Eng. Chem., 16, 
1 1 13-5 (1924) -C.A. 19, 395. 

(1941 )-C.L4. 35, 5415. 
Heinrich V7erncr, Swi>s pat. 154,183 (1932)-C. 3932, 
11, 3183. 
J.  H. Werntz to Du Pont Co., U.S. pat. 2,142,162, 2,187,- 
338, 2,187,339 (1940)-C.A. 13, 3031; 34, 3104. 
E .  Wertheim, J .  Am. Chem. Soc., 51, 36614 (1929)- 
C.A. 24, 336. 
H. L. Wheeler and T. B. Johnson, Am. Chern. J., 26, 
185-206 (1901). 
R .  C. Wheeler and P. TT. Prutzman, U.S. pat. 1,728,156 -. - 

(1929)-C.A. 23, -5312. 
Harry Whitaker to Petroleum Processes Corp., U.S. pat. 
1,952,482 (1934) -C.A. 28, 3574. 
J .  R.  Whiting and T'I'. A. Lawrence, U.S. pat. 583,779 
(1897). 
J .  C. Whitman, U.S. pat. 1,312,375 (1919)-C.A. 13, 
2594. 
Gustav Wietzel, Josef Jannek, and Fritz Fried to I .  G. 
Farben., U.S. pat. 1,782,590 (1930)-C.A. 25, 400. 
P.  J .  TTTiezevich, L. B. Turner, and P. K. Frolich, Ind. 
Eng. Chem., 25, 295-6 (1933)-C.A. 27, 2021. 
P. F .  TViley, J .  Org. Chem., 16, 8 1 M  (1951)-C.A. 46, 
1481. 
R.  M. Wilhelm, Tag Manual for Inspectors of Petroleum, 
23rd. Ed., C. J .  Tagliabue hlfg. Co., Brooklyn, N. Y. 
F .  E.  Wilkinson, U.S. pat. 2,303,970 (1942)-C.A. 37, 
3262. 

. C. TTillgerodt, Ber., 18, 331-3 (1885). 
C. G. Tyilliams, J .  Inst. Automobile Engrs. (London), 
1, No. 8, 73-92 (1933) ; 2, S O .  10, 19-34 (1934)wC.A. 
28, 6989. 
E .  C. Williams and H. P. A. Groll to Shell Dev. Co., 
U.S. pat. 1,939,839 (1933)-C.A. 28, 1522. 
F' R Williams and E .  Gebauer-Fuelnegg, J .  Am. Chem. - .  - - 

Soc., 53, 352-6 (1931)-C.A. 25, 911. 
Keith TVilliams. Australian pat. 123,246 (1947) ; Brit. 
pat. 598,557 (1948)-C.A. 43, 1731, 5656. 
A. L. Wilson and H.  R. Fife to Carbide and Chemicals 
Corp., U.S. pat. 2,238,201 (1941)-C.A. 35, 5301. 
H.  H.  Wilson, Can. pat. 278,381 (1928)-C.A. 22, 2835. 



Orqflnic C h ~ ) ~ i / s t r y  o f  R ~ c n l e n t  Sul fur  
-- - - -- - - - . -- 

FI  11 \ \  iI*o11 t o  S. 0. T I (  v ('0 . I* S l ) : ~ t  1 S0\5.114 (l(J31 \ 
- ( ' A \  25,  3822. 
.I (; \ \ '~lwn to S11(~11 1)1.\ C'cl , I- S ]):it 2,351,367 
( 1911 ) -C 38. 6087. 
Louise P. \\'11~011, Gl~owth, 3, 109-17 (1940)-C.X. 34, 
4469. 
P. J .  T17ilson, Jr., J .  H. Wells and Pauline M. Sommer- 
feld to Carnegie-Illinois Steel Corp., U.S. pat. 2,427,988 
(1947)-C.A. 42, 347. 
R. E .  Jliilson and W. H. Bahlke, Ind. Eng. Chem., 17, 
355-8 (1925)-C.A. 19, 1398. 
V. JV. JVilson, Refiner Natural Gasoline Mfr., 18, No. 3, 
96100  (1940). 
V. MT. TT'ilson to Buffalo Electro-Cliemical Co., (a)  U.S. 
pat. 2,181,036, 2,181,037 (1939) ; (b) 2,233,802 (1941)- 
C.A. 34, 1842; 3.5, 4192. 
G. S. Windle, Petroleum Refiner, 23, 41-5 (1944)-C.A. 
38, 1867. 
G. S. Windle to S. 0 .  Co. of Calif., U.S pat. 2,344,910 
(1944)-C.A. 38, 4429. 
Wallace Windus and H.  G. Turley, J .  Am. Leather 
Chem. Assoc., 33, 246-53 (1938)-C.A. 32, 8821-2. 
J. N. TFTingett, U.S. pat. 1,185,747 (1916). 
C. Winssinger, Bull. Belg., (3) 4, No. 8 (1882) ; Bull. 
Belg. Acad. (3) 14, 760 (1887)-Bull. soc. chim., [2] 48, 
109-1 1 (1887) ; J., 1887, 1280. 
Charles T;lTirth, 111, and TV. B. Shanley to U. 0. Prodts. 
Co., U.S. pat. 2,236,080 (1941)-C.A. 35, 4587. 
Charles TVirth, 111, and J .  R.  Strong, Anal. Chem., 8, 
344 (1936)-C.A. 30, 7828. 
H. Wohl, Dingler's Polytech. J., 216, 47-51 (1875). 
A. E. Wood, (a) J .  Am. Chem. Soc , 47, 2062 (1925) ; (b) 
Oil Gas J., 2.5, No. 40, 147, 158 (1927)-C.A. 19, 2473; 
21, 1541. 
A. E .  Wood, A. R. Greene, and R.  W. Provine, Ind. Eng. 
Chem., 18, 823-6 (1926)-C.A. 21, 1004. 
A. E. Wood, A. Lowy, and W. F. Faragher, Ind. Eng 
Chem., 16, 1116-20 (1924)-C.A. 19, 395. 
A. E. Tliood, Clyde Sheely, and A. TV. Trusty, Ind. Eng. 
Chem., 17, 7 9 M 0 2  (1925)-C.A. 19, 3471. 
W. R. Wood to Girdler Corp., U.S. pat. 2,220,138 (1940) 
-C.A. 35, 1982. 
G. M. Woods, Refiner Natural Gasoline Mfr., 14, No. 10, 
479 (1935)-C.A. 29, 8306. 

,> 1 .  +& 
I & Reac t ions  of J lercap tnns  259 

1731. Gladys E. TTToodx~ard, (a) Ind. Eng. Chem., 11; 693-5 
(1929); (b) ibid., 1233-5; (c) Anal. Chem., 1, 117-8 
(1929)-C.A. 23, 4051 ; 24, 1206; 23, 4332. 

1732. Paul TJ'oog vested in Alien Property Custodian, U.S. pat. 
2,352,059 (1944)-C.A. 38, 6087. 

1733. A. R.  Workman to Cities Service Oil CO., U.S. pat. 
2,338,371 (1944)-C.A. 38, 4429. 

1734. C. J .  Wright, J. Inst. Petroleum Tech., 1.5, 21444 (1929) 
-C.A. 23,4054. 

1735. Rudolf von Wiilfing and Ernst Rosskothen (trading as 
J .  A. Wiilfing), Ernst Sturm, and Richard Fleischmann, 
Brit. pat. 473,240 (1937)-C.A. 32, 1716. 

1736. Henri Wuyts, Ber., 36, 863-70 (1903). 
1737. E. W. Wynne, U.S. pat. 901,411 (1908)-C.A. 3, 591. 
1738. John Xan, E .  A. Wilson, L. D.  Roberts, and N. H. Hor- 

ton, J .  Am. Chem. Soc., 63, 1139-41 (1941)-C.A. 35, 
3594. 

1739. D.  L. Yabroff, Ind. Eng. Chem., 32, 257-62 (1940)-C.A. 
34, 3066. 

1740. D. L. Yabrofi to N. V. Bataafsche, (a )  Brit. pat. 494,451 
(1938) ; (b) 502,448 (1939) ; (c) 499,678, 506,574 (1939) ; 
Ger. pat. 724,397 (1942)-C.A. 33, 3133, 7091, 5173; 
34, 114. 

1741. D. L. Yabroff to Shell Dev. Co., (a)  U.S. pat. 2,152,166 
(1939) ; (b) 2,152,720, 2,152,723, 2,168,078 (1939) ; Can. 
pat. 380,235 (1939)-C.A. 33, 5001, 5173, 5174, 9621, 
4011. 

1742. D.  L. Yabroff to Shell Dev. Co., (a)  U.S. pat. 2,152,721 
(1939) ; (b) 2,183,801 (1939) ; (c) 2,186,398 (1939) ; (d) 
2,212,105 (1940) ; (e) 2,212,106, 2,212,107 (1940) ; ( f )  
2,228,295 (1941)-C.A. 33, 5173; 34, 2584, 3487; 35, 612, 
3075. 

1743. D. L. Yabroff and L. E. Border, Refiner Natural Gasoline 
Mfr., 18, 1714,203 (1939)-C.A. 33, 7540. 

1744. D. L. Yabroff and J .  It7. Givens to N. V. Bataafsche, 
Brit. pat. 469,573 (1937)-C.A. 32, 761. 

1745. D. L. Yabroff and J .  W. Givens to Shell Dev. Co., (a)  
U.S. pat. 2,059,075 (1936) ; (b) 2,066,925 (1937); (c) 
2,110,412 (1938); (d) 2,123,492 (1938); (e) 2,140,194 
(1938)-C.A. 31, 247, 1039; 32, 3420, 6667; 33, 2696. 

1746. D.  L. Yabroff and A. C. Nixon, Refiner Natural Gasoline 
Mfr., 19, No. 3, 55-8 (1940) ; Oil Gas J., 38, No. 41, 74-6 
(1930); Natl. Petroleum News, 32, R56-62 (1940)- 
C.A. 34, 3066. 



D. L. Yabroff and A. C. Kison to Shell Dev. Co.. I-.S. 
pat. 2,228,041 ( 1  941) -C.A. 35, 3075. 
D. L. Yabroff, E.  L. \Iraltcrs, A. C. Xixon, and H. B. 
Minor, (a) Natl. Petroleum News, 32, No. 50, R 445-8 
(1940) ; (b) Oil Gas J., 39, No. 32, 3 5 4  (1940)-C.A. 
35, 161 1,3071. 
D.  L. Yabroff and E. R. White, Ind. Eng. Chem., 32, 
950-3 (1940)-C.A. 34, 5640. 
D. L. Yabroff and E. R. White to N. V. Bataafsche, (a)  
Brit. pat. 503,644 (1939) ; (b)  522,450, 522,559 (1940) ; 
(c) 539,867 (1941) ; Dutch pat. 51,342 (1941) ; (d) Ger. 
pat. 726,680 (1942) ; (e) 735,327 (1943) -C.A. 33, 7546; 
36, 1482, 4131 ; 37, 6277; 38, 4431. 
D. L. Yabroff and E. R. White to Shell Deo. Co., (a)  
U.S. pat. 2,149,379, 2,149,380 (1939); (b)  2,152,722 
(1939) ; (c) 2,152,724 (1939) ; (d) 2,156,577 (1939) ; (e) 
2,160,632 (1939)-C.A. 33, 4412, 5173, 5174, 6038, 7547. 
D. L. Yabroff and E. R. White to Shell Dev. Co., (a) 
U.S. pat. 2,164,851 (1939) ; (b) 2,168,851 (1939) ; 2,236,- 
723 (1941) ; (c) 2,202,039 (1940) ; (d) 2,223,798 (1940) ; 
(e) 2,229,995 (1941)-C.A. 33, 8391, 9325; 35, 5302; 34, 
7100; 35, 2313, 3429. 
D.  L. Yabroff, E. R.  White, and A. V. Caselli, Refiner 
Natural Gasoline Mfr., 18, 509-15 (1939)-C.A. 34, 
1467. 
Teikichi Yamada, J .  Soc. Chem. Ind. Japan, 40, Suppl. 
Bind. 44-7 (1937)-C.A. 31, 5635. 
M. P.  Youker to Phillips Petroleum Co., U.S. pat. 2,048,- 
241 (1936)PC.A. 30, 6184. 
D. W. Young to Jasco Inc., U.S. pat. 2,322,723 (1943)- 
C.A. 38, 212. 
E .  G. Young, Soap Sanit. Chemicals, 23, No. 11, 1167,  
152A (1947)-C.A. 43, 9330. 
H. A. Young and M. B. Young, J. Am. Chem. Soc., 59, 
811-2 (1937); ibid., 60, 590-1 (1938)-C.A. 31, 4574; 
32, 3331. 
H. \V. Young and A. JV. Peake, Chem. Met. Eng., 27, 
9 7 2 4  (1922)-C.A. 17, 2638. 
R4. B. Young and H. A. Young, J .  Am. Chem. Soc., 64, 
2282-7 (1942) -C.A. 36, 6880. 
14 .  A. Youtz and P. P.  Perkins, (a)  Ind. Eng. Chern., 
19, 1247-50 (1927); (b)  ibid., 22, 610-1 (1930)-C.A. 
22,2266; 24, 3893. 

Reactions of Ilcrctrptrrns 261 
---_____--.-_ 

Iifil . .~. \-:w~il~i~lc~ YIII<:,IV:I ail(l l7os1lic Kislii, l I c ) ~ ~ i .  Inst. Sci. 
I n~ l .  R ~ s c l a ~ r l ~ .  O s k a  Vi~iv.. 8, 1G3-7 \1951) ( i n  Eng- 
lish) ; J .  ('heill. Poc. .Tapan, Pure Chem. Pvrt., 72, 371-3 
(1951 )-C.A. 46. 7061. 

1762. Victor Zal-in, Anal. Chein., 9, 543-7 (1937)-C.A. 32, 453. 
1763. E. V. Zappi and Pedro Egea, B1111. soc. chim., [4] 51, 

748-5 1 (1932)-C.A. 26, 5550. 
1764. W. C. Zeise, (a) Ann., 11, 1-10 (1834); Ann. chim. phys., 

[2] 56,87-96 (1834) ; (b) Pogg. Ann., 31,369431 (1834) ; 
J .  prakt. Chem., 1, 25748,  457-75 (1834) ; (c) ibid., 
345-56; (d) ibid., 3 9 U 1 3 .  

1765. N. D. Zelinskii and Yu. K. Yur'ev, Neftyanoe Khoz- 
yaistvo, 26, No. 9, 36 (1934) ; translation: Foreign Petro- 
leum Tech., 3, 193-5 (1935)-C.A. 29, 4927. 

1766. T.  Zere~it~inov, Ber., 41, 223343 (1908)-C.A. 2, 2810. 
1767. W. T.  Ziegenha,in, (a) Oil Gas J., 30, No. 8, 29, 115 

(1931) ; (b)  ibid., 40, No. 16, 42, 46 (1941)-C.A. 25, 
5976; 35, 8269. 

1768. \V. A. Zimmerscheid, R. A. Dinerstein, A. It'. TVeitkamp, 
and R. I?. Marschner, J .  Am. Chem. Soc., 71,2947 (1949) ; 
Ind. Eng. Chem., 42, 13004 (1950)-C.A. 44, 1033,9356. 

1769. Don Zimmet and J .  P. Perrenoud, Bull. soc. chim. biol., 
18, 1704-9 (1936)PC.A. 31, 1729. 

1770. T.  Zincke and A. Dahm, Ber., 45, 345743 (1912)-C.A. 
7, 2392. 

1771. T.  Zincke and W. Frohneberg, (a)  Ber., 42, 2721-36 
(1909) ; (b) ibid., 43, 837-48 (1910)-C.A. 3, 2577; 4, 
1746. 

1772. T. Zincke and S. Lenhardt, Ann., 400, 1-27 (1913 )-C.A. 
7, 3746. 

1773. T. Zincke and J .  Muller, Ber., 46, 775-S6 (1913)-C.A. 
7, 1720-1. 

1774. G. J. Ziser and J .  H. Oslner to S. 0. Co. of Calif., E.S. 
pat. 1,784,215 (1930)-C.A. 25, 409. 

1775. H. F. Zoller, Ind. Eng. Chem., 15, 845-7 (1923)-C.A. 
17, 2937. 

1776. Paul Zurcher to Continental Oil Co., U.S. pat. 1,884,495 
(1932)--C.A. 27, 1158. 



GHAPTER 3. 

Negative Derivatives 

General 

The metal mercaptides are derivatives of mercaptans in which 
a positive metal has replaced the hydrogen of the sulfhydryl 
group. This chapter will be devoted to compounds in which the 
place of this hydrogen has been taken by a negative element or 
group. Some of these are well known and important, others 
much less so. Various types are presented here. 

RSCl RSBr RSI 
Sulfenylchloride bromide iodide 

R S O H  RSOR' RSNH, 
Sulfenic acid ester arnide 

RSSH RSSR' 
Thiosulfenic acid ester 

RSCN RS'SCN RSSSeCN 
Sulfenyl cyanide thiocyanate selenocyanate 

R S N O  RSNO, 
Alkyl thionitrite thionitrate 

RS-COMe RS'CSMe 
Ester of thioacetic of dithioacetic acid 

RS'O-SR RS'S'SR 
Sulfenic anhydride thioanhydride 

(RS),P (RS)3A~  (RS),Sb 
Trialkyl trithiophosphite trithioarsenite trithioantimonate 

(RS),PO (RS),AsO 
Trialkyl trithiophosphate trithioarrenate 

(RS),C (RS),Si W 4 G e  
Tetraalkyl tetrathioortho- silicate qermanate 

carbonate 

R S e S 0 3 N a  RSO,.SR' RSO-SR' 
Alkyl thiosulfate thiorulfonate thiorulfinate 
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Thiosulfenic esters, RS.SRr, are alkyl dibulfides and will be 
treated in a later chapter. Sulfenyl cyanides are thiocyanates 
in disguise and are so important that a whole chapter will be 
devoted to them in a later volume. The esters of thioacetic, and 

' of other thio acids, are actually acyl derivatives of the mercap- 
tans but, in conformity with long established usage, they are dis- 
cussed in the chapter on thioacids. The same can be said for the 
dithio esters. 

i Sulfenic Acids and Derivatives 
1 R S O H  RSX RSNR'R" 

Sulfenic acid Sulfenyl halide Sulfenamide 

RSOR' ( W 2 0  
Sulfenic ester anhydride 

The stability of the inorganic and organic acids of sulfur goes 
down as there is less and less oxygen. 

0 2 S ( O H ) 2  0 S ( O W 2  S(OH), 
Sulfuric Sulfurous Sulfoxylic 

I RSO,.OH R S O - O H  RS'OH 
Sulfonic Sulfinic Sulfenic 

Alkyl and aryl sulfinic acids are unstable, the corresponding 
sulfenic acids are still less so; only one sulfenic acid is stable and 
can be isolated. It is a-antliraquinonesulfenic acid. Frequently 
tlie salts are stable while the free acids are not. There are only 
two stable sulfenic salts, the potassium salts of this acid and of 
its 4-amino substitution product.257 The corresponding a-anthra- 
quinoneselenenic acid is also  stable.'"^ 3R1a The  peculiar sta- 
bility of these two acids has been attributed to some sort of 

I ring format'ion involving the near-by carbonyl group.," Hydro- 
gen bonding has bcen advocated by some 417 and more extensive 
rearrangement by others Ggj to  account for the stability of tlic 
salts. 

The corresponding a-anthraquinoneselencnic acid has been 
made by treating the selenyl broiriide wit11 silver acetate. The 

i 
I , 0-nitro- and the 2.1-dinitrobcnzcneselcnenic acids have been pre- 

pared. The p-nitro- could be isolatrtl only as tlie acetate. These 
develop color on the :tddit,ion of alkali, wllich is attributed to  
salt formation. Tlic salts are unstable."' 

The acid halides, aii~idea, esters, and anhydrides of the sul- 
fenic acids are relatively stable and fairly well known. Wtiile, 
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with the one exception, the acids t l ~ e n ~ s e l ~ e s  cannot be isobtctl, 
it is often convenient to assurne their transitory existence ia ex- 
plaining reactions.li% ""1, 26:3l,. 370, SO0 This subject has been ably 
r e v i e ~ e d . " ~  

a-Anthraquinonesulfenyl bromide can be converted to the 
rnethyl ester by boiling it with methanol. When the ester is 
saponified and the hydrolyzate acidified, the anthraquinonesul- 
finic acid is prec,ipitated as bright red crystals: 

C14H702SBr + MeOH + C14H702SOMe 
C1,H702SOMe + NaOH + C14H702SONa 
Cl,H702SONa + HCI + C14H702SOH 

The free acid does not rnelt when heated, but gives off water and 
passes into the anhydride. With hydrogen chloride, or broflide, 
it goes back to  the .halide: 

C1,H70,SOH + HCI + C1,H702SCI + H 2 0  

The acid dissolves in aqueous alkali. The aqueous solutions of 
the sodium and potassium salts are blue, but alcoholic solutions 
are green. If protected from the air, these solutions remain un- 
altered but are oxidised by air to the s ~ l f i n a t e s . ~ ~ ~  The free acid 
is converted by methyl sulfate to its methyl ester, but with the 
same reagent its sodium salt goes to the isomeric methyl a-ant'bra- 
quinone sulfoxide: 260b 

This is analogous to thc formation of a sulfone from a sodium 
sulfinate. 

The alkaline hydrolysis of an alkyl or aryl thiosulfate is be- 
lieved to give a sulfenic acid: l g 0 8  31ia, 317b 

EtSS0,Na + KOH + EtSOH + NaKSO, 
PhSS0,K + KOH + PhSOH + K2S03 

TTliilc only the a-~ntliraquinonesulfcnic acid can be isolatedtl"" 
61" it is convenient to  write equations involving the assufleti 
sulfenic acid to account for the end products which are obtail'ed 
Thus disproportionation may take place: 444 

2 PhSOH + PhSH + PhS02H 
PhSOH + PhSH + PhSSPh + H 2 0  
5ArSOH + 2ArSSAr + ArS0,H + 2 H 2 0  
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The aulfe~lic acid is : I ~ I  ositlising ngc,nt: :'"a. 'I"" 

The  hydrolysis of a disulficlc is also :~kwined to give a sulfenic 
acid: 572, 623, 627, 628, 8.30 

RSSR + 2 NaOH + RSONa + RSNa + H 2 0  

This will be discussed more fully in the chapter on disulfides. I t  
has been suggested that  a sulfenic acid rnay result from the dis- 
proportionation of a sulfinic: 263n, 320n 

2 RSOzH + RSOH + RS0,H 

It may be an intermediate in the reduction of a sulfone chloride 
to  the m e r ~ a p t a n . ~ ~ ~  

There is good evidence that cyteine is oxidised by permono- 
sulfuric acid to the sulfenic acid, HOOCCH (NH2) CH2SOH.703 

p-Naphthyl disulfide dissolres in an aqueous solution of so- 
dium disulfide : 

(CloHiS), + Na2S2 + 2 C10H7SSNa 

Acidification gives the thiosulfenic acid, CloH7SSH.733 Thiosul- 
fenic acids, RSSH, have been postulated as intermediates.lS3, 31Ha 

SULFENYL HALIDES, RSX 

Forn~a t ion  

The halogen derivatives are called sulfenyl halides to show 
their relation to the sulfenic acids: 

RSOH RSCl 

Formally this relation is the same as between acid halides and 
carboxylic acids: 

RCOOH RCOCl 

Here, however, the usual relationships are reversed; the sulfenyl 
chlorides are much better known and easier to prepare than the 
corresponding sulfenic acids. Typical acid chloride reactions 
may be reversed: 

RCOCl + HzO + RCOOH + HCI 
RCOCl + 2 HNMe2 + RCONMe2 + HNMe2'HCI 
RSOH + HCI + RSCl + H 2 0  
RSNMe2 + 2 HCI + RSCl + HNMe2.HCI 
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111 t11(, ~ ~ , ( I c > I .  0 1 '  ili111o1~t:i11~(, t l ~ i ,  .<111f(,11yl 11:1li1l(,.s : I ] , ( ! :  t11(\ t.1110- 
ri(1or. RS<:l, tlic l)roiiiitles, KSUr, and tlic! iorli~les. IiSI. So far  
no fiuoriiler, KSF, 1l:ive been prc.i)al.e~l. 

In the fluorinatioi~ of nlctl~yl ~iicrc:iptan, t l ~ c  conipo~illtl, 
F3CSF, is probably formed, but thc tcntlency of sulfur to  take 
on more fluorine is so strong tha t  the only thing tha t  can be iso- 
lated is F3CSF5, m.46.9,  b.-20.4".646 I ts  breakdown potential 
has been measured.276 The fluorination of carbon disulfide g i ~ e s  
a number of products, F3CSF6, b.-21"; F3CSF3, m.-1 10°, b.-7" ; 
SCF,, m.-134", b . 4 6 "  ; F2C (SF3) ,, m.-5l0, b.26" ; F3SCF2SF5, 
m.-7O0, b.62".'la The chlorination of mercury trifluoromethyl 
mercaptide, (FSCS) Jig, leads to (F3CS) and F3CSCI, b.-0.7°,"33 
which is analogous to  pcrchloromethyl niercaptun n-liicli will bc 
taken u p  later in this chapter. 

When t-butyl mercaptan vapor, diluted with an inert gas, is 
passed through an alkaline hypochlorite solution, the sulfenyl 
chloride, t-BuSC1, is formed.636 This is formed also when chlo- 
rine is passed into a hydrocarbon solution of the disulfide a t  
4 0 " . 3 4 w  An ether solution of the iodide, t-BuSI, can be pre- 
pared by adding iodine to  a suspension of the mercury mercap- 
tide in cold ether: 

The deep orange-red ether solution is stable for some time if 
kept cold.jgObl 595 

I n  the amperometric titration of a nlercaptan with iodine, twicc 
as much iodine is used up by a tertiary mercaptan as by a pri- 
mary : Gi 

f-RSH + I, + RSI + HI 
2 RSH + 1, RSSR + 2 HI 

Cysteine, though not a tertiary mercaptan, reacts in this way. 
Methanesulfenyl iodide, MeSI, has been assumed to  be an 

intermediate product in the production of methyl sulfide and tri- 
methylsulfonium triiodide from methyl disulfide and methyl 
iodide.676 

The sulfenyl chlorides, RSC1, will be considered first. The same 
methods are used for the bromides, RSBr, and iodides, RSI,  if 
they can be made to work. There are three general and several 
special methods. The chief ones involve chloroinolysis: 

1. RSSR + C12 -+ RSCl f ClSR 
2. RSH + CI,, + RSCl + HCI 

3 . R S C H 2 P h  + CI, + RSCl + cIcH,Ph 

The limitation of these is the readiness 11-it11 ~vhich the group R 
is cl~lorinated. Benzenesulfenyl chloride, PhSCl, can be made by 
chlorinating diplienyl disulfide. If, ho~verer, the benzene ring 
contains a group, such as the amino or hydroxyl, substitution will 
take precedence over chlorinolyeis. Or, to look a t  it the othcr 
way, if a sulfenyl chloride is formed, the clilorine will migrate 
into the ring. However, a nitro, or a carbonyl, group, protects the 
ring a g a i n ~ t  substitution and favors the formation of a stable 
eulfenyl I-~alide. -1s R matter of fact, thc nnthrnquinone and the 
nitro- and dinitro-benzene sulfei~yl halides are the ones that  arc 
the most easily prepared and are the most stable. Aliphatic 
radicals also are subject to halogenation, so that conditions which 
favor it must be avoided. 

Since the sulfenyl halides are reactive, they must be prepared 
in dry, nonpolar solvents, such as chloroform, carbon tetrachlo- 
ride, or benzene. 

hlethanesulfenyl chloride is formed when the calculated 
amount of dry chlorine is passed into methyl disulfide a t  -20" : 933 

100 

MeSSMe + C12 + 2 MeSCl 
I 

The ethyl, propyl, i-propyl, and butyl compounds have been madc 
similarly .Oi 

Sulfuryl chloride ]nay be the rl~lorinnting agent: loo 

MeSSMe + SO,CI, + 2MeSCl + SO, 

Methyl sulfenyl chloride boils a t  27-8" under 50-60 mm. preP- 
sure. llTitli additional c l ~ l o r i n c , ~ ~  I n 0  or with sulfuryl chloriclc19~ 
a t  a slightly higher temperature, substitution tnkcs place and the 
product is ClCH2SC1, b.123", d2" 1.526."3 loo According to nn- 
other author, chlorination a t  -15" gives lleSCl2.SRIe which, on 
warming to roonl tc~i~pcrnture ,  goec into the sulfenyl chloride: 

MeSC12.SMe + 2 MeSCl 

The sulfenyl chloritlc, bGo 20-3', when kept in sunligl~t, chlori- 
nates itself to C1CH2S(J.1, bl2 25°.wG 'rl~e chlorination of thc sul- 
fenyl chloride 11as been fornlulated as: going in two steps: 

RSCl + CI, + RSCI, 



Tlie trichloride is stnhle only at lon terilperatures Tlie clilonnc 
migrates to the alkyl: 

MeSCI3 + ClCH,SCl + HCI 

An alkyl sulfur trichloride may act as a chlorinating agent: lo" 

Continued chlorination gives Cl2CHSC1 and C13CSC1.1Q7 
The initial product in the chlorination of trithiane is chloro- 

methyl sulfenyl chloride: 

The homologs of trithiane react similarly.lN ClCH2SC1, bls 33", 
n 20/D 1.542, d 0/4 1.55, d 20/4 1.52. MeCHClSCl, b40 47-50", 
n 20/D 1.5102, d 0/4 1.363, d 20/4 1.347. EtCHClSCl, b2i 6 2 A 0 ,  
n 20/D 1.501, d 0/4 1.301, d 20/4 1.276. PrCHClSC1, bl5 62-5", 
n 20/D 1.490, d 20/4 1.202. Me2CClSCl, bz6 40' , n 2O/D 1.493, 
d 0/4 1.273, d 20/4 1.493. 

Under different conditions, the chlorination may go further and 
produce dichloromethanesulfenyl chloride, C12CHSCl. This is a 
yellowish-red fuming liquid, d34 1.6143, n 34/D 1.5428. One of 
the chlorines attached to  the carbon, as well as the one on the 
sulfur, is active.i4s Other data for ClCH2SCl are: bloo 64", d 26/4 
1.5613, n 26/D 1.5434.19"ivergencies in data for unstable com- 
pounds are to be expected. The fully chlorinated compound, 
C13CSC1, known as perchlormercaptan, will be discussed in a later 
section. When trithiane is chlorinated in acetic acid, the sulfonyl 
chloride, C1CH2S02C1, is formed." Ethyl disulfide and sulfuryl 
chloride give the a - c h l ~ r o e t h ~ n e s u l f e n ~ l  chloride, MeCHCISC1.gQ 

The chlorination of triselenanc gives chloromethylselen~ny1 
chloride : 92 

2-Cholorethylsulfenyl chloride, C1CH2CH2SC1, b15 47-7.5", is 
obtained by passing chlorine into a cold solution of 2-chloroethyl 
disulfide in carbon tetrachloridc: -I-'"" 

(CICH,CH,S*), + CI, + 2 CICH,CH,SCI 

This, the key intermediate in the formation of mustard gas from 
ethylene and sulfur chloride, will be treated in the chapter on 
substituted sulfides. The 2-chloro-1-methylethylsulfenyl c ~ I Q -  
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ritle, C'lCH2CH~leSC1. llas been maclc hy clllunnating tlic corre- 
*l)(~ilding tlisulfitle in tlry c l i l ~ r o f o r i n . ~ ~ ~  

By t l ~ e  use of a nlild clilorinatiilg agent, sucli as N-clilorosuc- 
cinimide, ethyl tliioglycolate has been converted to the sulfenyl 
chloride, ClSCH2C02Et.223 

In the chlorination of trimethylene sulfide the first product is 
the 3-chlorodisulfide which goes into the sulfenyl chloride: 6R0 

2 CH,(CH,),S + CI, + (CICH,CH,CH,S-), 
(CICH,CH,CH,S-), + C1, + 2 CICH2CHzCH2SCI 

The double sulfenyl chlorides, CIS (CH2) 3SCl and CIS (CH,) 4SC1, 
have been made by chlorinating the corresponding cyclic disul- 
f i d e ~ . ~ ~  

Several reactions take place when a thiolester is chlorinated. 
Sulfenyl chlorides are ainong the products. A thionyl sulfur is 
replaced by chlorine.lgs 

RSO,SR1 + 2 CI, + RS0,CI + R'SCI, 
RCOSR' + R1SCI3 + RCOCI + R'SCI 
EtCSSMe + CI2 + EtCC1,SCI 
MeOCSSMe + CI, + MeOCC1,SCI 

Treating a malonamide or a methylmalonamide with sulfur di- 
chloride replaces the active hydrogen by -SCl. The products are 
(RNHCO) ,C (SC1) and (RNHCO) 2CMeSCl.52s 

Aralkyl compounds are known: lg6 PhCHCl-SCl, blo 8Z0, 
d 20/4 1.2485, d 0/4 1.2691, n 20/D 1.5507; PhCMeCl-SCl, bll 
87-So, d 0/4 1.2339, d 20/4 1.2173, n 20/D 1.5432. 

The aromatic sulfenyl chlorides are even better known than 
the aliphatic. Plicnyl mercaptan can be chlorinated to phenyl- 
sulfenyl chloride, PhSCl.Q57 If chlorine is passed into the carbon 
tetracliloridc solution of the mercaptan in a freezing mixture, 
the product is phenyl sulfenyl but if i t  is cooled only 
to 0" i t  is p-chloroplienylsulfenyl This can be ob- 
tained also by chlorinating p-chlorotl~iopl~enol.6F' P-Naphthyl 
mercaptan gives (3-naphthylsulfenyl chloride or its chlorination 
product, according to  condition^.'^ p-Acetylaminothiophenol, in 
which the amino group is protected by acetylation, can be con- 
verted to the sulfenyl chloride by this m e t l ~ o d . 7 6 ~ h i o s a l i c y l i c  
acid has been chlorinated to the sulfenyl chloride. The carboxyl 
group hinders substitution.331 m-Dimercaptobenzene is chlori- 
nated to the dichlorodisulfenyl chloride, ClzCaH2 (SC1) 2.i61 
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4,4'-Dinic1~cnl)to11i1)11ci~yl giwq thc corresponding rli\ulfcnyl cl~lo- 
ridc, C11PC,H4Ccl14PC'1.7~j4~ " 1-Fl~~c~rerionethiol can 1)c (~111on- 
natvcl to tlie bulfengl cliloride.-"'" 

Tlie p-hcnzene s~~lfenyl-sulfonyl chloride, C ~ S C G H ~ S ~ ~ C ~ ,  has 
been made by tlie reaction of chlorine with the d i ~ u l f i d e . ~ , ~  The 
sulfonyl group protects the ring from chlorination. Of all the 
sulfenyl halides, the nitroaromatic are the easiest to  prepare and 
handle. The nitro group protects the ring from chlorination, both 
during the preparation and subsequently. o-Nitrobenzene sul- 
fenyl chloride, NO2C6H4SCl, melts a t  75°,365, 480 the correspond- 
ing para compound a t  52°,762 the 0-nitro-p-methyl- a t  90°,763 
and the 2,4-dinitro- a t  96"."O All of these are conveniently pre- 
pared by the action of chlorine on the disulfides. The 2,4-dinitro- 
sulfenylchloride is used as a reagent. The method of preparing 
it and the corresponding bromide have been fully described 55, 258, 

561 and the hazards in making and handling it have been 
pointed out.,Oi The m-nitrobenzenesulfenyl chloride is too un- 
stable to be isolated but can be used in , > T h e  
2,s-dichlorobenzenesulfenyl 517 m.33°,517 the less 
stable 2,5-dibrom0-,"~~ and the two stable anthraquinonesulfenyl 
chlorides, a- m.224" ,j7 and 0- m.136°,260b have been prepared 
similarly. 

Triphenylmethylsulfenyl chloride, m.137", has been made by 
treating the mercaptan with sulfuryl chloride, which is a chlorine 

A benzyl sulfide may be cleaved by chlorine: ia, 151 

Treating an aryl diselenide with chlorine or with sulfuryl 
chloride gives an aryl selenenyl chloride: 

Under the same treatment, the aryl diselenide-sulfide, (ArSe)2S, 
gives the same result.s92d 

The addition of bromine to a disfulfide dissolved in chloroform, 
or carbon tetrachloride, gives a sulfenyl bromide: 

RSSR + Br, + 2 RSBr 

The isolation of the sulfenyl bromide is not always easy and may 
not be necessary. Thus when ethylene is passed into a carbon 

tetrachloride solution of methyl mercaptan and bromine a t  -20°, 
the product is AMeSCH2CH2Br. This must have been formed 
from the sulfenyl bromide: 626 

The first attempt to prepare the benzene derivative did not suc- 
~ e e d , ~ ' ~ "  but subsequently it was obtained in solution.457 The 
p-acetamino- 139 and the 2,s-dibromo- 517 compounds have been 
obtained in solution and used in syntheses. The 2-nitro-4-chloro 
compound, m . l l l  0,756 and the  2-nitro-5-methyl compound, 
m.84°,249b are stable and so is the 2-benzoyl-4-nitr0-.~~ The 
a-anthraquinonesulfenyl bromide, m.214", is the most stable of 
this class.2" I ts  4-amino derivative has been obtained only as 
the h y d r o b r ~ m i d e . ~ ~ ~ ~  

A mercury mercaptide reacts with bromine: 

The same product is obtained when the sulfenamide is cleaved by 
hydrogen bromide : 593c 

f-BuSNMe2 + 2 HBr + f-BuSBr + Me2NHSHBr 

The sulfenyl chloride results with hydrogen chloride.m3c Ben- 
zenesulfenyl chloride has been made by this method.456 

a-Anthraquinonesulfenyl bromide can be prepared by the re- 
duction of the sulfinic acid with hydrogen bromide.260a 1-Fluore- 
nonesulfenyl bromide has been made by brominating the t l i i 0 1 . ~ ~ ~  

An aryl selenenyl bromide can be made by treating an aryl 
selenocyanate, ArSeCX, diselenidc, triselenide l1 or diselenosul- 
fide "2d with bromine. The selenium may take up additional 
bromine, forming the tribromide. This is in equilibrium with the 
monobromide: 

This shifts to the left as the temperature is raised.69 o-Kitro- 
phenyl diselenide-sulfide is cleaved by hydrobroinic acid: 592d 

( O - N O ~ C ~ H , ) ~ S ~ , S  + 2 HBr + 2 o-N0,CGH4SeBr + H,S 

Usually tlie iodides are unstable, but 2-benzotliiazolesulfenyl 
iodide has been prepared, like the bromirle ant1 cliloridc, by the 
addition of the halogen to a solution of the d i s ~ ~ l f i d e . ~ ~ "  



Sulferlyl Th~ocyanutes ,  I?A9,SC'A\- 
Tlie fact that tliiocyanogen (-SCT\;)2 rescrnbles a halogen in 

many of its reactions suggested trying ~t with a mercaptnn. It  
does react: 

The product is a sulfenyl t h i ~ c y a n a t e . ~ ~ ~  "On, 4 6 1 ~  jS5 If thio- 
cyanogen were more available, this would be a desirable method 
since it is not as active in substitution as the halogens. 

Only a few of these sulfenyl thiocyanates have been prepared: 
PhSSCN, low melting crystals; 4568 461 EtSSCN, bl 52"; 461 

2-02n'CFH4SSCXl m. 94" ; 4 6 0 8  2,4- (02K)2CGH4SSCK, ni. 
84"; 'I4 B-ClnH7SSCN, m. 75°.461* 470 

I n  physical and chemical properties, the sulfenyl thiocyanates 
resemble the sulfenyl halides. If thioryanogen is a pseudohal- 
ogen, this is as i t  should be. 

RS.CI 
Sulfenyl chloride 

RS-SCN 
thiocyanate 

They react with nlercaptans to  form disulfides: 460n9 461 

RS-SCN + HSR' + RS-SR' + HSCN 

The analogous formation of the ester, RSOR', will be considered 
later. The reaction with a dithiocarbamate is s i ~ n i l a r : ~ ~ S  

RS'SCN + NaSCSNR', + RS.SCSNR'2 + NaSCN 

Reactions 

2,4-Dinitrobenzenesulfcne chloride gives a colored ion in 100% 
sulfuric acid.411 

Oxidation and Reduction 

A sulfenyl chloride is oxidised by nitric acid,O79 757p 758, 759, 762 

or by chlorine in acetic acid,l, a('9, 'l1. 7 3 ,  i6m. 7(;3 to the sulfone 
chloride : 

RSCl + 2 0 + RS0,CI 
RSCl + 2 CI, + 2 H,O + RSO,CI + 4 HCI 

It is possible that sulfenyl chloride i.; an intermediate in tlic 
well-known oxidation of a mercaptan or a tlisulficle to the 

A\-egati~;e Der ir~ot i i~cs  273 
-- - 

sulfonyl chloride hy chlorine in ro111 n-atc.1.. A l t  -20' nitric 
acid oxidises methancsulfcnyl chloritle to tlie tliiolsulfo~late, 
RIeS02S31e.gi sulfenyl l)romide, in acetic acid, is oxidised hy 
bromine to the sulfonyl The oxidation can be effected 
by air containing oxides of ni t r~gen." '~  

Sulfenyl chlorides are reduced readily to the disulfides: 

2 PhSCl + Zn + PhSSPh + ZnCI, 
2f-BuSCI + Hg + (t-Bus.), + HgCI, 

2 N0,C6H4SCI + H,S + (N0,C6H4S.), + S + 2 HCI 
2 PhSCl + 2 HI + PhS.SPh + 2 HCI + l 2  

i 
Z i n ~ , ~ j % e r c u r y , ~ ~ ~ ~  5Wb3 potassium h y d r ~ s u l f i d e , ~ ~ ~ o d i d e  

ions,m, 672 or sodium thiosulfate i"?nay he the reducing agents. 

, Lithium aluminum hydride is effective.6x4 Benzene-selencnyl bro- 
mide is reduced by zinc to phenyl diselenide." 

With Hydrogen Sulfide and Ailercaptans 

With hydrogen sulfide the product may be a t r i s~ l f ide :~ ' ,  3 2 9 8  

454b 

2MeSCl + H2S + MeSSSMe + 2 HCI 

2 PhSCl + H,S + PhSSSPh + 2 HCI 

Disulfides and tetrasulfides are formed along with thc t r i~ulf ide.~ '  
1,4-Butanedisulfenyl chloricle, C1S(CH:!)4SCll and dry halogen 
sulfide give polymeric tetran~ethylene t r i ~ u l f i c l e . ~ ~  

An aryl selenenyl chloride, bromide, thiocyanate, or selenocy- 
anate and hydrogen sulfide give the d i s e l e n o - ~ u l f i d e : ~ ~ ~ ~  

2ArSeBr  + H2S + Ar2Se,S + 2 H B r  

A sulfenyl chloride reacts with a mercaptsn, or a rnercaptitle. 
to give 101, 197, 4 5 4 5 , 4 5 6 ,  SBOb, 595, 696, 720 

o-N0,CGH4SCI + HSPh + o-N02C6H4SSPh + HCI 
2 t-BuSI + (CIoH,S),Hg + 2 t-BuS.SCI0H7 + Hgl, 
EtSCl + HSEt + EtSSEt + HCI 97 

ClCH,SCI + HSR + CICH,SSR + HCI 

The sulfenyl chloride may bc assuined to be an internlecliate i11 
the conversion of a mcrcaptan to  a disulfide by treatment with a 
halogen. The over-all reaction is written: 

2 RSH + Clz + RSSR + 2 HCI 
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The halogen rc'rtainly t loc~  not react siniultancou~ly \I-ith tn-13 
nlolecules of a mercaptan. It is more likely that it adds to the 
sulfur atom of one: 

RSH + C12 + RS(CI),H 
RS(CI)*H + RSCl + HCI 

The sulfonium type complex would lose hydrogen and 
the sulfenyl chloride would react with the second molecule of 
mercaptan: 

RSCl + HSR -+ RSSR + HCI 

As shown in the equations above, the reaction of a sulfenyl 
chloride with n mercaptan is a method of preparing unsym- 
metrical disulfides. Starting with stable sulfenyl chloride, such as 
that  of 2,4-dinitrobenzene, unsymmetrical disulfides, 2,4- (NO*) ?- 

CGHSSSR, may be prepared. Some of these may serve for the 
identification of the mercaptans. 

The reaction with a selenomercaptan is similar: 592c 

RSCl + HSeR' + RSSeR' + HCI 

With Metallic Salts 

With a sodium alcoholate or phenolate sulfenic esters are 
formed: 

RSCl + NaOR' + RSOR' + NaCl 

This will be treated later as a preparation method. A silver salt 
of a sulfinic acid gives a thiosulfonic est,er: '604 .N1. 457. 517, 5 x 1  

PhSCl + PhS0,Ag + PhS02SPh + AgCl 

As stated in the section on thiosulfonic esters, this reaction was 
used to settle the question of their A sulfenyl 
chloride and sodium sulfite give the thiosulfate: "3 

With potassium cyanide in acetic acid, a tlliocyanate is formed: 
101, 756, 738, 739, 709 ,  763 

RSCl + KCN + RSCN + KC1 

113th metal tlliocyanates sulfenyl tliiocyanates are proc(ucec:: '4""v 

349b, 418, 456, 4GOn, 593 
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RSCl +- KSCN -t RSSCN 4- KC1 

CICH,SCI + 2 KSCN 9 NCSCH,SSCN t 2KC11"' 

Sele~iiuni conlpoun(1~. A1l.SScc'S, -1rSeSCN :riicl .11?3eScCK haye 
been prepareti 2""". 3"""'""1, "!I" 

Sulfenyl halides react with xanthates, tliioxanthates,"Qd dithio- 
~ a r b a m a t e s , 3 ~ ~ ,  30"nd trithiocarbonates: 32 

t-BuSCI + EtOCSSK + f-BuSSCSOEt + KC1 
t-BuSC1 + RSCSSK -+ t-BuSSCSSR + KC1 
RSCl + R',NCSSK -t R'2NCSSSR + KC1 
2 t-BuSCI + Na2CS3 + (~-BUSS)~CS + 2 NaCl 

1 A sulfide is produced when a sulfenyl halide reacts with the 
sodium salt of a nitroparaffin. The RS- is attached directly to 
the carbon chain. The product from nitroethane is 2,4-(02N)z- 1 CeHsSCH (NO2) Me?13 

As both of the chlorine atoms in chloromethanesulfenyl chlo- 
' 

ride are active, it reacts m-ith two molecules of a Grignard re- 
agent: lol 

CICH2SCI + 2 PhMgBr + PhCH2SPh 

, The reaction of a selenenyl bromide with a Grignard reagent is 
similar to that  of the sulfenyl halide: 

, RSeBr + PhMgBr + RSePh 70 + MgBr2 
b RSeBr + EtMgBr + R ~ e ~ t ~ l  + MgBr2 
I 

! Compounds, such as RSeSPO (Ohle) 2, RSeSzOnMe, RSeSOzPh, 
and RSeSzOaK, have been made from a selenenyl bromide with di- 

I 0-alkylmonothiophosphates, thiosulfenates, and t h i o ~ u l f a t e s . ~ ~ ~ "  

Addition to  Unsaturates 

1 The formation of mustard gas has been shown to involve the 
addition of a sulfenyl chloride to ethylene: 

CICH2CH,SCI + CH2:CH, + CICH2CH,SCH,CH2CI 

" This will be discussed when mustard gas is considered in the 
chapter on substituted sulfides. Methane- and ethane-sulfenyl 
chlorides have been added to styrene, cyclohexene, and cycle- 
octatetrene.Q7 Chloromethanesulfenyl chloride has been added to  
unsaturates.lOl Two moleculcs of ethylene combine with 1,4-bu- 
t aned i~u l f en~ l  chloride : 98 

CIS(CH,),SCI + 2 CH,:CH, + CICH~CH,S(CH~),SCH~CH~CI 
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BCIIZCHC-. / ) - tc~l l~( , l~( , - ,  2-l1itr011~~llz~'11e-, 2,4-llitr0clllor(~-, ancl 
-3,1-tlil~iti~c1k~~~11~~~~1c~-~~ulfc~nyl cllloricles have been acltletl t o  unsatu- 
rated ~ l y l ~ l ~ c , l . a l ~ , o l l  1"'. 410, 412,  41.7. 4 1 %  4x7 ,  714 and 2,4-nitro-cl~loro- 

benzene sult'cnyl chloride to kctcne: 

Kulfcnyl halides have bee11 added to vinyl acetate: 376 

n-Antllraquinonesulfcnyl bromide has been added to  cyclohex- 
ene.3"b A kinetic study has been made of the  addition of 2,4-di- 
ilitrobenzenesulfenyI chloride to styrene.544 This sulfenyl chloride 
has been addetl to  acetylene and to  dimetllyl- and diethyl-acety- 
lenes : 

The product melts a t  130.5". The compounds froin the  two sub- 
stituted acetylenes nlelt a t  76" and 66°.40s 

Addition to  unsaturates is a general reaction of alkarlesulfenyl 
chlorides.99 They are even more reactive than the  aromatic but, 
as they have become available only recently, fewer examples of 
their use are t o  be found in the  literature. Chlorometl~anesulfenyl 
chloride has been added t o  ethylene lg7 and t o  acetylene.lo2 

Aromatic sulfenyl cl~loritlcs react with acetone, acetophcnone, 
acetoscetic cstcr, and with other compounds in w l ~ i r l ~  there is an 

hvdrogcll: !)9. 2600,  7 2 ,  7.6. i 5 U ,  762. 763, 764 

ArSCl + CH,COCH3 ArSCH,COCH, + HCI 
ArSCl + CH,COPh + ArSCH,COPh + HCI , 
ArSCl + MeCOCH2COOEt + MeCOCH(SAr)COOEt + HCI 

The corresponding sulfcnyl bromides do not react as regularly as 
the chlorides.iG3 

Less is known about the  reactions of tlie alkanesulfenyl chlo- 
rides, since they llave become available only recently. Methanc- 
sulfenyl chloride and cyclohexanone give 2-methylmercaptocy- 
clohexanone. Ethane sulfenyl chloride and acetoacetic ester give 
the  a,a-diethylrnercapto ester, MeCOC' (SEt ),CO,Et. Only one 

alkylnlercal~to group enter5 illalonic ebtci .'Ii -4 (*vc.lic c~oiiipoun(1 
is obtained ~vlien cli1oronletl~ane~ulfen;vl cllloride reacts n l t h  so- 
dium acctoacetic ester.l(I1 I\IacromolecuIar resins lliay be f o ~  ~lirtl 

from chloroalkanesulfeny1 chlorides and cyc10hexanc)ne.~~ 
Substitution of the  RS- group in an aromatic takes place n.l-lere 

an  activating group, such as  hydroxyl or amino, is present. Plie- 
nol, ortho- and mefa-cresols, resorcinol, catechol, thymol and tl-lc 
naphthols react readily with sulfenyl chlorides t o  give hydroxy 
sulfi,jes.247, 248, 257, 403, -153, 437, 679, 724, 7 3 ,  762, 763 The  substitution 

is normally in the para poqition. Nearly all of these reactions 
have been carried out n i t h  the nitro-substituted benzenesulfenyl 
chlondes on account of their availability and 6tability. Recently 
considerable work has been done n i t h  alkanrsulfenyl chlorides. 
hiIacromoIecular resins may be obtained with phenols." In  the 
absence of an  activating group, such as  hydroxyl, a catalyst, such 
as aluminum chloride, has t o  be used l'" 2GGb, 43i3  i20 Methyl 
phenyl sulfide, hfeSPh, has been prepared from methanesulfenyl 
chloride and benzene in the presence of aluminum chloride.97 

With a primary amine, the first product is probably a sulfen- 
arnide which rearranges t o  the  amine sulfide. If the  reaction is 
carried out a t  low temperatures, the sulfenamide may be ~sola ted,  
but a t  higher, the amine sulfide is obtained 7 5 9 3  763 

The A r S  group is substituted for a hydrogen of dimethyl ani- 
line by treating i t  with a sulfenyI halide: 45" 

I m-O2NC6H,SCI + C6H,NMe, + m-02NCFH4SCFH4NMe2-P + HCI 

The reaction of a-anthraquinoneselenenyl bromide is similar.70 

; Aromatic sulferiyl clilorides react smoothly nit11 diazonlethane 
i and its diary1 derivatives: 03'3 63:! 

b AraCNz + RSCl + RSCAr2CI + N, 
E 

L 

Only a few compounds of this class have hccn prepnrcd. An- 
thraccne and sulfur rnonocliloride give 9-C4HoSSCl.'j"~ "O " The 

f reaction is rapid wit11 crude antl~racene, but slow wit11 tlie puri- 
' 

fied.7" A dye from this Elas bccn clain~cd.l"l In  the prcscncc of 
a mercury-aluminum couple, t v o  such groups are introduced and 
the  product is 9,IO-Cl4HS (SSC1)2. Naphthalene gives a-CloH7- 
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S S C I . V l i e  clilorinntion of 2.2'-tlicI~loroctl1~1 trisulfidc giwq :r 
mixture of two chlorides: 2GG 

o-Nitrothiophenol and sulfur dichloride give the o-nitrophenyl 
disulfide chloride: 329, 460b 

0-N02C6H,SH + ClSCl + o-N02C,H4SSCI + HCI 

This is a relatively stable compound which'can be kept for some 
time in a desiccator a t  room temperature.329 

The reactions of disulfide chlorides have been studied using 
the before-mentioned o-nitrophenyl disulfide chloride, which for 
simplicity will be written ArSSCI. 

Addition to unsaturates takes place: to  olefins, cyclohexene, 
stilbene, 1 , l -diphen~lkth~lene and ketene.328 

The ArSS- group can be substituted for an active hydrogen in 
ketones, acetone, acetophenone or acetoacetic ester or in aro- 
matics, such as phenol, p-naphthol, anthracene or dimethylani- 
line: 329 

ArSSCl + PhOH + p-ArSSC6H,0H + HCI 
ArSSCl f i - C l o H 7 0 ~  + a-ArSSCloH,OH-fi + HCI 
ArSSCl + C14H10 + 9-ArSSCI4Hg + HCI 
ArSSCl + PhNMes + p-ArSSC6HpNMe2 + HCI 

With hydrogen sulfide a pentasulfide is formed: 329 

2 ArSSCl + H2S + ArS5Ar + 2 HCI 

Mercaptans give trisulfides : 

ArSSCl + HSC6H,0H + ArSSSC,H,OH + HC1329 

ArSSCl + o-HSC,H,NO, + o-ArSSSC,H,N,O, + HCl 4fio1) 

ArSSCl + HSCOMe + ArSSSCOMe, m. 102.5O 329 

According to conditions, two different products may be ob- 
tained from ammonia : 

ArSSCl + NH3 + ArSSNH2, m. 70' dec. 
2 ArSSCl + NH:< + (ArSS)2NH, m. 137.5' 

p-Toluidine and morldiolene re:~ct similarly: 

ArSSCl + p-H2NCGH4Me + p-ArSSNHC6H4Me, m. 123' 
ArSSCl + HN(CH2CH2)20 + ArSSN(CH,CH,),O, m. 105' 

ArSSCl + C6H4(CO),NK -t C,H,(CO),NSSAr, m. 226' :j20 

With silver p-toluenesulfinate the product is p-MeC6H4S02SSAr, 
m.142°.329 

With potassium cyanide a part of the sulfur went to form po- 
tassium thiocyanate leaving the arylthiocyanate, ArSCN.32Vhis  
transfer of sulfur did not take place with the t-butyl chloride: 349b 

t-BuSSCI + KCN + t-BuSSCN + KCI 

This cllloride ga1.e a trithiocarbamate, ~ - B u S S C S N R ~ ~ ~ ~ ~  
Similar reactions have been carried out, using anthracenedi- 

thiochloride with ammonia and with an a m i r ~ e . ~ ~ "  

SULFENAMIDES, RSNH2, RSNHR', RSNR'R" 

These have an amino, or substituted amino group, for the hy- 
droxyl of the sulfenic acid, RSOH. They are by far the largest 
class in the sulfenic group. They outnumber the sulfenyl halides 
since several amides can be made from each halide. Finding in- 
dustrial uses for some of them has stimulated the preparation of 
others. Several other ways of making them have been devised. 

1 The most direct method is still the reaction of a sulfenyl halide 
t with ammonia or an amine: 

RSX + NH3 + RSNH2 + HX 
RSX + H2NR' + RSNHR' + H X  
RSX + HNR'R" + RSNR'R" + HX 

This is analogous to the preparation of amides from acid chlo- 
rides, but a sulfenyl chloride can go further, to the imide. A sub- 

! stituted urea reacts as an amine. 

B. In  preparing a sulfenamide, ammonia, or an amine, is added 
t o  the sulfenyl halide dissolved in ether or other nonpolar solvent. 
The hydrogen halide is taken care of by an excess of the amine. 

t The reactions usually go spontaneously, even a t  low tempera- 
: tures. The yields are generally high. Weakly basic amines do 

not react so but derivatives from them may be obtained 
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' i i  - : i -  1 - n t l i r ~ i n o -  fr0111 a- and (3-anthra- 
quin~ne-,"j'"~ from 49" w6 froni 3-chloro-2-nitroben- 
Z e n e - , Y i i .  278, 279, 280, 281, 520b, 756 from p-clilorobenzene-,493 from 

2 , 5 - d i ~ h l o r o b e n z e n e - ~ ~ ~ ~  from 4-methyl-2-nitrobenzene-sulfenyl 
chloride,763 and from  other^."^^^ "9r 4573 458, i52 m-Nitrobenzene- 
sulfenyl chloride reacts with dialkylamine~.~" o-Nitrobenzene- 
sulfenyl bromide has been caused to react with esters of several 
amino acids and the para  chloride with various heterocyclic 
amines.", 504 A sulfenamide may be rnade from an amine and n 
sulfenyl thiocyanate: 4 5 0 8  4 m a 8  

p-Toluenesulfenyl chloride may react with either end of phenyl- 
urea: 444 

p-MeC0H4SCI + PhNHCONH2 + p-MeCGH4SNHCONHPh + HCI 
p-MeC6H4SCI + PhNHCONH, + p-MeCGH4SNPhCONH2 + HCI 

Chloromethanesulfenyl chloride reacts with two molecules of 
aniline: lol 

Sulfenamides rnay be made, the other way around, by the reac- 
tion of a chloroamine on a mercaptide: 71 

373 

RSNa + CINHR' RSNHR' + NaCl 
RSNa + CINR', + RSNR'2 + NaCl 

A diazoamide has been made from benzellediazonium chloride 
and triplienylmetliyl mercaptan: v0 

PhaCSH + PhN2CI + Ph3CSN:NPh + HCI 

An amine displaces ammonia from a sulfenamide: 364, ii12 

RSNH2 + PhCH2NH2 + RSNHCH2Ph + NH8 
RSNH, + Bu2NH + RSNBu, + NH3 

This is a con~enicnt  synthesis for certain compounds. 
If an excess of tlic sulfenyl chloride is used with arilnlonia or 

with a prinlary amine, the result is an imide: 45i8 
i 5 H  

2 RSCl + HzNRr + (RS)2NR' + 2 HCI 

Segatiz ,e  Derivntiz.cs 
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ll*lici~ a ~ulfenaniitle i. hoilctl n-it11 arctic arid. half of the :~I I I -  

monia, or amine, is qplit out and an ilnide is left: 

Those that have been reported are aromatic and are solids with 
rather high melting points. Properties of some of these are in 
Table 1.3. 

When a 1% solution of tlie benzenesulfenimide, (PhS)ZNH, in 
ether is shaken with lead peroxide and potassium carbonate, tlie 
solution takes on a violet color which deepens on dilution. Evap- 
oration of the ether leaves colorless crystals which give a violet 
solution. Tlle white crystals are supposed to be (PhS'l ,'IS-N (SPh) 2 

which dissociatcs in solution into colored free radicals. The same 
phenomena are observed with the o-nitro der ivat i~e. '~"  

An entirely different method of making sulfenamides is the 
oxidation of  a mixture of an alnine and a mercaptan: 

RSH + HNR'2 + 0 + RSNR'Z $ H 2 0  

Nothing appears to be known about the mechanisrll of the reac- 
tion, or reactions, but good results are claimed. Various oxidising 
agents are recommended, hypochlorites, persulfates, ferricya- 

I nides, hydrogen peroxide, and halogens. This method has been 

1 exploited extensively and many n~odifications of it haye been 
patented.7, 3% 126, 151, 157, 325, 327, 372, 519, G36, 660, 712, 752 

/ Selenenamides have been prepared.'j6 

Properties of Sulfenavzides 

I The sulfenamides are by far the most stable and tlie best- 
i characterized compounds in the sulfene group. Except for some 

of low molecular weight, they are solids with sharp melting points. 

b The 2-nitro- and 2,4-dinitro-benzene compounds have proved to 
be useful for the identification of amines. A number of these are 

/ in Table 1.3 along ai t l l  some 2,4-nitrocliloro compounds. 

Reactions 

Tlle sulfunanlides do not have tllc acidic properties of the sul- -- 
f0namitles.4~ Tliey differ from other classes of amides in their 

" ease of acylation. Their acetyl and bcnzoyl derivatives are 
formed readily.593c, 520, 539, 763 
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TABLE 1.3 

Melting Points of Some Sulfena.mitles, RSLVRrR" 

Amine 2-NOzCaH4S 2,4-(NOz)zCaHaS 2,PNOzClCaHaS 

NHa 1250 n, '58 - 127" '" 
MeNHz 360 $7. 758 99..5" - 
EtNHz 33" " 66.5" - 
PrNHz oil 77 94.5" 'B - 
BUN& 28" " 89" '" - 
CnHmNIE 52" 77 110"" - 
MeaNH 63 0 18, 758 - - 
PhXH, 890 77 940 768 143" '" 1020 5°C 1000 281 

o-MeCaH4NHz 116" " 120" 156" '" 1270 520' 123a~bu 

pMeCaHrNHz 136.5" " 135" 5w' 161.5" " 137" '* 
p-ClCaHhNIL 144' " 164.5" 172" 2g 

p-BrCaHhNHz 146.5' 77 181" " - 
p-MeOCaHhNE 138.5" " 159" " - 
a-CloH7N& 131" 77 129" 189" " 180" 280 

B-CloH7NHa 202.5" " 188" 'jn 168" " 176" 2W 

Sulf enilnides 
(PhS),NH, m.128" (2,4-N02MeCaH3S)2iH, m.241" 783 

(0-NOzCeHaS)zNH, m.217O '" (2,4-N02MeCaH4S)2NMe, m.226" 
(p-NOzCaH4S)zNH, 111.155' '" (2,4-N0zCICaES)2NH, m.210" '" 

With Acids 

A sulfenamide is cleaved by hydrogen chloride: 7 G 9  7i9  i5G, '", 
762. 763 

ArSNMe2 + 2 HCI + ArSCl + Me,NH-HCI 

In many cases the reaction is practically quantitative and has 
been used in the preparation of sulfenyl chlorides and bro- 
m i d e ~ . ~ ~ G ,  457, 520c, S94 In some cases the cleavage can be 
effected by concentrated aqueous hydrochloric acid. In case the 
sulfenyl halide is unstable under tlle reaction conditions, the di- 
sulfide or other decomposition product will be ~btained.~",  520c* i58 

,4s has been noted, a hot dilute or weak acid causes the forma- 
tion of an imide, one molecule of the anline being eliminated fro111 
two of the arnide. 

A sulfenniiiide, sulfur dioxide, and water give a substituted 
anlmoniurn nlkyl tl:iosulfate: 4"5 

RSNR', + SOz + H 2 0  + RSSO,NH,R', 

AYegnti~/e Derivatives 283 

Tlierc arc several c.saluples of oxidation in alkaline solution to 
s u l f ~ n a m i d e s . ~ ~ ~  504 

RSNR'R" + 2 0 + RS02NR'R" 

In acid solution, hydrolysis goes along with oxidation and the 
results are c o r n p l i ~ a t e d . ~ ~ ~ ~  2 R 0 v  The sulfenamide, 2,4-N02C1C6- 
H3SNHCGH40H-p can be oxidised to tlie quinoneimine, 2,4-NO2- 
ClCsH3SN: CsH4: 0.2is, 279 

It has not been found possible, even under the mildest condi- 
tions, to  reduce sulfenamides without cleavage of the S-N link- 
age.2iY, 279 

With Aldehydes and Ketones 

Sulfenamides, in which there are no substituents on the amide 
nitrogen, react with aldehydes and ketones after the manner of 
primary alnines: 1 5 1 9  759, 762, 763 

RSNH2 + OCHPh + RSN:CHPh + HzO 
RSNH2 + 0 C M e 2  + RSN:CMe2 + H 2 0  

In  the case of a-anthraquinonesulfenamide, this condensation 
takes place with the adjacent quinone c a r b ~ n y l . ~ ~ ~ ~  

Rearrangement 

When a sulfenanilide is heated a t  150 to  160" for some hours, 
rearrangement to  an amino sulfide takes place to  a small ex- 
tent: 359, 520c 

If the heating is done in the presence of an  aromatic amine, the 
reaction goes much further, giving as much as 70% of the amino 
sulfide. If the para position is blocked, the amino group goes to 
the ortho. The amine that  is added takes part in the reaction and 
may replace the one originally in the sulfenanilide. The character 
of the aromatic amine determines the extent of the displacement. 
Thus, o-chloroaniline will not displace aniline or o-toluidine, but 
is displaced by them. The aromatic amines have been arranged 
in order as to  their power to displace other a n i i n e ~ . ~ ~ ~ .  520C 

When certain nitro-substituted benzenesulfenanilides are 
heated in dilute alcoholic sodium hydroxide, the rearrangement 



Tlie reaction of sulfur n-it11 aniline, or wit11 X-alkylanilines, 
probably goes in two stages: 

2 PhNHR + S + PhNRSNRPh + 2 H 
PhNRSNRPh + RNHCGH,SC,H,NHR 

The intermediate, in which the sulfur is bound to tlie nitrogen, 
cannot be isolated, but it is known tha t  only those amines which 
have a labile hydrogen on the nitrogen react in this way.52oa 

SULFENIC ESTERS, RS-OR' 

Formation 

These are isomeric with the sulfoxides, RSOsR', but differ 
from them in properties as well as in the reactions tha t  are used 
for their preparations. The sulfenic esters belong to the lowest 
state of oxidation of the sulfur. 

RS-OR' RSO-OR' RS02-OR' 
Sulfenic esters Sulfinic esters Sulfonic esters 

Corresponding to the sulfonic esters, RS02.OR', we have thiosul- 
fonic, RS02.SR'. Thiosulfenic esters would be the disulfides. 

RS-OR' RS-SR' 
Sulfenic esters Thiosulfenic esters 

The disulfides are, of course, well known but are not thought of 
as related to tlie sulfenic e~ te r s .  Actually both can be made by 
similar reactions: 

RSCl + N a O R '  + RS'OR' + N a C l  
RSCl + NaSR' + RS-SR' + N a C l  

For sulfenic esters, this is the only general method. 
A sulfenic ester can be made by the esterification of a sulfenic 

acid : 

RSOH + HOR' + RSOR' + H 2 0  

This applies to a-antliraquinonesulfenic acid which is the only 
sulfenic acid that has been isolated.'ji, 2 G 0 V t h e r  sulfenic esters 
have to be made from the sulfenyl halides: 

RSCl + NaOR'  + RSOR' + N a C l  

Botli cl~lorine atoni. ill  c l r l c~ i~~~~ i i c t l i anc -u l iw .1  cl~lor~clc arc  rc- 
placed: lol 

CICH2SCI + 2 E t O N a  + EtOCH2SOEt + 2 N a C l  
CICH2SCI + 2 P h O N a  -* PhOCH,SOPh + 2 N a C l  

Ethylene and tetralnethylene oxides are opened up by sulfenyl 
chlorides: 

A sulfenyl thiocyanate may be used: '"lob 

EtSSCN + N a O E t  + EtSOEt + N a S C N  

The sulfenyl selenocyanate reacts' with an  alcohol rather than 
with tlle alcoholate: 692a 

RSSeCN + M e O H  + RSOMe + Se + H C N  

2,4-Dinitrobenzeneselenenyl bromide, 2,4- (N02) 2C6H3SeBr, re- 
acts well with an  alcohol in the presence of silver acetate, but 
not with a sodium a l c ~ h o l a t e . ~ ~ ~  The same is true of the unni- 
trated a-anthraquinoneselenenyl 

Properties 

The melting points of a number of these esters are in Table 2.3. 

Reactions 

These esters are fairly stable to heat but are readily hydro- 
lyzed, even by moist .=, i79 Comparing the formulae, 
ArSOR and ArSO-OR, suggests tha t  sulfenic esters might be oxi- 
dised to sulfinic. Oxidation of alkyl 2-nitrobenzenesulfenates led 

, to the free sulfinic acids rather than to  their esters,.lS3 but oxida- 
tion of ethyl ethanesulfenate, EtSOEt, gave the sulfinic ester, 

i EtSO.OEt."Ob 
1 Concentrated hydrochloric acid splits a sulfenic ester: ' j 6 9  75s, 

Alkaline hydrolysis of a sulfenic ester might be expected to  
give a sulfenic salt: 

RSOR' + N a O H  + R S O N a  + HOR' 
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Some Alkyl and Arql Sulfenic Esters 

EtSOEt, b,o 38.2-8.5" 
b724 107.8-8.5' 'lob 

t-BuSOEt, b8.g 64°,590h, j9' boo 65" " 

PhSOMe, b4 88-9" "i 
Ph3CSOMe, m.124" 720 

PhOCH2SOR 
Ph, m.168" lol 

0-02NC6H4SOR 
Me, m.54" 75" 

E t ,  m.26" 759 

Ph,  m.72" 759 

C6H3Mez-2,4, m.85" 4"3 

C6H3Me2-3,5, m.74" 453 

C6H2Me3-2,4,5, m.103" 453 

C6H2Me2C1-3,5,4, m. 120" 453 

C6H2Me2C1-2,5,4, m.120" 453 

C6HMezCl2-3,5,2,4, m. 127" 453 

P - O ~ N C ~ H ~ S O R  
Me, m.49" 762 

2,4-02NMeC6H3SOR 
Me, m.71° 763 

2,4-02NClCsH3SOR 
Me, m.112" i56 

E t ,  m.74" 756 

Ph, m.75" 756 

2,4- (OaN) 2C6H3SOR 
Me, m.125",561 123" "6 

E t ,  m.125" 4169 

P r ,  m.76" 416 

i-Pr, m.78" 416 

Bu, m.54' 416 

s-Bu, m.72" 416 

t-Bu, m.119" 416 

Am, m.32" 416 

i-Am, m.57" 416 

t-Am, m.103" 416 

Octyl, m.58" 416 

Lauryl, m.74" 416 

Cyclohex., m.134" 416 

PhCH,, m.143" 416 

I-Methyl, m.100" 416 

a-C10H7SOR 
Me, m.189" 257 
E t ,  m.149° 257. 260b 

a-C14H702SeOR 
Me, m.178" 3"la 

E t ,  m.146" 381n 

i-Pr, m.143.5" 381n 

Bu, m.84' 381a 

The products that  can be isolated are disulfides and "disulfoxides" 
which may be supposed to come from sulfenic acids.758 

The reaction with a Grignard reagent gives a sulfide: 292 

PhSOMe + PhMgBr + PhSPh + MeOMgBr 

The rearrangement of sulfenic esters resembles that  of the 
sulfenainides. The product is a hydroxy sulfide. A phenol with 
which the ester is heated may replace the one originally pres- 
ent.453, 454b 

Sulfe~iic~ u ~ ~ l ~ y ( l ~ , i ( l e >  u1.e freyoeiitly fornictl in tllr, l~ytlrol\-$is 
of sulfc~iyl c.l~lori(ltl>. They inay be supposed to be for~~lecl froill 
the sulfenic acicl ancl tlle unliydrulyzed chloride: i x s  i 5 S s  iw', ifis 

ArSCl + HOH + ArSOH + HCI 
ArSOH + ClSAr + ArSOSAr + HCI 

Thus, when 2-nitrobenzenesulfenyl chloride is shaken 5 hours 
with 20 parts of water a t  room temperature, it is converted into 
the anhydride. The anhydride is converted by concentrated 
hydrochloric acid back to the sulfenyl chloride almost quantita- 
tively. This is effccted also by pliosphorus pentacliloride. 

The aryl sulfenic anliydrides are solids which melt, or decom- 
pose, a t  relatively high temperatures. 

Alkaline hydrolysis might be expected to  give a sulfenic salt: 

Actually the products are a sulfinate and a disulfide. 

Fornzation 

It is   rob able that  this compound was present in the mixture 
of products which Kolbe obtained in 1843 when he added some 

a carbon disulfide to a roomy flask filled with chlorine and let i t  
stand for some days. Better results were obtained by using a 
chlorine-generating mixture of manganese dioxide and hydro- 

, chloric This experiment was repeated by Rathke who 
found i t  more practical to pass chlorine into carbon disulfide 
containing a small amount of iodine.585b This is essentially 
the method that has been used ever since. The yields have been 
raised from around 15% to 60-570 by attention to 23i, 

251, 388n, 390, 404, 618, 621 

The reaction has been written: 

2 CS, + 5 CI, 2 C13CSCI + S,C12 430c 

CS, + 3 c1, + CI3CSCI + SCl, 3 4 1  

I+ The optimum amount of chlorine is said to be 2.7 C12 to 1 CS2.213~ 
: It is probable that  the reaction goes in two stages: "OC 
i 
r 
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SCS + 2 CI, -. SCCI, -4- SCl, 
SCCI, + CI, + CI:jCSCI 

The desired product c2:rli hc c.lllorin:tted Siutl~ei,: 

CI,CSCI + CI, + CCI, + SCI, 

This is favored by the presence of iron.lix~ I n  fact, this is 
the accepted method of manufacturing carbon tetrachloride. 

Chlorine is passed into carbon disulfide until its volume is 
doubled,341 or until its weight is 3.5 times the original."" 216 

Iodine is always used as a catalyst; 0.1% is sufficient. Four 
things are to be avoided: too much light, too high a temperature, 
overchlorination, and the presence of iron. None of the desired 
product can be isulatcd if the chlorination is carried on a t  a 
high temperature or in sunlight. The temperature should be 
25°,213, or not above 30°.621 There seems to  be no informa- 
tion as to just how much light can be tolerated. 

There are many variations in the methods of working up the 
mixture. Sulfur dichloride may be distilled off. TT'ater, hot or 
cold, is added to decompose the chlorides of sulfur. The liquid 
remaining is steam-distilled, once or twice, to get rid of sulfur 
and other nonvolatile materials. The product is dried and frac- 
tionated at reduced pressure. The addition of sulfur trioxide to 
the reaction mixture is said t o  raise the yield to  82%."" con- 
tinuous process has been d e ~ c r i b e d . ~ ~ "  Other improvements have 
been suggested.l4l, jG6 

Some perchlormercaptan is formed in thc chlorination of 
methyl thiocyanate. By the same treatment, ethyl tliiocyanate 
gives the homolog, CH3CC12SC1.37Vhis type of compound has 
been mentioned under chlorination of dithio esters. 

Carbon selenosulfide, suspended in water through which 
chlorine is bubbled, gives perchlormercaptan. If bromine is sub- 
stituted for the chlorine, the product is the analog, Br3CSBr, 
d. 20/4 3.0240.1°3 Chlorination of carbon diselenide in carbon 
tetrachloride gives the analogous perchlorselenomer~aptan.~~~~'  

Properties 

Perchlormethyl mercaptan boils a t  147.5-8";" or a t  73" at  
50 ,,. 341, 39' It has d 15/4 1.698,43a d 20/4 1.6996, d 25/4 
1.6923.1°3 Other values are: d 11/4 1.71785; n 11/D 1.54835; 12' 

and bas 51"; d 0/4 1.7278, d 20/4 1.6947; n 20/D 1.5395.1gi The 
surface tension a t  20" is 35.02 dynes/cm. from which the mole- 

cular parar l~or  i.. 266 1. '" :  111 l~ciizc~nc, tllc dipole ii~oii~erit I >  

0.65 ant1 t l ~ e  molar pol:~riz:ltion, c.;ilr~lllatetl for infinite clilution. 
is 43.2. In carbon tetracliloricle, tlie>t, value.. hre 0.56 and 40.8.ti'J2 
The Raman spectrum is similar to those of carbon tctrachloricle 
and of sulfur munocliloride ~vliich agrees wit11 tlic structure 
C13CSCl.'0g 

It is lachrymatory and toxic, but as its odor is stifling, i t  is 
more disagreeable than dangerous.341 Mice and cats died in 1 or 
2 days after inhaling air containing 0.35 mg./liter of it.'43 

Reactions 

Perchlormethylinercaptan is a sulfcnyl chloritlc. I n  its chemi- 
cal properties it resembles other sulfenyl chlo~~ides, but is far 
less reactive. It can be added to   unsaturate^.^' I n  contrast to 
other sulfene chlorides, this addition is sluggish and little is 
known as to how i t  takes place. Perchlormercaptan is relatively 
stable with water, as evidenced by the fact tha t  i t  can be steam- 
distilled. With water a t  160" or in dilute acid solution, it is 
decomposed : ,lac 

CI,CSCI + 2 H,O + CO, + S + 4 HCI 

The simple hydrolysis has been written: 

CI,CSCI + H,O + C1,CSH + HOCl 

It seems more probable that  i t  is: 

CI,CSCI + H 2 0  + CI,CSOH + HCI 

Oxidation by nitric acid gives the sulfone chloride: 621 

, This chloride is obtained directly when moist carbon disulfide 
is chlorinated.436b The oxidation can be effected in boiling acetic 
acid. The sulfone chloride melts a t  140.5" 621 and boils a t  
170°.436b I t  is formed when perchlormercaptan or trithiane is 
oxidised by chlorine in cold water.lgg It can be reduced to the 
mlfinic acid, C13CS0213.476 

I The sulfone chloride is remarkably stable and unreactive. I t  
can be recrystallized from hot water or alcohol and does not 
react with ammonia or amines under ordinary conditions.326 
Boiling water decomposes i t  into carbon dioxide, sulfur dioxide, 
and hydrochloric a ~ i d . ~ V W i t h  water a t  160°, the products are 
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carbon dioxitlc, l~ydroclilo~ lr aritl, :~ntl ku1f111 ""I I t  i b  hytlrolyzc(l 
by potassium~l~ytlroxitle ant1 if retlucerl loy 11y(lrogen 
or by potassium sulfites5"" to the dichlorco-acid, C'12CHSO:,H. 

Perchlormercaptan reacts wit11 sulfur: 43nr8  5S3' .  

This is effected by heating the two together a t  150 to 160". 
Fractionation of the product gives disulfide and t r i ~ u l f i d e . ~ ~ " ~  
The disulfide boils a t  130" a t  10 mm. and the trisulfide melts a t  
57°,61s 57.4", b. 220°.58" The trisulfide 585b and the tetra- 
sulfide 178 have been isolated from the residue from the distilla- 
tion of the crude perchlormercaptan. This residue is probably 
a mixture of polysulfides in equilibrium with each other and with 
sulfur. 

The reaction with potassium sulfite is involved. The product 
is the salt of mercaptomethanetrisulfonic acid, HSC (S03K) ,.", 
43a, 43bs 153a, 585b Perchlormercaptan reacts regularly with potas- 
sium cyanide to  form the thiocyanate, C13CSCN, m. 2.5°;541 
bls 55", bao 79"; loo dao 1.585; l o o p  n 20/D 1.5222.541 With a 
Grignard reagent, a trichloromethyl sulfide is formed: 

The product of its reaction with a sodium sulfinate is a thiol- 
sulfonate: 50c. llO. 471 

The product has the following physical constants: b2 148-50"; 
n 25/D 1.601 ; d25 1.583. The p-tolyl compound melts a t  65" and 
the 2,4,6-trimethylphenyl, a t  86.5°.50c With a mercaptan, there 
is the usual formation of a disulfide: joa 

RSH + ClSCC13 + RS:SCC13 + HCI 

With a sodium mercaptide the chlorine atoms are replaced by 
-SR, or -SAr, and the mixed disulfide is replaced by a mixture 
of the two symmetrical sulfides. A trisulfide may be f ~ r m e d . ~ " '  

(EtS) 3CS.SC (SEt) 3, n.25/D 1.594 
(PrS) 3CS.SC (SPr) 3, n.25/D 1.552 
(t-BUS) 3CS-SC (SBu-t) 3, m.60° 
(t-BUS) 3CS3C (SBu-t) 3, m.89" 
(PhS) 3CS3C (SPh) 3, m.99" 

A sodium alcoholate strips off the sulfur as \\-cll as the rlllorine. 
The product is an orthocarbonic ester: 6"r '01 

Reduction 

With iron, either sulfur or chlorine is removed: 

; Zinc removes the sulfur: 585b 

p Silver takes half of the chlorine: 5s5b 

C13CSCI + 2 A g  + C12CS + 2AgCl  

The reduction by tin or by stannous chloride is the most im- 
portant:38, 153b, 213, 216, 237, 388a, 390, 404 

CI,CSCI + Sn + C12CS + SnCI, 
CI3CSCI + SnCI, + C12CS + SnCI, 

This is the accepted preparation method for thiophosgene. Many, 
if not most, of those who have made perchlormercaptan have 

I; had this use in mind. 
Perchlormercaptan is reduced by sodium arsenite to sodium 

s ~ l f i d e . 3 ~ ~ ~  Zinc may reduce i t  all the way t o  I t s  
reaction with thiosulfate, in the presence of potassium iodide, 

i 
is much like tha t  of sulfur m o n ~ c h l o r i d e . ~ ~ ~  

Prolonged irradiation of perchlormercaptan gives carbon tetra- 
chloride, thiophosgene, and sulfur 

With Amines 

Perchlormercaptan reacts with primary lj3" and secondary 30 

amines : 

C13CSCl + H2NR + Cl3CSNHR + HCI 
CI3CSCI + HNR, + C13CSNR2 + HCI 

Thc derivatives of the dialkyl amines are much more stable 
than those from the primary: C13CSNMe2, bl:, 74" ; CLCSNEh, 
bts 96"; i-Bu2NSCC13, b15 127". The reaction is reversed when 
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llytlrogen chloride ia passctl into n solution of the compound 
in a hydrocarbon: "" 

C13CSNR, + 2 HCI + CI,CSCI + HNR,.HCI 

The reaction wit11 aromatic amines is similar: 3ssb9 585b7 5S5c 

CI3CSCI + H,NAr + CI3CSNHAr + HCI 

Alcoholic potash abstracts hydrochloric acid to give a cyclic 
38Xb, 58 .5~  

CI3CSNHAr - 
/\ 

HCI + C1,C-NAr 

According to later investigators, the primary product from 
p-tohidine is A/IeC6H4NHCCl2SCI. Two molecules of this con- 
dense, with the loss of hydrogen chloride, to  2,2,5,5-tetrachloro- 
1,4-di-p-tolyl- 1,2,4,5,-tetrahydro-3,6-dithiapyrazine, m. 142.5" 
dec.: 

I n  ether solution, this is split by hydrogen chloride to give tri- 
chloromethyl mercaptan, C13CSH, b15 125". This is oxidised by 
air to the disulfide, C13CS-SCC13, m.96°.153n Dyes are formed 
by the reaction of perchlormercaptan with tertiary aromatic 
amines.30~ 

Perchlormercaptan reacts with an imide or the sodium salt of 
an imide, putting the -SCC13 group for the imide-llydrogen."g* 
Gi4c 

Applications 

Perchlormercaptan has been suggested as an addition to Diesel 
fuels.53i. G41 I ts  reaction product with phthaliinide is being manu- 
factured on a considerable scale as a Gi4c 

Esters of Thionitrous and Thionitric Acids 

RSNO RSNO, 

The unstable phenyl thionitrite, PhSNO, is obtained by the 
reaction of nitrosyl chloride on phenyl n ~ e r c a p t a n . ~ ~ ~  This reac- 
tion takes place with aryl and alkyl mercaptans.jQoa- Three 

diffcrcnt rcaction. occLur betn-ec3i1 :i ~lic'l.c':ll)tni~ :ii1(1 ~litrnsyl ~1110- 
ride : 

(1)  2 RSH + 2 NOCl + R,S2 + 2 NO + 2 HCI 
(2) 4 RSH + NOCl + 2 R,S, + NH20H.HCI 
(3) RSH + NOCl + RSNO + HCI 

Reactions (1) and (2) are favored, but a t  -SO0, ethyl mercaptan, 
diluted with a solvent, reacts according to  (3) to the extent of 
about 80% and according to  (1) ,  only 10%. It is difficult to sepa- 
rate from the solvent. It is simpler to  obtain the ester by the 
reaction of a mercaptan with ethyl nitrite: 

EtONO + EtSH + EtSNO + EtOH 

This goes smoothly a t  -20". It is remarkable tha t  the mercaptan 
displaces the alcohol and that  the reaction is not reversible as 
should be expected. Triphenylmethyl thionitrite, Ph3CSN0, is 
obtained cluantitatively from Ph3CSH and EtONO. In  this, a 
tertiary rnercaptan replaces a primary alcohol.45Q 

Ethyl thionitrite, bga 19-20", decomposes slowly a t  low tem- 
peratures, 2% in 4% hours a t  13", and rapidly at  higher temper- 
atures. It is extremely sensitive to atmospheric oxygen: 

Some ethanesulfonic acid, EtS03H, is formed. In  the absence of 
air, ethyl thionitrite decomposes slowly: 

2 EtSNO + Et,S, + 2 NO 

The striking thing about these thionitrites is their intense color. 
One drop of ethyl or amyl mercaptan added to 55 cc. of ether 
containing ethyl nitrite gives a distinct color.45g 

Thionitrites from primary and secondary mercaptans are un- 
" stable.5Q0n However, nitrosyl chloride reacts smoothly with ter- 

tiary butyl mercaptan to give a stable thionitrite, t-BuSNO, 
m. -54" ; 594 bbj5 38-9", b72 4&7°.591, jg4 This is a red-green liquid. 
The tertiary amyl compound, t-AmSNO, b44 3S0, is similar.5g1 
The mercury mercaptide, (t-BuS),Hg, reacts satisfactorily with 
nitrosyl chloride a t  a low 594 Nitrogen trioxide 
may be substituted for the nitrosyl chloride."l The tertiary 
h t y !  is formed when the rnercaptan is treated with nitrous acid 
a t  0" or below: 6G6b 

t-BUSH + HONO -t t-BuSNO + H 2 0  
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I t  decoinpose~ in tlle same way a< tllc ctliyl. I~ut only on heat- 
ing: 593a 

Triphenylmethyl thionitrite, Ph3CSN0, is stable and can be kept 
for years, though heated a t  100" in a vacuum, it gives off nitric 
oxide .591 

Warmed with nitric acid, in acetic acid solution, tertiary butyl 
thionitrite is oxidised to the thionitrate, t-BuSN02, m. -12"; b13 
54-4.5". This is a colorless lachrymatory liquid with an exceed- 
ingly penetrating odor.593b The thionitrate can be made directly 
by passing nitrogen tetroxide into an ether solution of tertiary 
butyl m e r ~ a p t a n . ~ ~ ~  

Mercaptoacetanilide, though a primary mercaptan, gives a 
stable thionitrite, 0NSCH2CONHPh, m. 160°.597 

Thio- and dithio-acids react with nitrous acid: 

RCOSH + HONO + RCOSNO + H 2 0  
RCSSH + HONO + RCSSNO + HzO 

Alkyl thionitrites are useful as additions to Diesel fuels.284, 2E5p 

536. 674a Various compounds are claimed as stabilizers for thioni- 
trites in Diesel f ~ e 1 s . l ~ ~  

Trithiophosphites, (RS)3P 

When phosphorous trichloride and a mercaptan are mixed, 
without a solvent, the halogen atoms are replaced progressively 
by -SR: 4308, 430b 

The dichloride, EtSPC12, boils a t  172-5" and has the density 
1.30 a t  12°.511c If it is desired to obtain the end product, (RS)3P, 
exclusively, pyridine, or better dimethylaniline, is added to the 
mixture. The intermediate products are useful for making mixed 
esters: 23a 

RSPCI2 + 2 NaSR' + RSP(SR')z + 2 NaCl 
ROPCI2 + 2 NaSR' + ROP(SR'), + 2 NaCl 
(R0)2PCI + R'SH + (R0)2PSR' + HCI 

Heating an alkyl disulfide and yellow phosphorus together a t  
200" gives the trithiophosphite: 678 

Negative Derivatives 295 
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The trialkyl trithiophosphites are colorless oils, insoluble in 
water but very soluble in the usual organic solvents. They have 
powerful odors and are readily oxidised by air. All are decom- 
posed by water, alkali, or strong acids. 

They are oxidised by 35% hydrogen peroxide to the correspond- 
ing trithiophosphates, while stronger oxidising agents break 
them down into phosphoric acid and sulfonic acids: 

Alkyl phosphites are sulfurized by treatment with phosphorus 
penta~ulf ide.~~" 

The trialkyl trithiophosphites combine with alkyl halides. 
With mercuric bromide or iodide or with auric chloride, they 
give crystalline complexes, many of which have definite melting 

470 

The properties of some straight 470 and mixed 23a thiophosphites 
are in Table 3.3. More complicated esters are made from ethane- 
dithi01.~~ 

Some Trialkyl Thiophosphites 

M.p. B.p. Pressure 
Formula "C. "C. mm. do/4 dZ/4 n"/n 

; (EtS)Z -31 140-3 18 1.1883 1.1585 1.5689 
(PrS).P -64 1649 15 1.1277 1.0932 1.5350 
(BuS),P -100 174-80 15 1.0773 1.0421 1.5305 
(EtOI2PSEt - 7 6 6  10 - dm/4 1.021 1 P/D 1.4592 

. (EtS)sPOEt - 108-11 10 - 1.0679 ~ ' Y D  1.5326 
(RO),PSEt - 120-4 12 - d15/4 1.0560 n17/~ 1.5241 

' (EtSIsPOPr - 128 15 - 1.0487 nm/u 1.5278 
( ~ - C , ~ . S ) B P  - 71,5-73lW. 1°7 - - - - 

Triamyl and other trialkyl tritliiophosphites arc claimed as 
additions to Diesel fuels.14R The triamyl 'll%nd ('tripinenel' 558 

are said to be antioxidants. Straight- ur branched-chain trialkyl 
trithiophospl~ites are said to improve lubricating oils.21z Aryl tri- 
thiophosphites, in which the radicals may be the same or different, 
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are recon~mendcd as corro,iirrn inhibitors in lubricating oiIsl2"~ 
641b or as preventatives of excessive 059, The 

triamyl trithiophosphite is clairncd for the same purpose.mg 
A product which may be used in oils or as a plasticizer for 

resins is said to  be made by causing a phosphonitrilic chloride 
to react with a m e r ~ a p t i d e . ~ ~ ~ "  

Diethyl thiophosphite, (E t0)2PSH,  does not belong here, as 
the sulfur is not directly linked to carbon, but i t  may be men- 
tioned. With chlorine i t  gives the chloride, (EtO),PSCI. With 
ethyl iodide the diethylphosphonic ester, EtPS(OEt), ,  is 
formed.393c Polyvalent metal salts of (EtO),PSH are claimed as 
corrosion inhibit01-s.530 

Thiorarsenious Esters, (RS)3As 

These are by no means well known. They can be prepared by 
the methods that are used for the trithiophosphites. Arsenic tri- 
chloride and a rnercaptan are refluxed in benzene solution14" or a 
sodium ~nercaptide is added t o  an alcoholic solution of the tri- 
~ h l o r i d e . ~ ~ ~ " ~  430" 432 The triphenyl compound, (PhS)3As, ~ne l t s  
a t  95" and the tritolyl a t  76°.432 From thiosalicyclic acid, the 
acid, As (SC6H4CO2H)3, m. 210°, has been prepared.431 From 
2-hydroxytrimethylene-diarsenoxide and monothioglycerol, the 
compound, (HOCHZCH (OH) CH2S)2AsCH2CH (OH) CH2As- 
(SCH2CH (OH) C H 2 0 H )  ?, has been obtained.22i 

Alkylarsenious mercaptides, RAs (SR) ,, are recommended as 
seed i n l m u n i z e r ~ . ~ ~ ~ ~  

Trithioantimonites, (RS)$b 

Our kno~vledge of these is very meager. They can be prepared 
from antimony trichloride and mercaptans. The triethyl com- 
pound, (EtS)$b, boils a t  167 to  170" a t  4 mm. and has d 0/4 
1.6224 and d 25/4 1.5873.470 A number of compounds of this type 
have been prepared as oil-soluble therapeutic agents.431, 432 The 
product from cthylene mercaptan is the intermediate chloride. 
(.CHZS)2SbCI, ni. 1 2 4 ° . 1 4 V h e  triphenyl derivative melts a t  71" 
and the tri-p-tolyl a t  95". These are iiiadc by heating the sodium 
mcrcaptide with antimony trichloride in a b ~ m b . ~ ~ '  The thiu- 
arctanilide derivative, Sb(SC6H4NHAc)3, melts a t  165 to 165". 
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From tliio~allcylic acitl, trio c . o ~ n l ) o ~ ~ n ~ l - .  ( 'lI$I)~(',,H,CO2H. 111 

120°, and C'lPb ( SC6H4Co2l1 I _.. in 86". 1 1 1 1 ~  1)ec.n p r e p a r ~ d . ~ j l  

Bismuth Compounds 

The bismuth compound, Bi(SEt)3,  is a yellow powder, melting 
a t  200". It can be considered to be a mercaptide rather than a n  
ester 430b, 470 and is treated in Chapter 2. 

Thioboric Esters 

The fact that  mercaptans are not esterified by boric acid, while 
alcohols are, is the basis for a method of separation.640 p-Chloro- 
vinylboron esters have becn made by transestcrification and 
from the chloride: 452 

CICH:CHB(OMe), + 2 ClZHZ5SH + CICH:CHB(SC12H2,), + 2 CH,OH 

CICH:CHBCI, + CsH17SH + CICH:CHB(SC,H,,)CI + HCI 

They can be made f ro~n  boron tribromide and mer~aptans .~" '  
Tributyl trithioborate is claimed as a corrosion inhibitor in lubri- 
cating oils.644n 

Thiophosphoric Esters 

FORMATION 

Formulae can be written for a variety of thiophosphoric acids: 

0P(OW3 OP(OH),SH 0P(OH)(SH)2 OP(SH), 
SP(OH), SP(OH),SH sp(oH)(sH)2 SP(SH), 

Besides these, there are thiopyrophosphoric and thiometaphos- 
phoric acids. Esters of all of these are known. Esters having two 
or three different alkyls and ester-chlorides can be prepared. 
Many of these have becn made, but only a fraction of the possi- 
bilities has been realized. There has been intense activity in this 
field as many of these compounds have found commercial appli- 
cations. On account of the number and variety of the co~npounds, 
i t  is impossible here to give more than a few examples of the 
great many that have been prepared. Strictly speaking, the esters 
S P  (OR) do not belong here since they are not mercaptan deriva- 
tives, but they are included for comparison and because they can 
be isomerized into mercapto-esters. 
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Sulfur can be added to  an ester-chloride: 

Various derivatives of dithiophosphoric acid can be chlorinated: 

Fluorination of EtOPSC1.I gives a mixture of EtOPSClF and 
EtOPSF,.R" 

Phosphorus pentachloride reacts with hydrogen sulfide 567 and 
with thiophosphate esters: 123b, 440 

H2S + PCI, -t SPcI, + 2 H c l  
SP(OEt)3 + PCI, + SP(OEt)2CI + POCI, + EtCl 

SP(OEt),CI + PC15 + SP(OEt)CI2 + POCI, + EtCl 
SP(OEt)CI, + PCI, + SPCI3 + POC13 + EtCl 

SP(OEt),SEt + PCI, + SP(OEt)(SEt)CI + POCI3 + EtCl 

In  making an arylthiophosphate, phenol, or a cresol, phos- 
phorus pentachloride and hydrogen sulfide may be put in to- 
gether.64a 

In  the absence of a base, or in the presence of a limited amount 
of a base, alcollols, phenols, and mercaptans react incompletely 
with phosphorus oxychloride or sulfochloride: 

OPCI, 

OPCI, 
SPCI, 
SPCI, 

OPCI, 

SPCI, 
SPCI, 
0PCl3  

SPCI, 

ROH + OP(OR)Cl2 + HCI 146 
RSH + 0P(SR)C12 + Hcl377.  736 

ROH + 'SP(OR)CI2 39% 84, 123% 123b, 146, 56511, 665b, 565c, 6 6 i  

RSH + SP(SR)Cl2 1 2 3 ~ ~  123b, 565b 

2 ROH + OP(OR),Cl 146, 405 

2 ROH + SP(OR)2C1 146, 2 i1 ,  661 

2 ROH + 2 C5H,N + (RO),PSc1602 

2RSH + 2 C 5 H 5 N  + (RS)2POCI~oz  

2 RSH + 2 C5H5N + (RS),PSCl 502 

These reactions go to completion in the presence of excess base. 
By starting with the ester-chlorides all manner of mixed esters 
can be prepared: 

Negntice Derivatives 
~ . ~ ~ .  

299 

OPCI, + 3 NaSR + OP(SR), 10". ("4' 

0PFC12 + 2 NaSR + 0PF(SR)2 137, 4x3. -184 

0P(OR)C12 + 2 NaSR + 0P(OR)(SR)2 
OP(OR),CI + NaSR + 0P(OR)2SR 4391' 

OP(SR)Cl2 + 2 N a O R  + 0P(SR)(OR)2 365C 

OP(SR),CI + N a O R  + 0P(SR)20R 
SPCI3 + 3 NaOR + SP(OR)3 16, 39a, 40, 138b, 224, 405, 509, 037 
SPCI, + 3 N.SR -t SP(SR)~  40, 106, aoa, 5 6 5 ~ .  637 

SP(OR)Cl2 + 2 NaOR' + SP(OR'),OR 

SP(OR)C12 + 2 NaSR + SP(OR)(SR)2 "ac 
SP(OR),CI + NaSR + SP(OR),SRZ35 

SP(SR)C12 + 2 N a O R  + SP(SR)(OR)2 
SP(SR),CI + N a O R  + SP(SR),OR 
SP(SR),CI + NaSR + SP(SR), 
OP(SR)Cl2 + 2 NaSR' + OP(SR)(SR'), 

SP(SR)CI, + 2 NaSR' -t SP(SR)(SR')2 14" 

SP(OR),CI + NaORr + Sp(OR)20R' 234c, 403, 494, 370, 6 3 3 ~  

SP(OEt)2CI + A r O N a  + ArOPS(OEt)2 R' 

There may be, of course, ester interchange. 
Phosphorus trichloride, sulfur, and ethylene oxide react: 439n 

PCI3 + 2 (CH2)20  + S + CIPS(OCH,CH,CI), 

Phosphorus trichloride catalyzes the reaction of phenol with phos- 
phorus sulfochloride : 

3 PhOH + PSCI3 + (PhO),PS + 3 HCI 

Refluxing the mixture for 7 hours in its presence causes the evolu- 
tion of 99.5% of the calculated hydrogen ~ h l o r i d e . ~ ' ' ~ ~ ~  mole- 
cules of a monochloride can be coupled by the use of sodium: 

2 (Ph0)2PSCI + 2 N a  + (Ph0)2PS.PS(OPh)2 + 2 N a C l  

The product is useful as an extreme-pressure lubricant.225 
Trithio- and tetrathio-phosphates liave been made froill phos- 

phorus oxychloride and thionophospliorus clilorides and 3-tliio- 
phenethiol with the aid of pyridine.lo7 

A dialkyl phosphite and a sulfenyl cliloride give a monotliio- 
phosphate : 233". 233b 

(R0)2PONa + R'SCI + (RO)2POSR' + N a C l  

T'rialkyl and triaryl phosphites take up sulfur: 14- 16, 2% 26, 299 

104. 470, 52411 

(R0)3P + S + /RO)3PS 
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Tliie is true also of dialkyl plloqphite~, I RO) ,POH,"!" :~nd of 
tetraalkyl pyi~opl~ospliite~." The sulfur may come froni plioi- 
phorus sulfochloride: lc, 3os 

(PhO),P + PSCI, + (PhO),?PS + PCI, 

Selenium also is taken up.24" When the ester, (EtO)zPSH, is 
treated with sodium in benzene and sulfur added, the dithio- 
phosphate ester, ( E t 0 )  ,PSSH, is 

Esters having the S P ( 0 R )  < group rearrange into those ~ i t h  
O P  (SR) < : 

This takes place when the ester is heated in a sealed tube with 
an  alkyl iodide. If the alkyl iodide has a different radical it ap- 
pears in the new ester: 

SP(OR), + R'I + OP(OR),SR' + R I  5f35c 

This indicates an intermediate of a sulfonium type: 

OR R' OR 0 
R' 

I + sp 
/ 

+ \ /  
SP + R'SP 

With drastic treatment, the end product is the sulfoilium 
This isomerization takes place, though to  a less extent, when thc 
ester is heated alone, with water, with methanol, or with hydrogen 
chloride in methanol.224 

The SP(OR):3 esters form complexes with a number of metal 
salts.12" These decompose on heating: 565b 

SP(OEt),'AgNO, + OP(OEt),SAgS + EtNO, 
131' 

3 SP(OMe),.2 FeCI3 d OP(OMe),SFeCI, + MeCl 
1 20° 

3 SP(OMe)3'2 FeBr, - 0P(OMe)2SFeBr2 + MeBr 

SP(OEt)3'AgN02 + OP(OEt),SAg + EtNO, 

TT'ith mercuric chloride the decomposition of the atidition com- 
pound takes place in stages: z6zb 

nletliyl chloritlr is given off at  cacl~ ,\t:~gc. T l ~ c  th:tlli~~ln cl~lorirl(~ 
complex decompo+cc ri~iiilarly : ""-'a 

SP(OMe),.2 TICI:{ + 0P(OMe)(STIC12)0TICI, + 2 MeCl 

These reactions may involve the formation of a sort of sulfonium 
complex: 

Ag 
\ 

S:P(OEt), + AgSVPO(OEt), + EtNO, 
/ 

The formation of the triethyl ester, SP(OEt), ,  from SPC13 and 
sodium ethylate is accorllpanied by that  of two sodium salts: 
EtOPS02Na2 and (EtO),PSONa, from which other salts can be 
prepared."4b These should probably be written O P ( 0 E t )  (ONa) - 
SNa and OP(OEt),SNa or as equilibrium mixtures.234b Silver 
salts, OP(OR)ZSAg, have been r e p ~ r t e d . ~ " ~  565j"9 565b, 565c These 
are the same silver salts tha t  are obtained by the decomposition 
of the silver nitrate complexes : S P  (OR) ,.AgN03. They react 
with alkyl halides: 2 2 4 r  565n 

Salts of other metals react 232", 234a, 633b This gives 
another route from (RO) ,PS to (RO) (RS) 

Thiophosphoric esters have been obtained by the addition of 
thiophosphoric acid to an  unsaturate lo, ls6" 33j1b, 380, 50z and by 

the reaction of an  olefin sulfide with phosphoric acid." 
Phosphorus sulfochloride, SPC13, and a number of ester-chlo- 

rides and esters made from it, MeOPSC12, EtOPSC12, PrOPSC12, 
i-AmOPSCl,, (MeO) ,PSCl, (EtO) -PSCl, (MeO) and 

, ( E t 0 )  ,PS, are ~xyluminescen t .~ '~  The ester, (Me0)  3PS, has the 
odor of ozone.647 The absorption spectrurn of the triethyl ester, 
S P  (OEt),, has been compared to  those of triethyl phosphate and 
inorganic The same has been done for the Raman 
lines of the trimetliyl ester.04i 

Ethyl esters contailling only oxygen or only sulfur distil a t  
atmospheric pressure without decomposition. Those containing 
both decompose a t  about 160". An alkyl sulfide is one of the 
products. Ethyl tliiophosphites with only one or two sulfur atoms 
can be s t e a m - d i ~ t i l l e d . ~ ~ ~ ~  
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Tlic ally1 c~tcr-c.l~lorirlc~ 11as hecn mndc fly tl~c. addition of slilfur 
to t l ~ c  allyloxypl-lospllorus cl~loridc as well as by the reaction of 
tlic alcollol on t l ~ c  sulfocl~loriclc: zCi  

CH2:CHCH20PC12 + S -* CH2:CHCH20PSC12 

CH2:CHCH20H + SPC13 + CH2:CHCH20PSC12 + HCI 

The esters S P  (OR) are comparable to the sulfates, 02S (OR),, 
as alkylating agents. Ammonia is alkylated by the triethyl ester 
a t  120". The reactions may be: 505b 

The trimethyl ester reacts similarly with sodium methylate: 224 

With sodium sulfhydrate it goes further: 224 

SP(OMe)3 + 2NaSH + MeOPS02Na2 + 2MeSH 
SP(OEt),SEt + NaSH + OP(OEt)(SEt)SNa + EtSH 565c 

The salt MeOPSO2Na2-6 Hz0  melts a t  49°.224 
Phosphorus sulfochloride may react with alcohols in another 

way 147 

HOEt OEt HCI 
/ 

SPCl + EtOH + SP--OH + EtCl 
\ 

C I EtOH OH EtCl 
\ 

There may be an equilibrium: 

Phosphorus oxychloride reacts with a xanthate: 

On heating, this decomposes to give an ethyl p o l y s ~ l f i d e . ~ ~ ~  
Aryl trithiophosphates, (ArS)3P0, are claimed as oxidation in- 

h i b i t o r ~ . ~ ~ ~  The triphenyl and triamyl esters, (RS)3P0,  are said 
to be good in extreme-pressure lubricants.36s 

The thiol esters, OP(SR) (OR)2, are usually prepared by iso- 
merizing the tliion esters, S P  (OR)3.2242 j6jc This raises the boiling 
point, a t  20 mm. pressure, by about 20" and increases the density. 

Aieaative Derivatives 
- 

There are acid ester<, S P  I SEt)  2 0 H ,  SP (SEt) iOEt) OH 
or OP(SEt)  (OEt)SH, S P  (SEt)20H or 0P (SE t )2SH and SP- 
(SEt) zSH.'ll's 51'' 

The addition product of bromine t o  phosphorus trisulfide reacts 
with ethanol to give esters of thiopyropl~osphoric acid P2S3- 
(OEt) sBr, P2S:j (OEt) 2 (SEt) 2 and P2S3 (OEt) 4. Sulfuric acid con- 
verts triethyl thiophosphate into tetraethyl dithiopyrophos- 

2 (Et0)3PS + 2 H2S04 + (EtO),PS-O.PS(OEt), + 2 EtOS0,H + H 2 0  

AMID-ESTERS 

There are several routes to amid-esters of thiophosphoric acids: 

(RO),PNEt2 + S + (RO),PSNEt2 25 

(Et,N),POEt + S + (Et,N),PSOEt 511b, 511c 

MeNH, + SPCI3 + MeNHPSClz511b 
MeNHPSCl, + 2 NaOR + MeNHPS(OR), 5l lb9 524c 

ROPSCI, + 2 PhNH, + RO(PhNH),ps 39% 30b, 203, 205, 687 

(RO),PSCI + R'NH, + (RO),PSNHRf 39a9 202, 226 

(CH,),NPOCI, + 2 NaSCSOEt + [CH,),NPO(SCSOEt), 705 

One product of this class is said to be useful in treating yarn ; IE6" 
others are pesticides, their chief use. Mixed aryl-alkyl ester- 
amides, p-No2C6H4oPS(NR2)0Et ,  have been described.,03* "4p 

205, 525 

Phosphorus sulfochloride reacts with ammonia and with 
amines: 41, 13Ea, 614 

PSCI, + 3 RNH, + (RNH),PS + 3 HCI 

A molecule of amine can be driven out of thiophosphoric tria- 
mide: 

Triamides from morpholine, cyclohesyl amine, piperidine and 
41- 112 as well as from the simpler a m i n e ~ , ~ l l ~  have 

been described. Products of this class are said to be useful in 
high-pressure lubricants?6ga 

-4s these thiophosphoric amidcs and aniid-esters do not con- 
tain RS- groups, they are not mercaptan derivatives and do not 
belong in this chapter, but arc mentioned for the sake of coin- 
pleteness. 
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Kekulk, who tliought primarily of valence, n-rote thc fanlous 
equations : 400 

5 EtOH + P2Sj + 5 EtSH + P20 ,  
5 E t 2 0  + P2S5 -* 5 Et2S f P205 

This was in 1854. Since then alcohols and phenols have been 
treated with phosphorus pentasulfide innumerable times and 
various useful products have been obtained, but there is still un- 
certainty as to what the primary reaction is. It has, however, 
been establislicd that Kekulb's equations are incorrcct. Soine 
mercaptan may be obtained but it is certainly not a primary 
product. A 10% yield of thiophenol from phenol has been re- 
ported.6o 

It is well known that,  in addition reactions, an alcohol, or 
phenol, divides into RO- and -H; the oxygen, remaining with 
the alkyl. The primary products of this reaction must be esters 
in which the radicals are joined to the phosphorus by oxygen. 
It is not surprising that ,  with as complicated a reaction as this is, 
different investigators have reported divergent results. The con- 
ditions for carrying out the reaction and the methods of working 
up the products influence the results. 

According to Carius l2"$ and to Kovalevsky 440 the reac- 
tions with ethanol and with methanol are: 

5 ROH f P2S5 + (RO),(RS)PS + (RO)2PSSH + H 2 0  $ H2S 

The neutral ester separates as an oil on the addition of water. 
This has been reinvestigated recently.""" Tlie isoamyl tctrathio- 
phosphate, (i-A~nS):rPs, was reported among the products froiii 
isoamyl alcohol.440 I t  is difficult to account for this. 

I t  is now generally agreed that the principal product, that can 
be isolated, is the dinlkyl dithiopl~ospliate, IRO)2PS-SH.1211 "1"'* 
332, 490c, 4!12n, 50% 5GOd The reaction is written: 

4 ROH + P,S, -* 2 (RO),PSeSH + H,S 

The yield of illis nlay be 3:: lligll as &'OF .4""'. 4:)' 5"" 535 A lower 
.i ).la, 39Jb sulfide of phosphorus, P4S7, docs not give the same results."" 

Cholesterol ant1 phocphorus pclitasulficlc are repol-tcd to give 
tlic esters, (C,iH,,S) ,P02H, (C27H45S) (C271i430'l PO2H and 

(C27H-l;lS I .'P (OH ) :,,i2' I11 view n f  otlicr investigations, tlie sulfur 
atoms appear to br m~>l)lacetl. 2-Sitro-i-butanol gives [Ale&- 
(NO2 ) CH20] .PS.SH."!" 

It is known that alkyl pliosphates, like the alkyl sulfates, are 
active alkylating agents. It is possible that some of the products 
isolated may have resulted from the alkylation of others. The 
alkylation of (RO) 2PSSH should give (RO) 2PSSR which would 
hydrolyze to (R0)2PSOH and HSR, accounting for the mercap- 
tan. Sodium alcoholate may give a sulfide.51 

Treating phenols and alcohols with phosphorus pentasulfide 
has assumed industrial importance. The crude products are sub- 
jected to a ininilnum of purification, since neither makers nor 
users are interested in separating and identifying the pure com- 
ponents. One objective has been the making of products which 
are useful in flotation. Cresylic acid, which has been heated with 
phosphorus pentasulfide, is called "reconstructed cresylic acid." 
The chief active agent nlay be assumed to be a salt of the diester 
of the dithiophosphoric acid, (R0)2PS.SH.8n- l1l' l 4 O >  ls2"* 183a9 324, 

363, 379, 608b, G09, 617, i35 

Such products, usually as their heavy metal salts, are reconi- 
mended as lubricating oil additives, as stabilizers or antioxi- 
dants,9b, 36, 122, 155a, 232, 205 anticorrosion agents.122, "7% 287b, 

467, 487,  5?3, 066a Some of them are pickling-bath inhibitors.lsl 
Certain of them are useful as extreme-pressure 5 7 7 9  

679 The lead, aluminum, cliro~nium and alkaline earth salts of 
several are claimed as stabilizers for Diesel oils.615 Certain thio- 
phosphoric esters are claimed as fuel Aniline nlay 
be added to complete the reaction of phospl-lorus pentasulfide 
with a hydroxy-compound.60 A mixture of an alcohol, or phenol, 
and a nlonocarboxylic acid may be subjected to the phosphorus 
pentasulfide treatment. The products are stabilizers and deter- 
gents for lubricating oils.Rb, 155b Addition agents for oils have 
been made from wax-phenols.lSc~ m R ~  589a A cresol niay be heated 
with a mixture of phosphorus and s ~ l f u r . ~ " B a r i u n ~  sulfide is 
used in inaking barium salts.34 

Salts of the acids, (R0)2PSSH, with nitrogen bases, such as 
guanidine, are said to be plasticizers for neoprene-typc mate- 
rials.172 

The acids, IRO)2PSSH, in whicll R is mctllyl, ethyl, butyl, 
s-butyl, amyl, i-amyl, hexyl, heptyl, octyl, allyl, cycloliexyl, 
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benzyl, phenyl, or one of the tolyls, have been prepared hy heat- 
ing phosphorus pentasulfide with the appropriate alcohol. These 
give colored precipitates with some heavy metals. They may hc 
used for the determination of molybdenum.l16 

They may be alkylated by heating their metal salts with alkyl 
halides or other alkylating agents: 613 234bV 241b9 359, 535, 613 

(Et0)2PSSNa + BrR + (Et0)2PSSR + NaBr 

The reaction with phosgene gives a carbonyl tetrathiodiphos- 
phate, OC [SPS (OR) 2]2. The ethyl, butyl and tolyl compounds 
are said to be valuable in the flotation of copper ores.241a 

A dialkyl ester of a dithiophosphoric acid, such as (EtO),- 
PSSH, is actually a thioacid. As is characteristic of thioacids, 
these add to unsaturates,535 such as  unsaturated ketones13jlb 
maleic esters,lO~ lZ9- 3869 505 and vinyl ethers.360 Formaldehyde 
couples them to phenols 154 or to alcohols.360 

The dialkyl and diary1 esters, (RO) 2PSSH and (ArO) ,PSSH, 
or their salts may be oxidised to the disulfides, (R0)2PSSSPS- 
(OR)2 by chlorine or other oxidising agents.242b, 249c9 371c, 393b, 483, 

491, s15- 545 The products are said to be useful in oils for high- 
pressure lubricants,545 for s t ab i l i~e r s ,~~%r  for flotation agents.384 

A phenol may be heated with phosphorus pentasulfide and 
the product treated with sulfur chloride to give a polysulfide, 
(Ar0)2PS (S),PS ( 0 A r ) ~ . ~ ~ ' ,  5159 585b, 608a, The products may 
be vulcanization accelerators 60sa or additives for lubricating 

58sb9 674b A selenide, [(R0)2PSSI4Se, is claimed as a 
vulcanization accelerator.607 A monosulfide, (R0)2PS.S.PS (OR) 2, 

is said to be a flotation agent.481 
Dithionopyrophosphates are prepared by the action of m-atcr 

on the thionoester chloride in the presence of pyridine: 

An inorganic base can be used, provided some pyridine is pres- 
ent.235 The toxicity of these esters has been studied.i0i 

Phospl~orus pentasulfide and ethyl orthoformate give a dithio- 
phosphate, EtaPOzSz, of undetermined structure. Ethyl tetra- 
tl~iophosphate is obtained with ethyl t r i t l i i o -o r t l l o foma t~ .~~~  

A mercaptan and phospllorus pentasulfide give a tetrathio- 
phosphate, (RS) 3PS, and a trithiometaphospl~ate, RSPS2.123br 612b 

The prwluct fro111 bcnzyl nlercaptan is claiirled as :I, flotation 
agent 

Products wliich are nuxtures of unknown composition, but 
which must certainly contain one or more thiophosphoric esters, 
are made by heating an olefin with phosphorus pentasulfide. 
These are worked up in various ways into oil additives. The ole- 
fins are usually of molecular weights between 200 and 500.11, 174* 

401, 402b, 4i2a, 4i2b, 472r, Oi5 Hydrolysis of the product prepared from 
cyclohexene gives a large amount of cyclohexyl mercaptan indi- 

, cating that tlie CcH1lS- group is a part of the thiophosphate 
ester.36i A compound having the composition, IC6H9PS2)2 has 
been isolated.'36 A product from oleic acid and a hydroxy-com- 
pound, and one from these plus naphthalene, are said to be use- 

) ful in flotation.167b 
Useful products, of unknown constitution, are said to be ob- 

tained by heating phosphorus pentasulfide with petroleum hydro- 
carbon~,~'2b, 4i3, 732 hydrogenated rubber 402a or an ester-type 

Naphthalene,lmb an alkylated naphthalene,486 and ben- 
zonitrile 167a have been subjected to a similar treatment. Pery- 
lene gives a red dye.660 

Phosphorus pentasulfide reacts with aromatic amines: 112, ll3, 

L 435 

With a smaller proportion of aniline, the reaction is like that 
with a phenol, a t  least as the equation is written: ll2. 

B 
"Mixtures of products are obtained from primary and secondary 
, aliphatic aminesliG some of which are claimed as high-pressure 
a 'lubricant~!~V~ 

With camplrorimide, phosphorus pentasulfide functions as a 
sulfur donor, producing di thiocampho~imide.~~~ 

Some of the following compounds are not mercaptan deriv- 
atives but they are mentioned on account of their relations to  the 
phosphorus compounds which have just been considered. 

An alkylphosphorus chloride takes up sulfur: 

RPCI, + S + RPSC12 



RPSCI, + 2 NaOR' RPS(OR'), + 2 NaCl 

The ethyl, propyl, i-butyl and i-amyl chlorides Ilavc hcen rc- 
ported but only one cster."14 

Phosphorus sulfocliloride reacts with the Grignard reagent: 

PSCl, + 2 EtMgBr + Et,PSCI + Et,pSOH 686 

Triethylphospliine and triphenylphosphine take up sulfur: 
749 

Triethylphosphorus sulfide is described as exceptionally beauti- 
ful glistening white ~ r y s t a 1 s . l ~ ~  From diethylphosphine and sul- 
fur, some of this compound is obtained along with the acid 
E ~ z P S S H . ~ "  An ison~eric form of the same acid is produced 
by the reaction of etliyln~agnesiun~ bromide on phosphorus penta- 
sulfide.35s The isomerism is explained by assuming different 
spacial distribution of the groups around the phosphorus atom.4908 
The reaction of a Grignard reagent with phosphorus pentasulfide 
is complex, but two of the products finally isolated are R3PS and 
R2PSSH. The methyl, ethyl, i-propyl, i-butyl, cyclohexyl, and 
phenyl compounds have been studied.490n* 490b, 492b 

I n  its reactions phenylphosphorus resembles phosphorus closely 
except tha t  i t  is quadrivalent instead of pentavalent. The chlo- 
ride, PhPC1, reacts with a mercaptan: 2 2 r  492a 

PhPCI, + 2 EtSH + PhP(SEt), + 2 HCI 

The product combines with sulfur a t  150": 

This undergoes partial hydrolysis: 

PhPS(SEt), + 2 NaOH + PhPS(SEt)ONa 

bis-Ethylmercapto phenyl pllospl~orus reacts with ethyl iodide a t  
1300: 22 

PhP(SEt), + Etl + PhEtPSaSEt 

The diplienyl chloride reacts sin~ilarly with a mercaptide: 

Ph2PCl + EtSNa + Ph2PSEt + NaCl 

- 
This is an  oil, n l ~ i r l ~ .  n-licn l~eatetl to 100" n-it11 e t l~y l  iotliclc, iso- 

The benzyl and ally1 compounds, Ph2PSCH2Ph and Ph2PSCH2- 
CH:CH2, isomerize on standing.23b 

Esters of alkylphosphinic acids take up sulfur just as do those 
of the phosphorus acids: 27 

Diethyl i-amylthiophosphinate, in lubricating oils, is said to pre- 
vent corrosion.691 Other esters of this type are claimed as oil 
additives.14" 

This is the generally accepted name for the widely used in- 
secticide, 0,O-diethyl 0-p-nitrophenylthiophosphate, 
0 (EtO),PS. This was originated by I. G. Farben (their E-605) 
and the information brought to this country.501, 700 A German 
preparation was found not identical with an American.321 

The synthesis, according to the German method with some im- 
provements, has been described in detail. Thiophosphoryl chlo- 
ride is caused to react wit11 2 equivalents of sodium ethylate: 

SPCI3 + 2 EtONa + (EtO),PSCI + 2 NaCl 

This ester chloride then reacts with sodium p-nitrophenoxide: 242a 

There are many variations of details in methods of carrying out 
these rea~ t ions .~ l"  233b, 497, 498, 633c Other ways of arriving a t  the 
same goal have been proposed. The ester, (Et0)2PS-SHl from 
ethanol and phosphorus pentasulfide, is chlorinated t o  the ester- 
thiochloride, (EtO),PSCl, which is caused to  react with sodium 
p - n i t r ~ p h e n a t e . ~ ~ ~ ~ .  70s The order of these steps may be changed. 
Phosphorus trichloride and p-nitrophenol are caused to  react and 
sulfur is added to the product: 145 

PCI, + N02C6H,0H + NO,C,H4OPCI2 + HCI 
N02C6H40PC12 + S + 0,NC6H40PSC12 

The final reaction is with ethanol: 

N02C6H40PSC12 + 2 EtOH + NO,C,H,OPS(OEt), + 2 HCI 
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Parathion is formed wlien tetraetliyl thiopyropl~ospliate is heated 
with p-nitrophenol: 74 

(Et0)2PS-OePS(OEt), + 2 0 ,NC6H40H + 2 (EtO),PSOC,;H,NO, + H,O 

Several sets of data for the properties of parathion have been 
given: b0.5 15742';  n 25/D 1.5370; 242a m.6'; n 20/D 1.5384; 508b 

m.5.95 k0.05;  d 25/4 1.2656; n 20/D 1.53858. At 25" the surface 
tension is 39.2 and the viscosity, 15.30.739 

Parathion is isomerized by heating a t  150" in a sealed tube: 508b, 
522 

(EtO),PS*OC6H4N02 + EtO(EtS)PO*OC6H4N0, 

The S-nitrophenyl isomer has been made from diethyl phosphite 
and p-nitrobenzenesulfenyl chloride.233a 

For studies of absorption and location in the body of an insect 
parathion has been synthesized, labeled with S3j, 382, 474 with 
P329 526 and with both of these.340 

In the absence of alkali, the hydrolysis of parathion is slow, 
only 50% in 4 months, but in the presence of lime, it  takes place 
in 8 hours.557 The rates of hydrolysis of nitrophenyl esters of 
phosphoric acid are higher than those of t h i o p h o s p h ~ r i c . ~ ~ ~  

The need for an analytical method 737 has been met in several 
ways. Parathion may be reduced to the amino compound which 
is diazotized and coupled to give a dye which is estimated colori- 

119, 221, 268, 296, 316, 753 The reduction a t  a dropping mer- 
cury electrode gives a characteristic curve which may be matched 
by the unknown with an error of +10/0.81n a cooperative study, 
a potentiometric method was found to be satisfactory.288- 450 

After alkaline hydrolysis, the p-nitrophenol may be deter- 
n ~ i n e d . ~ ~ ~ .  soti I t  may be separated from its isomers by partition 
c h r ~ m a t o g r a p h y . ~ ~ ~ ~  508b Mosquito larvae may be used in a bio- 
assay .534 

The amounts and permanence of residues left on fruits and 
vegetables have been investigated.5% 125, 295. 315, 332, 723, 731 

The attractiveness of this compound as an insecticide has led 
to extensive studies of possible dangers to man 463, 4G5, 6137, 723 and 
of the physiological effects on animals lgl, 3383 463, 60L'* 717 and 
fish.468 Naturally the effects on plants have also been consid- 
ered.166, 298, 301, 575, 581, 639, 052, 053, 719 

There have been many reviews and discussions about para- 

tlliOll! its lIsCf,,lIICbs ;,ll(l ;,l,p]iC;ltions,l:W 168, 322. 33:. 330. 3134, 427. 

4I3fia. 499, 56:3n, Zql j ,  fi64a. 693, 7113, 725, 727 There arc inany reports and 
recoiilinendations a? to its use in  greenhouse^.'^^ Is" .'j44. 353, 503. 606, 

0S8, 659 

Several attempts have been made to determine the mechanism 
of its action on inse~ts.6~9 ,08, 507, 508a 

Unfortunately it is toxic to 320, 642 as well as to objec- 
tionable insects. 

I t  has been tested extensively on a variety of insect pests. 
Various kinds of aphids 13, 135. 165, 189, 210, 270a, 282, 337, 366, 392, 443b, 

475, 692. 694c. 713, 728b, 740 and mites 362a, 366, 374. 383b. 392, 421, 514, 521, 

5316, 532, 643, 4399, 727, 742 have received much attention. Tests have 
been run on several kinds of m ~ t h s , l ~ ~ ~  152, 207, 345, 3579 521, 532 citrus 
pests,230, 5468, 568, 698, 744 CUrCU~iOSJ80b, 130, 161r, 206, 3626, 6036, 664% 664b, 

gladiolus e55 corn la, 582, 6Q3 and squash 128 borers, 
wire worms,188, 449 grasShopperS,91, 117, 269, 2iOc. 312, 313, 554, 598 leaf 
r01]ers,299, 307, 309, 328, 419, 420, 6038, 694a army worms,350, 693. 702 fruit 
flies,l6lbr 253, 250, 3Q2 cochineal,563b sheep tick,207 mealy b ~ g s , 5 ~ ~ -  
5466, 699 Japanese 3, 635 and other beetles,88, 158, 179, 319, 385, 699, 741a 

spittle 741b r o a c h e ~ , 3 ~ ~ ~  421 p ~ y l l a , l ~ ~ *  323, 542 boll ~ e e v i 1 , ~ 3 ~ .  
I 270d, 475, 683, 619 mOSqUitOeS,294, 710 flies 7 22% 286, 364 caterpillarsJ19, 587, 

[la corn worms,12~ l 1 8 ~  264, 311, 443a, 729 bag worms,569 peach borerFoa# 
621 leaf nematode,lsT migratory l o c ~ s t , 4 ~ ~ ~  harlequin olive 
~cale,6~O leaf 578 saw flyJ83 and many other pests.l7, l o 5 9  1599 

$ 16la, 169, 330, 385a, 531a, 001, 610, 6046 At 1 part to 5000 of soil, i t  is ' effective against termites for 2 yearsa4' 
Other, more or less analogous, thiophosphates have been con- 

sidered. Two methyl, two propyl, two isopropyl, and an ethyl and 
a butyl group have been substituted for the two ethyls of para- 
thion and various substituted phenyls for the p - n i t r ~ . ~ ~ ~ "  p-Nitro- 
benzyl 162 and coumaryl 634 groups have been tried in place of the 
p-nitrophenyl. Two or three p-nitrophenyl groups are less effec- 
tive than one. MeOPS (OC6H4N02-p) 2 ,  EtOPS (OCsH4NOn-p) 2, 

and PS (OC6H4N02-p)3 have negligible activity.405 The phenyl- 
phosphonates, PhPS (OMe) 0C6H4N02-p and PhPS (OEt) OCe- 

1 H4N02-p are 380 Aryl ester thiophosphoric amides, 
/ ArGPS (NR,) 2, have been claimed.200 Tetraethyl dithionopyro- 

phosphate has received the most attention.5e, 273. 657 It is reported 
to be superior to parathion.56 A dimethyl dithiophosphate li6 and 

i ethyl p-nitrobenzenephosphonate have been tested.726 



The properties of some thioplios~~honc cliloride. and eitel- are 
given in the folloning. The cliicf purpose is to show tllc great 
gaps in our knowledge and the incom1)leteness of the information 
about the compounds that have been described. The remarks 
that were made about "boiling points" in the introduction of the 
property list in Chapter 1, apply here with equal force. This list, 
which is far from being complete, does give some information 
about quite a number of compounds and tells who made them. 

The infrared spectra of thirty-four thiophosphates and related 
compounds hare been studied. Tlie P ++ 0 bond absorbs strongly 
in the region of 1250 to 1300 ~ m - ~ .  The absorption by the P e S 
bond is weak and poorly characterized.304 

Dipole moments of a number of esters, (R0)3PS, have been 
determined.28 (RO) 3P0  and (RO) 3PS have similar structures. 
The three alkoxy chains are 

Ester-Halides 

MeOPSC12, b40 70'; d 0/4 1.4946.565av 
EtOPSC12, m.-78.4"; 84 bZ0 68"; d 0/4 1.3966; 5n5a( 585c b 20 52.0" ; 

d 0/4 1.4395 .84 

C1CH2CH2OPSC1,, bl4 104-8"; dZ0 1.4671; n 20/D 1.5362.271 
EtOPSClF, bzo 26.2" ; m.-178" ; d 0/4 1 .3828.84 
EtOPSF2, b760 78.4" ; m.-124" ; d 0/4 1.3019.s4 
PrOPSC12, bro 80°,565c bZ0 84'; d 0/4 1.3341.565n, jGjc 

BuOPSC12, blo 81-2°.502 
i-BuOPSC12, bzo 91°,"6j bZ0 88'; jGjc d 0/4 1.2721.56sa 
i-AmOPSC12, b15 10%9"; d 0/4 1.2370, d 17/0 1.2188.1i7 
EtOCH2CH20PSC12, b23 10%14"; dao 1.294; n 20/D 1.4910.271 
CH2: CHCH20PSC12, bro 74" .567 
EtSPSC12, blo 90°,565c 92"; d 0/4 1.4450.565b, 563c 

PhOPSClz, blG 132°,39a b26 150°,305 bll 119-20'; d 20/4 1.4059.'' 
m-hleC6H40PSC12, b12 138" .lo" 
(MeO) 2PSCl, bl 40°,9a b4 663°,33 bZ0 70-2' ; n 25/D 1.4795 ; 242b 

b16 66"; d 0/4 1.3414, d 17/4 1.3217.17' 
(Et0)2PSCI, b2o 946°,242b ba5 96901502 bl2 81-2°1393c b1l.j 

81.5-3°,33 bbs 75" ,4'Oc b2 663°,491 bl 49-50' ; "9 330 d20 1.1918; 
n 20/D 1.471 n 25/D 1.4685.242b 

(ClCH2CH20) 2PSC1, bl7 130" ; dzo 1.5135 ; n ZO/D 1.5641.271 

Negatizle Derivati~3~s 3 13 
- -- pp 

(E t0 )  2PSF, b~n  55.65.8.734 
(Pr0)2PSCl, bl 70-5" ; n 25/D 1 .4672.24zb 
(i-Pr0)2PSCI, bl 569",'"'" b,; 55",9, bI4 91° ;33  n 25/D 

1.4601 .242b 
(BuO)~PSCI, bO7  95-8°,242b b2 95-8°,502 bl 75°;9a n 25/D 

1 .4670.242b 
(t-Bu0) 2PSC1, b0.5 7682"  ; n 25/D 1.4624.242b 
(PhO)aPSCl, m.68°,226 67"13" 64",16, 305 71 " ; bll 194°116 bl 

1 8 6 3  " .305 

(p-MeC6H40)2PSC1, m.53 " .39n 
(m-MeC6H40)2PSCl, m.34" : bll 218".lo4 
(p-ClC6H40) 2PSCl, m.92°.39n 
(EtS) 2POC1, bz2 145-50" ."02 
(EkS) 2POF, b15 104-7" 483 

(EtS)2PSCl, bs 110-3 0.502 

Esters 

(MeO) 3pS, baa 82",565n, 565c, 647 b 78" 565a, 566c go0. 224, 647 d 0/4 
12 , , 

1.2190,"5"8~ 5 1 3 ~ ~  dl5 1.2053, dlo,a 1.21 12; n 10.5/D 1.45830; 224 

+2HgCl2, m.lOZO; +AuCl3; m.llOO; +2/3 FeC13, m.125"; 
+2/3 FeBr3, m.99" .565b 

(EtO)3PS, biz 95.5";" 94-5°,28 b16 100°1565a b20 106°,502s 565a 

118" ; 24 d 0/4 1 .0942,565c d 20/4 1.1 132,688 1.0756; n 20/D 
1.4488,28 n 22/D 1.4520; 24 surface tension 29.65 at  20" ; para- 
chor 431.2; 29 +Hg12, m.88"; 563n, jBSc +2/3 PtC14, m.103°.565b 

(PrO)3PS, blo 123.54.5°,2s, 29 bZ0 1 3 3 4 " ;  d 0/4 1.0407,565c d 20/4 
1.0177; n 20/D 1.4502; zs- 20 surface tension 28.47 at 20"; para- 
chor 545.4.*" 

(Bu0) 3PS, bll 15%9" ; d 20/4 0.9871 ; n 20/D 1.45 15 ; " 9  29 sur- 
face tension 28.36 at  20"; parachor 660.2°.29 

( ~ - B u O ) ~ P S ,  bzo 155"; d 0/4 0.9905.565c 
(i-AmO)3PS, dl, 0.849.13sb 
(HexO) 3PS, b2,5 l8EL8.5 " ; 2R,  29 d 20/4 0.9501 ,29 0.9483 ; n 20/D 

1.4552," 1.4568; surface tension 28.68 at 20" ; parachor 892.6.z9 
( O C ~ O ) ~ P S ,  bo 5 2246"  ; d 20/4 0.9293; n 20/D. 1.4592; "9 " 

surface tension 29.1 1 at 20"; parachor l126.4.29 
(ClCH2CH20) 3PS, bg 142-50" ; d 20/4 1.4778 ; n 20/D 1.5650."l 
(PhO)3PS, in.53°,"a 50°,"j49" ; bl 232",305 bll 24.5' ; d 20/4 

1.234 1 1 .lo 
(0-MeC6H40) 3PS, m.45" ; bl 260-5°.344 
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PIICT-I;~I~S~BIIO)~PS. ,(, 119-21'; rl 20 -30 1.0712; 11 20 D 
1.5315..5"" 

PhCH,CH2S~EtO)2PS, bOo2 8 5 4 " ;  d 20/20 1.1395; n 20/D 
1.5543.""j 

MeSCH2CH2S(Et0)2PS, b2 134-8°.234c 
EtSCH2CH2S (EtO)ZPS, bl 13741 0.234c 
MeCOCH2CH2S (Et0)  2PS, n 25/D 1 .5074.351h 
MeCOCH2CHMeS (E t0 )  2PS, n 25/D 1 .5087.3"b 
MeCOCH2CHMeS (i-Pro) 2PS, n 25/D 1 .4998.""h 
MeCOCH2CHMeS (cl4Hz90) 2PS1 n 25/D 1 .4805.3"b 
MeCOCH2CHMeS (PhO)2PS, n 25/D 1 .5878.351b 
Me02CCH2CH2S (EtO),PS, b,, 65-6", bo 02.? 77-8" ; d 20/20 

1.1859; n 20/D 1.5026.535 
Me02CCH2CH2S (Pro)  ,PSI bo 04 85-6" ; d 20/20 1 .I241 ; n ZO/D 

1 .4984.535 
Me02CCH2CH2S(Bu0)2PS, b0.03 96-7" ; d 20/20 1.1375; n 20/D 

1 .4942.535 

(EtS)Z(EtO)PO, bz0 148" ; d 0/4 1.1619."'j' 

(EtS)3P0, b2 128-3201502 b18 175°,137 bZo 174-5' ; d 0/4 1.1966.56sC 
(EtS),(EtO)PS, bz0 155"; d 0/4 1.1714; + 2Hg12, m.112"; 
+ 2 HgCI2, m.81 0.565b, 565c 

(PhS) 3P0, n 1 . 7 2 " . ~ ~ ~  

(EtS) 3PS, b20 182°15C5c b2 132-8°,303 1 18-9°,87 bo 8 97-100" ; " 

d 0/4 1.2227 ; n 20/D 1.6201 ; 86 + HgC12, m.84°.5c5b9 665c 

(PhS) 3PS1 m.86°.63T 
(PhCH2S) 3PS, m.-13 " 

Amides 

MeNHPSC12, b3, 115 0.511c 
EtNHPSC12, b.216", bZo 115 0.511c 
PrNHPSCI2, b17 121 " .511c 
i-BuNHPSC12, b.251 ", b15 123 " ."IC 
i-AniNHPSC12, bl6 140" .511C 
Et2NPSC12, bl4 107 " ; dl:, 1 .10.5.'11c 
Pr2NPSC12, b.24Z0, bls 133 " ; dl: 1.077.>"' 
i-Bu2NPSC12, m.36" ; blo 150" ."IC 
i-Am2NPSC12, b13 160-3" ; dl, 1.0288. 
EtNHPS (OEt) 2, biz 94°.511c 

Negatilve Deriua t i w s  
p~ . 

~~ - ~ 
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PrNHPSIOEt!2, hll 98"; dl, 1.005."11v 
i-BuNHPS (,OEt) 2 ,  h12 104°.511c 
MeNHPS (OCeH4C1-p 12,  d26 1.26 ; n 35/D 1 .5356.524c 
EtNHPS (OCGH~C~-p)  d28 1.15 ; n 35/D 1 .5290."4r 
i-PrNHPS (OCGH~CI-p) 2, dl9 1.13 ; n 35/D 1.5250.524C 
AmNHPS (OCcH2C13-2,4,6) 2, d31 1.07; n 35/D 1 .4956."4c 
c-HexNHPS (OC6H,Cl3-2,4,5) ,, ni.66-72" .524c 
i-PrNHPS (OC6H2BrC1z-4,2,6) 2, d30 1.23 ; n 35/D 1.5 103.s"c 
EtNHPS (OC6HC14-2,3,4,6) 2, d30 1.22; n 35/D 1 .5608.524c 

& EtNHPS (OC6C1:,)2, d30 1.36; n 35/D 1 .5536.524c 
l i  
'-'3 PhNHPS (OPh) 2, m.92°.39a 

PhNHPS iOCcH4Ble-pl m.106°x"a 
MezNPS (OEt) 2 r  b4;, 107' .;llC 
EtzNPS (OEt) 2, bzo 110" ; d15 1.0056.511' 
EtzNPS (OPh)n, m.58°.39a 
i-Am2NPS(OMe)2, b13 118-21 " ; dl j  1.0024."lC 
MeeNPS (OCsH4Cl-p)2, dp4 1.16; n 35/D 1 .5583.s11c 
EtZNPS (OCeH4CI-p) 2, dZs 1.16; n 35/D 1 .5458.524c 
Me2NPS (OC6H2C13-2,4,5) 2, d31 1.35 ; n 35/D 1 .5737.a4c 
E~QNPS(OCH~. )~ ,  b3 1334.5"; d 20/0 1.1825; n 20/D l.5050.25 
Me2NPS (OEt) 0C6H4N02-p, m.133" .525 
Et2NPS (OEt) OC6H4NO2-p, n 25/D 1 .5368.525 
HyNPS (OPh)2, m.115°,3Da 112°.226 
H2NPS (OCcH4C1-p) 2, m.96" .3Da 
H2NPS (OCCH4Me-p) 2, m. 13 1 " ?9a 
(H2N) 2PSOPh, m.l 19°.39a 
(EtZN) ZPSOEt, b.149-51 0.511c 
(PhNH) 2PSOPh, m.126°.3Da 
(HBNNH) ,PSOPh, ni.95" .68i 
(H2NNH)2PSOC6H4Me-p, m.106.68i 
(EtNH) 3PS, m.68°.511C 
(PrNH) 3PS, m.73 ",jllc 74".l12 
(i-BuNH) ,PS, m.78.5 0.511c 
i-BuNH (EtNH) 2PS, m.48.5 0.511c 
(PhNH) ,PS, m.154°.413 112 

(0-MeC6H4NH) ,PS, m.134.5" 
(p-MeC6H4NH) 3PS, m.186°,41 185" 
(p-EtOCcH4NH) 3PS, m.152. 041 

(p-ClCsH4NH) 3PS, m.226" .I1" 

(PhCH2NH) 3PS, m. 126" .l12 
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Acid-Esters and Derivatives 

Acid-Esters, (RO) 2PSSH 

Melting Points of Some Salts 

Salts of (RO) 2PSSH 

Me Ni, m.113°,40" 125°.393b 
E t  Ni, m.105"; Co, m.140; Fell1, m.129" ; 402a K, 171.157"; Pb, 

m.740,502 760.303~1. 393b, 393c 

i-Pr Pb, m.131°.393b 
Bu Hg, m.62°,502 61°.393b 
i-Bu Ni, m.63°.492a 
Ph Nil m.130.402a 

Silver Salk of (R0)2POSH 

(MeO) POSAg, m.144°.224 (Pro)  2POSAg, m. 124" .M5c 
(EtO) ZPOSAg, m.82" .j6ja, 565b (i-BuO) 2POSAg, m. 160" .565c 

Ester-Anhydrides and Ester-Sulfides 

(EtO) 2PO.O.PS (OEt) 2, b3 147.5-8.5" ; d 0/4 1.2065, d 20/4 
1.1885; n 20/D 1.4508.21 

(Me0) 2PS.0.PS (OMe) 2, b2 1 lf&20°.235 
(Et0)2PS.O.PS(OEt)z1 b0.2 110-3"; d 25/4 1.189; n 25/D 

1 .4753.707 
(Pro)  2PS-0-PS (OPr) 2, n 25/D 1.4713.70i 
(i-Pro) 2PSSO.PS (OPr-i) z, d 25/4 1.093 ; n 25/D 1.4620.707 

Negative Derivatives 
- -- 
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(BuO) aPS.O.PS ( OBu) -, t l  2.7 4 1 .Oc IS ; n 15 1 ) 1.46'10.'''' 
(EtO) 2PS.S.PS (OEt ) ., 8S-QO" '"I 

(MeO) ~ P S - S ~ S P S  ( O A I e ) ,  111.52 "."""' 
(E t0 )  2PSsS2.PS (OEt) b2 170-2°.491 
(i-Pro) J'S-S2.PS (OPr-i) 21 m.92" .3"b 
(Et0)2PS.S3.PS (OEt) 2, m.72°.491 
(EtO) 2PS.S4.PS (OEt) 2, 1n.43".~~l  

ALky1 Phosphorus Compounds 

EtPSC12, b5o 80-2" ; dzo 1.3606.314 
PrPSC12, b50 9 5 4 '  ; d20 1.2854.314 
i-BuPSC12, b50 110-3" ; d20 1.2515.314 
i-AmPSC12, b50 130-2" ; dZo 1.1771.31" 
EtPO(OEt)SEt, b4 76-6.5"; dzo 1.0709; n 20/D 1.4730.393c 
EtPS (OEt) 2, b13.5 82-3.5 " ; dzo 1.0332 ; n 20/D 1 .4563.303c 
i-AmPS (OEt) 2, b. 250-5" ; dzo 0.9848.314 
PhCH2PS(OEt) 2, b3.5 124-5" ; dzo 1.1022; n 20/D 1.5303.3933' 
Et02CCH2PS (OEt) 2, b5 105-6" ; dzo 1.1204; n 20/D 1.4621.393c 
c-C6H9PS (OMe) SMe, b3.5 133 " ; d 25/4 1 .170.23F 

Tetrathio-Orthoesters 

The compounds, E(SR)4, in which E is an element of the 
fourth group, are esters rather than mercaptides. 

TETRATHIO-ORTHOCARBONATES, C (SR) 

These are not well known. The tetraethyl was supposed to have 
been prepared from carbon tetrachloride and sodium Inercap- 

but this was a mistake. This and others have been made 
from the isothioureas. Several have been recorded: 48 

(MeS)4C, b12 126-7", m.65' ; tetrabromide, (MeS) 2C (SBr2Me) 2, 

deconlposes a t  122". 
(EtS)4C, m.33.5"; tetrabromide, m.67.5". 
(i-PrS) 4C, m.61.4'. 
(C6HllS) 4C1 cyclohexyl, m.169". 

Several aromatic tetrathio-orthocarbonates have been obtained 
from nitrosoisothioureas.31 

I t  has not been found possible to oxidise these tetrathio com- 
pounds to the t e t r a s ~ l f o n e s , ~ ~ ~  but partial oxidation products, 
such as (MeS) 2C (S02Ph) and MeS (PhS) C (SO2Ph) 2, have been 
obtained indirectly.44b 
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TETRATH~O-ORTHOS~L~CATES, Si (SR) 
From silicon tetrachloride and sodium mercaptides, a number 

of tetrathioesters of orthosilicic acid, Si(SR)4, have been pre- 
pared: 46, 4911, 4291) 

4RSNa + SKI4 + (RS)4Si + 4 N a C l  
3 t-BuSNa + SiC14 + ( ~ - B u S ) ~ S ~ C I  + 3 NaCl 
(t-BuS),SiCI + RSNa + (~ -BUS)~S~SR + NaCl 

The properties of some of the compounds follow. X-ray analysis 
shows that (BUS) 3SiSCHMe2 is isomorphous with (BUS) 4Si.42R 

Properties of Tetraalkyltetrathio-Orthosilicates 

(RS) 4S 49a 

Me, m.31"; b12 144-6'; d 35/4 1.1888; n 35/D 1.5989. 
Ek, m.4.8"; b12 169-71 ; d 25/4 1.0860, d 35/4 1.0785; n 25/D 

1.5638, n 35/D 1.5591. 
Pr, b17 204-6" ; d 25/4 1.0328, d 35/4 1.0252; n 25/D 1.5431, 

n 35/D 1.5379. 
i-Pr, m.33.5"; bI3 176-8"; d 35/4 1.0099; n 35/D 1.5350. 
Bu, b4 210"; d 25/4 0.9958; n 25/D 1.5292. 
i-Bu, b4 183"; d 25/4 0.9886; n 25/D 1.5255. 
s-Bu, b4 182" ; d 25/4 1.0022; n 25/D 1.5354. 
t-Bu, m.161°,49a* 429b tetragonal, sublimes 160-5" at  4 nim. 
Am, b4 230-1". 
Cetyl, m.5 1 ". 
Cyclohexyl, m.102.5". 
Ph, m.115". 
p-Tolyl, m.129". 
p-Me3CC6H4--,m.l86". 

(t-BUS) ,SiSR 

Me, m.44" ; 4ya, 42yb b4 15940°.49a s-But m.80°.429b 
Et ,  m.27" ; 4 y a 9  42yb b4 1631°.4ya t-Am, m.114°.46, 429b 

Pr, m. 62.5°.4ya, 42yb s-Pentyl, m.29" ; b2 169-70°.46 
i-Pr, m.105°;49a~ 429b b4 161- Cyclopentyl, m.105°.4" 42yb 

- 30 49a Cyclohexyl, m.65°.46- 429b 

Bu, bl 153.3-3.5°.46, 42yb 

i-Bu, m.77.5"; 463 429b bl 14G3°.46 

Negative Derivatives 32 1 

Halides 

Si (ESMe3) 3C1, m.71° 71 .So ; h4 145-SO0 .40a 

Si (SMe)3Br, bl 80-1" ; d 25/3 1.4935; n 25/D 1.5658.i46 
Si (SEt),Br, b2.5 155-8" ; d 25/4 1.3469; n 25/D 1.5650.74G 
Si (SPr)3Br, bl.5 13&S0 ; d 25/4 1.2408; n 25/D 1.5418.746 
Si(SCHMe2)3Br, b2.5 1324" ;  d 25/4 1.2209; n 25/D 1.5410.746 
Si (SCH2CHMe2) ,Br, bl 1434"  ; d 25/4 1.1789; n 25/D 1 .5282.i46 
Si (SCMe,) 2C12, bl3 133.5-5.0" ; n 16/D 1 .522.46 

t 
i Si(SEt)2Br2, b2.5 115.0-5.5"; d 25/4 1.6493; n 25/D 1.5658.i4G 

Si (SCH2CHMe2) 2Br2, b3.5 76-9" ; d 25/4 1.3527; n 25/D 1 .497.746 
Si (SCMe3) C13, b. 174-7" .46 

Miscellaneous 

1 (t-BUS) 2Si (SCHMe2) 2, m.62.5" ; b2 147-8°.46 
' t -B~Ss i ( sCHMez)~ ,  m.23.5"; b3 160-2°.46 

i-Pr trithio-orthosilicate, m.56" ; b5 1834"  .46 
(t-BUS) &OH, m.91 0.49a 

[ (t-BUS) 3Si] 20, m.249°.49a 
(EtO) 3SiSH, b.16&7°.254 

Cyclic esters have been prepared from ethanedithiol, 2,2-di- 
ethoxy silicodithiolane, b19 129" ; d 20/4 1.1344; n 20/D 1.4956; 
and the spiro diethylene ester: 4" 

Mixed oxygen-sulfur esters can be made from the ester-chlo- 
rides, ROSiC13, (RO) 2SiC12 and (RO) 3SiCl.543 

Silicon tetrachloride and hydrogen sulfide react: 

SKI4 + H2S + CI3SiSH + HCI 

With an alcohol, a trialkoxysilicon hydrosulfide is formed: 254 

I CI,SiSH + 3 EtOH + (EtO),SiSH + 3 HCl 
; 

What may be called trialkyltrithio-ortho-silicoformic esters, 
1 HSi (SR)3, have been made from trichlorosilane and mercaptans ' ili the presence of a base: 746 

HSiCI, + 3 HSR -+ HSi(SR)3 + 3 HCI 
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MTitli hcnzoj-l c*llloritlc, onr alkyhnercnpto grc~lp of tl~i:~llryl~iicr- 
captosilane is exchanged for chlorine: 

HSi(SMe)3 + PhCOCl + HSi(SMe)2CI + PhCOSMe 

In  bromination, either the hydrogen atom or an alkyl mercapto 
group or both are replaced by bromine. The products may be: 
(RS) 3SiBr, HSi (SR) ,Br and (RS) 2SiBr2.7M Properties of some 
of (RS) 3SiBr, (RS) 2SiBr2, and of HSi (SR) 2Br will follow. 

Mono and dialkyl silicon derivatives have been made from 
the corresponding chlorides in the usual way. Dialkylsilicon di- 
chlorides react wit,h ethanedithiol to give 2,2-dialkylsilico-l,3-di- 
thiolanes : 

Et HSCH, Et SCH2 
\ I 

SiC12 + I + 
\ / I  

Si I 

Et 
/ I 

HSCH2 
/ \ I  

Et SCH2 

The products are claimed to be heat stable and useful in lubri- 
c a n t ~ . ~ ~ ~  A mixed compound such as MezSi(SPh)SAm, may be 
made. Trialkylsilicon derivatives, such as Pr3SiSPh, are k n o u ~ n . ~ ~ '  
Some of these compounds are list,ed in t,he following pages. 

Silicon sulfide reacts like carbon disulfide in the formation of 
a xanthate: lEZa 

SiS2 + EtONa + EtO'SiS'SNa 

This product and the alkali salts of monoesters of di- or tri- 
thiometasilicic acid are claimed as flotation a g c n t ~ . l ~ ~ ~  

Some Mixed Silicon Compounds 

Trialkylmercapto Silanes 

HSi(SMe)3, bl,.5 66.5-9", b7 90-1"; d 25/4 1.1423; n 25/D 
1.576 1 .746 

HSi(SEt)3, bl 87.5-8", b3 104-5"; d 25/4 1.0484; n 25/D 
1 .5440.746 

HSi (SPr) 3, bl 120-lo, bz 135" ; d 25/4 0.9991 ; n 25/D 1 .5278.746 

H S ~ ( S B U ) ~ ,  b9 180-2" ; d 25/4 0.9819; n 25/D 1.5160.746 
HSi (SCH2CHMe2) 3, b3 135-8" ; d 25/4 0.9694; n 25/D 1 .5160.746 
HSi (SCMe3) 3, m.48" ; b4 1 16-20°.746 

- 

HSilSEt)2(;1, h2 6 3 4 " ;  d 25/4 1.1218; 11 25/D 1..5160.746 
H S ~ ( S B U \ ~ C I ,  be 119" ; d 25/1 1.0358; n 25/D 1.5030.746 
HSi (SCIZIe3)2C1, b4 7%80° ; d 25/4 1.0222; n 25/D 1.5040.746 
HSi(SMe)2Br, b8 70-2" ; d 25/4 1.4997; n 25/D 1.5660.746 

+ HSi(SEt)zBr, b3 8 1 3 " ;  d 25/4 1.3677; n 25/D 1.5408.746 
, HSi (SCHMez),Br, bz 83-5" ; d 25/4 1.2683; n 25/D 1.5195.746 

HSi(SCH2CHMe2)2Br, b3.5 121-5"; d 25/4 1.2445; n 25/D 
i 1.5159.746 
1 

Silicodithiolane 

1 5  
S-CH2 

2 /  1 

TETRATHIOSTANKAT~, Sn (SR) 4 

Stannic mercaptides can be prepared by the action of tin and 
hydrochloric acid on alkyl disulfides; from stannous chloride, a 

1 mercaptan, and air, or from stannic chloride and a mercaptan. 
I Sn (SC6H4NMe2)4 melts a t  159°.750 Many have been synthesized 
I by methods similar to those used for the tetrathio-orthosili- 

i ' c a t e ~ . ~ ~ ,  430n. 430b The properties of some of these are in Table 4.3. 
. The ally1 and isobutenyl derivatives are liquids which polymer- 

ize. From 2,2'-dimercaptoethyl ether, a spiro compound, m.124", 
1 has been prepared: 
t 

TETR.~THIOGERRIANATES, Ge (SR) 

Froni germaniuln tetrachloride, compounds of the general for- 
mula Ge (SR)4 have been ~bta ined .~"  Their properties are listed 
in Table 5.3. Tetratertiaryhutylmercapto germanium is tetra- 
gonal and isomorplious with the corresponding silicon and tin 
~ o r n p o u n d s . ~ ~ ~ ~  
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TABLE 4.3 

Properties of Tetrathio-orthostannates, STL(SR)~ 4i 

m. bo.001 
R "C. "C. n 20/D 

Me 
E t  
P r  
i-Pr 
n-Bu 
i-Bu 
S-BU 
t-BU 
n-Am 
t-Am 

Lauryl m.35.5". 

3 1 81 - 
- 105 1.6188 
- 123 1.585 1 
- 92 1.5789 
- 136 1.5539 
- 126 1.5599 
- 11 1 1.5668 

188,4i 185.5-7 - - 
- 162 1.5475 
44 - - 

Cetyl m.53.5". Cyclohexyl m.54". Phenyl m.67". 

TABLE 5.3 

Properties of Tetrathio-orthogermanates, Ge(SR)4 40b 

b. Pressure 
R "C. mm. d 25/4 n 25/D 

t-Bu, m.172-3". 
t-Am, b 240-1°.40a 
Cetyl, m.50-1 0.49a 
Cyclohexyl, m.84" and 88°.49a 
0 (CH2CH2S) 2Ge (SCH2CH2) 2 0 ,  m.159.5". 
Ph, m.101.5°.49a 
p-Tolyl, m . l l l  0.40a 
p-Me3CC6H4-, m.156°.49a 
(t-BUS) 3GeC1, m.67" ; b4 1567°.40a 

The alkyl thiosulfates hare been studied extensively. The first 
objective was to get light on the constitution of thiosulfuric acid 
and its salts. It was soon found that alkyl thiosulfates are useful 
intermediates for the preparation of mercaptans and their de- 
rivatives. The reactions of various alkyl halides with metal thio- 
sulfates, under different conditions, have been of considerable 
theoretical interest. 

Bunte, for whom the salts are named, caused ethyl bromide to 
react with sodium thiosulfate in an effort to decide between the 
two possible structures of thiosulfuric acid, 02S (ONa) SNa and 
0S2(0Na)2,  assuming that sodium joined to sulfur would be re- 
placed more rapidly. He obtained the ester-salt, EtS203Na, 
which, on hydrolysis with hydrochloric acid, gave ethyl mercap- 
tan and enough sulfuric acid to account for half of the original 
sulfur. Whether this showed anything as to the constitution of 
the sodium thiosulfate is questionable, but the Bunte salts have 
been most useful.ll" The fact that ethyl potassium thiosulfate 
was obtained from ethyl bromide and sodium potassium thio- 
sulfate was taken as showing that this salt is K0.S02.SNa. Actu- 
ally it proved that the potassium ester salt, EtKS203 is less solu- 
ble than the sodium, EtNaS203.638 Similar results were obtained 
with potassium ammonium t h i o ~ u l f a t e . ~ ~ ~  

The methyl, propyl, and isobutyl thiosulfates were prepared, 
but chloroform, iodoform and carbon tetrachloride did not react 
as e~pected.~~"llyl, i-propyl, hydroxyethyl, and ethylene salts 
were obtained later. Ethyl chloroacetate and chloracetic acid 
gave the salts, Et02CCH2S203Na and Na02CCH2S203Na."0 

Ethyl thiosulfuric acid, EtS-S03H, is said to have been made 
from ethyl sulfide and sulfuric acid."2 This statement was made 
in 1869 and needs verification. It is known that ethyl sulfide is 
quite soluble in sulfuric acid. Phenyl mercaptan unites with 
pyridinesulfur trioxide to give the pyridine salt of phenylthio- 
sulfuric acid. 64a9 6 4 b 9  A mercaptan, iodine and sodium sulfite 
unite to form the t h i o s ~ l f a t e . ~ ~ ~  Formaldehyde unites with thio- 
sulfuric acid to form a sort of hemiformal. This decomposes re- 
versibly : 
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T l~ i s  rcaction is ~~lonoinolecular. T l ~ c  t l ~ i o f o r i i ~ n l ~ l ~ ~ l ~ y ~ l ~ ~  i? prc- 
cipitated as the trimer."'" 

An alkyl disulfide reacts with sodium ~ulf i te  to  produce a t l~io-  
sulfate: 629 

According to a later study, it is better to use the bisulfite as the 
sulfite is too alkaline. Some Bunte salts not otherwise available 
can be made in this way. The reaction is more complicated than 
as written. Some alkali thiosulfate is also formed.4m I n  the case 
of aminoaryl disulfides, and with these only, sulfur dioxide may 
be substituted for the salt.ll4. 4s2 

Many studies have been made on the rates of formation of 
alkyl thiosulfates. Methyl iodide, bromide and chloride, ethyl 
iodide and bromide, and ethylene iodide, bromide-iodide, bro- 
mide, chloride-bromide and chloride-iodide have been compared 
as to  their reaction 648 The data are in agreement 
with theory.51s" The velocity with methyl bromide is seventeen 
times as great as calculated from the collision theory in  its sim- 
plest form.518b The energies of activation increase in inverse 
order to  the heats of the reactions with various alkyl halides.53" 
The reaction with sodium chloracetate is b i r n ~ l e c u l a r , ~ ~ ~  so is that  
with dichloroethyl ether.82 The velocity of the reaction between 
the bromoacetate ion and sodium thiosulfate has been measured 
from 30 to  90°.39ia3 39s The effect of concentration has been de- 
termined.44Ga The a- and @-bromopropionates have been com- 
pared.448a Bromomalonic and bromosuccinic acids have been 
studied also.67* Os> 47s There have been extensive investigations 
on the effects of neutral 73p 425, 446b, 447, 448b of nonelec- 
trolytes 217v 2 4 0 8  398, 397b 423, 685 and of changing the reaction 
medium.424, G20 Bunte salts, H2NCH2CH2SS03Na,s1s HN- 
(CH2CH2SS03Na) z181 Et2NCH2CH2SS03Na, MeNHCH2CHPh- 
SS03Na, Me2NCH2CH2SS03Na, MeNHCHMeCHPhSS03Na, 
and many other similar salts have been prepared from @-halo- 
e t h y l a m i n e ~ . ~ ~  Thallium thiosulfate has been recommended for 
the preparation of such salts.455 

Bunte salts are readily prepared from alkyl halides or sulfates 
and sodium thiosulfate. This salt, Na2S2O3*5H20, m. wt. 248, is 
soluble in about half of its own weight of water a t  50". The alkyl 
halides, except the lower ones and those that  have solubilizing 

- 

groups in them, are only slightly soluble in water and still less so 
when a large amount of an inorganic salt is present. Usually the 
thiosulfate is dissolved in 2 or 3 parts of water and the alkyl 
halide, in more or less alcohol, is added dropwise with stirring 
and heating under reflux. The completion of the reaction may 1 be judged by the disappearance of the alkyl halide or by the ab- 

i sence of a precipitate of sulfur when a mineral acid is added to  
I a test portion of the solution. On account of the instability to  

heat of sodium thiosulfate and its derivatives, too high a tem- 
perature and too long a time of heating are to be avoided. The 
less soluble Bunte salts separate out on cooling and may be 

t recrystallized from methanol or ethanol. The more soluble ones 
may be recovered by evaporating the reaction mixture to dry- 
ness and extracting the residue with boiling alcohol.551c Ethyl 

, bromide and thiosulfate solution, shaken together a t  35", give 
I an almost theoretical yield of the salt."j2 Etliylene bromide and 

a saturated aqueous solution of sodium thiosulfate, stirred to- 
gether for 10 days a t  40°, give a good yield of the desired salt.480 
Secondary and tertiary alkyl bromides give poorer yields on ac- 
count of the formation of 0 1 e f i n s . ~ ~ ~  Commonly the Bunte salts 
are prepared as intermediates and used for further reactions in 
the solutions in which they are formed. In  such cases, their isola- 
tion is unnecessary. 

The methyl Bunte salt crystallizes from water with one half of 
a molecule of water of c r y s t a l l i ~ a t i o n . ~ ~ V l l i s  is true also of the 
ethyl, amyl, and 1iexyl."j3 The ethylene, liexamethylene, and 
decamethylene have two molecules of water and the pentamethy- 
lene, t h r ee . "The  crystal structure 244 and diamagnetic suscepti- 
bility 14" have been studied. 

Reactions of A l k y l  Thiosulfates 

Tliiosulfuric acid decomposes in three ways: 31in 

When ,z dilute solution of sodium thiosulfate is added slowly to 
b,oiling hydrochloric acid, 91% goes to hydrogen sulfide and sul- 
furic a ~ i d . " ~  Ethyl tliiosulfate is unlike sodiuni thiosulfate in 
that  it does not decolorize cupric salts and does not dissolve silver 
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chloride,31ia but its hydrolysis follows the same pattern. As the 
sulfur-carbon bond is not easily broken, E tSH will take the place 
of H S H  and EtS-, which doubles up to EtS-SEt, will be found 
instead of S. Hydrolysis in tlie presence of acid is usually 
written: 11% 580 

RSeS03Na + H 2 0  + RSH + HOS03Na 

EtS'S03Na + H 2 0  + SO, + H,O + EtSeOH 
EtSeOH + SO, + H,O -t EtSH + H,S04 
2 EtS-OH + SO, + EtSaSEt + H,S04 
EtS'S03Na + NaOH + Na,S03 + EtSSOH 

The existence of EtSOH, the assumed intermediate, has been 
questioned,573b* 574a7 574b but tangible evidence of its presence has 
been brought forward.lgO A good yield of mercaptan may be 
obtained by acid hydrolysis.43c7 442, 573b, 5748, 574b, 580 ~ h ,  
presence of a reducing agent aids its formation.317a The alkaline 
hydrolysis of benzyl sodium thiosulfate gives several products, 
among which are benzyl disulfide, sodium thiobenzoate and ben- 
z ~ a t e . ~ ~ ~ ,  573bv  574b, 574c The addition of sodium carbonate, or hy- 
droxide, to a nitrobenzyl thiosulfate causes the separation of tlie 
d i s ~ l f i d e . ~ ~ ~ ~  

A t  100" an alkyl thiosulfate decomposes into the disulfide and 
sodium dithionate: 115. 5 5 1 ~ ~  552, 689 

When heated for some time, methyl sodium thiosulfate goes to  
pieces and methyl sulfide, methyl disulfide and sulfur dioxide are 
given off. At 200" methyl sulfone, MePS02, sublimes.78 

D r y  distillation gives disulfide, sulfur dioxide, and sodium sul- 
fate:  78, 580 

2 RSeS03Na + RS'SR + SO2 + Na2S04 

Benzoyl chloride and sodium thiosulfate, heated together in 
water-alcohol solution, gives a 58% yield of benzoyl disulfide 
(PhCOS) 2.i30c 

Electrolysis with a diaphragm gives the disulfide a t  the ca- 
thode: m"" 

2 RSSSO3- + 2 H + RS'SR + 2 HS03- 
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Tlic iilcrc.apt:ln 110111 ail nlkyl co(11111ii tlil0~111iat(~ C:III 1x1 ron- 
verted directly into derivative. ~ ~ i t h o u t  isolatiun. An nlde- 
hyde,"8h 68.1 73"" or a ketone,j-', "lh '>X3 lllay react wit]l the nat- 
cent mercaptan. A mercury mercaptide i i  obtained when ethyl 
sodium thiosulfate is treated with inercuric cyanide.318b The reac- 
tion with a sodium mercaptide gives a disulfide and that  with 
sodium cyanide, a thiocyanate: 246 

RSSSO3Na + NaSR' + RS'SR' + NaZS03 
R9SO3Na + N a C N  RSCN + Na2S03 

; The addition of an alcohol solution of potassium sulfide to  a 
like solution of ethyl sodium thiosulfate causes the separation of 
alkali sulfite. The solution turns yello~v ~vliicli is believed to be 

I due to EtSSK. On heating, sulfur is deposited. The reactions 
1 seem to be: 318a 

EtSSSO3Na + K,S + EtSSNa + K2S03 
EtSSNa + EtSNa + S 

Ethylene sodium thiosulfate and sodium tetrasulfide give a poly- 
meric ethylene t e t r a ~ u l f i d e . ~ ~ ~ ~  

Reduction with sodium results in mercaptan and sodium sul- 
fite: 

EtS.S03Na + N a  + H + EtSH + Na2S03 

2-Mercaptohydroquinone has been made by reducing the corre- 
sponding thiosulfate with zinc and hydrochloric acid.6 

Oxidation with 683, 'i30b or hydrogen peroxide,683. 715s 

730b converts an alkyl thiosulfate to  the disulfide. Stronger oxida- 
tion takes it to  the sulfonic acid salt.342c If this is done with chlo- 
rine in water tlie product inay be the sulfone chloride or the sul- 
fonate, according to ronditi~ns.~""~;' 

An alkyl tliiosulfate reacts with phosphorus pentachloride to  
give an unstable chloride: 551cs 

EtSSSO,Na + PClj + EtS'S02CI + POCI3 + NaCl 
2EtS50,CI + EtSSEt + SO, + SO,Cl, 

The silver salt with pliospIiorus trichloride goes to the alkyl di- 
sulfide and phosphorus o x y c l ~ l o r i d e . ~ ~ ~  

It has been proposed tu use tlie thiosulfate group as the water- 
soluble end in wetting, cleansing and dispersing agents. Sodium 
thiosulfate may be caused to react with a decyl or dodecyl halide, 
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~vitli p-cliloroetl~yl stearate, CIiII:~~CO~CH~CII~C1."'" '~ :'" wit11 a 
long-chain ester,3158, 344, 422 wit11 an alpha-halogenated ether, such 

as C12H2&CH2Cl or C16H330CH2C1,665 or v i th  other similar 
halides to give useful products.lx" 3 Q r 1 3  " ' 9  666" The benzyl :i"h and 
ethyl 533 derivatives are said to be valuable in flotation. 

A sulfonic and a thiosulfonic acid are formally related to each 
other as acetic and thiolacetic. 

MeCOSOH 
Acetic 

RS02.0H 
Sulfonic 

MeCO'SH 
Thioacetic 
RS0,-SH 

Thiolsulfonic 

The thiolsulfonic acids are not as well known as are their esters. 
The chief interest in these is in their isomerism with the disulfox- 
ides : 

RSO,.SR 
Thiolsulfonic ester 

RSO-SOR 
Disulfoxides 

For quite a while there was uncertainty as to which of the two 
structures should be assigned to them. There is in any case only 
one compound. The aromatic compounds of this class have 
been investigated more thoroughly than the aliphatic. Esters, 
RS02SR', in which the two radicals are different are known but 
are not so common as those in which both are the same. 

The oxidation of ethyl disulfide by dilute nitric acid 438, 4 7 i 9  479, 

488, 556a, 536d or by peracetic acid in ethyl acetate a t  0"  649b gives 
what might be supposed to be the disulfoxide, EtSO-SOEt. 

The oxidation of ethyl sulfide under comparable conditions gives 
ethyl sulfoxide, Et2SO. Sulfoxides are comparatively unstable 
and are readily oxidised or reduced. This is true of sulfur dioxide 
and of quadrivalent sulfur compounds in general. If it is assumed 
that the first oxidation product is the mono-sulfoxide the second 
oxygen atom might go either to the -SO- group or to the -S- 
atom : 

RSO'SR + 0 + RS02'SR or RSO-SOR 

Or there might be disproportionation: 

I t  is, of course, possible that  this reaction may be reversible. 
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Ethane sulfonyl cliloride and a metal sulfide may give various 
products according to conditions. ,4 metal salt of an alkanethio- 
sulfonic acid can be made from the sulfone chloride and a metal 
hydrosulfide: 53 

RS02Cl + MSH + RS02SM + HCI 
i 
5 The ester, EtS02SEt,  may be formed.649b As the metal sulfide is a 

i reducing agent, the ester may be regarded as an intermediate in 
the reduction of the sulfone chloride to the mercaptan. When the 
metal sulfide is added to the chloride, sulfur separates and then 
dissolves: 

EtS02CI + K,S + EtS0,K + S + KC1 
EtS02K + S + EtS02SK 

Alkylation with ethyl bromide gives the ester, EtS02SEt, boa 
56"; n 25/D 1.4972,649b which is identical with the above oxida- 
tion 649b, 668 This is a general reaction.75 

Benzene and toluene thiosulfonic acids have been alkylated 
similarly.547b- 549, 551a, 551b Toluene sulfone chloride reacts with a 
mercaptan in alkaline solution to give the 391 This may 
react with a second molecule of the mercaptide: 293 

MeC6H4S0,CI + KSBu + MeC6H4S02SBu + KC1 

MeC6H4S02SBu + KSBu + MeC6H4S02K + BuSSBu 

Benzenesulfone iodide and a silver mercaptide, AgSR, give much 
better yields of the esters.291 

A silver sulfinate and a sulfene chloride give the ester: 260a, 457, 

759 

PhS0,Ag + ClSPh + PhS0,SPh + AgCl 

The unsymmetrical structure seems to be proved by the fact that  
two distinctly different but isomeric products are obtained when 
the -S02Ag and CIS- groups are interchanged: 291v 517 

CI,C6H3S0,Ag + CISC6H3Br2 + CI,C6H3S0,SC6H3Br2 + AgCl 
Br2C6H3S0,Ag + CISC6H3CI, + Br,C6H3S02SC,H,CI, + AgCl 

2-Thienyl "disulfoxide" is forined from 2-thiophenesulfinic 
acid and hydriodic acid.170 Benzenesulfinic acid is similarly re- 
duced by hydrogen sulfide.54ia By a sort of disproportionation, 
three molecules of a sulfinic acid give one of the ester and one of 
the sulfonic acid: 

3 P h S 0 2 H  + PhS02SPh + PhS03H + H,O 
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This takes place when the sulfinic acid is heated in water solu- 
tion.263n, 54ia ,  54'3. .5.Zla. 55 lb ,  5S6a. 536b It on slowly at room tern- 
perature in a vessel protected from tlie air.jSGc 

I n  concentrated hydrocliloric acid p-naphthalenesulfinic acid 
goes to the thiolsulfonate, CloH7S02SCloH7.445 An aryl sulfinic 
acid and benzoyl chloride give the "disulfoxide" and benzoic 
acid.361n Camphor-p-sulfinic acid is readily converted to the "di- 
camphoryl-p-a-disulfoxide," m.212" ; [a] 20/D -93.04.348 

A disulfide takes up four atoms of bromine or four atoms of 
iodine. Hydrolysis of either of these gives the disulfoxide. Treat- 
ment of this with hydrobromic or hydriodic acid regenerates the 
tetrahalides.261br It is somewliat simpler to assume the di- 
sulfoxide structure in writing these reactions, but it must be re- 
membered that sulfur to  sulfur and sulfur to  halogen bonds are 
labile. The chlorination of benzyl mercaptan gives some of the 
thiolsulfonate along with the disulfide and sulfone chloride.lQ5 

The facts that  dibenzyl "disulfoxide," boiled with alcoholic 
potash, gives the disulfide and tha t  dinaphthyl "disulfoxide" is 
reduced to the disulfide by sodium bisulfite have been considered 
as favoring the symmetrical formula, RS0.SOR.350bl 350c The 
above remarks apply here also. A study of the reactions of 
methyl-camphor-10-thiolsulfonate with a number of sodium sul- 
finates has given evidence of the correctness of the unsymmetrical 

A synthesis which points to  the unsymmetrical 
structure is that  from diphenyldiazomethane, sulfur dioxide and 
a mercaptan: 434 

Ph2CN2 + SO2 + RSH + Ph2CHS02SR 

The infrared spectra of "disulfoxides" confirm the unsymmetrical 
structure.171 I n  x-ray studies, they have been compared with 
(ArS02) 2 ,  (ArS02) $3, (ArS02) 2S2 and (ArS02) 2S,.175 

The "disulfoxide" from the oxidation of cystine has received 
considerable attention.'O4? 706 

The reaction of methanesulfonyl chloride with 11-methoxy- 
pl~enyltellurium chloride gives MeS02STeC6H40h/le."'ge Treating 
sodium methanethiosulfonate with sulfur dichloride gives a com- 
pound having fire sulfur atoms in a row, two of them oxidised: 

Analogous compounds having selenium and telluriun~ as central 
atoms, (MeSOaS) 2Se and (MeS02S) 2Te, have been madeqZ4Qd 
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The crystal structurre of tlicse 11avc bee11 deterininecl. Tliey are 
isoniorl~lic~us, each having four molecules in tlir unit cell.25" 

At 150" benzyl "clisulfoxitlc" clecomposea into benzyl sulfide 
and disulfide, bcnzaltleliyde, benzyl acetate, and metliyl phenyl- 
t h i o a ~ e t a t e . ~ ~ ~  

Alkaline hydrolysis gives sulfinic and sulfonic acids and di- 
sulfide: 3 N b ,  54ic, 549, 650, 55111, 55 lb ,  556b, 556d 

Potassium sulfide splits the ester: 5493 551nv 5"b 

PhS0,SR + KSK + PhS02SK + KSR 

! Reduction splits the ester into sulfinic acid and mercaptan: 31id3 

i 517, 547b, 547c, 548, 556b, 5SOd 
! 

RS02SR1 + 2 H + RS0,H + HSR' 

Further reduction converts the sulfinic acid to  a m e r ~ a p t a n . ~ ~ ' ~ .  
547b, 640, 551n, j51b Lithium aluminum liydride gives the disulfide 
and m e r ~ a p t a n . ~ ~ ~  Sodium bisulfite reduces to  the disulfide.3"c 

Hydroxylamine reacts with the p-tolyl 'ldisulfoxide" in dif- 
ferent ways according to  conditions. p-Toluenesulfonamide may 
be formed. Phenylhydrazine displaces the mercaptan: 3"b 

Chlorination converts a thiosulfonic ester to the  sulfone chlo- 
ride, RS02Cl.lg5- 550 Aryl esters, ArSO2-SAr, both phenyl and 
tolyl, have been brominated. There seems t o  have been only ad- 
d i t i ~ n . " ~ ~ ~  548, 550 Oxidation leads to the sulfonic acid."6a, 5""c 

The reaction with l~ydrobromic acid gives a sulfenyl bromide, 

A thiosulfonic ester and a nlercaptide give a sulfinic salt and 
a disulfide: 293, 540, 556a, 566b, 5Xc,  650 

Writing the thiosulfonic ester backward, RS.S02Ar, makes i t  look 
like a sulfene halide, RSX, and brings this reaction in line with 
those of the sulfene halides. This is a satisfactory way to prepare 
unsymmetrical aryl di~ulfides.~" The reaction with a Grignard 
,reagent is somewhat similar: 

Some disulfide is a by-product.51i 
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T l ~ e  -;.EZr : I ( I \ I ~ )  0 1  ;1 tlliolsulfonic~ cstcr can bc wbstituted for 
an aclti~e 11ydl.ogc~n. Thus wit11 n~alonic ester, the product is 
RrSC'H ( C02Et) ,-.u'fi. 'R""he Me% and PhS- groups have been 
introduced into c l ibenze~~e~ulfonyImet l~ane  in this way, giving 
h1eSCN (SO.Ph)', (hlcS),C (SO,Ph),, PhSCH (S02Ph) and PhS- 
(MeP) C (S02Ph) 2.44" 10,lO-b6-Metllylmercaptothiaxanthene- 
5,5-dioxide has been prepared similarly.433 With ketosulfones, 
RS02CH2COMe, there is a similar substitution and there may be 
also an  exchange of the RSOT group of the thiosulfonic ester and 
that  of the keto~ulfone.l6~ 

Methyl methanethiosulfonate and similar esters are claimed as 
selective solvents for extracting polycyclic hydrocarbons from 
petroleum fractions.i4s 

Several selenium analogs, o-N02C6H4SeS02R, have been pre- 
pared. The melting points are: R = phenyl, 109" ; p-tolyl, 118" ; 
o-tolyl, 95" ; and p-bromophenyl, 126" .248a 

By causing o-nitrobenzenesulfenyl bromide to react with a salt 
of an alkanethiosulfonic acid, compounds having an additional 
sulfur atom are obtained: 

This melts a t  98" and the ethane derivative a t  91°.249b Similarly, 
from the selenenyl bromide, o-N02C6H4SeBr, the ester, MeSO2- 
SSeC6H4N02-o, m.96", has been 

The diamagnetic susceptibilities of the ethyl and p-tolyl 
p-tolyIt11ioIsulfonates are 114.9 and 156.7.140b 

Allicin, of which 6 g. has been obtained from 4 kg. of garlic 
cloves,13' has been found to have the structure H2C:CHCH2S0.- 
dCH2CH:CH2.133 The fact that  this shows antibacterial action 
led to the preparation of other compounds of this class. These 
arc conveniently prepared by the oxidation of alkyl disulfides by 
means of peracids. The oxidation goes readily when the alkyls 
are primary, poorly when they are secondary, and not a t  all when 
they are tertiary. The formula, t-BUS-SOEt, has been assigned 
to the oxidation product from the ethyl t-butyl dis~11fide. l~~~ 64Qa, 677 

The benzyl ester has been prepared from benzyl disulfide and per- 
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benzoic acid. It is reduced back to the clis~ilfide by sodiuin sul- 
fite. When the reduction is by cystcine, the product may be a 
mixed d i s ~ l f i d e . ~ ~  

The alkyl thioIsulfinates are mobile liquids, soluble in organic 
solvents. They are fairly stable a t  room temperature and can 
be distilled a t  low pressures. The properties of some of them are 
in Table 6.3. The derivative from the oxidat,ion of ally1 disulfide 
was found to be identical with the compound from garlic. 

Propcrtics of Some Aliphatic Thiosulfinic Esters 648n 

b. Solubility 
Formula "C. Pressure d 20/4 n 25/D in water 

As H2S2O3 is thiosulfuric acid, H2S202 should be thiosulfurous. 
It has been so designated thougli the name does not fit tlie con- 
stitution. Only recently has the free acid been prepared by sa- 
ponification of one of its esters under special  condition^.^'" 

The esters were discovered back in 1895 " h n d  appear to 
have been forgotten for 40 years. They are not mercaptan de- 
rivatives but are mentioned here briefly since they are isomeric 
with thiosulfonic esters, RSO2-SR, and bear a formal relationship 
to the sulfenic esters RS-OR. 

These esters are prepared by tllc reaction of sulfur inonochlo- 
ride on sodium alcoholates, free from the alcoliols, suspended in 
well cooled petroleuin The nietliyl ester, hIe202S2, 
boils a.t 34.2 to 34.7" a t  17 111111. and the ethyl, a t  62.0 to 62.7" 
a t  15 to 16 mm.x'8a They are stable in contact wit11 water or air. 
Concentrated acids cause the separation of sulfur. Sodiuin ctliyl- 
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ate, in absolute alcohol, abstracts sulfur from the ethyl ester. 
S202Et2, leaving S (OEt) 2, b17 24') wl~icli is oxidised by molecular 
oxygen to ethyl sulfite, OS (OEt) 2.510a Potassium hydroxide, in 
methanol, causes the separation of sulfur and the formation of 
potassium t h i o s ~ l f a t e . ~ ~ ~ V h e  methyl ester is decomposed by 
dilute hydrochloric acid, yielding sulfur, pentathionic, sulfurous, 
and thiosulfuric acids.cia Methyl and ethyl thiosulfites are de- 
composed when refluxed a t  atmospheric pressure. Hydrogen sul- 
fide and sulfur are produced by both; the other products are 
methyl formate from the methyl ester and ethyl acetate from the 

Alkoxy determinations show the presence of -OR groups in 
these esters.""" The parachors of several have been measured 
and are given in Table 7.3 along with the densities and surface 
t ens ion^.^^^^ 

Thiosulfi fe Es f ers, ROSSOR 

Surface 
Alkyl d 25/4 tension Paraclior 

Dimet.hy1 1.1841 32.45 254.3 
Diethyl 1.0815 29.53 332.4 
Dipropyl 1.0361 29.16 408.7 
Dibutyl 1.003 1 28.82 485.6 

The results indicate the absence of liomopolar bonds, but do not 
decide between the structures, RO~S.S.OR and S:S(OR)2.6i3s 
Raman spectra 3 0 0 v  622 and dipole moments 622 of the methyl and 
ethyl esters favor the structure, RO-S-S-OR. The diamagnetic 
moments for the methyl and ethyl esters are 62.26 and 86.22.149a8 
148b 

A silver salt of an organic acid and sulfur chloride react 

2 RCOOAg + CI,S, + RCO-OwS,-OCOR + 2 AgCl 

The product may be considered a mixed anhydride of the organic 
acid and of which S2C12 is the chloride. Conlpounds of 
this sort have been obtained from silver acetate, butyrate, i-buty- 
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rate, i-ralerate, and palmitate. They a r c  riwouq un~tah le  corn- 
pounds. They decompo~e: 

The ainine sulfides, (R2N) 2S2, are amides of the acid, (H0)2S% 
They are discussed in the chapter on substituted sulfides. 
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CHAPTER 4. 

Substituted 
Mercaptans 

Theoretically, a t  least, the alkyl or aryl group of a mercaptan 
may carry any sort of substituent. However, only a few of these 
are important. There may be two or more substituents, of the 
same or of different kinds. The hydroxymercaptans are the best 
known. Halogenated mercaptans are known, but are not easy to 
prepare or to keep. 

The substituent groups that arc herc considered arc the hy- 
droxyl, HO-, alkoxyl, RO-, or aroxyl, ArO-, alkylmercapto, RS-, 
or arylinercapto, ArS-, ainino or substituted arnino, NH2-, 
NHR-, NHAr, NRo or NAr2, and the carbonyl, C O - .  Ilydroxy- 
mercaptans and chloro-mcrcaptans arc so closely associated in 
preparations that they will be considered togetl~cr. 

Hydroxymercaptans 

In  general, these can be prepared by the usual methods ant1 
show the eliaracteristic reactions of mercaptans. In some cases 
special methods are available. Their physical properties are 3 

cross between those of alcollole and mercaptans. 

The simplest possible n~einber of the group, hydroxymethyl 
mercaptan, HOCH2SH, has not been isolated, but is believed to 
376 
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be produccd nhen forll~al(lchyde xl~lfosylntr I. rcdurctl by 11ypo- 
phosphorus a c i d . l T l i e  thioacetatc, -lcSCH,OH, has been rc- 

I portcd.jO 
The methyl ether has been prepared: ""' 

CH30CH2CI + KSH + CH,0CH2SH + KC1 

It is far more stable than the corresponding alcohol, CH3- 
OCHZOH. It forms mercaptides and can be acetylated in pyri- 
dine. 

The monothioformals are the dialkyl derivatives of hydroxy- 
methyl mercaptan. They can be rnadc in two ways: 

EtONa + CICH,SEt + EtOCH,SEt + NaC14" 

i EtSNa + ClCH20Et  EtOCH2SEt + NaCl QH2 

These will be taken up under mercaptale in Chapter 13. 
a-Hydroxymercaptan, or a-mercal3toethano1, MeCH (OH) SH, 

is not known, but its ethers are made by the addition of hydrogen 
sulfide, in the presence of sulfur dioxide, to vinyl ethers: 

e These being hemiacetals are not very stable, but their acetates 
and bcnzoates, AleCH (OR) SAC and MeCH (OR) SBz, are sta- 
ble.345, 409 

Trifluoromethyl mercuptan, F3CSH, has been obtained by treat- 
ing the inercaptide, (F,:CS)2Hg, with hydrochloric acid. The sul- 
fide, (F:<CJ2S, and trifluorolnethanc arc among the products of its 
decomposition by ultraviolet light. Chlorine converts it to the 
disulfide, (F3CS)> The mcrcaptan is hydrolyzed slowly in watcr 
and rapidly in alkaline s c ~ l u t i o n . ~ ~ ~  

Trichloromethyl mercaptan, Cl,CSH, lias bcen prepared indi- 
rectly from perchloromercaptan, ClnCSCI, wl~ich lias been con- 
sidered in Chapter 3.94 

3lonothioetliylenc glycol, p-inercal)toetl~anol, or 0-hydroxy- 
ethyl rnercaptan, HOCHOCI12SH, is the best known hydruxy- 
mercaptan. It was first made from ethylene clilorohydrin and 
soclium sulfhydrate.3"* ut', :"I 

3 ( J 0 ~  3i1 It may bc obtained by 

the reduction of the disulfide, (HOCH2CHeS) from chlorllydrin 
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and sodium d i s ~ 1 f i d e . l ~ ~ ~  32ia, 332 It and its homolog, 3-mercaptu- 
propanol, have been prepared by the thiourea method."g 

The preferred method for making (3-hydroxy-mercaptan is the 
reaction of ethylene oxide with hydrogen sulfide: 

A second molecule of ethylene oxide reacts with mercaptoethanol 
to give thiodiglycol, S ( C H Z C H ~ O H ) ~ .  As the sulfhydryl group 
is more reactive than the hydroxyl, the hydrogen sulfide must be 
kept in excess. The reaction of ethylene oxide is said to be 
facilitated by the presence of water or the lower alcohols and by 
catalysts, such as porous clay and 839 309, 492c The 
yield of mercaptoethanol is practically quantitative when ethyl- 
ene oxide and hydrogen sulfide are passed over iron or aluminum 
sulfide 4e7 or alumina 291 a t  300 to  400". Hydrogen sulfide and 
ethylene oxide are introduced separately into alcohol containing 
some sodium ethylate, kept a t  50 to 60". The gross yield is high, 
60% of it being mercaptoethanol and the rest t h iod ig lyc01 .~~~~  
The yield of monothioglycol is said to be 71% when ethylene 
oxide and two equivalents of hydrogen sulfide are led into thio- 
diglycol a t  30 t o  35".lS9 

Mercaptoethanol may be formed also by the reaction of ethyl- 
ene sulfide with water: 312a 

2-Hydroxymercaptan, or 2-mercaptoethanol, has two sets of 
reactions which are more or less independent of each other. As a 
mercaptan i t  forms n~ercaptides. The acid strength has been 
compared with that  of t h i ~ p h e n o l . ~ ~ V h e  sodium and potassium 
mercaptides are deliquescent solids. Those of the heavy metals 
are much like the corresponding co~npounds with other mercap- 
tans. Some of those known are the nlercuric, m. 123", HOCHZ- 
CHZSHgCl, m. 135-40°, lead, m. 110°, cadmium, m. 139", aurous, 
platinous, cuprous, nickel, bismuth, m. 79", and antimony, m. 
131 "."-lb 

Thc alkali ~nerraptides react with alkyl Ilnlides in thc usual 
way: 

Substituted Mercnptnns 3 79 

Thr  yatc oi ieaction with iotluacetan~ide has been compared wit11 
those of otlier m e r ~ n p t i d c s . ~ ~ ~  

Mercaptoethanol forms either oxygen or sulfur esters accord- 
ing to  conditions. In acid catalyzed esterification the oxygen 

, ester is favored. llTith one cquivalent of alkali and an acid chlo- 
' ride or anhydride the sulfur ester is formed. Polymeric esters 

with dibasic acids are  ~ la imed.~"  The thioacetate, AcSCH2- 
CHZOH, may undergo self-alcoholysis to the acetate, HSCH2- 

I CH20Ac. In  dilute alkali, this acetate loses acetic acid to give 
z ethylene sulfide.29" The  diacetate is pyrolyzed t o  vinyl thiol- 

acetate: 148 

AcSCH2CH20Ac + AcSCH:CH2 + AcOH 

With aldehydes, mercaptals are formed in preference to acetals. 
Benzaldehyde gives the mercaptal, PhCH (SCH2CH20H) 2.14' 

The formal, CH2(SCH2CH20H)2, is obtained directly from hy- 
droxyethyl thio~ulfate."~ Spiro cornpounds are obtained from its 
reactions with a,a'-dichloroketones and with chloracetyl chlo- 
ride.14 

Heated with an acid, self-condensation of mercaptoethanol 
takes place with the elimination of water: 

As the new molecule has the same end groups, this process can 
continue indefinitely. White solids are obtained. One of these 
melted at  177 to 180" and had an average molecular weight of 
1720 which would correspond to the condensation of twenty-eight 
molecules of mercaptoethanol witli the elimination of twenty- 
seven molecules of water. The product is a linear polymer and 
the average molecule would be: 

The character of the polymer depends on the conditions of heat- 
ing.353 Dehydration of mercaptoethanol witli zinc chloride gives 
dithiane: 34b 

It is oxidised by air slowly in phosphate-buffered solutions. It 
is a reducing agent for disulfide linkages in proteins.318 Its oxida- 
tion potential, equilibrium constant, and free energy have been 
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coliil)arc.d ~ l t l l  t l ~ o * ~  of other lnel-captall~. '~;  I.ihe 31,) cltllcl This reaction is artixvated Ijy u l t ra~ io lc t  light."") Tlie reaction 

mel~c~aptan. ~t can  titratcrl n it11 iodinr. A colorilnctric tletcr- of hydrogen cl~lorirle ni th  ctllylene sulfidc tllc same prod- 
uct: 107, 2 9 7  

mination is i~arcd on tlie red color protlucetl n.lien so(]iulll nitlitc 
is added to it in alcoholic s0lution.3~* -1~3 (.cH~),s -+ H C I  + HSCH2CH2CI 

It shotvs an absorption band in the infrared.460 I t s  toxicity 
has been studied.-'17 A second molecule may react to give the chlorosulfide mercaptan, 

Mercaptoethanol can be added to  unsaturates.31'" Among lner- HSCH2CH2SCH2CH2C1.lo7 0-Chloroethyl mercaptan is vesicant 

captans, i t  is outstanding in this respect. K i t h  marly unsaturates, and highly reactive. When i t  is agitated with sodium bicarbonate 

the addition takes place spontaneously with the evolution of con- 
solution i t  reverts to ethylene sulfide. Under slightly different 

siderable heat. For example, when 78 g. is poured into 58 g. of conditions, the product is polymeric ethylene sulfide, (sCH2- 

ally1 alco1loll 1 mole of each, the temperature rises 50" in about CH2S) ,.312" 

a ~ninute."""liis e~lontaneous addition does not take place if Similarly, ethylene sulfide and hydrogen bromide form 0-bro- 

sulfur is added to the ~nercaptoetlianol but is not lllndered by moetliyl mercaptan, BrCH2CH2SH.1°' 

sulfur in tlie ally1 alcohol. The  corresponding fluoroethyl mercaptan, FCH2CH2SH1 is 

Mercaptoethanol and thioglycolic acid solubilize made by the addition of thioacetic acid to  vinyl fluoride, followred 

This may be attributed to interchange wit11 the cystine by alcoholysis of the thioacctate.12Vt has been prepared also 

groups. Tllis sort of reactions will be discussed under disulfidee, from 2-fluoroethyl bromide and sodium l iydr~su l f ide .~~"  

Mercaptoetlianol induces the coagulation of proteins.?O" The thioacetate, AcSCH2CH21, of the iodomercaptan results 

The ether, O(CHzCH~SH)2 ,  cannot be lriade directly from 
from the reaction of ncetyl iodide on ethylene sulfide. It com- 

~nercaptoethanol since, as mentioned before, its dehydration takes bines with trimethylamine to give thioacetylcholine iodide.224 

another course. It has been prepared by the thiourea method AS will be pointed out in the chapter on substituted sulfides, 

from dicliloroethyl ether.l" The germaniurll lnercaptide, there has been much interest in fl-chloroalkyl sulfides. It is 

[O(CH2CH2S)2]2Ge melts a t  159.5O.l" nickel complex is ligllt more convenient to prcpare the hydroxysulfide: 

brown.'" Eutectics of its thiobenzoate with related compounds RSH + C I C H ~ C H ~ O H  + RSCH2CH20H + HCI 

have been studied.360 This dimercaptoether ran be used Tvit]i 
sulfur to vulcanize rubber.211 The hydroxyl group is replaced by chlorine as the final step.", 37 

Alkoxy ethyl-Vercaptans 
Huloethyl-llfercaptans 

The ethers, ROCH2CH2SH, cannot be obtained directly from 
fl-chloroethyl mcrcaptan, C1CH2CH2SHl can be prepared from mercaptoetlianol, but are synthesized by the usual methods for 

mercaptoethanol and hydrogen chloride: 34b mercaptans, from a chloride, ROCH2CH&l, and alkali hydro- 

HOCH2CH2SH + HCI + CICH,CH,SH + H,O sulfide 66, 174, 272, 298, 369, 445 or thiourea,"'" or from the hydrolysis 
of a tlliolacetate.7" 414c Sodium phenate and cthylenc sulfide 

The liydroxyl, being in the fl-position to a sulfur atom, is easily the pllenyl ether, PhOCH2CH2SH."14 It ~ v a s  shown before that 
replaced. It is seldom used in syntheses since it reacts so readily the addition of llydrogcn sulfide to hutyl vinyl cthcr, in the pres- 
with itself, besides being disagreeable to handle. The same corn- ence of sulfur dioxide, gives RIeCH(0Bu)SH. I n  1)~r idine the 
pound results from the addition of hydrogen sulfide to vinyl additioil gocs the other way to form B U O C H ~ C H ~ S H . " ~  The 
chloride : 469 prcsence of oxygen favors this mode of addition. 9 numbcr of 

fl-ether-mercaptans have been made in this way. The mercury 
CH2:CHCI + H2S + HSCH2CH,CI 
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derivatives, ROCH2CH2SHgCl, have satisfactory melting points: 
ethyl, m. 155.6"; propyl, m. 137.5"; i-propyl, m. 153.5"; butyl. 
m. 138"; i-butyl, m. 144.5" ; i-amyl, m. 126"; octyl, m. 126" and 
cyclohexyl, m. lj0.5°.344, 409 

The reaction of an alcohol with isobutylene sulfide gives a 
B-alkoxymercaptan, R O C M ~ Z C H ~ S H . ~ ~ ' ~ ,  422b With acetic anhy- 
dride and pyridine, the diacetate, AcSCMe2CH20Ac, is obtained 
and with thioacetic acid, a mixture of the two acetates, HOCMe2- 
CH2SAc and AcOCMe2CH2SH.102b 

P-Hydroxypropyl mercaptan, MeCH (OH)CH2SH, has been 
made from propylene oxide with thiourea j%r with hydrogen 
sulfide: It has been obtained also from propylene chlorhydrin 
and sodium h y d r o s ~ l f i d e . ~ ~ ~  I ts  thioacetate, CH3CH (OH) CH2- 
SCOCH3, is from propylene oxide and thioacetic acid."14 The 
hydroxymercaptan has been prepared by catalytic hydrogena- 
t i ~ n . ~ ~ ~  Since the hydroxyl group is in the p-position to a sulfur 
atom, i t  is activated and can be replaced by treatment with hy- 
drogen chloride.414c Dehydration should, according to conditions. 
give monomeric or polymeric propylene sulfide, (.CHMeCH,S),,. 

/3-Chloropropyl mercaptan, CH3CHClCH2SH, results from the 
reaction of hydrogen chloride on propylene sulfide.lo2"* 431a Acetyl 
chloride gives the acetate, MeCHClCH2SCOMe, and acetyl bro- 
mide, the bromo compound, MeCHBrCH2SCOMe.lo2" With an  
acyl chloride, the propylene sulfide ring nlay open either way.431b 

The  isomeric p-mercaptopropanol-1, has been prepared by 
treating propylene sulfide with acetanhydride in pyridine and 
hydrolyzing the acetate.loza 

3-Mercapto-4-hydroxycoumarin has been prepared by the tllio- 
urea method.lZ1 

3-Hydroxypropyl mercaptan, HOCH2CH2CH2SH, has been 
prepared from trimethylene chlorhydrin both with sodium hydro- 
sulfide36* 3Gg and with thiourea.92 It appears to have been ob- 
tained by heating trimethylene sulfide with water a t  20OC.ls1 I t  is 
formed by the addition of hydrogen sulfide to allyl alcohol, under 
the influence of ultraviolet 4i0 It is produced by heat- 
ing allyl alcohol, hydrogen sulfide, and hydrogen under high 
pressure with a sulfactive c a t a l y ~ t . ~  

As in this mercapto-alcohol the two reactive groups are fur- 
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tllcr apart, tile onc (10(~9 not inf11icilc.e tllc' otllcl a$ lllucll a+ ill 
mercaptoethanol. \\'1t11 acctui~c. a cyclic lilullotliiokctole I ?  

formed: 414c 

CH,SH CH3 CH,S CH, 
/ / 

HzC + oc  H2C / \ C ' + H 2 0  
\ 

CH,OH 
\ \ / \  

CH3 C H 2 0  CH, 

The bromide, BrCH2CH2CH2SH, is prepared by treating the 
hydroxymercaptan with phosphorus t r i b r ~ m i d e . ~ ~ ~  The chloride, 

I C1CH2CH2CH2SH, is made by the addition of thioacetic acid to 
allyl chloride and the alcoholysis of the thiol ester.414b 

The ether, EtOCH2CH2CH2SH, is from 3-ethoxypropyl bro- 
@ mide.369 

y-Hydroxybutyl mercaptan, JSeCH (OH) CH2CHzSH, has been 
' obtained by the hydrogenation of aldol with a sulfactive cata- 

l ~ ~ t . 1 ~ ~ ~  
6-Hydroxybutyl mercaptan, HOCH2CH2CH2CH2SH, has been 

prepared from 4-chlorobutanol. When passed over hot alumina, 
i t  is converted to  t e t r a h y d r ~ t h i o p h e n e . ~ ~ ~  

2-Mercapto-3-chlorobutane has been made by the addition of 
hydrogen sulfide t o  2 - c h l o r o b ~ t e n e . ~ ~ ~  

Primary alkoxy-chloropentenes react normally with alkali hy- 
drosulfides, while with secondary there is allylic rearrange- 

1 ment.347 
, Cyclopentene oxide and sodium hydrosulfide give trans 2-mer- 

capto-cyclopentanol.468 The trans thioacetate of 2-mercapto-cy- 
clohexanol is formed by the reaction of thioacetic acid with cyclo- 
hexene oxide.299d 

/-\ 
A thioglycid, apparently, CH2-CHCHzSH, was obtained by 

Reboul who recognized the possibility of isomers. It gave pre- 
cipitates with heavy-metal ions.350 Carius got mono-, di-, and 
tri-thioglycerols from the reaction of the mono-, di-, and tri- 
chlorhydrins with potassium hydrosulfide. These gave precipi- 
tates with heavy-metal ions. On heating, the first two lost water 
and hydrogen sulfide and the last, hydrogen sulfide. The state- 
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~ncllit t l ~ t  tllc i ~ ~ o l ~ o t l ~ i o ~ l y ( ~ ~ ~ ~ ~ ~ ~ l  \\.as i~lsol~lhlc i l l  \\.:~tcl cn,.t- 
doubt on the group.i1a 

The acctune clei,i\-ative of (1-cliloi~liyclrin 1 1 : t ~  been ccriivertc,(l 
to the disulfide: 

After eliminating the acetone, the disulfide m-as reduced to the 
mercaptan, HOCHzCH (OH) CH2SH.416 The same compound 
with identical properties has been prepared by the reaction of 
barium liydrosulfide solution on glycid and by the hydrolysis of 
the reaktion product of glycid with thioacetic acid.414c An im- 
pure product has been obtained from n ~ o n o c h l o r h y d r i n . ~ ~ ~  

N-hydroxylauranlide is said to react with monothioglycerol 
in the presence of an acid catalysL3 An arsenic derivative has 
been prepared: 

One part of thioglycerol in 500 of glycerol promotes the rapid 
healing of  wound^..'^^^ 443 A textile assistant has been made 
from it.424n 

Epiclilorhydrin and sodium hydrosulfide, a t  0°, give the chloro- 
hydroxymercaptan, CICHzCH (OHCHzSH, while a t  SO0, tile 
product is the cyclic hydroxytrimethylene sulfide, HOCH- 
(CH2)2S..'14" It is better to  treat the epichlorliydrin with thioacc- 
tic acid and hydrolyze the thioacetate, AcSCH2CH (OH) CH2C1. 
The chlorohydroxymercaptan and acetone give the cyclic mono- 
thiomercaptole: 

I 7, 
CICH2-CHO CH, 

The formals, H2C (SCH2CHC1CH2C1) , and H2C [SCH (CH2- 
Cl),],, from the dichlorothiohydrins, are said to be starting mate- 
rials for making Thioepichlorhydrin and acetyl 
chloride give the thioacetate, ClCH2CHCICH2SAc.102b 

1,3-Dithioglycerol, HSCH2CH (OH) CH2SH, has been prepared 
from 1,3-dichlorliydrin or 1,3-dibromohydrin, and sodium hydro- 

St~f-~stitirterl Jl~'rrnpttr?zs 38.5 
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tion of' tllc, c{is~~lfir/c.~"". '1'11(1 :~iltiiiiou!- a1111 :~r?c:nic dc~.i\.:~ti\.c's 
]in\-p I>ecll rcl)urtc~l : ~ s  tl ior:tl)c,utic.~~lly acti\.c>.li" 

12-Ditliioglycerol is known as B,4L, wllicl~ stands for British 
anti-lewisite. This was proposed as an antidote for lewisite, 
Cl2AsCH:CHC1, a possible \Tar gas. The investigation has been 
broadened to take in arsenic compounds in general. 

It was suggested that the toxicity of arsenic to  living cells 
might be due to its reaction with two neighboring sulfhydryl 
grouI,s in an essential enzylne arir3 that 1,2- or 1,3-dithiols 
might capture tile arsenic by foriiliilg st:~l)lc five- os six-nicm- 
bered rings.43sa 

The ease of formation and stability of such rings is well known. 
1,2-Dithioglycerol, HSCH2CH (SH) C H 2 0 H ,  mas a likely com- 
pound with which to begin. Experilnents with other metals fol- 
lowed tliose with arsenic. Other bivalent and trivalent metals 
seem to act like arsenic, but univalent silver does not. 

1,2-Dithioglycerol can be made from dibromhydrin 44' 105c, 303, 

336, 34A,  433a or dicl~lorhydrin and sodiunl hydrosulfide. Many 
variations of solvent ant1 of time and temperature of heating have 
been tried, but tlie yields are still only fair. It lias been obtained 
by the hydrogenation of a polymeric trisulfide with tlie aid of a 
sulfactive cobalt catalyst.""" 

, Tlie reactions of BAL are what would be expected. It forms 
insoluble mercaptides with heavy-metal ions. Those with iron, 
lead, tin, bismuth, copper, nickel, and antimony are colored, 
while those with mercury, cadmium, and zinc are I t  will 
take metals away frorri their complexes with d i t l i i ~ o n e . ~ ~ ~  

/ I ts  oxidation ratc lias been compared ivith those of other dithi- 
: ols. The rates depend on the distance between tlie two thiol 1 groups and on the pII of the solution. It reduces metliemoglobin 

to  h e m ~ g l o b i n . ~ ~  A tetrathionate oxidises it to the d i s ~ 1 f i d e . l ~ ~  1 With an acid catalyst, it is selectively acetylated to  the mono- 
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~cetat.e.:~"" Nore drastic treatment gives the triacctate.12" Hcat- 
ing under reduced pressure converts it to mercaptomet1i;vletliylenr. 
sulfide, with the loss of a inolec1.11e of water.1x. " - 8  In tlie prey- 
ence of acid, i t  condenses with two molecules of AT-methylolben- 
zamide to P1iCONHCH2SCH2CH (SCH,NHCOPh) CH20H.411 
It reacts with an amine and formaldehyde.234 In  a solution buf- 
fered with glycine a t  p H  9.4, it is oxidised by air.342 

The dithioglycerols are stabilized by ammonium salts and car- 
b o x a m i d e ~ . ~ ~ V h e  selective absorptions of a-monotl~ioglycerol 
and of the two dithioglycerols have been studied.414d 

Numerous derivatives, homologs and analog, of BAL have 
been synthesized in the hope of finding something more effecti~e 
and less toxic. The most important of these is its glucoside, 
known as BAL-Intrav. Bromine is added to ally1 glucoside ancl 
the resultant dibromide treated with an  alkali hydrosulfide loss 

or with potassium thioacetate.lZ6 To compare with this, the tri- 
thioglucoside has been prepared, starting with 1,2,3-propane tri- 
t h i 0 1 . ~ ~ ~ ~  The methyl ether, HSCH2CH (SH)CH20Me,  the amine, 
HSCH2CH (SH) CH2NH2, 1,3-dithioglycerol, HSCH2CH (OH) - 
CHzSH, and trimethylene dimercaptan are claimed in one pat- 
ent 343 and the methyl, ethyl, and isopropyl ethers in another.331 
The ether, HSCHzCH (SH) CHZOCH~CH (OMe) CHzOMe, has 
been reported.29" The acetate, propionate, and butyrate of BAL 
have been described.330 The propionate and butyrate were among 
forty-three compounds tested.461 Two glyceryl ethers, HSCH2- 
C H  (SH) CHzOCHZCH (OH) CH20H, and HSCH2CH (SH) CH2- 
0CH(CH20H)2 ,  and an ether of glycolic acid, HSCH2CH (SH)-  
CH20CH2C0211,126 have been reported. 2,3-Isopropylidene-di- 
mercaptopropanol is reduced by sodium in liquid ammonia to 
the 2-isopropyl sulfide of BAL, HSCH2CH (SPr-i) CH2OH.'""" 
As analogs of BAL-Intrav, several ethers have been made wit11 
mannitol and sorbitol derivati~~es.~5b 

3,4-Dimercaptobutanol, HOCH2CH2CH (SH)CH2SH, has been 
prepared from 3,4-dibromobutanol and sodiuin hydr~sulfide.":~" 
It has been made also by the hydrolysis of the diacetyl derivative. 
The corresponding chloro compound could not be purified."!'"" 
3,4-Dimercaptobutanediol, HOCH2CH (OH) C H  (SH) CH2SH,12;'. 
478b and its tetraacetate have been prepared and tested against an 
arsenical.478b Two isomers of 1,4-dimercapt,obutanediol-2,3 hare  
been prepared.]" 5,2-Dimercaptopentanetri01-3,4,5,~~~~ 498b 1,2-di- 
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mercaptohexanetctrol-3,1,5,6, 1,4-dithioerythritol, and I,6-dithio- 
dulcitol have been described.498b The ethers, HSCH-CH (SH) CH- 
(ORiIe) CH20hle and HSCH2CH (SH) C H  (OJIe) C H  (Ohfe) CH2- 
OMe, have been prepared.299a Dithiopentaerythritol, (HSCHZ) 2- 

C (CHZOH) 2, has been made in three ways: by the catalytic hy- 
drogenation of the d i s ~ l f i d e , 3 ~ ~  by the reduction of the disulfide,13 
and by hydrolysis of the dithioacetate, (AcSCH2) 2C (CH2- 
0 )  2C&4e2.45a 1,6-Ditl~iomannitol, HSCHZCH (OH) C H  (OH) CH- 
(OH) C H  (OH) CH2SH, has been I" The dibromides 
of 5,6-sorbitoleen and 1,2-mannitoleen have been the starting 
materials for preparing d i t h i o h e x i t o l ~ . ~ ~ ~  

Pharmacology of BAL 

A number of reviews have been devoted, in whole or in part, 
to BAL.8, 70, 176, 183, 241, 268, 335, 346, 348, 368, 456, 480, 491 The develop- 

ment of the antidotes for lewisite has been reviewed.334, 476 EX- 
periments on five thousand men using forty-three compounds 
have been reported.461 Comparisons have been made with other 
d i th io l~ .~"  138, 4a6 BAL protects against lewisite in the eyes,lg43 
210, 20%n the skin 175 and in the lungs.lg5 It protects living cells 
in vitro.137 It reverses the enzyme inhibition caused by lewis- 
ite 25 and is effective against arsenic compounds in general.l5~ 4 8 9  

72, 81a, 115, 116, 118, 123, 165, 180, 269, 271, 277. 366, 367, 430. 434b, 435. 436, 439, 

463, 491 The excretion of arsenic is 273s 485 A com- 

pound from oxophenarsine and BAL is said to combine low 
toxicity with significant trypanocidal and spirochetocidal activ- 
ity.144, z8'J, 4iXb An antimony derivative is recommended for schis- 
t o m i a s i ~ . ~ ~  

BAL counteracts the toxic action of mercurials."? 20, 33* 60f 81b, 

119, 120, 120, 16j,  188. 235, 239, 247, 264, 267, 269. 270, 333, 433b, 440, 462 It is 
against compoun~s  of lead,84. I", 173, 177, 277, 279, 376, 453. 

1 47" cadmiUm,24, 167, 193, 454, 464 antimony,60. 117, 143, 154, 430, 462 

1 ! per,"'7 bismutl~,~" 60, 43O nickel,6" arsenic,1i3 chromium,60 
164,  246, ~ G R ,  294 430, 462 tUngSten,27i and telluriurn,i but not against 

I tllosc ,,f qilver,~m, m5uranium,27, zssb. 5 3 ,  :<lo Selenium.= It in- 
I creases the excretion of copper cnorrno~sly."~~ ""AT, is tliera- 1 

pci~tically active in propylene glycol solution.l4VTatcr-soluble 

1 derivatives are said to be effective and less toxic.64 
i The physiological effects have been the subject of numerous 
t &dies some of are lieted?6, 1'. 27, 38, 39, 67, 73, 80, 86, 9.5, 103, 

E 
i 
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104. 106, 110. 196, 133, 207, 263, 2 i8 ,  2 0 3 ,  322, 337, 342. 351, 362. 378, 434a, 457, 

'jn, 4i9, 486 The toxicology of BAL lias been investigated exten- 
siVely.T8, lfl.5b. 114. 186. 204. 21;  245, 28 in ,  R T B ,  426b I t s  metabolism has 
been studied 4" and has been folloxved by means of S35 .33Vts  
toxicity to various animals has been deter~i~ined.~" lo02 2 x ~  233, $ 5 ,  

301, 302, 498 

The investigation of the pharmacology of BAL glucoside has 
gone along with that of BAL itself,99. 10% 166, 167, 434, 4iRaI 4 i8b  

Two colorimetric methods for estimating BAL have been pro- 
posed, depending on the reaction with cyanogen chloride5 or 
with cobalt nitrate.426a A manometric method is based on the 
amount of nitrogen evolved with iodine and sodium a z i d ~ . ~ ~ ~  

This is readily prepared by heating an aqueous solution of glu- 
cose with a catalyst, sulfur and hydrogen under 1000 lb. pressure 
a t  150" for several hours. The crude product may be purified by 
recrystallization from ethanol. A purer product is obtained by 
decomposing the cuprous salt in water with hydrogen sulfide or 
by hydrogenolysis of the d i s ~ l f i d e . ~ ~ ~ ,  133a, 133b, 264b9 332 

1-Thiosorbitol is a white crystalline solid, melting a t  93" and 
very soluble in water, less so in alcohol. It has the character- 
istic reactions of polyhydric alcohols and of mercaptans. The 
hesaacetate can be prepared in the usual way. I n  alkalinr solu- 
tion i t  reacts with an alkyl halide to form a sulfide. Like any 
other mercaptan it forms salts with heavy-metal ions, such as 
cuprous, cupric, ferrous, mercuric, lead, stannous, nickel and 
zinc. The remarkable thing about these mercaptides is that they 
are soluble in water. The best way to  make then] is to d i s so l~~e  
the freshly precipitated metal hydroxide in an aqueous solution 
of the m e r ~ a p t a n . ~ l O ~  Thiosorbitol dissolves silver chloride wit11 
the liberation of hydrochloric acid. 

Thiosorbitol lias attracted considerable attention. It is a 
strong reducing It should duplicate many of the reac- 
tions of n~ercaptoetl~nnol since it has a liydroxyl group on the 
carbon next to the one that carries the sulfliydryl. Tliis I~ydrosyl 
should be labile. A molecule of water should be formed by re- 
moving it along with a hydrogen from a sulfhydryl group. The 
result would be either a cyclic sulfide or a linear polymer. 

Thiosorbitol has been recommended as a stabilizer for poly- 
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vin~.l  clllo~.itlc :111(1 tllc likc,"' :t1; a11 :intii~c~i~l~o1;io~~ agciit for 
pickling b a t l l s - h n t l  a ?  a aoi~stitueiit for plating b a t l ~ s . ~ ~ '  

Thc ~~liarmacology ]la!: heell s t~~t l ic t l  oxtci~sivcly.~'~"~ ""'. '"8 

404 The goltl dc~ i ra t ive  lias becn usc~ l  in al.tli~itis.:'"~ 
1 

/ Tliese can be prepared by the methods used for the unsubsti- 
r tuted mercaptans. Sulfonyl chlorides may  be reducecl by zinc 

and acid.158, 163, 230, 290. 3 4 1 ,  446, 462, 498, 489 TIle free phenol group 

is usually protected by converting it to the ethyl carbonate. An 
aron~atic a m i n o m e r ~ a p t a n " ~  or an  aminophenol 4i7 can be 
changed to the mercaptophenol by the diazo reaction. A disulfide 
may be r e d u c ~ d . ~ "  ; " j V n  p-chlorophenol, tlie cl~lorinc may be 

/ replaced by a sulfhydryl group by heating with sodium sulfide 
h n d  hydroxide.'lia~ 219nr 323a A peculiar method is the treatment 

of sodium phenate with a mixture of sodium sulfide and disul- 
fide.21ih, 219b, 323b 

The ozonization of tliionaphtllene gives hydroxythiophcnols 
which go into d i ~ u l f i d e s . ~ ' ~  Pentachlorothiophenol has been made 
by coupling the appropriate diazoniun~ chloride with potassium 
xanthate and Dithiogalein is made by heating 

fluorescein with ~ulfur ."~ '  Alkylmercaptoquinones are reduced to 
the corresponding hydroquinones by zinc and acid.4 Hydroxy- 
and alkoxy-benzyl mcrcaptans c:an be made by the thiourea 
m e t h ~ d . ' ~ . ~  

The acidity potentials of several liydroxytliiopl~enols have 
been measured.'"" 

Aldehydo-Mercaptans 

Benzylrnercaptoacetd, PliCH2SCH2CH (OEt) 2,  is split by so- 
dium in liquid ammonia. The resulting mercaptoacetal is liydro- 
lyzed to the inereaptan wliicli is in equilibrium with its dimcr: 

This synthesis was carried out to identify the aldehyde, C2H3- 
OSH, which had been obtained by the hydrolysis of u ~ c h a r i n . ~ ~ ~ ~  
'02 The mercaptoacetal has been obtained also from bromoacetal 
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an([ l ~ ~ t n ~ s i ~ i n i  l~yrll.osulficlc.."" ." This i ~ i l l  l)c trcatc(1 n,guin 
~m(ler  cyclic* aulfidc~. 

Tlw addition of thioacrtic. :~citi to acrolein givcs P-acet~ylnlc~r- 
capto1~rol~ionnlde11yc1e, Alc@OSCH2CH,CH0, b,, 89"; n 25;'I) 
1.4887. Similar compounds arc obtained f r o n ~  metllacrolein and 
from 2-ethylhexenal ", but the inercaptoaldehydes have not. 
been isolated from these. 

o-Mercaptobenzaldehydc has been prepared, but little is knon~n 
about it. I t  can be degraded to o-hydroxythiophenol by the de- 
composition of an ~ z o n i d e . ~ ~ "  

Keto-Mercaptans 

Chloroacetone reacts regularly with sodium hydrosulfide: 205p 

223, 316, 335, 403 

MeCOCHzCl f NaSH MeCOCH2SH 

The product exists in two, probably polymeric, forms, m.80-2" 
and 109-11". It is dimeric in bromoform. As a ketone, it forms 
an oxime and as a mercaptan, i t  reacts with chloroacetic acid, in 
alkaline solution : .'03 

By loss of water, the dimer passes into 2,s-dimethyl-2,s-endoxy- 
di th iane .20Vhis  will be discussed again under cyclic sulfides. 
Similarly, 1-mercapto-2-octanone, HSCH2COCtiH1,, has been 
~repared .2~"  

The addition of hydrogen sulfide to mcsityl oxide gives 
2-methyl-2-mercaptupentanone-4, Me2C (SH) CH2COMe.gs 13g 

Adding thioacetic acid to 2-methyl-2-octenone-7 and hydro- 
lyzing the product yields 2-methyl-3-mercapto-octanone-7.28 

s-Dimercaptoacetone, HSCH2COCI-12SI-I, has been prepared 
from s-dichloroacetone and sodium h y d r o s ~ l f i d e . ~ ~ ~ .  403 

Phenacyl mercaptan, PhCOCH2SH, has been obtained from 
phenacyl bromide and sodium hydrosulfide.ls4 It is better to pre- 
pare it from phenacyl chloride and sodium t h i o ~ u l f a t e . ~ ~ ,  "4 It is 
an unstable yellow oil which has been characterized only by its 
derivatives. m-Nitrophenacyl, 0-naphthacyl, a-methylphenacyl, 
and desyl mercaptans have been made from the thiosulfate, but 
only as  intermediate^.^^ The desyl has been isolated:'02 p-Phenyl- 

phenacyl mercaptan has been obtained from the iulfonium bro- 
mide and hydrogen sulfide.ji 

The dimercaptan, ArCOCH:C(SI-I)2, is formed when an aryl 
methyl ketone is treated with carbon disulfide and alkali. The 
product first formed is probably the salt of the dithioacid, Ar- 
COCH2CSSK, but it alkylates to the alkyl derivative, Ar- 

t 
COCH:C(SR)2 A number of these have been prepared.231~ 232 

This will be treated again in a later chapter. 
o-Mercaptoacetophenone, HSC6H,COCH3, has been obtained 

as one of the hydrolysis products of 1-acetyl-2-methylene-1,2- 
dihydrobenzisothiazole. It has been characterized only through 

' 
its d e r i v a t i ~ e s . ~ ~ 3  The meta .'OO and para 364, .06 isomers have 
been prepared from the diazonium salts and xanthate. The para / has been made also by decomposing P- (p-acetylphenylthio)-(3- 

/ (m-nitrophenyl) -propiophenone with lead hydroxide.20o 3,s-Di- 
mercaptoacetophenone and 2,4-dimercaptoacetophenone have 
been obtained by reducing the corresponding disulfonyl chlo- 
r i d e ~ . ~ ~ ~  /3-Mercaptoanthraquinone and 4,1'-dimercaptoben- 
zophenone 448 have been prepared by the diazonium-xanthate 
method. The acetylation of a 3-alkylthiophenol gives a 2-acetyl- 
5-alkylthiophenyl acetate which is hydrolyzed t o  a 2-acetyl-5- 
a l k y l t h i o p h e n ~ l . ~  Some a-ketothiols lose hydrogen sulfide 
easily. Thiobenzoin gives desoxybeneoin with sulfuaic acid.223 

There are two groups, the thioglycoses, or true mercaptans, in 
which a primary or secondary -OH is replaced by an -SH, and 
the glycothioses in which a sulfur atom takes the place of the 
aldelhyde oxygen. Strictly speaking these are hemithials and 
should be in the chapter on thiones and thials. However, they are 
prepared by 'the methods by which thiols are made and their reac- 
tions are typical mercaptan reactions. 

The one important member of this group is (3-thioglucose which 
has the structure: 
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There is some uncertainty n-lictller it I. n fl~ranoie or a 1)yrano.r 
It ii: the characteriS<tic conct~tuent of +el-cral glucoqitles whicll 
arc fou~id in natural proclucts. The history of this group goci 
back to tlie isolation in 1825 of n crystalline compound contain- 
ing nitrogen and sulfur from white mustard seed.'" Five of t h e ~ e  
thioglucosides have the structure: 

Hydrolysis may split a t  one side or the other of the sulfur atom 
so as t o  give glucose and an isotl~ioryanate, SCSR,  or tlliogluco~e. 
Potassium bisulfate is fornled in either case. In  sinigrin, the R 
is ally],r51H, 69. 134, 1538, 388b, 393, 399, 488 in . glucotropacolin, benzyl,"'; 

in g lu~onas tu l - t i n , ' ~~~~  m6 6-phenylethyl, and in glucocheirolin, 
methyl a-propyl sulfone, -CH2CH2CH2S02CW3.388n, 306, 39T, 4i2 

The breakdoa-n of sinigrin into glucose and ally1 isothiocyanate. 
known as mustard oil, is taken up under thiocyanates. Sinalbin 
is more complicated. The R is p-hydroxybenzyl and instead of 
the potassium, there is the cl~oline ester of 3,s-dimethoxy-4- 
liydroxycinnamic acid, HO (MeO) 2CGI12CN: CHC02CH2CH2AT- 
(AMe)3(JH.10. 58, 153h,  489 Tliioglucose is formed from all of these 

by the action of amnioniacal silver solutions. 
The chemistry of sinalbin and thioglucose has been summer1 

up by Specht ancl the subject has been brought up to date by 
R a y n ~ o n d . ~ ~ ~  

Tetraacetobron~oglucode reacts smoothly with potassium xan- 
thate, KSCSOEt. Arid hydrolysis splits off the xanthate group, 
but leaves the acetyls. Alnmonia in methanol removes these also, 
leaving the g l~cot l i iose . "~~  Acetylatcd hromoglucose and potas- 
sium disulfidc garc the disulfidc vhich was reduced by zinc and 
acetic acid to  tlic desired tl~ioglucose."~~ Tliis reduces Fcliling'. 
solution in tllc cold and forins a ~~l~cnylglucosazone n.itll phenyl- 
Ilydrazinc. The thiol is eliminated in this reaction as it shor~ltl 
be. I t  shows tllc normal inutarotation. It ;viclcIs a crystalliric~ 
pentaacetatc ancl lilay bc oxicliscd hy iodine to the d i~u l f i ( i c .~~ :~  
385, 393, 407 Another method of synthesis involves the reaction of 

,$ubcfit~iterl ,11( (i.rrl~ttrns 
- --- -- -- - - - - -- 

393 
-- -- - 

tctr;~:icc~tylIiic~~l~o~l~~~~o~(~ \ \ i t11 l)clt,~\-1\1111 tliiui!r~t:it~~, I\lv('OSIi. 
Tlie rciuIt111; l)eilt:~:~c~cteic~ ir ~lrac.c*tyl;itc~tl.' " "'" l'llc \J  ~~t l le t ic  
ail(\ t l ~ r  natural I l i l~c h e n  romparetl in he\ era1 nay?  ant1 lounct 
to be iclent~cal,~'" except tllat they 11n\-c> oppok~tc rotxtlo11,q '" ' I '  

r Tllioglucose 11a~ bccn prepared nlsu tlirough tlie phcnyl tliioure- 
; k thane-~-g lucos idc .3~~~ 392 

Tetraacctyl-D-glucoside-S-thiuroniunl bromide and sociium ni- 
trite give octaacetyl-j3,fl-diglucosyl sulfoxide-sulfide, A c ~ C ~ H ~ O Z -  
SO'SC6H70jX~4?8" 

In addition to glucothiose, c e l l o t h i ~ s e , ~ ~ ~  x y l o t l ~ i o s e , ~ ~  and a 
trithiogalactose 3g( 'have been synthesized. 

When glucose, dissolved in dry pyridine, is saturated v i th  
hyclrogen sulfide, tl~ioglucosc is formed along xi th  sol~le clithio 
compound. Si~nilar results were obtained with D-mannose. 
D-fructose, L-rliamnose, L-arabinose, lactose, and maltose.388c, 
398 

The reactivities 41h and photochen~ical properties 24%f thio- 
glucose have been coinpared to those of other mcrca~~to-corn- 
pounds Thc rates of its reactions with iodoacetamide and m-ith 
iodoacetate have been measured."lH 

Thioglucose stimulates cell proliferation in nlammals as in 
lower organisms.187 Dressings of thiogluco?e aid in healing ul- 
cerated areas.3s4 I t  stabilizes ascorbic acid.320 There has been 

, considcrablc interest in therapeutic uses of thc gold derivative, 
the production of which has been 3"c9 ""j 400 I t  is 

highly ba~ t e r i c i da l .~~"  I ts  toxicity has been s tud ied . l0Wne in- 
jection of it causes gain in adipose tissue in albino mice." I t  
affects tlie liver function in dogs.lq5 Its complex with sodium thio- 
sulfate is said to be effective against i n f e c t i ~ n s . ~ ~ V h e  distribu- 
tion of gold in variouq organs of tlie body, after dosage with auro- 
thioglucose llas been ~ lc te rmined?~~ 11', "j, 3"J It is eliminated 
largely in the urine.4G Bismuth,i7, 381r, cadmium,"~ 400 and so- 
dium thidglucose 3R1b have been aclvocatcd as therapeutic agents, 
so have the silvcr-sodiun1,3~~ antimony-sodium mX and antimony- 
silrer 3'1c double salts. The gold derivatire of t l~iocel lulose~~" 
and the silver and mercury derivatives of cellobiose have been 
claimed as meclicinals."~ Tl~ioglucose, tliiogalactose, and thio- 
cellobiose increase tllc physiological activity of gold glutathio- 
nate.13'" 
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A~lcnyl (n1crcal~to1nct11yl I p e n t ( ~ . ~  caontains 9'- ( 5-~l~crcapto- 
~ll('tliyl) pen t~rc . :~! '  

Little is known of the thioglycoses in which a hydroxyl is re- 
placed by a sulfhydryl group. The S-methyl derivative of one of 
these, which is found in yeast, will be treated in the chapter on 
substituted sulfides as  a hydroxy-sulfide. 

Acetone-6-thio-D-glucose has been made by saturating an 
aqueous barium hydroxide solution of 5,6-anhydroacetonefruc- 
tose with hydrogen sulfide. The 6-thioglucose has not been ob- 
tained in crystalline form and has not been well character- 
ized. 312 

3-Thioglucose has been obtained from the rearranged xanthate 
of diacetoneglucose. The 3-thioglucose did not crystallize, but 
yielded a crystalline tetraacetate and d i~u1 f ide . l~~  

Sulfide-Mercaptans 

The sulfide-mercaptans, RS (CH2) .SH, in general, can be made 
by the standard methods for preparing mercaptans. The only 
special cases are where n = 1, or 2. The compounds in which 
n = 1, RSCHaSI-I, are hemimercaptals and unstable. The ethyl 
compound, EtSCHaSH, has been obtained by the reaction of the 
chloride with dry potassiu~n hydrosulfide a t  - 4 O . "  When hydro- 
gen sulfide is passed into a cold neutral solution of fomaldhyde, 
an unstable heavy liquid separates out. This appears to  contain 
HSCHaSH, HSCHgSCH2S1-I and HSCH2SCH2SCH2SH. These 
cannot be isolated, but their methyl derivatives, MeSCH2SMe 
and MeSCH2SCH?SRile, have been obtained and oxidised to  the 
corresponding ~ u l f o n e s . ~ ~  

The co~npounds, RSCH2CH2SH, in which n = 2, are by far the 
best known, since they can be prepared from the chlorides, 
RSCHaCH2CI. As will be shown in the chapter on substituted 
sulfides, many of these chlorides have been made for toxicity 
studies. The mercaptan, EtSCH2CH2SH, is readily obtained from 
the chloride, EtSCH2CH2Cl.108j 17* It turns out that this mer- 
captan can be made directly from the alcohol, EtSCH2CH20H, 
which saves the trouble of converting i t  to the chloride.3j2 It is 
known that  mercaptans can be obtained from other alcohols in 
this way, but long heating and high concentrations of acid are 
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required unless the hytlroxyl i? actiratctl as i t  is by tlle p-sulfur 
atom. -4 special method is the reaction of ethylene sulfide with 
a mercaptan:"ir 328 

RSH + (CH2),S + RSCH,CH,SH 

: This is analogous t o  the reaction of ethylene oxide with an alco- 
hol. i-Butylene sulfide and a mercaptan give two products, 

i RSCMe2CH2SH and RSCI12CMe2SH.422b Ethylene is sulfur- 
? ized and hydrogenated in the presence of cobalt trisulfide under 

pressure a t  170 to 250". One of the products is EtSCH2CH2SH.2s2v 
410a 

The sulfide-dimercaptan, HSCH2CH2SCH2CH2SH, is a by- 
product in the preparation of ethylene ~nercaptan.~", 2gR The bis- 
sulfidedimercaptan, HSCH2CH2SCH2CH2SCH2CH2SH, is also a 

, b y - p r o d ~ c t . ~ g ~  The sulfide-dimercaptan can be prepared from 
dichloroethyl sulfide and thiourea in the usual way.lW The for- 
mation of the isothiuronium salt is rapid when the mixture of 
the reactants and water is heated under reflux. It is complete 
within 30 minutes. The yield of distilled product is 81%. An 
equally good yield is obtained directly from thiodiglycol. A mix- 
ture of 122 g. thiodiglycol (1 mole), 155 g. thiourea (2.04 moles), 
and 200 cc. of concentrated hydrochloric acid (2.35 moles) is 
heated under reflux. The formation of the isothiuronium salt is 
complete within 20 minutes. It is known that concentrated hy- 
drochloric acid reacts rapidly with thiodiglycol to form the 
chloride and it is possibIe that  the chloride is an intermediate, 
but its presence has not been observed. However, the prepara- 
tion should be made under a hood. The advantage of this method 
is that  it obviates handling the toxic dichloride. Thls sulfide- 
dimercaptan forms a red nickel complex which is a sensitive test 
for mustard gas.lgl 

This method has been applied to the higher glycols 
(CHZSCH2CHzOH) 2, (CH2CH2SCH2CH20H) 2,  CH2 (CHZCH2- 
SCH2CH20H) and 02S  (CH2CH4SCH2CH20H) 2. In all of these, 
the hydroxyls are in /3-positions to sulfur at~ins:'; '~ 

The sulfide-dimercaptan, S (CH2CH.CH2SH) ., is a by-product 
in the preparation of trimethylenc ~nercaptan.""~ From tllc hro- 
mine addition product of butadiene sulfone and tllioacetic acid 
in pyridine, a bisthioacctate has been obtained. This can bc de- 
acetylated to the dimercaptan: 320 



AcSCH-CHSAc HSCH-CHSH 

The aromatic sulfide-dimercal>lan, p.pffISCGH4SC6H4SII, has 
bcen prepared."lfi 

Arninornercaptans 

The sirnplest aminomereaptan, HZNCHZSH, like its analogs, 
HOCHzOH and HOCHZSH, is unstable and has never bcen iso- 
lated, but certain of its derivatives arc known. The grouping, 
-N:C(SH)-, is present in 2-mcrcaptopyridine I" :and in 2-lner- 
captoquin~line."~ Treating piperidine and morpholine with for- 
maldehyde and then with hydrogen sulfide gives the compounds, 
CH2 (CHZCHZ) ZNCHZSH and O (CH2CH2) 2T\TCH2SH.4Vhese 
are also made by treating the 2-hydroxy compounds with phos- 
phorus pentasulfide. The urea derivative, 0C(NHCH2SH)2 ,  is 
said to improve the resistance of wool to alkali.l13 5-Alkyl-4 al- 
kylamino-2-pyrimidinethiols have been preparcd by heating 5- 
alkyl-2,4-dithiouracils with an amine. This is true also of the 
corresponding 5-aryls and of the unsubstitlltcd forms.6s, 481 

4-Phenyl-5-imidazolethiol contains both HS-C-N and HS-C.C.N 
gr0upings.l 

Aminomercaptans, in which the nniino and sulfhydryl groups 
are on different carbon atoms, ran be synthesized by the usual 
methods for nlercaptans. 

Potassium phtlialimide and an cxccss of ethylene bromide give 
the bromide, CcH4 (CO) 2YCH2CH2Br, which can be treated witti 
an alkali hydrosulfidc, xanthate, or tl~iourca and the protiuct hy- 
drolyzed to p-aminoethyl merc:~ptan, H2NCH,CH2SH.w~ 14en. 
l s 1 7  

'ls (3-Aminopropyl ~ncrcaptan has been preparcd in this 
way .40g 

(J-Aminoetl~yl niercaptnn is of special interest, since t l ~ e  ainitie 
of pantotlirnic acid, R('ONHC'II,CHZSII, a ronstitucnt of coen- 
zyme-L4, is t]criI.ed from it.'', l i q ,  fix  SO, 2""'. "9 The S -~ce ty l  (1~- 

rivative of this amirie is potent pharmacologically. This amidc 
can be obtained from pantothcnic acid in several ~ v a y e . : ~ ~ ~ ~  4" An 
amide of this type can be prepared by treating a thioacid with 
ethylene imine.lg The pKa value for S-acetoacetyl-N-acylthio- 

c t l ~ : i ~ ~ o l : ~ ~ ~ ~ i ~ i ( '  is 8.5. c(1111p:i~v(1 t o  10.7 for 1,111yl :~ (~ t~ to :~ (~ (~ t : l t (~ .~ ' "  
The S- I ~llcrcarrti~etl~yl I alllic ie. 1>11(,'( )( '>I(,2C( )X11(-'1l2~~'II2S11, 

11as t~ccn ~II::(!C' fro111 the (3-1:1eta111." 
1)ialliylaniinoalkyl llalities, X2K (CH2\ ,,(I ,  call hc used clircctly 

for the syntl~esis of merc,aptans. Of these the chlorides, RZNCH2- 
CH2C1, are the rnost available and thus those most often em- 
ployed. These react regularly wit11 an alkali hydrosulfide "'! 452 

or with t l i i ~u rea .~ ,  "4 go, "1. 'i" 444 The higher homologs, where 
n > 2, react similarly.sg1 9'8 ':') The result is the preparation of 
many dialkylarrlinomercaptans, RZN iCI12),SH. Methyldi (mer- 
captoettlyl) amine, MeN (CH2CH.SH) ,, ethyldi (mercaptoethyl) - 
amine, and tri !inercaptoetl~yl) amine, S(CH2CH2SH) 31 hare  been 
prepared. The colored compounds, wl~ich t l~esc give \\-it11 nickel, 
provide a sensitive test for the nitrogen n i u s t a r d ~ . ~ ~ '  

Tliiocholine chloride, HSCH2CH2NMe3Cl, has been made by 
heating the chloride, C1CH2CH2XRle3C1, with thiouracil.'" The 
acetyl derivatives of thiocholine and of (3-methylthiocholine have 
been prepared, starting wit.11 ClCH2CHZNRle2 and ClCHMeCEI?- 
NMe2, which react m.itli thiourea."j The iodide, AcSCH2CH2- 
NMe31, is from the addition of trimethylamine to acetylmercap- 
toethyl iodide.,," 

A novel incthod is the treatinent of lithiurn diethylamine with 
ethylene sulfide: 17' 

Et2NLi + (.CH,),S + Et,NCH,CH,SH 

Without the lithium the dictliylaminc has to be heated with the 
etliylene sulfide in a sealed tube. Ethylene and propylene sulfitlc 
react ,yitll Ilrimary and secondary amines: 21M, ,"Ic, :339, 4.111, 421~, ,  

42% 

BuNH, + (.CH,),S + BuNHCH2CH2SH + B u N ( C H ~ C H , S H ) ~  

Bu2NH + (.CH,),S + Bu2NCH2CH,SH + Bu,NCH,CH,SCH2CH,SH 

PhNH, + (*CH,)2S + PhNHCH,CH2SH 

Isobutylene sulfide and piperidine give C.5HloNCH2C?rle2SH. 
Thcse reactions are analogous to those of anlines with ethylene 
oxide. Trimethylene sulfide reacts sin~ilarly: I$' 

CH2(CH,),S + N H 3  + H2NCH,CH2CHZSH 

Ethylene imine reacts with hydrogen sulfide even a t  -60" : ?" 419 

300, 308 



An c,ac.c*h oi I~yclrogcn sulficle fal-or,.: tlie rner~aptan.~ ' )  ;In al- 
kj-le~~c> il~iiiie gi~.csb a 2-~1lerc~~~)toal11il1~, RCH (SH) CH2NH,.5* 

The amino and ~nercapto groups may be introduced in the re- 
verse order: 131 

CH,:CHCI + AcSH -i AcSCH,CH2CI 
AcSCH2CH,CI + 3 Et,NH -i HSCH2CH2NEt2 + Et2NHeHCI + Et,NH.AcOH 

Carbon disulfide reacts with 2-aminoethyl bromide and witli 
3-aminopropyl bromide to give 2-mercaptothiazoline 149n3 152, 262 

and 2-mercaptopentliiazoline : 25" 

C H 2 5  

H2C 
/ \ 

CSH 
\ Q 

CH2-N 

The hydrolysis of these gives 2-aminoethyl and 3-aminopropyl 
i i i e r c a p t a n ~ . ' ~ ~ ~  "j-" The 2-aminoethyl mercaptan may also be oh- 
tained by the catalytic hydrogenation of the 2-mercaptothiazo- 
line,254c The cyclic inline may be an intermediate in the forma- 

tion of the thiazoline: j2 

MeCHBr 
I -i 

CH2NH2 

CH2 

B-Aminomercaptans are conveniently made by the hydrolysis of 
t~liazo~idincs~149n, 152, 2133, 215h,  300, 306 

Aromatic an~inomercaptans have been obtained by the reduc- 
tion of the appropriate sulfone ch l~r ides . "~~  " O ,  500, 

503 Ortho 
and para tl.iiocyanoaniline, H2NC6H4SCN,213b, 21sa, 292 and nitro- 
disulfides ='. 53, 1.35, ~ o z b  are reduced to aminothiophenols. Sodium 

sulfide replaces the clilorine and reduces the nitro group of p-ni- 
t ro~hlorobenzene .~~ '~  2-Chloro-5-nitroaniline 202a and 2-bromo- 
5-nitroaniline are converted to 2-amino-4-nitrothiophenol by 
sodium sulfide and sulfur. Some sulfide is also formed. 

The most practical way t o  make o-aminothiophenol is the 
hydrolysis of benzothiazole. Substituents in the benzene ring 
remain, while those in the 2-position are eliminated.g" 156, 21sc, 218, 

217, 428, 437 A substituent in the 3-position stays on the nitro- 

Substit~sted iMercaptans 399 

gen.liR. l 2 V h e  catalytic hydrogenation of 2-n~ercaptobenzotllia- 
zole gives o - a m i n o t h i ~ p h e n o l . ~  Hydrolysis accoinpl i~hc~ tlie 
same end. 2-Amino-4-chlorotl~iopllencll mi:: prepared from the 
benzothiazole 24%nd its diacyl derivatives studied.248. "" 

j 4-Dimetliylaminopbenyl litliium reacts with sulfur: 

Hydrolysis of this gives the amino-mercaptan, hle2NC6H4SH.16g 
Several mercaptoalkyl pyridines have been prepared from the 

corresponding chloroalkylpyridines by standard methods.", 4'1 

A halogen atom in the 2-position in pyridine is replaced read- 
iIy.2a- 43R 2-hlercapto-5-nitropyridine has been obtained in two 
isomeric forms, one brown, m.190°, the other yellow, m.185°.44' 
2-Mercapto-3,5-diiodopyridine is formed when 3,5-diiodopyri- 
done is treated witli phosphorus ~en tasu l f ide .~~ ' )  

The fact that p-aminoethyl mercaptan is a solid, with a corn- 
paratively high melting point, indicates tha t  i t  exists as an  inner 
salt.150 The same can be said of inany of the amino-mercaptans. 

I n  general, there are two sets of reactions, those characteristic 
of amines and those of mercaptans. Naturally, the activity of 
each group is modified somewhat by the presence of the other. 
When the amino group is in the beta- or gamma-position to the 
sulfhydryl group, the two are frequently involved in ring forma- 
tion.53, 93, 98, 149% 149b,  152, 227, 300 Diethylaminoethyl nlercaptan 

adds to  acrylonitrile: 92 

p-Aminoethyl niercaptan forms mercaptides, two of wllich will 
be mentioned: EtHgSCH2CH2NMe2, which quarternizes wit11 

, dimethyl sulfate to EtHgSCH2CH2NPllle3SO&e,85 and EtZAu- 
SCH2CH2NH2, an electrolyte, whicli forms complexes witli ethyl- 
m e r ~ a ~ t o e t h y l  amine and with thiourea.12' 

The S-acetyl derivative is formed r h e n  t l ~ e  liydrochloridc is 
treated witli acetyl chloride.lR~ 48i I n  pyridine, tlie diacetyl de- 
rivative is formed.l8, 

o-Aminophenyl mercaptides of copper, zinc, bisinutli, mercury, 
cadrnium,'O cobalt, and nickel i" .03 have been described. 

o-Aminothiophenol and cyanogen give 2,2'-bibenz~thiazolyl.?"~ 



2,3-Diinercaptopropyl amine is said to he a gooti antidote 
against arsenicals,3,:C 343. 4433, 1 C 1  110 ' esters of aminonlerca1)- 

tans are of pharmacological i n t e r e~ t .~"  Dietllylanlinoethyl 
p-aminothiobenzoate, I I Z N C G H ~ C O S C H ~ C H ~ X E ~ ~ ,  "thiocain" 
has been tested as a local ane~ t l l e t i c .~~  1407 l g 2 9  " 9 7  311 Injection of 
fl-aminoethyl mercaptan, or its salts, is said to protect humans 
for 2 t o  3 days against ionic  radiation^.^'^ N- (0-phenvlacetyl- 
mercaptoethy1)plienyl acetamide and b-phenylacetyla~ninoethyl 
disulfide have been suggested as precursors of p e n j ~ j l l i n . ~ ~  Thjo- 
acetylcholine has been rompared to a~e ty lc l lo l ine .~ i  

An~inom~rcapt~ans are claimed as intermediates for dyes 
and vulcanization accelerators."l"~ 330 1,3-Dimercapto-2-methyl- 
2-aminopropanc is said to  be useful in reclaiming rubber.lol 
Water-soluble salts of aminomercaptans, in which the nitrogen is 
tertiary, are claimed as ba~tericides."~ 

Mercapto-Sulfonic Acids 

A methane trisulfonic acid, HSC(SOHH)-, has becn disrusscd 
in Chapter 3. 

The chief interest in these acids has been in the use of thcir 
gold, antimony, bismuth, silver and mercury derivatives as thera- 
peutic agents. The mercaptidcs of these metals are solubilized by 
the sulfonic salt a t  the other end. 

Ethylene bromide may react with sodium sulfite and then with 
a hydrosulfide: JB" 

BrCH2CH2Br + Na,SO, BrCHzCH,S03Na + NaBr 
NOSH + BrCH2CHZS03Nu + HSCH2CH2SO:;Nu + NaBr  

The silver-sodium, AgSCH2CH,SOJNalX5* 27Ga and the gold-cal- 
cium, (AuSCH2CH2K03) ,Ca,'."9alts have becn recommendecl. 
Similar compounds have been prcparecl, starting with trin~ethylene 
bron~ide.~" The amounts of gold deposited in val.ious organ< 
have bcen determined."" Derivatiies of tllc 3-in~rcapta-2-lly- 
droxysulfonic acid, HSCHzCH IOHICH2SOaH, liave been estcn- 
siveIy studied. Anlong tliese are AubCH,CH (OH) CH2S(j,Ka,"u' 
"'" IAuSCH~CH (OH) CH2S03] 2 S r 1 2 ~ i ~ ~  L)z9 s b  SCH2cH (OH) - 
~ 0 ~ ~ ~ 1  : 3 , ~ ~ ~  'ilh, air3 AgSCH,CH (OH) CIES0.:Na,x43 Bi 1 SCH2- 

CH (OH) CH2S03Na] 35" and Hg ISCH2CH (OH) CH,SO,Na] ,.2G1 

,Su€)sfrf~cto(l Jlrrcnptnnc 30 1 
--_ --p---p--- 

Derivatiyr. of (J-~~~~ino-ri-n~erc;~l~toetll~~nc~~ulfc~n~c~ :i(.ltl., P\xII- 
CH,@HtSH)SO:,H, and tlieir mereaptan saltq have been 
clainled.3Q? 401 The sodiuln halt of thc N-n~etliylol-laurxmide 
colldensation product JT-ith 2-mercaptoetllanesulfollic acid has 
been 

Physical Properties 

The physical properties of a number of compounds of this group 
will be listed. The object is to show what compounds have been 
made and, by means of the references, to tell who made them. 
The  remarks made in Chapter 1 as to the sketchiness of the 
publi~hed data apply here with equal force. 

1 3 3 4 "  ; n 20/D 1 A693 .G" 

HOCH2CH2CHPhSAc, Ac., hl 124-30" ; n 20/D 1.5292.O" 
HOCH,CH(OH) CH2SH, hog 95-77 bl 101°,'14c bt 112" ; *I6 

, d 20/4 1.2455; n ZO/D 1.5268; "''8 

triAc., bl 8 1 3 6 6 "  >I4' 

HSC'H2CH (OH)CH,SH, ho o4 S5°:1:i bl :, 82" ,"" b12 94" ; 3G19 *;" 
d 20/4 1.2386; n 20/D 1.5700.414c 

HOCHZCH (SH) CHISH, bo.4 94" ,"" bo 5 89':". ''3 bo 8 8 2 A 0 ,  '1'" 
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bl 8 7 - ~ O , ~ O Z C  81 0 , 75 b1.n 80°, b3.4 90": bz.6 100°, 11:r.i 100°, bl: 120'. 

b25 130°, b40 140°,332 bR 100' ; lZ5 d17 1.14,105' d 25/4 1.2385; '"' 
n 15/D 1.5730,'" n 21/D 1.5710,7h 25/D 1.5720; 332 Ac., bl., 
90"; d 25/4 1.1916; n 25/D 1.5185;"O propionyl, bo.2 70"; 
d 25/4 1.1491; n 25/D 1.5089; 330 butyryl, bo.z5 78"; d 25/4 
1.1095; n 25/D 1.5095;330 diAc., bo.05 120";75 triAc., bO.' 
139°,12"o.5 120' ; 7R n 20/D 1.5140; l2% 23/D 1.5105.75 

HOCH2CHzCH (SH) CHZSH, bl 9 6 7 "  ,330 b0.oO01 70-1 " ; 199d d 
25/4 1.1842; 330 n 23/D 1.5572,m9d n 25/D 1.5533; 330 OAc., 
bo.ooo~ 65-6" ; n 20/D 1.5208; triAc., bo.oool 110-12" ; n 22/D 
1.5150.290d 

HOCHzCH (OH) CH (OH) CHBH, tetraAc., m.78".12" 
HSCHzCH (0H)CH (OH) CHSH, dl-dithiothreitol, m.43" ; h2 

125-30"; tetraAc., m.73".12" 
HSCHZCH (OH) CH (OH) CHZSH, dithioerythritol, m.83 " ; tet- 

raAc., m.126".lZ5 
HOCHZCH (OH) CH (OH) CH (SH) CHZSH, pentaAc., m.92" .Iz5 
(HOCHz) 2C (CH2SH) 2, m.98" ,I3 97" ,332 96" ; 45a tetraAc., bo.oool 

110-20"; n 15/D 1.5092.45a 
HOCHZCH (OH) CH (OH) CH (OH) CH (OH)CH2SH, thiosorbi- 

tol., m.89-92" 254b 93" 
HSCHzCH (OH) CH (OH) CH (OH) CH (OH) CHzSHJ dithionlan- 

nitol, m.172",lZ5 155-7" ; [a] 20/D 1 .S6; 45a hexaAc., 
m.188°.125 

2,5-Dithio-1,4: 3,6-dianhydromannitol, m.16" ; n 17/D 1.5692; 
[a] 18/D 85°.45u 

5,6-Dithiohexitol, hexaAc., n1.87-9".~~', 75 

2-HOC5HRSH, tmm, b35 1124' .j6 

2-HOCsHloSHJ trans, b15 97-9"," blbli; 9 2 4 "  ; n l5/D 1.5190; 46" 

SAC., n 16/D 1.4897.z99d 
0-HOC6H4SHJ bea 1344°J323a b.217°,256 21&7°.18F 
nz-HOCsH4SH, m.17" ; b3, 168" ; diBz., m.78°.499 
p-HOCeH,SH, m.30° ; "6 4'"9 bl 105-10°,290 bgo 144-6' ; diAc., 

m.66°,256 67"; 4" Bz., m.75"; diBz., m.161°.290 
3,4-Me (OH) C6HsSH, m.43 .323a 
3,5,4-Mez (OH)CsH2SH, m.86°.n30 
2,3,5,4-Me3 (OH) CcHSH, m.87" .'"O 
o-HOCHZC~H$H, bmzoyl, m.126" ."j5 
2,s- (H0)2CoH,SH, r . 1  18°.4 
2,4- (HS)2CoH30H, oil, triBz., 1n.96".~~l 

Substituted Jlocc~pfans 403 
. -- - -. -- 

2,q.G- (1-1s) :;C',;H-OH, tctr:tBz.. 1n . l . 32" .~~  
Dlmercapto-o-rreqd, n1.51" ; t,riBz., n1.96".~~' 
Dimercapto-m-cresol, 111.69" ; trihc., m.56" ; triBz., m.120°."1 
Dinlercapto-p-creso1, m.38"; tridc., m.98"; triBz., m.138°.341 
Trimercapto-rn-cresol, m.36"; tetraAc., n1.76".~~l 
1-HOCloH6SH-4, m.114" ; diAc., m.77" .502 
1-HOCloHsSH-5, m.132" ,356 11 5 .477 
2-HOCloH6SH-6, m.137" ; diAc., m.107°.498 
2-HOCloHoSH-7, m.60-70" .477 

ETHER MERCAPTANS 

MeOCH2SH, m.42.4"; b15 52"; d 0/4 1.1017, d 12/4 1.0733; 
n 12/D 1.4909; Ac., blZ 94"; d 0/4 1.1977, d 27/4 1.1819; 
n 27/D 1.5178.251 1 EtOCHMeSH b13 38.6-8.8", boi 389O; d 20/4 0,9160; n 20/D 
1.4378; Ac., b.155-8", b17 60-3.5°,409 b18 62-2.5°,345 b21 
64.5"; 400 d 20/4 1.004; n 20/D 1.4556; Be., b4 120-0.5"; d 20/4 
1.0891 ; n 20/D 1 .5472.345, 409 

BuOCHMeSH, bzo.5 52.5-3.S0, bls 48.2-8.3'; d 20/4 0.8984; n 
20/D 1.4428; Ac., b.198-200°, b3-3 6 61.7-2.3' ,409 b7 7M.5" ; 345 

d 20/4 0.9664; n 20/D 1.4560;345. 409 Bz., b3.Z 133.5-4.5°,409 b4 
139-40" ; d 20/4 1.0492 ; 345, 409 n 20/D 1 .5347,409 1 .5346?45 

MeOCH2CHzSH, b.l12°,'5 109-10"; lr4 n 23/D 1.4488; Ac., bllo 
110"; n 18/D 1.4645.76 

(MeO) zCHCH2SH, b13 434"  ,IR2 bSo 81-2" ; n 30/D 1.4463.325 
EtOCH2CH2SH, b.125.5-5,s" ,44~2&80,40s  b740 125-6" ,319 b15 37- 

40°,369 b415 112-4' ; 422b dJo 0.9412,409 d 20 /4 0.9462; 445 n 20/D 
1 .5795,"zb 1 .4456.409 

(Et0) 2CHCH2SHJ blj 59" ,lR" biz 59-60", bjq 81 " ,202 b17 68-72' ; 
n 25/D 1.4392.325 

PrOCH2CH2SH, b.1344.5 0,"45 b17 48-50' , 1 7 q b j o  64-4.5" ; d20 
0.9227,409 d 20/4 0.9222; 445 n 20/D 1.447EL409 

i-PrOCHzCH2SHJ b44 56.1-6.4' ; dZo 0.9136; n 20/D 1 .4424.409 
BuOCH2CH2SHJ b.1567" :4Q65-7", b19 68-9" ; d 20/4 0.91 11 ,344 

0.9 161 ; 445 n 20/D 1 .4488.344 
i-BuOCH2CH2SH, b9 45.2-5.5" ; dzo 0.9038; n 20/D 1.4444.409 
i-AmOCH2CH2SH, bs 53.94.5"; dzO 0.9028; n 20/D 1.4489.409 
HexOCH2CH2SH, b4.5 103 ; dzo 0.8906; 11 20/D 1 .4556.'09 
c-H~xOCH~CH~SH, b4.5 73-3.5'; dzo 0.9938; n 20/D 1.4864.409 
PhOCHzCH2SH, bZ9 134" ; n 23/D 1.5597.75 
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fI( )(:lI?( '112( )( 'I+>( 'F12SH. 13, 78-80°.'" 
EtOCI12CI12( )C'I-i2(_'f12SH, b2,, 90" ; n 20;D 1.4540.""~ 
!3tOCH>C'FIzC'H2Sfl, 11.,(, 52--LFO.a'i!' 
B u O C ~ l c ~ C H ~ S ~ l ,  1 ~ * . . ~  59-61 ; n 20/D 1 .4493.4221) 
Am0CI\Ie2CH2SH, bs 58-9 " ; n 20/D 1 .4543.422b 
HexOCh/Ie~CH2SH, b2 7 3 1 "  ; n 20/D 1 .4536.422b 
H~I>OCM~,CH~SH, b, 86"; n 20/D 1.4551.422b 
OctOCMe-CIlaSI3, b3,. 98-102' ; n 20/D 1 .4548.422b 
MeOCI12CH2CN:CHCH2SH, b7 63-6"; d 20/4 0.9783; n 20/D 

1 ,4775.347 

BuOCH2CH2CH:CHCH2SH, bll 107-10" ; d 20/4 0.9232; n 20/D 
1.4675."? 

AleOCH2CH (SH j CH2SH, bl 68°,336 b6 63-5 " ; 331, 422n d 25/4 
1.1102; n 25.5/D 1.5178.""' 

EtOCH2CH(SI-I)CH2SH, b6 75-7"; d 25/4 1.0692; n 25/D 
1 .5049."j1 

i-PrOCH2CH (SH j CH2SH, b5 75-6" ; d 25/4 1.0249; n 25/D 
1.4930."l 

HOCH2CH (OH) CH20CH2CI-I (SH) CHzSH, b,,,, 155" ; n 15/D 
1.5390 ; tetrailc., bo.ool 169-74" ; n 17/D 1 .5035.126 

3'fcOCH2CH (OMe)  CH20CH2CH (SH) CI-12813, ~ o . o ~ ~ ~  95" ; n 
25/D 1.4995; diAc., bo.ool 120" ; n 20/D 1.5010.2wY" 

(HOCI12j ,CHOCH2CI3 (SH j CH2SH, bo.oo;, 150-1 " ; n 22lD 
1.5445; tetraAc., bo.oc13 175-6"; n 18/D 1.5017.12" 

MeOCH2C,H (OH) CH (SH)CH2SH, bl.5 82" ; n 15/D 1.5 100; 
diAc., ho.s 110"; n 20/D 1.5098.299a 

I\~IcOCE12CH (OAle) CH (O3fc) CH (SH j CH2SH, bo.oool 75" ; n 
20/D 1.5020; diAc., bo.~ool 90-7"; n 22/D 1.5045.2w9" 

0(CH2CH2SHj2, m.-80' ; 29V.2170,11, 5 3 4 "  , 413 b ~ o  
90-Io,3" 012.7 95-5.30,211 bls 103-4O; d 0/4 1.1854. d 25/4 

Sulistilutcd Jlcrcirptrrns 40 5 

0 ICH2CHrOCH2C'E12SH I _., hlj 164-7 ' ; tl  2.5 4 1 1169: 11 -3.5 /D 
1.498 1 .:is3 

3,1-McO (HO) C6HjCHZCH2CH2SAc, bl ; 180" '' 
o-MeOCRH4SH, b 219" .I" 

m-MeOCRH4SH, b4 78"; n 20/D 1.5845.451 
p-MeOC6H4SH, b.227",IG7 227-901M7 bj 89-90" ; d 25/4 1 .I313 ; 

n 25/D 1.5801 ; 441 Ac., m.100°.447 
0-EtOC6H4SH, b.227" .l"' 
p-EtOC6H4SH, m.41" ; 2" 6.238" ,Iz7 223-6" ,447 275-7' ; 'j6 Ac., 

m.41° ; Bz., 106" .4'7 
i 2,s-NeOhIeC6H3SH, b.245°.157 

p-AfeOC6H4CH?PH, bs 89-94" ; n 25/D 1.5660: iO2Nj. Bz., 
m.102°.2Gj 

O (CGH4SH-p),, 111 98" ; diAc.. 1n.68".~~" 
MeOC6H3 (SH) 2-2,4, m.51" .lsR 

p-MeOC6H4SeH, Be., m.97°.447 
p-EtOC6H4SeH, b24 156-8" ; Bz., n1.95".~~' 

C1CH2SH, Ac., b22 62-3 0.50 
C13CSH, bI5 125°.94 
F3CSH, b.-36.7" 
C1CH2CH2SH, b13 43O, bz5 60°,107 b.125-6","' 93-108"; 4" 9 014 

1.218,lW 1,225,d 20/4 1.203,34b d 21/4 1.193; lei n 15/D 1.5141107 
n 20/D 1.5289 ; 34h Ac., b4 5 1 " ; dZ0 1 .204.63 

BrCH2CH2SH, b2, 50-1 '.Io7 
ICH2CH2SH, Ac., blo 97" : d 17/4 1.8195; n 17/D 1.5190.2'4 
FCH3CH2SH. bZzj 38 5" ; d 25/4 1.082; n 25/D 1.4282 ; Ac., blocl 

87" ; d 25/4 1.4011 ; n 25/D 1.4525.l'" 
ClCH31eCHzSH, b. 125" ,414c 12+S0 ,lo2" bqq 60-2' ; 432 d20 

1.1062; 414c n 12/D 1 .484,1°" n 20/D 1.4844,4" 1.4852; 414c Ac., 
b9 70-1 0.10sa 

BrCHRIcCH?SII, Ac., bo 45" ; n 23/D 1.52.'"'" 
ClCHICI-12CH2SH, hl2 52". bilio 145.5"; cllo 1.1280; n 20/D 

1.4930; Ac., blo 83-4"; d 20/4 1.1589; n 20/D 1.4954."'" 
BrCH2C'H2CH2SIT, hI2 55-6"; Bz., bl 148-9'; rl 25/4 1.4120: 

n 25/11 1.5950.'"" 
C1CH2CH (OH) CH2SH, b1.3 57°,414b 60" ; 414a d20 1.2981 ; 414". 414h 
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n 20/D 1.5265,."" 1.5257; 41~" Ac., b0.4 94'; bl 100-1"; (Ilr,, 
1.2806; n 20/D 1.5186; fl-Ac., bl 69-70" ; dzo 1.2308; n 20/1) 
1.4855; diAc., bo,s 95", bl 102-3" ; dz0 1.2328, 1.2330; n 20/D 
1.4886, 1.4890.414b 

CICHZCHCICHZSH, bzO 74-45"; n 15/D 1.5245; Ac., b25 122' ; 
n 20/D 1.5155.102b 

ClCHzCHzCH (SH) CHZSH, b o . o ~ ~ l  92' ; n 15/D 1 .5392.299d 
CICHzCHzSCHzCHzSH, bzo 120-7" .Io7 
2-C1C5H8SH, chlorocyclopentanethiol; trans, b12 60-1.5°.468 
C15C6SH7 m.248" .448 

S (CHZCHZSH) 2, m.-11 O J Z g 6  -12.5 ' ; 298 bj  102-2.5°,a52 blo 
1354°,29R b13 138°,296 b18 135-7' ; lgl d 20/4 1.1908,206 d 25/4 
1.1797; 352 p-nitrobenzoate m. 1 19.4' .36n 

(CH2SCH2CH2SH) 2, m.46" , l a  15-7" ; blo 168-72" .298 
~ ( C H ~ C H Z C H ~ S H ) ~ ,  rn .4" ;  b6 13&40°; d 0/4 1.1612, d 25/4 

1.1456; n 20/D 1.5740.29X 
S (CH,CHzOCH2CH2SH) 2 ,  b8 182-5 
CH2 (CHzSCHzCHzSH) 2, b, 5 189-90°.352 
02s (CH2CH2SCHzCH2SH) ,, m.81 ' .3z2 

p,p'-HSCsH4SC6H4SH, m.114" ; diAc., m.65 " .46a 
HOCHZCHZSCHZCH~SH, b0.5 106'; n 19/D 1.5622; OAc., b,,5 

98-100"; n 15/D 1.5629; SAC., bo 108-10"; n 20/D 1.5338.'!'!"' 
HOCHzCH (SIT) CHzSCHzCH (SH) CHZSH, b,,.,,, 150-6" ; n 15/D 

1.6190.299(1 
2-HOCsHloSCoHloSH-2, bo.2 15MQ0,'99d 

,C~cb.<titzlted dlcrcclptclns 
-- -- 

407 
- 

XI~DEHID~:  4s -D  ~TETo- ; \ IERc~PT.~s~ 

HSCHzCHpCHO, Ac., bll 89"; n 25/D 1.4887;4i2 bl 6670" ;  n 
20/D 1.5079."; 

HSCHzCHMeCHO, Ac., bz 65' ; n 25/D 1.4831.472 
HSCHMeCHzCHO, Ac., b2 5940";  n 20/D 1.5025.65 
HSCHPhCH2CH0, m.44" ; bl 11 5-7°.65 

HSCH2COh'le, two forms m.82" and 109-1 1 109-11 0,208 105- 
11 0,316 109' ; 225 Ac., b2 1 3 0 "  ; 316 Be., m.8" ; b0.05 90-100°.208 

I 
Me2CHCH (SH) COMe, bs6 60' 
HSCMezCHzCOMe, be 84-45"," blz 55' ; semicarbazone, m.160°? 
HSCHPhCH2COhSe, n1.68" .6" 
HSCH (CHMe2) CH2CH2COMe, m.69" ; Ac., blo 134' .2X 

8 HSCH2COC6H13, m.44°.225 
p-PhC6H4COCH2SH, m.109" 
PhCOCHPhSH, m.42-4" ; Bz., m.112°."2 
m-MeCOC6H4SH, bll 137"; Bz., bll 1354°.406 
p-MeCOC6H4SH, m. 28.5'; bbll 142°,406 b2.5 110"; n 25/D 

1.6181 ; 451 Bz., m.50°.406 
4,3-MeCO (MeO) C6H3SH, m.80" .'OO 

HSCH2COCH2SH, m.86 " ; bl4 95 0.403 

MeCOC6Hs (SH) 2-2,4, m.215" .364 

MeCOC6H3 (SH)2-3,5, m.128°.36" 
PhCOCH : C (SH) 2, m.64" .231 

p-MeOC6H4COCH: C (SH) 2, m.85 " ; Bz., m.125 " .232 
(p-HSC6H4) zCO, m.165" .448 

AMINO-MERCAPTANS 

CH, (CH2CH2)2NCH2SH, m.12.5-15" ; HCl, m.195-205'.42 
0 (CH2C13,) ,NCH,SH, m.86-8' .42 
H2NCH2CH2SH, m.100°,150 98.5°,54 98°,41 85'; lo7 b.130°; 41 HC1, 

m.70.7'," 72" ; l4", 152 picrate, m.126" ; 150 formyl, b747 138' ; 149b 

NAc b7 13%40° ; l9 SAC., HCl, m.137" ; 487 diAc., m.3O0,lg7 28" ; 
bo ooool 100°,18 bl 131-3',lg7 b15 181-3' ; l9 n 27/D 1.5070.1g7 

H2NCHzCHMeSH, m.65'; 149b b.158" ; 306 HC1, m.88; picrate, 
m.144°.152 

H2NCHMeCH2SH, HCl, m.94" ; picrate, m.193°.52 
H2NCH2CMe2SH, HC1, m.203°?6 
HepNHCH2CH2SH, bZ.5 70-1 ' ; n 20/D 1.4703 ; Ac., b4 160-2" .422a 

DodecNHCH2CHzSH, b2.5 141-3" .216 
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J ' I I ~ I I (  'If2('IT2>II. I ) !  1 1 0 ° ~ ~ " ;  .J<" -, 9-57 ; 11 20 1) 1 0040; 
111 66 .""',I 

o-lleC6H,SHC'I-12C'H2SII, 11 (1" .~~(~  
fi-CIoHiSHCI12CH2SH, b3 184" ."'" 
BuXHC'R~IeCHzSH, b1 30-2" ."G 
c-HexIVTHCHMeCH2SH, bl 668°.216 
PhNHCHRleCH2SH, b1 95" .21" 
PhCH2NHCHMeCH,SH, b1 92-4" .,I6 
R ~ ~ ~ N H C H Z C M ~ Z S H ,  b2 8 3 4 " ;  n 15/D 1.4630; 421b9 425n Ac., b2 r, 

128-31 ; n 15/D 1.4800.422n 
DodecNHCHzCMezSH, b3 138_41°.422a 
A'leNHCHMeCHPhSH, m.48°.62 
PI INHCH~CH~CH~SH,  bl 95°.3'9 
Me2NCH2CH2SH1 Ac., m.95 " ; 357 MeI, m.205°,224 204" ,35i 

203" ; 444 MeC1, m.238°.190 
E ~ ~ N C H Z C H ~ S H ,  b4 46801Q1 bZO 646°,1i' 64-5",l3I bal 65", b32 

74" ; d 20/4 0.8751 ; n 20/D 1.4670,' 1.4680; Ii1 HCI, 
m.173",2 170-2°.1i1 

BuzNCHzCHzSH, b2 73-4°,"6~ 359 74-5°,422a b26 138"; 91 n 20/D 
1.4635; HCI, n1 .123O.~~~~  

An12NCH2CH2SH, b2 86-90" ; n 20/D 1.4643; HC1, m.86" .4"'8 

Hept2NCI-T2CH2SH, bg 127-8" ; n 20/D 1 .4660.422a 
OC~ZNCH~CH~SH, bz 1368";  n 20/D 1.4658.422n 
( C H ~ ) S N C H ~ C H ~ S H ,  b1.5 50-lo,"', 3'Q b4 56-7", bQ 70-2°,'"Q8 

bll 85"; n 20/D 1.5015,422a n 25/D 1.4995.91 
0 (CHzCHZ) ,NCH&H2SH, bl2 106", b15 100" ; n 25/D 1 .5030.91 
2-~lethyI11yrrolidyl CH2CH2SH, bll 74-4.5"; n 25/D 1,4898.88v 
2-Metl~ylpiperidyl CH,CHZSH, b14 96.5-70"; n 25/D 1.4974.X" 
MeDodecNCH2Cf12SH, b,., 13940" .216, 359 

MePhNCH2CII2SH, b2.5 116°.216, 330 

Ale2XCH2CHhleSH, b.153-4"; AleC1, n1. 92"; MeI, m. 145°.35i 
Am2NCI12CHMeSH, bz 8 6 7 "  ; n 20/D 1 .4634.422n 
Et2NCH2CAle2SH, b;2 94-5" ; n 15/D 1 .4597.4"2" 
Bu2NCH2Chle2SIl, b2 89-90" ; n 15/D 1 .4748.422a 
Am2NCI-T2Chle2SH, b2 85-90" ; n 15/D 1.4653; HCl, m.86°.1'2" 
i-AmzNCH2CAle2SH, b~ 8 3 4 " ;  n 20/D 1.4677.422a 
HeptzNCH2CMe2SH, b2 12+6°,421b, 42'2n 

(CR,) ;NCH2CMe2SH, b1.5 53-6",""" b2.& 47' ; n 20/D 1 .4W0,422L 
1.4848; 4"b HCI, m. 199O /22a 

S7tbstif1rtcri JIcrcnptnns 409 
-- -- -- -- 

3-l\Ictl1yIl)iperi(lyl C'F12('-\Ic2SII, bz .;1-3°.k'"1 I)? 13-57" ; +"" 

20,n 1,4782,421b 4"" 

4-Et11yll)ipcritlyl CH2C\Ic2SH, h? ;  7 1 4 " ;  n 20/D 1.4894.4""3 
429a 

0 (CH2CH2) 2NCI-12CAle2SH, b6 .i 81-2' ; n 20/D 1 ,4886.422a I 
Me2NCH2CHPhSH, bl 

/ PhNHCH2CH2CH2SH, bl 95 O ?S9 
i Et2NCH2CH2CH2SH, bl5 80",2j0 b2'" 767.5' ; d 20/4 0.8908; n 

20/D 1.4668,171 n 25/D 1.4650; HCl, 1n.76".~~l 
I 
f BuzNCH~CH~CH~SH,  bz 112" ; n 25/D 1.4994.91 

) 0 (CHZCHZ) 2NCH2CH2CH$3H, bll 110-2' ; n 25/D 1.4962; 88* 

"'picrate, rn.13O0 .90 
2-A'letllylpiperidyl CH2CI-T2CH2SH, bs 95 5" ; n 2S/D 1.4950; 

! picrate, m.l 16-8°.90 
Me2N (CH2) $H, bS5 84' ?03 
Et2N (CH214SH, b15 9 5 4 "  ; n 20/D 1.3678."jD 
EtzN(CH2) 3CHMrSH, bll 94" ; n 25/D 1.4630; picrate, 

rn .62-5 " .s9 
( CH, 1 5N (CHZ) ,SH, b10 93 " ; n 20/D 1 .5000.25u 
HzNCH2CH(SH)CH2SH, bl 65-75°,33G, 343 80°.433a 
MeN (CH2CHaSH) ,, bll 105-7°.1Q1 
EtN (CH2CH2SH) 2 ,  b4 108-9°.191 
YhN(CHZCH2SH) 2, bz 138-40" b2 .r, 171 " ; ')I6 n 20/D 

1 .6248.422a 
BUN (CHhIeCHzSH) 2 ,  bo 5 S54".*16 
c-HexN (CHAIeC13zSH) 2. bl 127" .216 
HSCRle2CH2N (CHZCHZ) 3NCH2C13e2SH, n1.127-3 1 " .4'1'" 
N (CHZCHZSH) 3, b7 147" .I9' 
B u ~ N C H ~ C H ~ S C H ~ C H ~ S H ,  t)2 129-30" "" 
PhNHCI-12CH2SCH2CHaSH, b2 2 171 " ."I6 

AROMATIC AMINO-MERCAPTANS 

0-NR2C6II4SH, b6 125-7°."i 
I ~ L - K H ~ C ~ H ~ F H ,  h16 180-YO0 ; diAc., 1n.97°..'01 
p-KH2CtiH4SH, 111.46" ,"o 43-5" ; liO b15 140-5" ,>0° b17 143-6" ; 170 

NAc., ill.163°.2'6 
o-?uleNHCGH4SH, blb 12&7", b8,, 142-3°."',3 
o-PhNHC,H,SH, b, 17-C.5" .'"I' 
o -PIICH~NHC~H~SH,  m.37" ; b3o 179" .23' 
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o-H02CCH2SHCoH4SH, m.1.32°.23,5 
p-;Lle2T\;CI;H4SH, n1.28.5"; b.259-f5°,25G b2 l22".lG9 
2,4- (H2N) 2CGH3SH, trirlr., m.24S0 
2,4-H2N (0-N) C6HBSH, m. 183" ; l6"diAc., m. 1 SO0 .205a 
2,s-H2N (OzN)C6H3SH, m.81 0.93 
2,4-H2N (Br) C6H3SH, HCl, m.219" .22 

2,4-IIzN (Cl) C6H3SH, m.201. 024S 

2,4,5-H2NC1 (HC)) CaHzSH, HCl, m.225".14" 
4-H2NCl0H6SH, n1.93" ; Ac., m.173" ; diAc., m.152°.503 
2-h,Tercaptopyridine, m.124°.458 
3-hlercaptopyridine, 1n .77O.~~~  
3-Mercaptomethylpyridine, b13-5 121°, b17-s 11%25°.471 
2- (P-Mercaptoethyl) pyridine, bi.o 94" ; hc., bl., 95-7" ; n 25/D 

1 .5480.472 
2- (P-Mercaptoethy1)-5-ethylpyridine, Ac., b9.5 131-6" ; d 25/4 

1.0664; n 25/D 1.5377.4i2 
2-Mercapto-3,s-diiodopyridine, m.206.5°.240 
4-Mercapto-3,s-diiodopyridine, m.205°.240 
2-Mercaptoquinoline, nl. 174" .370 
2-Mercapto-3-methylquinoline, 1n.253 " 
4-Mercaptoquinaldine, m. 187°.370 
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Merca pto-Acids 

A mercapto-acid is one in whicli tlic -SH is substituted for a 
hydrogen atom of the alkyl. Thus HSCH,COOH is mercapto- 
acetic acid. However, this acid is coi~~monly callcd thioglycolic 
acid and CH3CH (SH)COOH is tliiolactic, the prefix "tllio" s ~ O J T -  

ing that the -SH group takes tlie place of -OH. 

Thioglycolic Acid 

Tliioglycolic acid is found in the b lood .36Vhiog lyc~l ic  and 
tliiolactic acids arc among thc decomposition products of pro- 
teins 3" and thiolactic can be obtained by the l-iydrolysis of 
n , o 0 1 . ~ ~ ~  

Tliioglycolic acid, HSCHZCOON, was prepared by Carius froiii 
chloracetic acid and potassium 11ytlrosulfide.l~~~ I ts  potassium, 
barium, lead, and silver salts wcrc studied. I t  \\-as obtained also 
as a by-product in the preparation of tl~iodiglycolic acid.jm Hlic 
ethyl ester was prepared froni cthyl cll l~racetatc.~" Claus made 
the acid from thiourea.lX This has been considered recently.lz1 

The solution of potassiunl tliioglycolate resulting from the 
reaction of cliloracetic acid with potassium liydrosulfide iiiay be 
concentrated and a large amount of alcoliol added to get rid of 
other salts. The alcohol is evaporated and thc tliioglycolic acid 
set free with sulfuric acid and takcn up in ether."'>' Or, the acid 
may be isolated as the sparingly soluble barium salt."j A high 
yield is said to be obtained from mixing a 20% solution of chlora- 
436 
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cetic nritl n - i t ] ~  cloul~lc. t!ic cnlcul:itc(l aiiiount of :i I,;?; potas~innl 
liytlrosulfiile rolutioii : 

ClCH,COOH + 2 KSH + HSCH2COOK + H S H  + KC1 

; The displaced hydrogcn sulfide kccps down the potassium sulfide 

i. i concentration. A 995% yield is claimed from freshly prepared so- 
i dium hydr~sulfide."~ Thc concentrations of the reactants and 
1 the reaction conditions affect the yicld greatly. 1 .- Alore or less of the sulfide acid, S(CH,COOH)z, is obtained 

along with tlie thioglycolic by t,his reaction. To avoid this, it has 
been proposed to prepare the disulfide acid and reduce it: 232, 

i 299, 331. 368c, 369a 

' As sodium disulfide may contain some of the monosulfide, sodium 
tri- or tetra-sulfide may be used. The reduction rliay be effected 
by zinc and acid,'", 2 3 2 3  299 or e l e c t r ~ l y t i c a l l y . ~ ~  Thioc.lycolic a 

acid may be illade froin a xantllate: 66~1, 66b, 66c,  186, 231, 
205c 

A thiocarbainate, from carbon oxysulfidc and dimethylainine, 
may be caused to react with chloracetic acid: 332" 

Soclium thinsulfate has bcen used.loS~ ""8etailed directions for 
the preparation from this inaterial are given in a recent patent. A 
yield of 93% is c l a i m ~ d . ~ ~ ,  249 T h i o g l y c o l i c  acid can be ob- 
tained from thiocyanacetic a c i ~ l . ~ ~ ~  Thiollydantoin heated 
with bariuni hydroxide gives the barium salt of thioglycolic 
aCid,lla, 1% Similarly, nitrosotliioglycolic acid is obtained froin 
nitrosothiohydantoin 3M and the isonitroso from isonitroso-pseu- 
dotli iohydantoin.l i~iplphen~ltl~iol-iydantoin with alcoholic pot- 
a ~ h , " ~ , ~  or plienyl illustard oil glyrolid and 1)ariurn llydroxide, give 
thioglycolic~ acid. I t  113. been obtainetl by a series of reactions 
starting fro111 su1fo:~cctic ac~d . ;~"  A liiixctl anhydride, HSCH2- 
C0.O-COCII ISH), ,  r~sul tu  froni t l ~  treatment of glyoxalic acid 
with IiJ~drogcn wlfidc in tlic presence of silver oxide.i511 

The pure acid niay be obtained by vacuuni clistillation. At  
rooni temperature, self-condensation goes on slowly. A 98% acid 
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may lose 3 to 4% in a month. The rate of reaction depends on 
the amount of water present.425 It is customary to add 15% of 
water to retard the condensation. On long standing, the acid is 
converted into water and an  insoluble polymer.46i When an in- 
different gas is passed for several days through the acid kept a t  
120°, water is eliminated and a viscous liquid remains. Along 
with polymers, this contains a large proportion of the dimeric 

CO.CH2 

thioglycolide, S 
/ \ 

S, m. 119.5", which may be obtained 
\ 

CH2.CO 
/ 

by vacuum distillation. This is hydrolyzed rapidly by alkali to 
the acid, HSCH2COSCH2COOH, which is hydrolyzed slowly to 
thioglycolic 

The corresponding seleno-acid, HSeCH2COOH, has been ob- 
tained from the hydrolysis of the selenocyano-acid, HOOCCH2- 
SeCN.40 

Thioglycolid, (.SCH2CO.), has been described.345 The photo- 
chemical properties of thioglycolic acid have been studied.349 

The salts of thioglycolic acid are of interest on account of their 
variety and of their therapeutic applications. As an acid, i t  
forms salts and as a mercaptan, i t  forms mercaptides; a metal 
may be a t  either end or a t  both ends and different metals may 
be a t  the two ends. By use of these mixed salts, separation of 
some of the heavy metals may be effected.405 Many of its salts 
are kn0wn.4~~ 

The first salts made were those of potassium, barium, lead 
and silver,104a but, as pointed out by Klason, the thiogly- 
colic acid which Carius had was largely the sulfide-acid 
S (CH2COOH) 2.344a These were followed by Hg (SCH2COOH) 2, 

H g  ( S C H Z C O O ) ~ B ~ ,  Hg(SCH2C00) 2Hg, Hg3 (SCH2C00) d l 2 ,  
Hg (SCH2COO) 2Mn, H g  (SCH2COO) 2Pb, Cd (SCH2COO) &dl 
AgSCH2COOAg, P b  (SCH2COO) 2Pb, -SCH2COOBa-3H20 (0.85 
g. dissolves in 100 g. of water a t  17") ,  A s ( S C H ~ C O O H ) ~ ,  
Pt ( S C H Z C O O H ) ~ , ~ ~ ~  and the much used antimony salt, HOOC- 
CH2SSbSC132COO-,34" "' N~00CCH~SS~bSCH2C00-~H2O1 
Ba (00CCH2SSbSCI12C00-) 2.2H20,"2 MgSCH2COO-, MnS- 
CH2COO-, and As (SCH2COONa) 3.4i8 Stannic chloride and 
thioglycolic acid give the half-way salt, C12Sn(SCH2COOH)2, 
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~vl~ir l l  I~ytlrc~lyzc,s t o  I IIO )$n (SCH-COOH) 2.'c"'" Siicli ~ ) ~ - o d u ~ t <  
haye heen rero~umended a& additions to hydrocarbon luhri- 
cants.'" The phybiological effects of a number of salts were 
studied by Mycrs: 42i Bi (SCH&OOI-I) 3, CUSCH~COOH, RbS- 
CH2COONa.2H20, AgSCH2COONa, AuSCH2COONa.H20, BeS- 
CH2COONa, Cd (SCH2COONa) 2.4H20, Hg (SCH2COOH) 2, 

TI (SCH2COOH) 3, Ce (SCH2COONa) 3, P b  (SCH2COONa) 2-- 

2H20, V2 (SCH2COONa) 3-2Hz0, As (SCH2COONa) 3'Hz01 Sb- 
(SCH2C00) ZNa, Mo (SCH2COONa) 4,  IV (SCH2COONa) s-2H20, 
UOz (SCH2COONa) 2.4H20, Ni (SCH2COONa) 2.4E120, Co- 
(SCH2COONa) 2-6H20, Pt (SCH2COOH) 4, and Zn (SCH2COO- 
Na)2.H20. The reaction of thioglycolic acid with mercuric 
chloride seeins to  go in two stages: 53sc 

Polarographic studies have been made of the mercury ~ a l t . ~ ' * . ~ ~ *  
662.5 Thioglycolic acid reduces stannic ions to stannous.53E 

A number of alkyl-mercury compounds, RHgSCH2COOH, 
have been prepared.485 The methyl melts a t  87", the ethyl a t  79", 
the propyl a t  73" and the butyl a t  68°?39b 

Silver sodium thioglycolate, which is said to be valuable in 
treating diseases due to gonococci, can be prepared in several 
ways.ll3, 265 The antimony-calcium salt, Sb2 (SCHzCOO) &a3.- 
3H20, is said to  be a s p i r i l l o ~ i d e . ~ ~ ~  The antimony sodium salt 
is active against trypanosomes.l15 Salts containing pentavalent 
antimony and an alkali pe t a l  are also s p i r i l l o ~ i d e s . ~ ~ ~ ~  From 
the antimony compound, HOOCCH2SSbSCH2C00-, m. 202", 
the sodium, ammonium, zinc, and magnesium salts have been 
prepared.61Vhe sodium antimony salt  has been used for schisto- 
somiasis.l12 Its toxicity and pharmacological action have been 
~ tud i ed .~"  The corresponding bismuth sodium thioglycolate has 
been investigated.371 It is said to have antisyphilitic activity 
and to  check therapeutic malaria temporarily.529 I ts  intramus- 
cular absorption has been ~ t u d i e d . ~ j V t  is not accumulated in 
the kidney of a rabbit sufficiently to show an x-ray p i ~ t u r e . " ~  
The bismuth calcium salt is said to  be usefu l . l lVhe  lead sodium 
salt, Pb(SCH2COONa)2, has low toxicity.394b Arsenic and anti- 
mony derivatives are components of certain medicinal prepara- 
t i o n ~ . ~ ~ ~  

Calcium, strontium, and magnesium aurothioglycolates are 
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s ~ ~ i t a b l c  l o ~  use by il~jcc.tiuii.'" "Tlic gol(l c:~l(.iuiii .;:\lt i.. c~fl'cctivc~ 
againat arthritis i r i  mice.4x" '"!';I I t  inliit~its oleavagr ol a c e t ~ l -  
rholine by cIiolinestcrase.':'Tl~c l)rcl)aratio~i of the gold stroil- 
tiuin salt has bccri dcsrribed.'""" Aul-oiiic~rcapto acitls :ire I)rc'- 
pared froin auric salts in the presence of sulfur dioxide jl(' or of 
neutral s u l f i t e ~ . ~ ~ ) ~  

Two series of salts which are apparently derivatives of penta- 
valent antimony have been obtained. The acid in one of these is 
supposed to be Sb(SCH2COOH),.316b Complex ferrous salts are 
knoWn.3'i8.3, 378.5b 

Uranyl thioglycolate is yellow-green, doubly refractive, and 
soluble in 30 parts of The reaction of thioglycolic acid 
with cupric ions is rliaracteristic. T l ~ e  product appears to  bc 
tlie cuprous merc'aptide cupric salt, C U S C H , C O O C U O H . ~ H ~ ~ . ~ ~ ~ ~ '  
The calciuni salt, CaSCH2C00-.3H20, loses water above 95". 
I t s  solubility in 100 g. of water is 7 g. a t  25" and 27 g. a t  95".,06 

Salts of thioglycolic acid are stabilized against oxidation by 
aliphatic d i a m i n e ~ . ~ ~ ~ ~  The pyridine salt of antimony ethylene 
mercaptide thioglyrolic acid, (.CH2S)2Sb8CH2COOH, melts a t  
101".l" The absorption spectra of solutions of cobalt complexes 
of thioglycolic acid have been compared with those of cys- 
teine..52.5a 

The ethyl ester of thioglycolic acid, HSCH'COOEt, is a true 
mercaptan and forms mercaptides, KSCH2COOEt, Pb- 
(SCH,COOEt) 2 AgSCH,COOET, ClHgSCH,COOEt, Hg- 
(SCH2COOEt) 2, m. 56.5 and Ni lSCH2COOEt) 2 ,  in. 101 "."" 

Antimony trioxidc inay bc dissolved in the ester to forni 
Sb (SCH2COOEt) ,, an oil ~vliich has given favorable results as 
a t r y p a n o ~ i d e . ~ ~ ~  Other compountls, Bi (SCH,COOEt) .? and 
AgSCH,COOEt, m. 77", can be made ~ i m i l a r l y . ~ ~ V h e  gold, 
silver, and bismuth compounds of various esters liave been 
claimed as therapeutic  agent^."^ The absorption and toxicity 
of the bismuth derivative of the ester ha re  been studied."" 
Triphenyl-bismuth and tliioglycolic acid give a yellow powder.252 
The dipole mon~erit of tlie octyl ester has been s t , ~ d i e d . l ~ ~ , "  

The antimony derivative of the ester can be converted into 
the amide: 484 

The antimony derivative of tlie amide melts a t  139" 269 and the 
bismuth371 a t  144.5".269 These derivatives can be made from 

thioglycolic aniide prcl~arecl lronl cllloracctami~le ' Antimony 
tliioglycolamide is effective in the treatment of billiarzinsis and 
trypanoson~iasis."~' Gold niercaptides of the 9 -a lky l  amides 

! have been prepared.6'0Tlie gold derivative of tliioglycolanilid 
gives an intense purple color with selenium o x y ~ h l o r i d e . ~ ~ ~ "  The 
gold derivative of the o-hydroxyanilide is relatively nontoxic."' 
The copper, mercury, silver, and zinc salts of substituted anilides 
have been claimed as therapeutic 

The acid, MeEtAsSCH2COOH, melts a t  82"."7 An arylar- 
senious oxide reacts with thioglycolic acid 2 9 c ~  lQ3, 2s6, 266, 44ab or 
its ester: 101, 446b, 5.51 

The same compound can be made from phenyldichlorarsine: 339a 

PhAsCI, + 2 HSCH,COOK -t PhAs(SCH,COOH), 

An antimony derivative can be made similarly: 

The compound, p-AcNHC6H4,4s (SCH2COOH) ,, melts a t  1 10".128 
Aryl arsonic acids react with thioglycolic acid, its amide, or its 
esters to forni thioarsenites, ArAs ( SCH2COOH) ,, ArAs- 
(SCH'CONH,) 2, or ArAs (SCH,COOR),, which have definite 
melting points and may be used for the identification of these 
a c i c l ~ . ~ ~ "  Aryl arsonic acid derivatives, free acids, ArAsO- 
(SCH2COOH 1 2 ,  amides, ArAsO (SCHzCONH2) 2 ,  and esters, 
ArAsO (PCHzCOOR) ,, have been prepared.'", Aryl arsonic 
acids may react nit11 four, as well as with two, iriolecules of 
thioglycolic acid giving compounds of the type ArAs- 
(SCH&OOH)4.446a The diphenylarsenic derivative, P~I~ASSCH,-  
COOH, is from the diphenylarsenious oxide, ( P l i , A ~ ) 2 0 . ~ ~ ~  

The \Valden inversion in the formation of derivatives of 
thioglycolic acid has been investigated.3R1 

Thioglycolic acid is a true mercaptan. The reactions of its 
salts with cliloracetic, bronioacetic, and iodoacetic acids liave 
been studied extensively.lg" 282a, 2s4 With ethylene bromide and 
with triiiiethylene bromide tlie acids, (-CH2SCH2COOH), ant1 
CH2 (CH,SCH,COOH) ,, are formed.MR' Sodiuni thioglycolate 
reacts with acetobromoglucose ""nand with plienacyl 
Thioglycolic acid reacts quantitatively with chloracetic acid in 
the presence of alkali. Using a known amount and titrating the 
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excess with iodine serve to determine the chlorine.604 Compounds 
of the type RCONHCHzSCH2COOH ran be prepared from 
N-chlorometliyl amides."jO 

Thioglycolic acid is oxidised by iodine 66as 344b or ferric 
chloride.253, 344b, 641 I t s  oxidation by various salts has been 
studied,39, 5359 6268 

The absorption of gaseous oxygen by a solution of this acid 
goes on slowly but steadily for several days. The rate is tripled 
by the presence of 0.000,001 mole per liter of a manganese 
salt.592a The autooxidation causes weak luminescence which is 
stronger in the presence of the copper ion.303a When oxygen is 
passed through a solution of thioglycolic acid, hydrogen peroxide 
is formed.503 

In  the presence of barium or sodium hydroxide, the oxidation 
is rapid, the speed depending on the concentration of the alkali. 
It does not stop a t  the disulfide. Oxalic acid is the chief 
product. Copper is an active catalyst.", 519c Iron and man- 
ganese ions are also.377 The rate of oxidation is not proportional 
to the concentration of the catalyst or to that  of the thioglycolic 
acid.la9 The oxidation of the anilide is catalyzed by traces of 

The oxidation-reduction potentials of tliioglycolic and of 
thiolactic acids and the equilibrium: 

have been 209, 249, 3G9b, 487a Recent determinations 
correct old ~ a l u e s . ~ " V V i t h  L-cystine, thioglycolic acid comes 
to a reversible equilibrium a t  the half-way point. The free 
energy change is practically zero.63 This applies not only to 
free cystine but also to the cystine units which link together 
protein chains.74 The keratin in wool is reduced by it.lgO, 4 4 8 9  519T 

I t s  salts are used extensively in hair-waving preparations 4. 337 5- 

376, 418, 427 5 ,  517 5 and in dcpilatories,iG, 196, 197, 210, 212, 546, 599 

There Iiave been investigations of possible lo2, 140 

236 5, 395, 423 5 ,  553 z The triethanolamine salts of thioglycolic, 
tliiolactic, and tliioglyceric acids liave been suggested for such 
uses."' Tliiolactic acid is colr~ing into larger use. I t  is said to 
be less t o ~ i c . . ' ~ V l i e  tlieory of their use in hair waving is that 
the cystine linkages in the keratin of the hair are loosened by 
reduction to cysteine. After the hair is curled new cystine 
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linkages are fornictl by osidation and ille hair retains its set. 
Thioglycolic acid rccluces glyotoxin to its sulfhydryl formIii 
and pyruvic acid to  review has been written on the 
scope and content of patents relating to the use of mercaptans 
in hair w a ~ i n g . ~ ~ ' . ~  

In  the body of a rabbit, thioglycolic acid is readily oxidised, 
much of the sulfur appearing as  the sulfate ion.28s It de- 
colorizes methylene bluel6%nd reduces nitrous acid to nitro- 
gen.390 This may be analogous to what goes on in living 
tissues.562 

1 I n  the presence of thioglycolic acid, linoleic acid takes up 
one aton1 of oxygen. As tests for carbonyl and hydroxyl groups 
are negative, the product must be of the ethylene oxide type. 
Formic acid is oxidised by air to  carbon dioxide in the presence 
of thioglycolic acid and of iron, but not when only one of these 

1 is present. It has been suggested that  mercaptan peroxides are 
1 concerned in respiration.Wa The fact that  thioglycolic acid is 
I active only when a heavy-metal ion is present may indicate 

that the active agent is a mercaptide peroxide. I t  has been 
shown that  lead mermptides do form peroxides.442 Thioglycolate 
salves have been suggested for skin  disorder^.^^^.^ 

: A nitrile, thioglycolic acid, and hydrogen chloride unite: 

RCN + HSCH2COOH + HCI + RC(:NH.HCI)SCH2COOH 

These iminoester salts can serve to identify nitriles. Their de- 
composition points are only fairly distinctive, but they can be 
titrated as dibasic acids. If the boiling point of the nitrile has 
been determined, its identification is s a t i s f a ~ t o r y . ~ ~ ~ ~  15"mino- 
esters will be discussed again in the chapter on thioacids. 

Tt~ioglycolic acid adds to potassium cyanate: 

KCNO + HSCH,COOH + H,NCOSCH2COOK lie 

Thioglycolic acid adds itself to many unsaturated compounds. 
The addition is so complete that  it may be used for determining 
unsaturation in the same manner as iodine. Weighed amounts 
of an oil and the acid are mixed. After standing for a time, 
the excess of the reagent is back titrated with iodine. In  a 
number of analyses the values found were one to  three units 
higher than with iodine.18 There is no possibility of substitution 
as there is with iodine or bromine. The rates of addition of 
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tllioglyc~olic. aci(l t o  ~-al.iolis olcfin~ ~ ~ i i t l e ~  tliffe~ent c~onditions 
]lare hccli 1ncas~11.ctl in ortlcis to lay a basis for its ~ ~ s c  in tlic, 
analysis of nlixtures."" This ~iietllo(i see111s ~ ~ o r t l l y  of furtlier 
study. Tlie fact that adrlition takes place wit11 somc unsaturates 
and not with othcrs gives i t  a diagnostic value, particularly 
when used in conjunction with iodine. As thioglycolic acid is 
unstable, frequent standardization is required. There is thc 
possibility that the addition may be influenced by traces of' 
metals or by peroxides which may be present. 

Thioglycolic acid has been added tc~ an unsaturated higher 
alcohol under controlled conditions.lV" It reacts quickly 
with styrene, in thc prescncc of ascaridolc, to forni P-plienylethyl- 
thioglycolic acid, PhCH,CH2SCH2COOH. In  the presence of 
liydroquinone and in the absence of air there is no addition.342 
The presence of a peroxide scerns to bc necessary, but the 
amount required is so small that the traces of peroxides, which 
are almost always present in organic con~pouncls, are ample. 
When thioglycolic acid is poured into an equivalent anlount of 
unclecylenic acid, the mixture gets hot and, on cooling, sets to 
a solid mass of t.he addition l~roduct ."~ Pale-crepe rubber, 
after being in contact with thioglycolic acid for 16 montlls, 
dissolvecl largely in aqueous sodium hydroxide. The addition of 
acid precipitat,ed a substance in which the CjH8:HSCH2COOH 
was 1:0.953.2wc 336 I n  another experiment, this ratio was 
1:0.67.333 Butadiene copolymers are made more resistant to 
hydrocarbon solvents by the partial saturation of the double 
bonds with tl~ioglycolic acid."l Thioglycolic acid and phenyl 
vinyl sulfonc give the acid, PhS02CH2CH2SCH2COOE-I, m. 
84°.211 

Thioglycolic acid reacts readily with aldehydes and ket'ones 
to form mercaptals, R C H  (SCH2COOH) 2, and rnercaptoles, 
RRfC(SCH2COOH),.77. 294d3 296b3 299% 537, 561 The fornlation of 
these may serve to identify carbonyl c o m p ~ u n d s . ~ ~ " ~ I t s  esters 
react similarly.426 These products will be treated in the  chapter 
on mercaptals and mercaptoles. The compound with glucose is 
particularly stable.2wc The  anilide of thioglycolic acid forms 
hemiacetals with  aldehyde^."^" The acid forms addition com- 
pounds with hydroascorbic acid,168 with methylglyoxal,"2"d and 
wit,h quinone and napl1thaquinone.~6 

Thioglycolic acid reacts with fornlic acid like a simple mer- 
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captan to form the trithlo-ortlloforlnute. HCISC'II~COOH). , ,  
m. 173°.3"3"3 mLH)i The xanthate, KS-CS-SCH2COOK, is formed 
with carbon disulfide and alkali."g"b Tliioglycolic acid unites 
with cyanamide to form the isothiuronium complex, H z N ( H N : ) -  
CSCH2COOH, which goes into 2-imino-4-thiazolidone with the 
loss of a molecule of ~ v a t e r . l l ~  With potassium thiocyanate the 
product is 2 - th io -4- th iazo l id~ne .~  

Thioglycolic acid Ilas been used in the study of celluloseg3~ 330 

and of lignin,H4, 224,  293c. 295r. 297, 474, 314,  515 lv i th  ljgnin i t  forms a 

product represented by the formula, C40H40012.nHSCH2COOH, 
in which n varies between 3 and 4.54- 296d Some of the tllioglycolic 
acid may be split off by met11ylat ion.Vhe 5-pseudocumvl- 
acetone isolated froill crude wood spirit and the synthetic com- 
pound react with thioglycolic acid to form 5-pseudocumylmer- 
captolacetic acid, m. 1 4 M 0  .293b These investigations have been 
summarized by H ~ l m b e r g . ~ ~ ~ ~  

Acetylthioglycolic acid, MeCOSCH2COOH, may be made 
from the acid and acetyl chloride or from thioacetic acid and 
chloracetic 6" Its acid chloride, MeCOSCH2COCI, re- 
acts with the sodium derivative of cyanacetic ester to  give 
ethyl acetyltl~ioglycolylcyanacetate, MeCOSCH,COCH (CN)  - 
COOEt, m. 71°.47 The benzoate, PliCOSCH2COOH, can be 
made from tlle acid and benzoyl chloride or from sodium thio- 
benzoate and chloracetic acid.2g4e The trichloroacetyl derivative, 
C19CCOSCH2COOEt, has been used in a high-pressure lubri- 
cant."" 5 

Ethyl thioglycolate is obtained in 89% yield by refluxing a 
mixture of  the acid, ethanol, sulfuric acid, and benzene under 
a Soxhlet containing magnesium sulfate." The glycerol ester 
has been obtained by the aid of xylene to entrain the water.4sx 
Polyvinyl alcohol can be esterified and the ester oxidised to 
the di~ulfide.~" The fresh ester is soluble in water, but bc- 
comes insoluble, due to the cross linking by -SS- from air 
oxiclati~n."~ Tllc reaction product of linseed oil wit11 glycerol 
is cbterified with thioglycolic acid.4x Esters, HSCH2COOR, in 
wliicll tlic alkyl contains two to eiglit carbon atom3 are claimerl 
as constituents of Iligh-pressure  lubricant^.^^^' 

Tlie amide is made by the action of dry aminor~ia otl an 
It was a by-product in the preparation of the 

sulfide, S (CH2CONH2) 2.:" The anilide has been prepared by 
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refluxing a mixture of the acid, aniline,28" and benzene with 
water t a k e - ~ f f . ~ ~ '  Substituted anilides, which are used in color 
photography, are made from the acid chloride and substituted 
a n i l i n e ~ . ~ ~ ~  

Alkyl sulfides, RSCHZCONHC7H7, have been made from the 
ortho, meta and para toluides, HSCH2CONHC7H7.39a Deriva- 
tives of this sort have been recommended for the identification 
of alkyl halides. They may be oxidised to sulfoxides by hydro- 
gen In  case the sulfide is an oil, the sulfoxide 
melting point may serve for identification. If both are solids, 
two melting points are available. These are sulfide-acid deriva- 
tives and the melting points are to be found in the pertinent 
chapter. The thionitrite, PhNHCOCHZSNO, m. 160°, and a 
thiocarbamate, PhMeNCOCH2SCONH2, have been prepared.471 
A sulfonamide derivative, H2NC6H4SO2NHCOCH2SH, has been 
patented.ll9.j 

Tl~ioglycolic acid is desulfurized by Raney nickel to  acetic 
acid.'9 

With phosphorus trichloride, a cyclic compound is obtained: l6 

SCH, 

OCO 

Thioglycolic acid reacts in a curious way with tertiary al- 
cohols : 

Many derivatives have been made from this sulfide acid.283b 
Benzyl and a-phenylethyl alcohols react similarly. The products 
are the sulfide acids, PhCH2SCHZCOOH 295d and PhCHMeSCH2- 
COOH.294c From benzoin, the compound, PhCOCHPhSCH2- 
COOH, is obtained " and also the stilbene, PhC (SCHZCOOH) :- 
C (SCH2COOH) Ph.585 

Lactic acid is destroyed by oxygen in the presence of thio- 
glycolic acid.39i The imidazole ring of histidine is broken by 
oxygen and this acid.30" 303b It influences the oxidation of sev- 
eral compounds by hydrogen peroxide in the presence of iron.303b, 
eGb The catalysis of oxidation may be connected with the forma- 
tion of complexes of thioglycolic acid with heavy metals, such 

as ('o (SCI12C'OO~ 21<H. (:02 (S('I12('( )O)  41<11 ;, ( '02 ( SCH2('Otl 1 4 -  

BaW-, ColSC'H2COOH12.41""; Tlle catalytic effect of copper 
on tlie oxidation of tliioglycolic ncitl is stopped by l~ydrocyanic 
acid which forms a conlplex with the ~opper.~~~"TT1-iioglycolic 
acid protects against cyanideGIs and is antagonistic to carbon 
tetrachloride 91 and thiourea.161 It diminishes the damage to  the 

, liver of an  animal on a fat  diet. Thiomalic and thiolactic acids 
do not have this The addition of sodium thioglycolate 

' to  an  arsenical inhibits completely its effect on the virulence 
1 of try pa no some^.^^^ It neutralizes the bacteriostatic effect of 

mercuric and counteracts the diuretic action of or- 
ganic  mercurial^.^^^ 

Aerobic acd anaerobic oxidations of sulfl~ydryl compounds 
are catalyzed by dithioglycolic acid.272b A peculiar kind of 

' oxidation in washed acetone yeast is brought about by thio- 
glycolic acid.410a Iodoform is destroyed in the presence of it, or 
of thiolactic acid.m2" Thioglycolic acid, however, is recommended 
as an oxidation inhibitor for organic compounds in general and 
its sodium salt for a m i n e ~ . ~ ~ ~ " ,  3 l G c >  527 It is a stabilizer for 
solutions of quinine and quinoline derivatives 527 and for poly- 
sulfone re~ins.3~7 It inhibits the oxidation of leuco-methylene 
blue.519a It is useful as a modifying agent in the emulsion poly- 
merization of ~ h l o r o p r e n e l ~ ~ "  and or GRS.548 It inhibits the 
autooxidation of hydroquinone by tying u p  the quin0ne.3~~ 
Thioglycolic and (3-mercaptopropionic acids desensitize photo- 
graphic paper and emulsions.349 

Methyl, ethyl, butyl, benzyl, phenyl, and naphthyl mercuric 
thioglycolic acids, RHgSCHZCOOH, inhibit the growth of tuber- 
cule bacillus a t  1 : 500,000 dilution.lZ9 Cobra venom is detoxified 
by sodium thioglycolate or t h i o l a ~ t a t e . ~ ~ ~  70 

The gas gangrene group of anaerobes grows luxuriantly in a 
medium containing sodium t h i ~ g l y c o l a t e . ~ ~ ~ u c h  a medium is 
recommended for routine use in diagnostic bacteriology.468 I ts  
presence seems to  insure the proper oxidation-reduction equi- 
l i b r i ~ m . ~ ~  It promotes the growth of Bacterium tularense less 
than cystine or c y ~ t e i n e . ~ ~ ~  

The swelling of potato starch is affected by thioglycolic acid.336 
The rest period of dormant potato tubers is broken by it.414 
Cell proliferation of root hairs and of chick embryos is stimu- 
lated by t h i o g l y ~ o l a t e s . ~ ~ ~  Plant growth is ac~e le ra ted .3~~-  689 



148 O~yclnic C'he~rzi.str!g oJ Ri~)ctlent S?iljio. 
. --- - - - 

(Glucolysis 11y l)ro~ioiiic. lxtctc~ria i. fnvoi.ctl I,\- tlrioglycolic all([ 
tliiolactir aci(l~+."' Tl~iuglycolic ncicl inactivates tlie lactogenic~ 
Iioniione fifty tinies as strongly as cy~teinc~."". "'"' Its influence 
on artificial pei.oxida~e,~" on tlte IIroccss of regeneration of 
Pndarke ob~cura ,~ lQnd on thc activity of papain have been 
i n ~ e s t i g a t e d . ~ ~  The addition of thioglycolic acid t o  atoxyl in- 
creases its efficiency in killing try pa no some^,"^ but tlie opposite 
effect on arsphenamine has been reported.lSO 

Thioglycolic acid is antagonistic to vitamin C,61H urease,"'" 
i n ~ u l i n , ~ ~ % t r e p t o m y c i n , ~ ~ ~  and gonadtropins.'lga I t  inhibits auto- 
lysisZ3 and influences tlie respiration of baker's yeast.4" I t  
may protect a virus against. rapid aerobic i n a c t i v a t i ~ n . ~ ~  Tlic 
toxicity and repellancy of its esters to tlie larvae of flies ha> 
been inve~t igated.~B~ 

Thioglycolic acid is useful in analytical chemistry as i t  forms 
colored complexes with metal ions.lil Iron can be detected and 
estimated by its use."3, 40i The color with ferric ions was first 
described as dark red,lla but this color lias been shown to be due 
to tlie presence of ferrous ions. Ferric ions give a blue color which 
is stable in acid solution but is discharged by alkali. Ferrous 
ions give a purple color in alkali. Both ferrous and ferric ions 
can be estimated in the same solution down to  1 part in 10,- 
000,000."4a In the absence of air the addition of potassiuni 
hydroxide to a solution containing thioglycolic acid and fe r rou~  
ions gives a yellow precipitate. On further addition of alkali, 
this dissolves, giving a deep orange-red solution containing 
Fe  (SCH2COOK) 2.525b In an amn~aniacal solution the ferrous 
ion gives no color if air is excluderl wliile the ferric ion gives a 
blue color due to  the forination of Fe(SCH2COONH4'):3. This 
test, is good for 0.13 gamma of iron or for 60 gamma of thio- 
glycolic acid.li3" \ITith isonitrosothioglycolic acid 3 gamma of 
iron can be detected, or 1 part  in 7,000,000.1i2 Tliioglycolic 
acid prevents tlie intcrference of iron in tlie estimation of 
a lun~inurn . "~~  "'O Rlolybdenum can be detern~ined photometri- 
cally by its aid.40" 4i". 630.5 Palladium solutions give a yellow 
spot test down to 0.05 gamma of the metal."l Thioglycolic 
acid is recommended for the quantitative precipitation of metallic 
dryers from oils and v a r n i ~ l i e s . ~ ~ ~  

Thioglycolic acid gives a color reaction with a nitrite in acid 
s o l ~ t i o n ~ ~ ~ . ~ ,  502b and with a reagent containing basic fuchsin, 

~ ~ l l f ~ l l  1r :a(*l(l. :ll t(l  ~ullll~illll I '  I t *  ~ ) l ( ~ - o l l ( ~ C ~  CLllt I ) ?  ~ ) l ~ O I  < ( I  t j t -  < l  

combination of it. rcactic~n- ~ ~ l t l l  pllo~l~lloillolyb~lic acltl :ant1 
11311 niercuric cliloridc ;36( '  I t  can bc titratcltl lodoi~ietrically.""' 
3 5 4 3  "" Nethods for it> potentiomctric titration4"' '"' ant1 for 

: its dcterminativn in tlie llresence of sulfitcsw~ "'" have been 
! given. \Tit11 tlie aid of sodium 1,2-naphthoquinone-4-sulfonate, 

i t  can be estiniaterl c o l o r i m e t r i ~ a l l y . ~ " ~ ~  I t  can be determined by 
( Folin's reagent, a phosphotungstic SZoas zxb, jdBd With 
: the aid of sodium nitroprussate, i t  can be estimated spectro- 
i p h ~ t o m e t r i c a l l y . ~ ~ ~  Vhiog lyco l ic  acid catalyzes the decomposi- 
"ion of sodium azide by iodine.'"')By measuring the nitrogen 

evolved, it can be estimated down to  10 gainnia."17j 
Tkiioglycolic-fi-napl~tl~alitle, HSCH2CONHCloHi, sornetinies 

called tliionalid, is an excellent reagent for detecting metal ions. 
I11 0.2 S acid, the limiting concentrations in gammas are: copper 
0.1, silver 0.2, gold 0.4, mercury 0.06, tin 0.08, arsenic 0.01, 
antimony 0.02, bismuth 0.1, platinum 0.1 and palladium 0.1.55, 56, 

5i, 365- j40 I t  is recommended for the gravimetric estimation of 
~ s m i u m . ~  The p-nitro" and tlie p-acetamino derivatives of the 
anilide are also reconilnended for the detection of heavy metal 
ions." The  2-hydroxy-5-nltro derivative serves for the colori- 
metric estimation of cobalt." The preparation of this lias been 
described.96 

Thiolactic Acid 

Thiolactic, a-mercaptopropionic, acid was first prepared by 
Scliacht from a-chloropropionic acid and potassium liydro- 
~ulf ide."~ A 777; yield, free of sulfide acid, can be obtained by 
the xantliate metli0d.~6~, 6 6 V t  has been prepared from thio- 
sulfa te ."Vhe reaction of thioacetic acid with a-bromopropionic 
acid gives the thioacetate which is readily l~ydrolyzed."~ Thio- 
lactic acid can be obtained by the reduction of the disulfide 
acid.369a It was by the careful reduction of the resolved disulfidc 
acid that the active tliiolactic acids h a w  been prepared.", 391d 

a-Thiocyanopropionic acid, MeCH (SCN) COOH, can be rc- 
duced to thi~lactic."'~ When hydrogen sulfide is passed into a 
solution of pyruvic acid, or into a solution of its silver salt, one 
of the final products is thiolactic acid. The thioketone, 
MeCSCOOH, is probably formed and then This 
has becn verified by comparison of the product with one from 
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a-cl~lorol~rol)ionic acid.'-" Tlie tri$r~lfide ;~ci(l .  I-IOO(:(:HJlcS:I- 
CHAleCOOH, can be tiesulfurizerl by :ilknli:j!'"" or hy io(li~ilii 
ainalgani and latcr reducetl.:'"" Tlicl tli>ulfitle acid is not tlio 
only product of t,he desulfurization, but it. c:1n he isolated froiii 
tlic mixture.lS Lactic acid has been distilled with pliosphoru~ 
pentasulfide, but the result,s were indefinite.i5" Tlie failure of 
this method of replacing OH by SH has been explained in 
Chapter 1. , 

Thiolactic acid is a minor product of the hydrolysis of pro- 
teins, though there is doubt that  it is a primary 360r 415b 

Cystine hydrochloride heated in aqueous solution to 145" gives 
the disulfide acid, (.SCHMeCOOH)2, mliicli can be red~ced."~.  
415" Thiolactic acid has been identified nillong tlie deconipusition 
products of horn.567 

Thiolactic acid mixes with water and is soluble in ether. I t  
can be identified by its 3,s-dinitrobenzoyl 499 or benzyl deriva- 
tive which melts a t  76.5°.234 It gives a transient blue color with 
ferric ions 217 and a blue-violet color with cupric "" It 
gives a red color with nitrous acid.5gm On boiling, i t  blackens 
lead acetate.217 Two forms, a- and (3-, have been d i s t ing~ished .3~~ 

The salts of thiolactic acid are similar to those of thioglycolic 
acid in that the metal may replace the hydrogen of either the 
mercaptan group or of the carboxyl and different metals may 
replace the two. The following salts are some of those that  
have been described. MeCH (SH) COOK, (MeCH (SH) COO) 2- 

Ba, H g  (SCHMeCOOH) 2, H g  (SCHMeC00) 2Ba, AgSCHMe- 
COOH, Bi (SCHMeCOOH) 3J C U S C H M ~ C O O H . ~ ~ ~ "  The anti- 
mony salt, HOOCCHMeSSbSCHMeCOO-, is made by dissolving 
antimony trioxide in the acid.614 The uranyl salt is greenish, 
microcrystalline, and soluble in 40 parts of w a t e r . " V h e  gold 
salt has been prepared.508, 523 This salt is physiologically ac- 
t i ~ e . " ~  Thiolactic acid is useful in determining iron in biological 
materials.5s5 The ethyl ester gives the cuprous mercaptide, 
C U S C H M ~ C O O E ~ . ~ ~ ~ ~  

Thiolactic acid is oxidised by iodine or ferric chloride to the 
disulfide acid.391a The rate of oxidation by hydrogen peroxide 
depends on the p H  of the solution and is catalyzed by iron.519d 
The oxidation by gaseous oxygen is similar to tha t  of thiogly- 
colic acid but 59" Oxidation to the sulfo-acid, 
MeCH (S03H) COOH, does not change the direction of the rota- 
t i ~ n . ~ ' ~ ~ ~  379b It is oxidised to the sulfo-acid by ~ermangana te .~"  

Mercapto-Acids 45 1 

The oxidation-reduction equilibriurr~ between thiolactic acid ant1 
the disulfide acid has been calculated from free energies and 
ionization constants.i8 The rate of oxidation has been studied.71 

Thiolactic acid is oxidised readily in the body of a rabbit, half 
of the sulfur appearing in the urine as the sulfate ion. Below 
0.25 g. per kilo i t  is nontoxic.288 Like thioglycolic acid, i t  pro- 
duces a peculiar sort of oxidation in washed acetone yeast.410a 
It inhibits the autooxidation of b i s ~ l f i t e . ~ ~ ~  

It is esterified by ketene to S-acetyl-a-mercaptopropionic acid, 
MeCH ( S A C ) C O O H . ~ ~ ~  It is desulfurized to lactic acid by 
s u l f u r a ~ e . ~ ~ ~  One molecule of thiolactic acid reacts exothermically 
with one of pyruvic to  give a crystalline compound.235 

Experiments similar to those with thioglycolic acid have been 
made with thiolactic acid in the  treatment of 

(3-Mercaptopropionic Acid 

(3-Mercaptopropionic acid, HSCH2CHzCOOH, frequently 
called (3-thiolactic acid, can be made by standard methods, from 
0-halopropionic acid with potassium h y d r o s ~ l f i d e , 3 ~ ~ ~  or better 
with the ~ a n t h a t e , ~ 6 ~  or with thiourea.25* l17. 416v 417 It has been 
obtained by the hydrolysis of the thiourethane, HzNCOSCHz- 
CH2COOH,367 and of the thioacetate, MeCOSCHzCH2COOH, 
from the addition of thioacetic acid to  acrylic acid.301 Hydrogen 

or thioacetic may be added to methyl acrylate: 

These can be hydrolyzed to the acid. A recent method is the 
reaction of (3-propiolactone with a cold solution of sodium 
sulfide,255j 259 

The disulfide acid disproportionates when treated with a nier- 
curic or silver salt: 459 

When the acid is heated on a water bath with dilute hydro- 
chloric acid, condensation takes place. The  self-ester, HSCH2- 
CH2COSCH2CH2COOH, m. 46", is one of the products.2s4f 

This acid is analogous to thioglycolic in being both a mer- 
captan and an acid and exhibiting the reactions of both. It forms 
mercaptides, such as  Hg(SCH2CH2COOH)2, salts such as 
HSCH2CH2COONa, and mercaptide salts in which the same or 
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tliffcrent 111eta1- mag- be on the two ends. The arylarsenic mcr- 
captides, p-l\leCONHCGH4As ISCH2CH2COOH) ,, m. 147" ,lm and 
p-LlezNC'~H4As ISCHZCHZCOOH) 2,""k have been described. 
The gold mercaptide is k n ~ u - n . ~ l ~  T l ~ c  alkyl-mercury derivatives, 
R H ~ S C H ~ C H Z C O O H ,  are said to have value.339b The lead salt 
is considered to be cyclic.340 The acid has been recommended 
for the absorptiometric determination of nickel.3T5." 

(3-Alercaptopropionic acid is oxidised by ferric chloride or by 
iodine to the disulfide acid which lnelts a t  155" and is useful for 
its identifi~ation.~"1"' The photochemical properties have 
been studied.349 The methyl ester, HSCH2CH2COORIe, and the 
silver mercaptide, AgSCH2CH2COOJle.AgN03.H,0 haye been 
prepared.liO 

fl-Mercaptopropionic acid has some effect as an antidote for 
hydrocyanic acid.277 It increases the physiological activity of 
a u r o g l ~ t a t h i o n a t e . ~ ~  It prevents rancidity in edible 
The free acid, its sodium salt, and its ethyl ester are catalysts for 
the condensation of phenol with ketones.323 

Mercaptobutyric Acids 

Mercapto acids have been made from a-bromo-i-butyric acid 
and from the three bromo derivatives of n-butyric acid by the 
usual reactions,3!h, 6668, 169, 178, 301, 324, 368d, 39lb, 392, 504, 511, 019 1, 

addition, there are special methods for some of them. 
a-Mercaptoisobutyrie acid has been obtained by tlie alkaline 

hydrolysis of 3-ethyl-5-dimethyltlliazolidone-4.H" It can be 
titrated with pIien0lpl~tlialein,3~~~ but not with iodine in acetic 
acid solution. It is oxidised regularly by iodine in alkaline solu- 
tion.UDe (3-Rlercaptoisobutyric acid is obtained by the saponifica- 

tion of the thioacctate, AcSCH~CHLI~COOH,  from tlie addition 
of thioacetic acid to methacrylic acid.22" 36gd9 309d I t s  metliyl 
ester, HSCH2CHMeCOOMe, can be prepared by adding hydro- 
gen sulfide to the metllacrylic ester.g4. 95 The acid can be titraterl 
with iodine.309d 

The ethylmercury salt of a-mercaptobutyric acid, EtHgSCH- 
EtCOOI-I, is water soluble.615 T11e anilide is reconimended for 
use in color p l i ~ t o g r a p h y . ~ ' ~  I t s  gold derivative has been pre- 
pared lGob and its toxicity to rats determined.IGoa 

fl-Mercaptobutyric acid has been prepared by the addition of 
thioacetic acid to crotonic acid and hydrolysis of the thioace- 
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t : ~ t e . : ~ " ~  I ts  cstcl. is t ' o l ~ ~ ~ c . ( l  hy tlie a~l( l i t io i~ of II>-tlrogc.11 sulfirlc 
to a crotonic estc!r.l14-" Its ~o(liuiii salt i:: forinetl \\-lien eocliuln 
l~yclrosulficle and sorlium crotonatcl are b ~ o ~ ~ g l l t  together.""' T l ~ c  
ethyl ester is obtained by hydrogenating acetoacetic ester in the 
presence of ~u l fu r . " '~~  3i4 

y-Chlorobutyronitrile reacts with potassium hydrosulfide t o  
give the y-thiolactone 619 whic,h can be converted to  the acid or 
obtained from the acid.301 The same thiolactone is formed when 
butyrolactone is heated with hydrogen sulfide under pressure in 
the presence of a c,ata,lytic amount of sodium hydrosulfide. This 
works also with 6 - ~ a l e r o l a c t o n e ? ~ . ~  y-Mercaptobutyric acid has 
been prepared by the addition of thioacet,ic acid to the butenoic 
acid, CH2:CHCI-12COOH, and saponification of the tl-~ioace- 
tate.301 I t s  toxicity to men has been determined.s1 An ester of 
mercaptobutyric acid improves the drying rate and luster of 
lacquers.20 

The rates of formation and of hydrolysis of thiolactones of 
mercaptobutyric acids and of higher acids of this class, including 
several dibasic acids, have been investigated. The delta lactones 
are hydrolyzed much more rapidly than the gamma."= A gamma 
or delta thiolactone is oxidised by halogens to the disulfide acid." 

Mercaptovaleric Acids 

The mercaptovaleric acids may be prepared froill the corres- 
ponding bromo-acids by either the sodium hydrosulfide or the 
thiourea method.liR~ 380, 391b For several there are special methods. 

(3-Mercaptovaleric acid is obtained from the addition of thio- 
acetic acid to  propylideneacetic acicl and the saponification of 
the t h i o a ~ e t a t e . " ~ ,  Hydrogen sulfide was added to (3,(3- 
dimethylacrylic acid to get (3-mercaptoisoraleric acid.;'"" Adding 
hydrogen sulfide to isopropylidenen~alonic acicl, R/le2C:C- 
(COOH)2, and decarboxylating yields the same result."l" 

y-Valerolactone can be converted to the thiolactone with phos- 
phorus pentasulfide. This hydrolyzed to  the acid, HSCHMeCH2- 
CH2COOH.'"Vome dithiolactone, b15 120°, is also formed. This 
condenses to  

CH,CH, CH2 - - 

MeHC 
/ \ / \  

CHMe 

\ / 
s CS'S 



454 Organic Chenzistry o f  Bivalent Sulfur 

The salne acid i. ohtained hy the  c,atalytic liyclrogcnation of 
levulinir acid in tlic presencc of sulfur"'4" and also through a 
hexathiazolc from allyln~alonic acid and t l i i~urea . "~  I t  is the 
end product when thioacetic acid is added to hych-osorbic acid 
and the thioacetate h y d r o l y ~ e d . ~ ~ ~ ~ ~  51zb 

One synthesis of 6-mercaptovaleric acid starts with the  addi- 
tion of thioacetic acid to allylacetic acid512b or to  allylmalonic 
acid. This acid forms a t h i o l a ~ t o n e . ~ ~ ~ ~  The same acid is ob- 
tained by hydrogenating 6-carbomethoxyvaleraldehyde in the 
presence of The same treatment transforms y-keto- 
valeric acid into the t h i o l a ~ t o n e . ~ ~ ~  a-Mercapto-0-hydroxy-i- 
valeric acid has been r e p ~ r t e d ? ~ ~ . ~  

Higher Mercapto-Acids 

The general synthetic methods tha t  have been used for the 
lower mercapto-acids are available. The xanthate method is 
highly recommended.ls6~ 20"5 A special method for the alpha 
acids is the hydrolysis of a pseudothiohydantoin, which can be 
made by condensing an a-bromoacid with t h i ~ u r e a ~ ~ " r  an 
ester of such an  acid with carbon di~ulf ide.~l l  

y-Mercaptocaproic acid and its thiolactone have been pro- 
duced from hydrosorbic and thioacetic acids as starting mate- 
rials."12" E-Mercaptocaproic acid has been prepared from the 
bromo-acid and potassium hydros~l f ide .3~~ y-Mercapto-i-caproic 
acid has been obtained starting with unsymmetrical dimethyl- 
ethylene sulfide.547 

a-Mercapto-0-phenylpropionic acid has been obtained by hy- 
drolysis of the  anth hate^^ and 0-mercapto-0-phenylpropionic 
acid by the reduction of 0-mercapto-0-phenylacrylic acid.207 

K-Mercaptoundecylic acid has been prepared by the xanthate 3 6 8  

12' and thiourea methods 4179 464 and by reduction of the di- 
sulfide.lZ7, ls6 This is oxidised during recrystallization to  the 
disulfide acid.lZi The arsenic derivative causes the rapid dis- 
appearance of trypanosomes from the blood stream.lZ7 

a-Mercaptostearic acid has been prepared from the a-bromo * 

acid and potassium hydrosulfide.ls5 
Mercaptoacids have been made from the addition products 3 

of thioacetic acid with unsaturated acids "6d and by hydrogenat- 
ing sulfurized unsaturated acids or by hydrogenating unsatu- 

Mercapto-ilcirls --- 455 

rated acid? in the presence of sulfilr and a sulfactire catalyst."'j 
Gold derivatives of these acids, suitable for therapeutic use, can 
be made directly from the isothiuronium ~ a l t s . ~ l ~ ~  41i 

A mercapto-acid may be added to  unsaturates containing more 
than six carbon atoms to produce foaming agenkBRj An injec- 
tion of the bismuth salt of butyl mercaptolaurate causes rapid 
disappearance of lesions.13 Salts of auro-mercapto-cyclo-pentyl- 
acetic acid are claimed as therapeutic agents.424 Triamyl- 

ammonium mercapto-stearate and similar salts are said to im- 
part  film strength to lubricating oils.3s7 

Ethyl 0-chlorolactate reacts with potassium hydrosulfide to 
give ethyl 8-thioglycerate, HSCHz.CH (OH)*COOEt. Saponi- 
fication of this yields the free acid, a syrup which cannot be 
distilled, 2,4-dinitrophenyl derivative, m. 168'. The acid is 
oxidised by air to the disulfide acid, a thick gum.350 The 
oxidation-reduction potential has been compared with that  of 
thioglycolic acid.20g 

Ethyl 0-chloroisocrotonate and potassium hydrosulfide give 
ethyl 0-mercaptocrotonate, DleC(SH) :CHCOOEt.605 The iron, 
cuprous, and lead derivatives are characteristic. It can be 
rnethylated or acetylated. This is the thioenol form of thio- 
acetoacetic ester205.3 which is treated under thials and thiones. 
The methyl ester, MeC(SH) :CHCOOMe, is known.506 

Mercaptoelaidic and mercaptobrassidic aci.ds have been ob- 
tained from dithiocyanostearic and dithiocyanobehenic acids.494 
a-Mercaptochaulmoogric,lOO 5-mer~aptomethylfuroic,"'~ and 2- 
mercaptoethylamylbarbituric541 acids have been prepared. The 
addition of hydrogen sulfide to  croconic acid gives a gummy 
mass from which the lead salt, C5H3O4SPb7 has been iso- 

Mercaptopyruvic acid, HSCH2COCOOH, has been prepared 
from the haloacid and ammonium h y d r ~ s u l f i d e . ~ ~ ~ " -  516, 517 H Y- 

drogen sulfide is liberated when this is added to a fermenting 
sugar so lu t i~n .~"  0-Mercapto-a-ketobutyric acid is prepared 
similarly 44ib and is likewise decomposed by yeast.242 Hydrolysis 
of the condensation products of aldehydes with 2,4-thiazo- 
lidinedione gives substituted a-thiopyruvic acids, such as foryl-, 
phenyi-, 3,4-dimethoxyphenyl- and 2-thienyl-a-thiopyruvic 
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a-Chloroacrylic acid take.: up onc molccule of thioacetic acid 
to form the thiolacetate, AcSCH2CHC1COOH."l I ts  ester reacts 
with two molecules giving the dithiolester, AcSCH2CI-I (SAC) - 
COOMe.3iVhese thiolcsters are readily saponified to the acid.lo8~ 
4~ The acid, HSCH2CH (SH) COOH, prevents the inhibition of 
succinic oxidase by heavy metals.34 

(j,p'-Dimercapto--I-butyric acid, (HSCH2 1 2CHCOOH, has been 
obtained by the reduction of the disulfide acid which has been 
isolated from asparagus. Desulfurizatioxl with Raney nickel gave 
i-butyric acid. The same bis-sulfide, iSIcSCH1),,CHCOOH, wai 
obtained by metllylating the natural acid and by treating thc 
diiodo-acid, (ICH2)2CHCOOH, with sodium methyl mercap- 
tide.321, 322 

Dibasic Acids 

Thiomalic, or mercaptosuccinic acid, HOOC.CI12CH (SH) .- 
COOH, is obtained from bromosuccinic acid by potassium hydro- 
sulfide lo4"or through the xanthate."", 2 2 Y s  4i9 By heating fuinaric 
or maleic acid with thiourca and hydrolyzing the resulting thio- 
hydantoin with barium hydroxide, the same acid is 11" 

The thiohydantoin-acetic acid is split into cyanamide and thio- 
malic acid: 

HN:CSS-CH.CH2COOH + H,O -* C N  + HSCH.CH,COOH 

I I 
HN--CO 

I 
NH2 

I 
COOH 

The addition of thioacetic acid to  funlaric or to maleic acid gives 
the thioacetic cster, CH3COSCH (COOH) CH2COOH, which can 
be hydrolyzed to  thio~nalic acid.2", "l Maleic anhydride niay 
be used instead of the acid.HY The sodium salt is forrned by the 
addition of sodium hydrosulfide to  sodium maleate.lg5 

The optically active thioinalic acids have bee11 
Oxidation of the acid, or of it5 amide, does not change ttic 
ciirection of the r~tat ion." '"~ Tllc structural relationships bc- 
tween the thiomalic and methyleuccinic acids hare  been invrsti- 
gatcd,T22c 

The gold dcriratire can be prepared by heating the acid wit11 
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: tr~rotl~io~~inlii t<>i 11ar-ct k)ee~~ c.stc.lisively +t~ltlirtl as tlie~:rl)eutic. 
agent:. T11v +utliull~ salt p~~~tcc- t : :  111ic.c. again.st exl)erinlent,al 
1:omolytic strc1)tococcal infcction,'"V)ut tlocs not cure it.4h0 It 
llns been llscd to artllritis,i% 1 4 2 .  23% 2 5 ,  "4, 5 5 ,  4 0 .  It, 
combats S. moniliforinis.2" I ts  effects on anima,ls and the 
amounts of gold deposited in the various organs have been 
determined.i3* 454 I ts  power is enhancccl by the addition of 
sodium p-sulfamidobenzene aminomethylene s ~ l f o n a t e . ~ ~ ~  Cal- 
cium auro-thiomalate has been used.i3+ 4s9bt 4Y0 A diplienyl- 
arsenic derivative, Ph2AsSCH (COOH) CH2COOH, m. 136", llas 
been repoi-ted."' Alkali metal salts of antimonio-thion~alic acid 
are said to haye t1ieral)eutic value.lZi. Tllc lithium antimony 
salt has been studied.l8l8 36* 441 Cysteine counteracts the toxic 
effects of this salt u~ithout diminishing its trypanocidal action.37o 
Thiomalic acid is useful for detecting palladium by spot 
test?51 

Spruce wood has been treated with thiornalic acid as with 
thioglycolic acid.293" 

a-Thio-(j-nlethylmalic acid, HOOC-CH (SH).CH (CH3) -- 
COOH, results fronl the llydrolysis of thiohydantoin-a-propionic 
acicl.lld The isomeric mercaptornethyl-succinic acid, HOOCCH- 
(CH2SH) CH2COOH, is known.u2c Mercaptomaleic acid, 
I-IOOCC (SH) : CHCOOH, has been prepared from bromon~aleic 
acid.ll" Thiocitrornalic acid nlelts a t  116 to 1 18°."3d Acetyl- 
thioitamalic acid, from the addition of thioacetic acid tu itaconic 
acid is saponified to  tl~ioitamalic acid.301 

a-3lercaptoglutaric and a-niercaptoaclipic a,cids 11ave been prc- 
pared2" The intravenous toxicity to  rabbits of mercaptoacetic 
acid is son~e  ten times that  of xnercaptosuecinic or mercapto- 
ndipic acid.l"." 

A mercapto-sulfo-surci~lic acid, HOOC-CH (SH) .CH (S03H) .- 
COOH, has been isolated froni tlie reaction product of sodium 
tliiosulfate ant1 sulfuric acid on maleic 5i4 

The addition of two n~olecules of thioacetic acid to  acetylene 
dicarboxylic acid, followed by saponification, leads to dimer- 
cal)tosuccinic a ~ i d . ~ ~ T T l ~ e  toxicity has been compared with those 
of several ot'her mercaptoacids. It gives definite protection 
aga,inst lewisite.151." a,a-Dimercaptoadipic acid has been made 
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fro111 tli1,ronioatlipic. acitl I)!- tlle sxnthntc, r ~ ~ c ~ t l ~ o d .  It can hc 
ositlisctl to t l ~ c  cyclic disulfitlc,"'" 

HOOCCH 
/ \ 

CHCOOH 
\ / 

S-S 

Aromatic Mercapto-Acids 

Thiosalicylic acid, o-HSCGH4COOH, the most important of 
the aromatic mercapto-acids, has been prepared by the diazo 
reaction from anthranilic acid and sodium disulfides or 
xanthate.lm, 200a, 290 It can be made by the reduction of benzene- 
sulfinic acid with zinc and hydrochloric a ~ i d . ' ~ Y h e  Kolbe 
synthesis has been adapted to its preparation. Sodium thio- 
phenate and carbon dioxide, under 36 to  50 atmospheres pressure 
a t  150 to 190°, give thiosalicylic acid.l14 It is obtained from 
thiophenol, carbon tetrachloride, and potassium hydroxide by a 
sort of Reimer-Tiemann reaction.35~-Chlorobenzoic acid reacts 
with sodium sulfide and excess alkali a t  170" in the presence of 
copper or copper salts.245 The formation of thiosalicylic acid 
starting with thiophenol and butyl lithium is of theoretical in- 
t e r e ~ t . ~ "  A white modification, melting a t  the same temperature 
as the ordinary yellow form, has been r e p ~ r t e d . ~ ~ ~ ~  543 

The reactions, as would be expected, are a combination of 
those of benzoic acid and of thiophenol. I ts  metal derivatives 
react with alkyl halideszsg and with halo-acids such as iodo- 
acetic acid."O With an aryl halide, such as b r o m ~ b e n z e n e ~ ~ ~ "  
or o-chlorobenzoic it is necessary to heat to  140 to 160" 
in the presence of copper powder. Condensation has been ef- 
fected with a-chloroanthraq~inone.~~~ 

Amides and anilides can be prepared.305 The phenyl ester can 
be made from the acid, phenol, and phosphorus o x y ~ h l o r i d e . ~ ~ ~ ~  

co 
/ \  

With hydrogen sulfide, i t  gives the disulfide, CeH4 S, 
\ /  

s. 
which can be reduced back to t,he original acid with 
This will be discussed again under cyclic sulfides. 
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Thiosalicylic acid precipitates hcal-v metal ions 3" and has 
been recommended for the photometric estimation of iron in 
zinc and aluminum.ls4 

There has been much interest in the heavy metal derivatives of 
the salts and of the esters.492 The gold salt, A u S C ~ H ~ C O O K , ~ ~ ~ ~  
and the mercury salt, Hg (SCaH4COOK) 2,401 have been de- 
scribed. Mixed antimony salts, C1Sb(SC6H4COOH)2 and 
C12SbSC6H4COOH, are known.347- 029.5 The arsenic salt, 
As (SCGH4COOH) 3,346 is a potent a r n e b i ~ i d e . ~ ~ ~  There is only 
one lead salt.35 The nickel salt has been prepared.las5 The 
diphenylarsenic derivative, Ph2AsSCOH4COOH, is known.570 The 
gold, silver, arsenic, antimony, and bismuth derivatives of its 
esters are claimed as therapeutic agents.wia, 524 Methylmer- 
~ ~ r y , ~ ~ ~ ~  e t h y l m e r ~ u r y , ~ ~ ~  dodecylmer~ury,4~~ and phenylmer- 
cury 51s derivatives, RHgSC6H4COOH, and the dicyclohexylgold 

5 compound, (CaH11)2AuSC6H4COOH,341 and their salts have been 
investigated. The triethyl lead salt has been prepared.z51 The 
ethylmercury salt, EtHgSCaH4COONa, is slowly transformed 
into EtHgSCaH4COOHgEt in the presence of air and 
Thiosalicylic acid replaces two of the phenyl groups of tri- 

. phenylbismuth to  form monophenylbismuth t h i o s a l i ~ y l a t e . ~ ~ ~  It 
replaces one or more of the phenyl groups of the phenyl com- 

i pounds of mercury, lead, tin, and bismuth to  form salts.353 
k The 5-bromothiosalicylic acid has been made through the diazo 
I acid from 5-bromoanthranilic acid.359 The 5-chlorothiosalicylic 

acid is obtained by reducing the disulfide which is produced by 
chlorinating thiosalicylic The 4-amino- 557 and 5-amino- 
thiosalicylic 55G acids have been prepared. The ultraviolet spec- 
trum of the former has been recorded.557 4-Aminothiosalicylic 
acid has been made, starting with 4-nitroanthranilic acid."2" 
The 4-nitro acid, its ethyl ester, and its thioacetate are 
k n o ~ n . ~ ~ ~ . ~  

m-Mercaptobenzoic acid, m-HSCGH4COOH, has been prepared 
through the diazo acid from m-aminobenzoic acid 5309 629 and by 
reduction of the sulfone chloride.544 It forms mercaptide-salts 
similar to  those of thiosalicylic acid.629 p-fi4ercaptobenzoic acid, 
p-HSCGH4COOH, like the meta isomer, has been madc by the 
diabo mn, and by the reduction of the sulfone 
chloride.s0* .542 The acid, ~ - H S C G H ~ C H Z C H  (hX2) COOH, has 
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been obtalned fl.oiii the (11-ulfi~ie hy rc t luc t~on .~ '~  ' 5-l\Iercapto- 
salicylic acid has hecn prepared hy reducing the corresl)onding 
sulfone chloridc ni th  zinc and hydrochloric a ~ i r l . ~ ~ ! '  11 hen 
o-n~ercaptoplienylacetic acid is treated with pliospllorus pen- 
toxide, thiooxindole is formed.254 

Selenosalicylic acid and derivatives have been described.337 

Amino-Mercapto-Acids 

CI'STEINE, HSCH2CH (NH2) COOH 

This is the simplest and also the most important of its 
class. It is the mercapto-acid corresponding to cystine. 
(.SCHzCH (XH2) COOH)Z, one of the building blocks of the 
proteins. Cystine is so important that  a whole book could be 
written on it. It seems best to leave i t  out of this volume rather 
than to treat it inadequately. Cysteine will be discussed briefly 
without any attempt a t  completeness. 

As cystine is so abundant, its reduction is the obvious way to 
prepare cysteine. In  fact the reduction of cystiile to  cysteine 
and the oxidation of this back to cystine by Baumann was an 
important step in the understanding of c y ~ t i n e . ~ ~  He used tin 
and hydrochloric acid, a method that has been a favorite eyer 
since.12, joib> 5995 The reduction can be done catalytically over 

palladiunl js or by sodiunl in liquid Cysti~le hydro- 
chloride can be reduced by alulninum under certain condi- 
tions.-'" Diformylcystine is reduced to formylcysteine by zinc.240 
hT-hlcthylcystine is reduced by sodiuln in liquid anlinonia to 
N-n~ethylcgsteine.~~ N-Metllylcysteine and N-i-propylcysteinc 
are made from 4-carboxythiazolidi~lcs by reduction with sodium 
in liquid ammonia.lSb 

Cysteine has been synthesized in a nulnbcr of ways. One of 
the   no st direct is the addition of a tliioacid to a-acylnmino- 
acrylic acid, followed by hydrolysis: 4" 1776" XJL 202, 521 

AcSH f HzC:C(NHAc)COOH + AcSCH,CH(NHAc)COOH 
AcSCH,CH(NHAc)COOH + HSCH,CH(NH,)COOH 

Another method is tllc addition of benzyl mcrcnptan to a-chloro- 
acrylonitrile: 

Renzyl mcrcaptan may be added to llexyliderleanlinoacrylic 
acid.14' An earlier synthesis started with S-chloro-8-aminopro- 
pionic acid and barium s ~ l i h y d r a t e . ~ ~ ~  In another synthesis an 
ester of benzoylserine was treated with phosphorus penta- 
sulfide.la, 1 9 T o  account for its formation in plants, it has been 
assumed that mercaptoacctaldehydc, from formaldehyde and 
thioformaldehyde, might combine with liydrocyanic acid?,(' 

Cysteinc being both an acid and an amine exists as an inner 
salt and, as a salt, has a high and indefinite nleltlng polnt. As 
it has three active groups it has the characteristic reactions of 
all three. I ts  conduct as an aminoacid need not be considered 
here. Its absorption spectrunl has been compared to those of 
several other aminoacids.14 

As a mercaptan it undergoes oxidation to cystine, the cor- 
responding disulfide. The oxidation potential has been meas- 
ured.lG43 338, 631 The cystine-cysteine equilibrium is belleved 
to be of great importance in many life processes. Cysteine is 
oxidised rapidly by atmospheric oxygen, but only within a narrow 
pH range arourid neutrality. As a positive or negative ion i t  is 
relatively stable."S The autooxidation of specially purified 
cysteine is extremely ~ l o ~ . " ~  It is catalyzed by r n e t a l ~ . ~ ~ V r o n ,  
copper, mercury, and arsenic favor the oxidation; lead, nickel, 
copper, uranium, thorium and cadiii~um oppose it.l The presence 
of an organic disulfide 11elps.l~~ It is inhibited by hydrocyanic 
acid 1, Z 2 a ,  399, 593 and by some nitriles.399, 593 Copper M, 593 and 

iron 1"s "1, 4 9 3 x 1 3  are specially active. One tenth of a gamma of 
iron is effective."" The oxidation by hydrogen peroxide in 
hydrochloric acid solution goes a t  :L measurable rate.59* I t  can 
be follo~ved by tile change in rotation.51" The rate of oxidation 
by hydrogen peroxide a t  pH 2.1 in tlie prcsence of copper 1s pro- 
portional to the concentration of the copper and of the peroxide, 
but with iron it is proportiollal to the concentrations of the iron 
and of the ~ysteine.~""In the oxidation by hydrogen peroxide 
ia  tlie presence of thiourea, dithioforrnamidine is supposed to 
be an Cysteine is oxidised by Folin's uric acid 
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reagent in ~ l ( ~ i ~ ~ t r a l  eolut,ion wllen copper ions are 1)re~el l t . l~  'I'l~e 
ositlation t)y iodine nlay go all the n-ap to cyeteic a c i ~ l . ~ ,  ,":u" 

Oxitlnticln hy nitric acid gives isethionic acid.430 
Cysteine forms complexes or salts wit11 silverlGoO lead , 35 zinc,18" 

iron,411, 525b CObalt,85b, 413, 625a. 6 2 6 ~  nicke],85b copper,4Ma ar- 
~ e n i c , ~ ~ ~  and diphenylar~enic .~ '~ In  alkaline solution, ketene 
acetylates both the mercapto and the amino groups of cysteine 431, 

4529 456 or its ethyl ester.l18 An aldehyde reacts with the amino 
and the mercapto groups t o  form a t h i a z ~ l i d i n e . ~ ~ ~ ~  286, 466 

Acetone acts similarly.637 The mercaptal, H2C (SCH2CH (NH2) - 
COOH),, is obtained from cysteine and methylene chloride in 
liquid a m m ~ n i a . ~ ~ ~ ~  This has been proved to be identical with 
djenkolic a ~ i d ~ ~ ~ s o l a t e d  from the djenkol bean."7 There has 
been disageement about the composition of the reaction product 
of cysteine with selenous 566 It appears to be 
Se[SCH2CH (NH2) COOH]2.348 Cysteine can be esterified in the 
usual way, with an alcohol and hydrogen chloride.461 It gives a 
color test with nitroprusside sensitive to 1 in 60,000 50' and a red 
color with nitrous but the most distinctive reaction is 
the one with sodium 1,2-naphth0quinone-4-sulfonate."~~ Cysteine 
can be added to an unsaturated lactone 11° and to  phenyl vinyl 
~ u l f o n e . ~ l ~  It has been used in the synthesis of pep tide^.^^^.^ 

The most curious thing about cysteine is the ease with which 
i t  is decomposed. Hydrogen sulfide is supposed to  be lost from 
the en01 form: 433 

When cysteine is boiled in pure water, some hydrogen sulfide 
and ammonia are given off and cystine is formed. The reactions 
are complex.483 With alkaline plumbite solution, pyruvic acid 
is formed.121 Such a cleavage of a sulfur-carbon bond is quite 

Next to  cysteine comes homocysteine, HSCH2CH2CH (NH2) - 
COOH. The chief interest in this is its relation to  methionine, its 
methyl derivative, MeSCH2CH2CH (NH,) COOH. Refer t o  the 
section on methionine in the chapter on sulfide acids. 
Homocysteine can be prepared by the cleavage of the benzyl 
derivative, P ~ C H ~ S C H ~ C H Z C H  (NH2) COOH, by sodium in al- 

Mercanto-Acids 463 
- 

cohol. Heated with an acid, it forms a thiolar t~ne~~+n-hich is 
opened by alkali.610 I t  adds to an  unsaturated l a c t o n ~ . ~ l ~  The 
dissociation constant has been determined by electrometric titra- 
tion.487b This can be done polarographically with the aid of 
cobalt ion.558 Hydrogen sulfide is eliminated from i t  by certain 
enzymes. There has been much interest in its metabolism and 
utilization by animals in comparison with cystine and methi- 
0nine.82. 237. 476. 625 

The isomeric a-mercapto-y-aminobutyric acid, H2NCH2CH2- 
CH(SH)COOH, has been prepared by the hydrolysis of the 
phthalimino compound.241 Several other mercapto-amino-acids 
of this type have been prepared by methods more or less similar. 
Some of these are : 0-methylcysteine, HSCHMeCH (NH2) - 
COOH,106s lo8 p-ethylcysteine, HSCHEtCH (NH2) COOH,1443 14* 
0-methyl-p-ethylcysteine, HSCMeEtCH (NH2) COOH,106a 1489 611 

p,P-diethylcysteine, HSCEt2CH(NH2)COOH,106. (3-i-propyl- 
cysteine, HSCH (CHMe2) C H  (NH2) COOH,148 a-amino-y- 
methyl-y-mercaptovaleric acid log and E-benzoylamino-a-n~er- 
captocaproic 

The p,P-dimethylcysteine, known as penicillamine, is so im- 
portant that  a whole section will be devoted to  it. 

This is p,P-dimethylcysteine, or 0-mcrcaptovaline. It is of 
interest from the fact that  it is an important part  of the peni- 
cillin molecule. For information beyond what can be given in 
this brief sketch, reference must be made to  the massive volume 
on penicillin by H .  T .  Clarke and associates.122 This includes a 
history of p e n i ~ i l l a m i n e . ~ ~ ~  

The first isolation was by the hydrolysis of barium penicillin 
by 0.1 iV sulfuric acid. It was obtained as the mercury derivative. 
It mas shown to  be n primary anline containing a strong and a 
weak acid group. The first forrl~ula given was C6H11O4N as 
the presence of sulfur was not suspected and the oxygen was 
determined by d i f fe ren~e .~  I t  has been isolated from other 
penicillin products.2, 1358, 158, 159, 260, 406, 4508, 634, 635 



The various syntheseg of penicillamine arc given in detail in 
tlie penicillin nionograpll l4"o m-l~ich reference should be made. 
The problem is to get the rnercapto and amino groups into the 
proper position in isovaleric acid. 

On paper, nothing could be siivpler than tlie addition of hy- 
drogen sulfide to a-amino-(3,p-dimethylacrylic acid: 

Some day, perhaps, it will be (lone directly instcad of in round- 
about ways as a t  present. As hytlrogen sulfiile is inconvcni~llt 
to handle and does not acld rcaclily to i~nsaturates, benzyl mw- 
captan is used instead. This mercaptan is chosen since benzyl 

sulfides are cleaved readily by sodium in liquid amn~onia: Osx2 
136, 137, 215, 331 3, 428, 429, 500, 563a, 504, 579, 554. G O 8  

RSCH2Ph + 2 H + RSH + PhMe 

The amino group of the aminoacid is cornmonly acylated for 
its protection and this product converted to the oxazolone. I t  
so happens that acetone condenses with hippuric acid: 2~ 408b, 3Y4n 

This condenses to  2-pl ienyl-4-sopylidinc-5 (4) - o x a z o l o ~ ~ e . ~ ~ ~ ~ ,  
422, 534a One synthesis, of ~ h i c h  there are numerous variatio~rs, 
starts with the addition of henzyl mercaptan to this oxa~olone ,~ ,  
98, 140, 400, 408b, 428, 429, S00, 534a, 5 b 0 .  581, 584 5 

To  avoid the octor, 
sodium bcilzyl thiosulfate may be substituted for the free mer- 
 apta an.^^ Mild hydrolysis of the addition compound gives 
N-benzoyl-d-henzyl-DL-penicilla~~linc. fronl which the benzoyl 
group may be removed, leaving S-bcnzylpcnicillamine which is 
then cleaved. a-Acetamino-0,P-dimethylacrylic acid may be sub- 
stitrlterl for the a-benzoylamino acid. This lias ihe advantage 

illat its osazolone is more reactive.lG, j":., I t  is claimed that 
i t  reacts with liydrogen ~ul f ide . '~  The acetamino acid call be 
used without conversion to  the oxa~olonc."~""~ 58:i. n84 

S-Benzylpenicillal~line can be obtained by tlic addition of 
Imzyl  mercaptan to a-nitro-P,P-dinlctIlylar.rylic acid, or ester. 
and reduction of the nitro group.l')a, l ( ) h 2  I x .  1 3 7 ,  59: T 1 i ~  addition 
of tllioacetic acicl to a-acrtylan~ino-~,P-dimetl1yli1crylic acid gives 
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the thioacetate. llc-C' I S.ic ICH t SH-Ac ICO( 111. \I l~iclr 1- con- 
verted to  penicillami~le by -imple Ilydroly~i~.-"7a Tllioacetic - cr ~vliich 1s acid may be added to a -n i t ro -~ ,~-c l i~~re t l~y lac ry l ic  ect 
then reduced and h y c l r ~ l y z e c l . ~ ~ ~ ~  

Conditions have been found under which hydrogen sulfide 
can be added to the oxazolone. This saves one step in the syn- 
tllesis.140, 148, 244, 439 

An ester of a-amino-p,p-dimethylacrylic acid and carbon di- 
sulfide unite almost quantitatively to give the ester of 2-thio-4- 
carboxy-5,s-din~ethylthiazolidine. The ester is hydrolyzed, the 
thiazolidine cleaved by reduction, and the acid isolated.jlb3 08. '"3 

27H 633 Froin suitably substituted tlriazolidinc~, various T-cubcti- 
tutcd coinpounds can be prepared.14', 273 

The Strecker syntheqis starts with the aldehyde, PhCH2SC- 
Me2CH0, to  rvliich hydrocyanic acid is added. The hydrosyl of 
the cyanhydrin, PhCH2SCMe2CH (OH) CN, is replaced by tlie 
amino group and the nitrile hydrolyzed. Finally the benzyl 
group is eliminated.148. 279, jS2, 588 

The reactions are those appropriate to the three active groups, 
carbuxyl, amino, and wlfliydryl, though the activity of each is 
somewhat mod~fied by the presence of the others. Tllc reactions 
are practically the same as those of cysteine, tlrougll modified 
by the tertiary character of tlie sulfhydryl group. This reacts 
normally with methyl iodidc500 and other. alkyl halides. 

Oxidation to the diqulfide is effected by iotline,""' liydrogen 

peroxide:' or air .2t "3 439 There are two forms of the clirulfidc, 
ixrelting a t  212 t o  215" anti 169 to 171°?' The oxicliinticm is less 
easy tlian that of cysteine.14* Tliere is the snnie difference he- 
tween t-butyl mercaptan ant1 n-butyl. Oxirlation a it11 bromine's 
1 4 H 8  430a or hydrogen peroxide 148 may give the sulfonic acid. 

It is usual to tic up one or both of tllc other groups before 
esterification of tlie carboxyl Introducing the fornryl group 
takes care of the amino:" while tlie reaction with acetone in- 
activates both the alnino and the ~ u l f l i y d r y l . ~ ~ ~  66" The protect- 
ing groups are then eliininated fmm tlie eaters. Esterifiratit~n 
can be effected without protecting these  group^.'^", 4"'R ;"4b Peni- 
cillainine esters have antibacterial propertie. in  z1it1,o but tlie 
action is not related to that of penicillin.'"' 
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In  order to restrict the action of an acid chloride to the amino 
group, the sulfhydryl is blocked. S-Benzyl-N-caproylpenicil- 
lamine, m. 131°, is made by treating the S-benzyl derivative 
with caproyl ch10r ide . l~~~ Other acyl derivatives are made simi- 
larly.45* 142 

Penicillamine phenyl ureide is desulfurized by Raney ni~kel .~~Oa 
In the conversion of S-benzyl-L-penicillamine by "deuterized" 
Raney nickel to L-valine, the uptake of deuterium is 1.6 atoms.328 

A characteristic of penicillamine and of its esters is the con- 
densation of an aldehyde, or a 135bp 1489 587b to form 
a 4-carboxy-5,5-dimethyl thiazolidine: 

/ 
Me2C 

/ \ 
H + OCHR + Me2C CHR f H 2 0  

\ / 
HOOCCH-NH 

I / 
HOOCCH-NH 

An acetal may be substit,uted for an aldehyde.52* 135b, 140, 58ib 

Condensations have been effected with formaldehyde 315v 4L'8, 429. 

4399 563b. 624 and several other aldehydes.135b, 141, 421, 563b, 587b, 600 

The 2,2,5,5-tetramethyl-4-carboxythiazolidine, often called iso- 
propylidene penicillamine, from the condensation with acetone 
has been particularly useful in syntheses as mentioned under 
e s t e r i f i ca t i~n .~~~ .  622 Once the group has been put in, the acetone 
is hydrolyzed off, leaving the penicillamine with the desired sub- 
stituent. The isopropylidene derivative is convenient for isolat- 
ing and purifying penicillamine. It is hydrolyzed quantitatively 
by heating with water.2, 534% 56.1, 5870, 030 

By starting with N-phenylacetylglutamic acid, N(N-phenyl- 
acetyl) -a-DL-glutamyl-D-penicillamine has been prepared.27 

The methyl ester of penicillamine condenses with carbon di- 
sulfide to the ester of 2-marcapto-5,5-dimethyl-2-thiazoline-4- 
carboxylic acid.133 The ethyl ester condenses with thioacetamid~ 
to the ester of 2,5,5-trimethyl-4-carboxythia~oline.~~~ 

Penicillamine enters into a variety of condensations.lg~ 28, lo6, 

107, 123, 131, 133, 134, 135a, 136, 137, 140, 149, 402, 421, 430, 450b, 534b, 503b, 6 6 3 ~ .  

a G 4 9  607a, 607b, 612, 638 Some of these have been used in attempts to 
synthesize penicillin. 

When S-benzylpenicillamine is heated with urea, i t  replaces 
one of the amino groups to give PhCH2SCMe2CH ( ~ T H c o ~ H ~ )  - 
C O O H . ~ ~ ~  

- - 

Penicillamine gives deep red-violet color with sodiuni nitro- 
prussitle in alkaline solution, and a bluish purple with ninhydrin.' 
Penicillamine is determined colurin~etrically, using Nessler's re- 
agent.l" The formation of the mercury derivative with mercuric 
chloride has been important in the detection and isolation of 
penicillamine and of other penicillin compounds in which the 
sulfhydryl group is open.3, 148, 421, 42% 450bV 634 

The resolution of the racemic synthetic penicillamine is ac- 
complished by means of the alkaloid salts of the N-formyliso- 
propylidene 623 or of the N-formyl-S-benzyl de- 

b rivative.'~ 14R9 423b The D-isomer is obtained by racemizing the 
derivative of the L-isomer and separating as an alkaloid 
eo8 Natural penicillamine has the "unnatural" D-configuration as 
proved by the conversion of its phenylcarbamyl derivative to 

. D-valine phenyl ureide by desulfurizing with Raney 
The infrared spectra of penicillamine and the methyl esters of 

its N-acetyl derivative and of its N-acetyl-S-benzyl derivative 
have been recorded.5g1 Crystallographic x-ray studies have been 
made of active and racemic penicillamine hydrochlorides and of 
several of their derivatives.150 The pK values for the three ion- 
izable groups are -C02H 1.8, -NH2 7 and -SH 10.5.2 

Various compounds have been synthesized and considered as 
possible precursors in the biosynthesis of peni~illin.~" ld3 The 
S-propylpenicillamine has been made by the addition of propyl 
mercaptan to the oxazolone as in the synthesis of S-benzylpeni- 
~ i l l a m i n e . ~ ~ ~  a-Amino-P-mercapto-P,P-pentamethylenepropionic 
acid has been obtained by the hydrolysis of the corresponding 
t h i a z ~ l i n e . ~ ~  

S-Benzylpenicillamine has been compared with a number of 
other aminoacids in a study of the enzymic synthesis of pep- 
tides.'16 

The effects of the decomposition products of penicillamine on 
photographic emulsions have been 
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Tliis is liqrc,(l in ( ' h r ~ , ~ ; c w l  . - l l ~ s t ~ ~ ( c ~ ~ t i ;  as thio?leinc. I n  this tauto- 
meric fori i~:  it i.5 n I ~ ~ c ' I . ( . N ~ ) ~ R ~ ~ .  - ( I  i t  is placed 11e1-e n-itlr nicrrapto 
acids. 

---  It was first isolatctl fro111 ergot of rye,"<.' 1 kg. of n-llich yieldc(1 
0.65 g.'" It has becn obtained from ergot of diss, a wild grass 
from East  Algier~.~~"rgots of various plants have been exam- 
ined for tlieir ergothioneine content, which ranges from 0.157 to  
0.5317L. Tlie average for ergot of barley is 0.376% and for that  
of rye 0.336F.313 

It was subsequently isolated from blood, but regarded as :I 

new substance and given the name t h i a ~ i n e . ~ ~ ,  312a "Sympecto- 
t,liionl' fro111 pigs' Llood TTas found to  be the same."?" Later thc~ 
identity of the substance from tliese t l i~e r se  sources was estab- 
ljshcd,18" 432 I t s  presence in blood is general,", 4" the amount 
ranging from 3 to 12 mg. per 100 cc. of corpuscles.'" Directions 

for its isolation from eit'her source haye been It is oh- 
tained as a copper cornp~und.~"", m 

A substance resen~bling ergot'hioneine has been isolated from 
urine.jG6 

When ergothioneine is boiled mit'll aqueous pot,assiun~ hydrox- 
ide, trimethylamine is erolved and (3-2-thiolglyoxali~le-4-acrylic 
acid is formed. This indicated the structure given before 32 and 
led to  attempts a t  synthesis." Tlie synthesis has been acconi- 
plished in stages. Tlie 2-niercapto derivative of desaminohistidinc 
was put, together by heating the  hydrochloride of the  aldehydo- 
acid, OHCCII (hTH2) CHZCH&OOH, with ammonium thiocya- 
nate."iniilar treatment of a,6-diamino-ketovaleric acid gave the 
niercaptol~ist idine.~~. lG" I t  remained to  convert this t o  thc 
betnine ~vliicll was accomplishetl by methylating the arnino groul) 
with methyl iodide and silver oxide, after protecting the mcr- 
capto group.x6 

As an aminoacid i t  forms salts with eithcr strong bases or 
strong acids. In  t'he free state, it is a n  inner salt,. As a mercaptan 
i t  forms mercaptides. The complexes containing mercury lM2 or 
c o p p e r , 4 5 ~ ,  633" nliicli have been useful for its isolation, may  bc 

considered as mercaptides. 
As Jvas mentioned before, triniethylamine is evolved when it is 

hented ~ i t h  alkali. Treatment with a n  acid gives hydrogen sul- 
fide.5i5 

The tcmperaturc affccts the uptake of iodine as it does ~v i th  
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cystc,ine,:3x Elcctroi~ietric titration -1loni tlic tlli'c>c gr01111>. n ~ t r -  

capto, ail~ino, and carbo~y.~~"Tllc oxitlation potential is 0.36 
volts and the free energy 16,600 cnl. com1)arctl to 0.32 ant1 11:800 
for t l i io lh i~ t~ id ine .~"~  

Ergothioneine sl~oms no distinctive pllarmacological action 
when administered to a rabbit or a cat.569 

Tungstic, m o l y b d i ~ , ~ ~ u n g s t o n i o l y b d i c "  and iodobismuth- 
ous 3T2n acids are used t o  precipit,ate ergothioneine from blood. 

j The  red color which ergothioneine givcs witli diazotizcd sulfanilic 

1 acid is useful for i ts  e ~ t i i n a i i o n . ~ ~ ~ ~  "'"'A rnicro method is 
based on the use of a ferricyanitle."' The sulfur may be con- 

verted t o  the sulfatc ion by bron~ine."""rgotllioncine is one of 
the coml)ounds that  catalyze the tlecom~~osition of sotlium azicle 

' 
by i~d ine .~~"rgo th ione i~~e  inay be detected in biological fluids 
and dekrmined approximately by chromatographic methods.""~ 

/ 6"' Selective absorption bands in the ultraviolet '" may be used 
/ for its ~ i e t e c t i o n . ~ ~ "  
1 

Physical Properties of Mercaptoacids 
I 
I The  physical propt~rlies of a number of mercaptoacids arc 

1 brought together in the following pages. Reference should be 

1 made to  the remarks in the introduction to similar data  in 
Chapter 1. 
. The atomic refraction of sulfur in t he  rriercapto acids is 7.71 
and a m e a r s  to be independent of the relation of the sulfhydryl 
group to  the carboxyl &oilp. I n  tire aceby1 derivatives, Lhc value 

I is 8.44 and in the lactones, 8.13."1'h Tlie molerular diamngnetic 
1' suscept,ibility of t~liioglycolic acid is 49.96 co~npared wit'h t'he 

i calculat,ed 50.25.12'jIts RanIan spectrum sho~vs a strong continu- 
ous background with strongest lines a t  S14 and 1409.:'" The 

j optical properties of several of tliese acids have bee11 investigated 
; by Levene and RIikeslra.fi9a. "'"3 "'" Tlie dissociations have been 

ineesured by Ostn.ald ant1 sel-era1 others.lnl~ """, 4 4 0 3  Tlie spe- 
cific heats froin 8.5 to 300°K and entropies have bcen nicasured 
for L-cysteine and (3-tlliolactic acid.:30" 
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Me, bl6 49-51 0.552 CloH21, b8 148-50" .42U 
Et, b17 55 0,345 bzO 63 " ; 26 ClzHzj, b3 170-1 0.426 

dl5 1 .0964.345 C14H20, m.35 0.426 
i-Pr, blo 51°.426 ClaH33, m.44.5 0.426 
Bu, b2 63-6°.426 C18H37, m.52.5 0.42'3 
i-Bu, b8 60°.42f3 PhCH2, b3 121-3°.426 
Hex, b7 103-5°.426 PhCH2CH2, b3 134°.426 

c-Hexyl, b8 102-3 " .617.5 

Amide, m.52"; 345 anilide m.114°,525e 110"; 283a toluides: o-,m.8S0; 
m-,m.153"; 39a p-,m.I26" ; 3 R a 2  283a anisidide, m.116"; pheneti- 
dide, m.117"; 39a p-naphthalide, m.112°.57 

Ac., b2.5 115-go, 621 b13 149-SO0, 435.5 b17 158-9" ; 47 Bz., m.108°,294e 
106"; 244.5 trichloroacetyl, Et, b2 122-3°.275.5 

HSCHMeCOOH, b14 99°,66b b16 102°,221 95-100°,379a b19 118- 
22"; n 16/D 1.4823; 221 K1 2.0 X K2 2.0 X 10-ll; 3GRa 

L-, b15 99-10lO; d lg .~  1.193; ial-45.5; D-, 45.5°,391d 49.9" :332b 
anilide, m.91°; Ac., bl 13213"; 341 ~ t ,  b3 55"; n 1 9 / ~  
1.4625 .221 

HSCHEfCOOH, b16 11&20°, 66a b2, 123-8" ; 511 anilide, m.95" ; 39a 

toluides: o-,m.99" ; m-,m.7Z0 ; ~ - , m . 7 8 " . ~ ~ ~  
HSCEt2COOH, m.28.5"; b5 113-7"; d25 1.0718; n 25/D 1.4768.205.5 
HSCHPrCOOH, b0., 84-5"; d 20/4 1.0938; n 20/D 1.4752."2b 
HSCHBuCOOH, b. 234°.434 
HSCH (C6H13) COOH, oil.ls6 
HSCH (C7H15) COOH, m.33" ; bo.g 140-5°.511 
HSCH COOH, m.47".ls6 
HSCH (CgH19)COOH, m.50" ; bls 165-6°.511 
HSCH (C10H21) COOH, rn.59".ls69 434 

HSCH (C12H25) COOH, rn.66".lS63 434 

HSCH (C14H29) COOH, m.73 ".lS6, 434 

HSCH (Cl6H33) COOH m.80" ,ls6* 434 74" ;85 70.5°.511 
HSCH (CHzPh) COOH, m.46" ; bll-12 184-7°.67 
HSCH2CH2COOH, m.16.8"; 60b b3 85-6",255* 259, 301 b5 85 0,221 

b13 117-22°,25 b4 105-7",117 b15 I1 1 O; d20.8 1.218,66b d 20/4 
1.2199; n 20/D 1.4921,301 1.4910,117 n 25/D 1.4918;221 K1 

-- 

0 40 X lop4 .  I<,: 2.9 X 10-"; :"'.l 11cat of c~oiilhination con\tant 
I I ~ C * * U ~ . ( >  54.500 cnl.; entropy 25" 51.7, AF-82,220 cal.; 309 Me, 
bl:$ 64-So,'' h14 51-.iO ; liO n 19/D 1.4628; 170 Et, bzo 76-8" ; lo3 

Ac., 1n.52-4"; ""l. 433 ' ; '  b3 127-8"; 301 Mc, b5 68"; n 17/D- 
1.4773 

HSCHhfeCHzCOOH, b2.5 87-8°,301 b10 11 1 " 1324 1 16-8°~79c b20 
124-7" ; lg5 d 20/4 1 .I371 ; n 20/D 1.4782; 301 [a] 20/D -41.05, 
Na, [a] 20/D -14.86; 379c Me, b12 80"; 504 Et, b50 95-110"; 374 

Bu, blo 110" ; 114 anilide, m.91" ; toluides: o-,m.9g0; m-,m.7Z0; 
p-,m.7S0 ; 39b Ac., b3 129-30" ; d 20/4 1.1755 ; n 20/D 1.4902. 301 / HSCH2CHMeCOOH, biz 120-2"; 369d Ac., m.40.5; Me, b.103°.z" 

HSCHEtCH2COOH, b4 108-10"; d 20/4 1.1014; n 20/D 1.4784; 
Ac., m.43-5" ; br 133-4°.512" 

I HSCMe2CHzCOOH, m.3S0, ma 35"; blo 112-Sol 213 biz 118-20"; 
Ac., b14 145-8°.563a 

HSCHPhCH2COOH, m.112.5" ; 2079 301 Ac., m.96°.301 
HSCH2CH2CH2COOH, b2.5 103" ; d 20/4 1.1630; n 20/D 1.4912; 

Ac., b3 138.5-9'; d 20/4 1.1864; n 20/D 1.4949; 301 lactone, bm 
90-2" .lo 

HSCHMeCH2CH2COOH, b0.05 90-1"; d 20/4 1.1020; n 20/D 
1.4802; 512b ureide, m.186" ; 325 lactone, b8 85-45', b.214-6"; 
d20/41.0975;n20/D1.5028;Ac.,b3133-4";d20/41.1394; 

* n 20/D 1.4880.512b 
/ HSCMe2CH2CH2COOH, blo 1 10" .547 

HSCHEtCH2CH2COOH, lactone, b8 100-1 0.512a 

HS (CH2),COOH m.25" ; b0.8 110-2"; d 20/4 1.1 195; n 20/D 
1.4882; 512a lactone b25 150-2",lg5 b12 106-7"; 512a. 512b d 20/4 
1.1553; n 2O/D 1.5317; 512a SAC., m.54°.512b 

HS (CH2) 5COOH, b13 155-6°.31s 
HS (CH2) loCOOH, m.5 1 0,464 47",lZ7 95" ?6 

HSCH:CHCOOH, Ac., trans, m.150" ; Me, trans, b0.5 73" ; 
m.84.5 " ; cis, m.58.5" .443 

HSCMe:CHCOOH, Me, bl2 68-9"; d 29.5/4 1.1124; n 20/D 
1.5222; Et, b18 77"; d 29.5/4 1.0747; n 20/D 1.53749.506 

HSCHPh:CHCOOH, m.l 
Mercaptoelaidic, Me, m.31" .494 
Mercaptobrassidic, m.70" .494 

HSCH2CH(OH)COOEtl b19 113-5"; d 25/4 1.1745; n 25/D 
1 .4754.35O 

HSCH2CHC1COOMel Ac., bl 72"; n 25/D 1.4898.373, 449 



DIMERCAPTO-ACIDS 

(HSCH2)2CHCOOH, n1.62°.3211 3x2 

HSCHZCH ISH) COOH, m.74.5" ; hlc, bO.* 40'; d 25/4 1.2294 : 
n 25/D 1.5251 ; "'"3 449 diAc., bo c,c,l 8 3 4 "  ; 11 22/D 1 .5201.44q 

HSCHZCH (SH) CHSCOOH, diAc., Et ,  b1 147-8" ; n 20/D 1.545; 
b-mercapto-y-valerothiolactone, b0 83-4" ; n 17/D 1.5630.198 

HSCH2VH (SH CH20CI13COOH, b, ,,,,,, 150" ; n 23/D 1.5505 ; 
clirir., I ) , , ,  137"; n 10,D 1.5098."" 

H S C H S C ~ ~ ~ C H S H  (CH*) 4COOH, b0.i 161 . S o  ; 11 25/D 1 .5233.466 ;1 
HSCHzCH (SH) (CH2) SCOOH, b0.2 1667°.449 

DIBA~IC MERCAPTO-ACIDS 

HSCH ( COOH) 2 ,  m.83 O 

HSCH (COOH) CH2COOH, 111.1 51" ,"I, 1 50°,479, 5i1 148°,GCa 
155"; D L - , I ~ . ~ ~ O O ;  L-,m.153"; (a ]  17/D-75.8"; D-,m.153"; 
[a ]  17/D 76.1 " ; K 0.00523 ; 479 D-amide-acid, 111.125" ; [a ]  
18/D 82.5; " q t ,  b14 63°,221 b.246" decomposes; 4T9 Ar.,  
m, 1260 ; 333, 435 R anliy., 111.71-3" .301 77" 

HSCH (COOHI CH2CH2COOH, a-mercaptoglutaric, m.97" ; Ac., 
E t ,  bl; 178-9'; n 20/D 1.4727,"l 

HSCHZCH (COOHI CH,COOH, thioitan~alic, 111.108.5" ; lactone, 
m. l lOO;  Ac., ir1.91.5".~~'~ 

I-1SCT-I ICOOH) (CH:!)nCOOH, a-inercaptoadipic, 111.1 13" ; "I file. 
bls 154-7"; ';' Ac., E t ,  biz 177"; n 17/D 1.4680.221 

HSCH (COOH) CI-T (SH) COOH, dimercaptosuccinic, m.192" ; 
diAc., m.171-3"; Ale, 1 n . l 2 0 " . ~ ~ j  

HSCH (COOH) (CH,) 2CH (SH) COOH, a,a'-di~nercaptoadipic, 
arsso, m.155"; D- or L-, m.195"; DL, ni.1 12.5°.2z2a 

HSCMe2CH (COOH) ,, m.137" ; di Et ,  bl 90-3°.n3 
I-ISCHS (CHp) 2CH (COOH)2, m.82.3" ; Ac., m.94.5°.5124 

Merctrpto-&4cid.s 
-- - - - 

173 
-- 

Ph, m.91" ; 40"Qnilide, m.237" ; toluidc: o-,m.218" ; p-,n1.23Oo ; 
o-anisitlc, m.157"; naphthamide, a,m.218"; j3,m.168°.3"" 

m-BSC6H4CC)OH, 111.147","~~ 146°,3"6. 145" ; 629 ?rle, bll 
1354","" 126-31 " ; Et,, bll 147-9°.62" 

p-HSCGH4COOH, m.220°,3"6."190~so3 629 217' ; Me, n1.56' ,9~~.~ 
50°,"0 47"; bll 13944°,629 1 3 9 4 0 " ;  530 anilide, m.264"; 
j3-naphthamide, 111.283".~~" 

o-HSC6H4CH2COOH, 111.97".~j~ 
2,5-HS (Me) C6H3COOH, m.82°.356 
3,2-HSC10H6COOH, anilide, m.286"; toluide, o-,m.280°; p-,m. 

277"; o-nniside, m.221" ; a-naphthainide, m.307°."5 
1,8-HSCl,,HGCOOHl lactone, m.146°,"0 145°.1R' 
2,4-I1S (Cl) CGH3COOH, m.196°.336.5 
2,5-HS (Cl) C6H3COOHl 1n.194",~~~."93",27~ 1 l o o ;  356 Me: 

m,45 O .33G.5 

2,3,5-HS (CIS) CGH2COOH, n1.208",~".~ 198°.336.5 
2,3,6-HS (C12) CGH2COOH, m.122°.356 
2,s-HS (Br)CGH3COOH, 111.21 1°,"36.V830:35g 
2,3,5-HS (Br2) C6H2COOH, m.222" ; Me, m.89°.336." 
4,2-HS (110) C,H,COOH, m.205°.44"5 
5,2-HS (HO) CGH3COOH, m.245" ,3" 152".559 
2,4-HS INH.) C6H3COOH, m.198" ,532.V970 ; 4.5 HC,1, m.220" ; 532.5 

Ac,, m.299",53S."370; 4."t, m.198°.532.5 

2,s-HS (PITH2) CGH3COOH, 111.204-9" ; 55G E t ,  m.202°.359 
5,2-HS (NH2) CGH5COOH, m.202" .3'" 

2,4-HS (hleSO2) CGH,COOH, in.181 0.3"6.5 
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used. 

For the same reason, it has frequently been necessary to change 
the name used in the text to  a more systematic name. 

Acetaldehyde, mercapto-, and 
dimer, 389 

-, thio-, 21 
Acetamide, 2,2',2"- (antimony- 

trithio) tri-, 440 
i -, 2,2',2"- (bismuthtrithio) tri-, 

" "n 
44u 

, -, N-2-mercaptoethyl-2- 
1 phenyl-, thiobenzoate, 400 

-, 2-phenyl-N- [2- (phenylace- 
tylthio) ethyl] -, 400 

I , - , merca~to-N-sulfanilyl-, 446 
-, N,N'- (thiodiethylene) bis- 1 [Z-phenyl-, 400 ' Acetanilide, 2-mercapto-, 294 
-, 4'-mercapto-, 269 
Acetic acid, [ (p-acetamido- 

phenyl) arsinodithio] di-, 
B 44 1 
i - 
I 

, (acetonylthio) -, 390 
-, (alkylmercurithio) -, 439 
-, -, effect on tubercle bacil- 

lus, 447 
-, (amidinothio) -, 445 

Acetic acid, (antimonydi- 
thio)di-, salts, 438, 439 

-, (antimonypentathio) - 
penta-, 440 

-, (antimonytrithio) tri-, cal- 
cium salt, as spirillocide, 
439 

-, (arsenictrithio) tri-, 438 
-, (a-benzoylbenzylthio) -, 

446 
-, (benzylthio) -, 446 
-, (bismuthdithi0)di-, sodium 

salt, 439 
-, (tert-butylthio) -, 446 
-, (cadmiumdithio) di-, cad- 

mium salt, 438 
-, chloro-, thioglycolic acid 

from, 437 
-, (chlorosulfcnyl) -, ethyl 

ester, 269 
-, copperthio-, cupric salt, 

440 
-, (cyclo-2,s-dithia-3,4-di- 

methylenestibenylthio) -, 
440 
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'4C~tiC aczd, [ idiliydroxytin) - 
dithio] di-, 439 

-, (diphenylarsinothio) -, 441 
-, ( 1,2-diphenylvinyfenedi- 

thio) di-, 446 
-, dithiodi-, 447 
-, (ethylenedithio) di-, 441 
-, [ (ethylmethylarsino) thio] -, 

44 1 
-, (p-hydr~xyphen~lstibinodi- 

thio)di-, 441 
-, (leaddithio) di-, lead salt, 

438 
-, mercapto-, 31 
-, (mercuridithio) di-, 438 
-, (a-methylbenzylthio) -, 446 
-, (methylidynetrithio) tri-, 

445 
-, phenethylthio-, 444 
-, (phenylarsinodithio) di-, 

44 1 
-, (2-phenylphenacylthio) -, 

446 
-, [2- (phenylsulfonyl) ethyl- 

thio] -, 444 
-, (platinumdithio) di-, 438 
-, (silverthio) -, silver salt, 438 
A , - , sodium salt, 439 
-, sulfo-, thioglycolic acid 

from, 437 
-, thio-. See Thioacetic arid. 
-, thiocyanato-, thiogly colic 

acid from, 437 
-, thiodi-, thioglycolic acid 

from, 437 
-, (trichloromethylthio) -, as 

pressure lubricant, 445 
-, (trimethylenedithio) di-, 

44 1 
Acetoacetic acid, esters, reac- 

tion with ArSCI, 276 
-, 2,2-bis (ethylthiol-, ethyl 

ester, 276 

dcetoacetir acid, 2-cyano-l- 
mercapto-, thioacetate nncl 
ethyl ester, 445 

Acetobromoglucose, reaction 
with Na thioglycolate, 441 

Acetone, reaction with ArSCl, 
276 

-, 1,3-dimercapto-, 390 
-, mercapto-, 390, 407 
Acetophenone, reaction with 

ArSCl, 276 
-, ur-mercapto-, 391 
-, a-mercapto-a,a-diphenyl-, 

390 
Acetyl chloride, (4-chloro-2- 

nitrophenylthio) -, 276 
Acetylene, H2S addition to, 21 
Acids, carboxylic, mercaptans 

from, 38 
~ c r ~ l o n i t i i l e ,  reaction with 

HZS, 21 
Adipic acid, 2,4-dimercapto-, 

457 
-, 2-mercapto-, 457 
Alanine, 3- (p-mercapto- 

phenyl? -, 459 
-, 3,3'- (selenodithio) bis-, 462 
-, 3-sulfenyl-, 265 
Albumin, 144 
Alcohols, comparison with mer- 

captans, 15, 16, 111 
-, phys. props. of, 4 5 4 8 ,  50, 

52 
--, mercapto-. See Mercaptans, 

hydroxy-. 
-, thio-. See Mercaptans. 
Aldchydcs, reactions of, 41,283. 

444 
-, mercapto-, 407 
Alkanesulfenic acids, anhydro- 

sulfides with dialkyldithio- 
carbamic acids, 272 

-, esters, 285 

Index 

Ali<:~n(s>~~l It~nyl 111 o~i~idc- ,  270 
Alkane~~~l fcnyl  callloricle*. rr.:ic4- 

tion n itli phenolr, 277 
-, chloro-, reaction nit11 cyclu- 

hexanone, 277 
Alkanethiosulfonic acids, salts, 

reaction with o-nitroben- 
zenesulfenyl bromide, 344 

-, esters, as  selective solvents, 
334 

Alkanethiosulfuric acids, de- 
rivs., 325-7 

Alkenes. See Olefins. 
Alkylarsenious nlercaptidcs, 

296 
I Alkylating agents, alkyl phos- 

phates as, 305 
Alkyl bromides, 29, 45, 49, 50 
Alkyl chlorides, 29, 44, 46 
Alkyl halides, thiols from, 25- 

29 
Alkyl disulfides, reaction with 

P, 294 
Alkyl sulfides, chloro-, 381 
(Alkylthio) tris (tert-butyl- 

thio) orthosilicates, 320 
Allicin, 334 
Allyl mercaptan, 17,25,67, 11 1 
Allyl sulfide, 11 1 
Allylthiosulfinic acid, ally1 

ester, as allicin, 334 
Aluminum, thioglycolic acid in 

analysis of, 448 
-, trimethyl-, compd. with 

I 
MeSH, 150 

b Aluminum chloride, adducts 
with mercaptans, 113, 111 

-, in petroleum desulfuriza- 
tion, 114 

Amidoiminothionophosphoric 
acid, N,iL"-diethyl-, 303 

Amidothionophosphoric acid, 
esters, 302, 303 

--, N,N-diethyl-, esters, 303 

alt~iirloflzionophosphoric. acid. 
-1--nlcthyl-, estcw. 303 

A ~ i ~ i i c ~ o t l ~ ~ ~ ~ ~ ~ l i o ~ ~ ~ l i o r i ~  (I~clllo- 
ride, A\--metllyl-, 303 

Alnines, reaction with P-SZ, 307 
Ammonia, in petrolcum desul- 

furization, 127 
Ammonium dithiocarbamate, 

mercaptans from, 31 
5-Androsten-17-one, 3P-mer- 

capto-, 33 
Aniline, derivs., reaction with 

S, 284 
-, S,S-dimethyl-p- (p-nitro- 

phenyldithio) -, 278 
-, p- (o-nitrophenylthio) -, 283 
-, N-sulfino-, 125 
9,lO-Anthracenebis (disulfide 

chloride), 277 
9,lO-Anthracenedimethane- 

thiol, 33, 75 
9-Anthracenedisulfide chloride, 

277 
Anthraquinone, 2-mercapto-, 

39 1 
-, 1- (methylsulfiny1)-, 264 
1-Anthraquinoneselenenic acid, 

263 
1-Anthraquinoneselenenyl bro- 

mide, 285 
1 -Anthraquinonesulf enamide, 

280, 283 
-, 4-amino-, 280 
2-Anthraquinonesulfenamide, 

280 
1 -Anthraquinonesulfenic acid, 

methyl ester, 264 
-, and K salt, stability of, 263 
-, 4-amino-, K salt, stability 

of, 263 
1-Anthraquinonesulfenyl bro- 

mide, addn. to cyclohexene, 
276 

-, prepn. of, 271 



1-.4nthraq1tinonc.s~1fen~/l 11~0- 
mde,  stability ( IS .  271 

-, 4-amino-. stability of HIJr 
salt, 271 

1-Anthraquinonesulfenyl clllu- 
ride, 270 

-,reaction with amines, 277 
2-Anthraquinonesulfenyl chlo- 

ride, 270 
1 -Anthraquinonesulfenyl hal- 

ides, 264 
1-Anthraquinonesulfenic acid, 

and anhydride, 264 
-, reduction of, 271 
9-Anthracenethiol, 26 
Anticorrosion agents, 305 
Antimonous acid, trithio-, 

esters, 149 
Antimony, mercaptides of, 139, 

150 
-, thionalid in detection of, 

449 
Antimony trichloride, reaction 

with mercaptans, 296 
Antioxidants, for lubricating 

oils, 305 
-, mercaptans as, 166-167 
Arabinose, thio-, 393 
Arsenic, tliionalid in detection 

of, 449 
Arsine, (2-hydroxytrimethyl- 

ene) bis [bis (2,3-dihy- 
droxypropylthio) -, 296, 
384 

Arylenediseleno-sulfides, 270, 
271,273 

Aryleneselenenyl bromides, 
271,273 

Aryleneselenenyl chlorides, 270, 
273 

Aryleneselenenyl selenocyan- 
ates, 273, 275 

Aryleneselenenyl thiocyanates, 
273,275 

Aryleneeelenocyanates, 27 1 
Arylenesulfenie acids, esters, 

285 
Arylenesulfenyl chlorides, reac- 

tions of, 276, 277 
Arylenesulfenyl selenocyanatcs, 

27 5 
Aurothioglycolic acid, salts, 

439 
Aziridine, 2-methyl-, 398 

B.A.L., 385-388 
Barbituric acid, 5- (2-mercap- 

toethyl) -5-pentyl-, 455 
Benzaldehyde, o-mercapto-, 

390 
Benzamide, N,N'- [3-hydroxy- 

propylenebis (thiomethyl- 
ene) ] bis-, 386 

Benz [ a ]  anthracenethiol, 26 
Benzene, extraction of mercap- 

tans from, 133-137 
-, dichloro- 1,3- bis (chlorosul- 

feny1)-, 269 
-, 1,3-dimercapto-. See 

m-Benzenedithiol. 
Benzenediazonium chloride, re- 

action with K ethyl xan- 
thate, 31 

Benzenediseleno-sulfide, o-ni- 
tro-, 271 

1,3-Benzenedisulfenyl chloride: 
4,6-dichloro-, 270 

Benzenedisulfide, iminodi-, 278 
Benzenedisulfide amide, o-ni- 

tro-, 278 
Benzenedisulfide chloride, o-ni- 

tro-, 278 
Benzenedithiol, hydroxy-, 402 

111-Bc~nz(~rictlitliio1. 74. 11-3. 260 - - 
--, 2..5-(11(~1i1010-, / .i 
-, ~lllllt~tllyl-. 74 
-, 4-(~tIiyl-. 74 
o-Bcnzcrietlitliid, 73 
p-l)cnzcnetlitliiol, 37, 73 
Benzenesulfenamide, 271, 280 
-, p-acetanlido-, 280 
-, p-chloro-, 280 
-, 3-chloro-2-nitro-, 280, 281 
-, 2,s-dichloro-, 280 
-. S,S-diethyl-, 280 
-. 2,3-dinitro-, 281 
-, o-nitro-. 281 
Benzeneselenenic acid, 2,3-di- 

nitro-, 263 
-, 0-nitro-, 263 
, p-nitro-, acetate, 263 
Benzeneselenenosulfonic acid, 

o-nitro-, esters, 333 
Benzeneselenenyl bromide, 273 
-, 2,3-dinitro-, 285 
-, o-nitro-, 271 
Benzenesulfenamide, 2,4-dini- 

tro-, 281 
-, o-nitro-, 281 
[Bcnzenesulfenanilide, 3- 
cliloro-4'-l1ydroxy-2-nitro-, 

283 
-, o-nitro-. 283 
Benzenesulfenic acid, 264 
-, o-nitro-, anliytlride, 257 
Bcnzeneeulfenimide, 281 
Benzenesulfenyl bromitlc, 271 
-, p-ncetainido-, 271 
-, 2-bcnzoyl-+nitro-, 271 
-, 4-chloro-2-nitro-, 270 
-, 2,s-dibromo-, 271 
-, o-nitro-, 280, 334 
Berizencsulfenyl chloridc, 267, 

269, 271 
-, reactions of, 273, 274, 276, 

33 1 
-, p-acctamido-, 269 

~ ~ 0 1 ~ ~ ~ 1 1  ~ t l l ~ ~ t i / / l  ~ 1 1 1 0 1 ~ ~ f 1 ~ .  
/~-cl~loi~o-.  269 

-, 3-clilo1~~-2-iiit1 0-. 270 
-, 2,5-(llbro1no-, 270 
-, 2,5-tlicl~loro-, 270 
-, 2,4-dinitro-, 270 
-, -, reactions of, 276 
-, nitro-, 277 
-, nz-nitro-, 270, 280 
-, o-nitro-, 270, 276 
-, p-nitro-, 270, 280 
Benzenesulfenyl thiocyanate, 

272 
-, 2,4-dinitro-, 272 
-, o-nitro-, 272 
Benzenesulfinic acid, silver salt, 

274, 331 
Benzenesulfonic acid, p-rner- 

capto-, 410 
-, 2,4,6-trimethylthiol, tri- 

chloromethyl ester, 290 
Benzenesulfonyl chloride, 

p- (chlorosulienyl) -, 270 
Benzenethiol. See Tkiophe- 

nol. 
Benzcnethiosulfonic acid, 

phenyl ester, 274, 331 
-, trichloromethyl ester, 290 
3H- 1,2-Benzodithiol-3-one, 

458 
Benzoic acid, p-aminothiol-, 

2-dictl~ylaminocthyl ester, 
400 

-, o- ichlorosulfenyl) -, 269 
-, m (and p)  -1nercapto-, 459 
-, o-mercapto-. See Thiosnli- 

cylic acid. 
Benzonitrile, reaction with 

P2S3,307 
Benzophenone, 4,4'-dimer- 

capto-, 391 
Benzo [ a  J pyrenethiol, 26 
p-Benzoquinone, reaction wit11 

thioglycolic acid, 444 



Uei~zotlii;lzolc, 2-incrcnpto-, 
121, 399 

2-Beiizot1ii:izolcsulfcnyl Iial- 
ides, 271 

Benzoxazole, 2-rrrercapto-, 
162 

Benzylamine, reaction with sul- 
fenanlides, 280 

Benzylidene dinlercaptan, 69 
Benzyl mercaptan, 26, 72 
-, mercury deriv., 143 
-, reactions of, 109, 118 
-, p-broino-, 73 
-, a-butyl-, 55 
-, ar-chloro-, 73 
--, p-chloro-a-phenyl-, 73 
-, ar,ar-dichloro-, 73 
-, a-ethyl-, 55, 73 
-, ar-hydroxy-, 389 
-, 3-hydroxy-5-methoxy-, 73 
-, a-isopropyl-, 55 
-, a-methyl, 55, 72 
-, ar-methyl-, 73 
-, ar-nitro-, 72 
-, a-tolyl-, 73 
Benzyl sulfide, 109 
-, derivs., 464 
Biphenyl, 4,4'-bis (benzyl- 

thio) -, 270 
-, 4,4'-bis (chlorosulfenyl) -, 

270 
-, dimercapto-. See Bi- 

phenyldithiol. 
-l,-l'-Biplienyldisulfenyl chlo- 

ride, 270 
Biphenyldithiol, 37, 75, 270 
Biphenylthiol. See Thiophenol, 

phenyl-. 
Bismuth, mercaptides of, 149- 

150 
-, thionalid in detection of, 

449 
Borine, chloro (2-chlorovinyl) - 

(octylmercapto) -, 297 

Indcs 

I<O/./?/(~. (1i~11101~0 ( 2-cllloro- 
\.iri).l) -. 297 

Uorncc~l, tllio-, 37 
- , - , 11lerc~u.y derivs., 111 
Boron tribromide, reaction wit11 

mercaptans, 297 
Boron trifluoride, adducts with 

mercaptans, 110 
Brassidic acid, mercapto-, 455 
Bromine, oxidation of mercap- 

tans by, 124, 125 
Bunte salts, 32, 84, 326 
Butane, 13-bis (2-chloroethyl- 

thio)-, 275 
-, 2,3-dibromo-2,3-dimethyl-, 

oxidation of mercaptans 
by, 125 

1,4-Butanedisulfenyl chloride, 
273, 275 

1,2-Butanedithiol, 3,4-dihy- 
droxy-, and tetraacetate, 
386 

-, 4-hydroxy-, 386, 402 
1,4-Butanedithiol, 2,3-dihy- 

droxy-, 386 
2,3-Butanedithiol, 70 
-, 2-methyl-, 20 
Butaneselenol, 53 
Butanesulfenanlide, 280 
Butanesulfenyl chloride, 

1-chloro-, 268 
Butanesulfuric acid, sodium 

salt, 23 
Butanetellurol, 54 
Butanethiol, hydroxy-, S-ace- 

tate, 401 
2-Butanethiol, 3-chloro-, 383 
2-Butene, 2,3-dimethyl-, 125 
-, 2-methyl-, mercaptans 

from, 40 
2-Butene-1-thiol, 33, 67 
-, 3-methyl-, 67 
3-Butene-1-tliiol, 67 

Index 

3-Uutcne-7-tliiol, 2-inetl~yl-. 20 
13utyl broiniclc~, rc:ictlon \I it11 

tll~ol)lle~lol (Ka  clcii~ .) , 22 
tcr  t-Butyldisulfitle cyanide, 

279 
Butyl mercaptan, 18 
-, azeotropes of, 58 
-, extraction from isooctane, 

136 
-, hydrogenation of, 115 
-, phys. props. of, 29,45 fl, 58- 

60, 64 
-, prepn. of, 21, 25, 38, 39 
-, volatility of, 23-24 
-, in warfare, 39 
-, 4- (decahydro-2-naphthyl) -, 

68 
-, 3 (and 4) -hydroxy-, 383 
-, 2-methyl-, 65 
-, 2-phenyl-, 73 
-, 4- (1,2,3,4-tetrahydro-2- 

naphthyl) -, 68 
sec-Butyl mercaptan, 18, 25 
--, phys. props. of, 45, 47, 51, 

58-60,64 
tert-Butyl mercaptan, 18 
-,mercury deriv., 271 
-, phys. props. of, 45, 64 
-,prepn. of, 20, 25, 39 
-, purification of, 148 

r tert-Butylsulfenamide, N,X-di- 

L methyl-, 271 
tert-Butylsulfenyl bromide, 271 
tert-Butylsulfenyl chloride, 266 
tert-Butylsulfenyl iodide, 266 
Butyl sulfide, 21, 23, 23, 29, 

123 
Butyric acid, aminomercapto-, 

463 
-, 3- (benzylthio) -3-methyl-2- 

ureido-, 466 
-, mercapto-, 452, 453 
-, 3-mercapto-3-methyl-, 453 
--, 3-mercapto-2-0x0-, 455 

C'acliliiuill, 1llcrcal)t i t  01, 11s 
Cal-Odorant, 166 
2-Cai~lphanetl~iol. See Uorneol, 

thio-. 
Camphor, thio-, silver complex 

deriv., 148 
Camphorimide, reaction with 

P2S.j, 307 
Carbamic acid, dialkyldithio-, 

anhydrosulfide with alkyl 
sulfenic acid, 272 

-, dithio, derivs., 275 
-, thio-, thioglycolic acid 

from, 437 
Carbon diselenide, 288 
Carbon disulfide, trichloro- 

n~ethylanesulfenyl chlo- 
ride, from, 287 

Carbonic acid, trithio-, derivs., 
27 5 

Carbon selenosulfide, 288 
Carbon tetrachloride, 288 
Carvone, compd. with Has, 

2 1 
Catechol, reaction with sul- 

fenyl chlorides, 277 
Cellobiose, bromo-, nlercaptan 

from, 25 
-, thio-, 393 
Cellotliiose, 393 
Cellulose, reaction with thio- 

glycolic acid, 445 
Cetyl mercaptan, 25, 27 
Chaulmoogric acid, 2-mer- 

capto-, 455 
Chlorine, oxidation of mercap- 

tans by, 125 
Chlorodithiolophosphoric acid, 

esters, 298, 313 
Chlorofluorothionophosphoric 

acid, ethyl ester, 312 
Chlorosulfonic acid, 124 



('lilorotliiolotliioriol~lio-l)liori(* 
:i(si([, 0.8S-tlic't1iy1 c-tcir, 298 

C'1llorotliioiio~)lio-1)lioric nrltl. 
eztci'>, 299, 301, 312-313 

Clilorotritliiopliusplio~~c acicl, 
esters, 298, 313 

Cholesterol, reaction a ~ t h  PzS3, 
304 

-, thio-, 37, 68 
Cholesteryl mcrcaptan. See 

Cholesterol, thio-. 
Choline, thioacetate, 400 
Cinnamic ncirl, 4-hydroxy-3,5- 

dimethoxy-, choline ester, 
392 

Cinnamyl mercaptan, 73 
Cleansing agents, from thiosul- 

fates, 329 
Coal gas, desulfurization of, 

113 
Copper, compds. of, in petro- 

leum desulfurization, 146- 
147 

- , mereaptides of, 145-147 
-, thionalid in detection of, 448 
Corrosion inhibitors, triaryl tri- 

thiophosphites as, 296 
-, tributyl trithioborate as, 

297 
Coumarin, 4-hydroxy-3-mer- 

capto, 382 
Cresol, reaction with sulfenyl 

chlorides, 277 
Cresylic acid, reaction with 

P&s, 305 
Crotonic acid, 2-acetainido-3- 

methyl-, penicillamine 
from, 464 

-, 2-benzamido-3-methyl-, 
penicillamine from, 464 

-, 3-mercapto-, ethyl ester, 
455 

-, 3-methyl-2-nitro-, penicil- 
lamine from, 464 

( '1,otyl nici.cal)tan. See 2-I,',,- 
fenc-1-th~ol. 

('y:iiiaiiiiclc3, r (>:~~*t ion TT it11 tlli( I -  

glycolic ncltl, 145 
Cyclo1icl)tyl rilerc.aptnn, 68 
1 , l  -Cycloliexanediniet ll:~i~e- 

thiol, 71 
1,l-Cyclohexanedithiol, 69 
1,2-Cyclohexaneditliiol, 71 
Cyclohexaneselenol, 54 
Cyclohexanone, 2- (methyl- 

thio) -, 276 
Cyclohexene, addition of sul- 

fenyl lialides to, 275 
-, froin cyclohexyl mercaptan, 

111 
2-Cyclohexene- 1 -t hiol, 68 
Cyclohexyl mercaptan, phys. 

1x011s. of, 67, 68 
-, prepn. of, 19, 21, 25, 33, 37, 

40 
-, thermal decompn. of, 11 1 
-, 2-alkyltliio-, 406 
-, 2-Iiydroxy-, 402 
- , - , trans-, S-tliioacetate, 

383 
-, methyl-, 21, 68 
-, 2,2,6,6-tetrametliyl-, 68 
Cyclooctatetrene, addition of' 

sulfenyl halides to,  275 
Cyclopentaneglycine, l-mer- 

capto-, formation of, 467 
I-Cyclopentene-1-thiol, 68 
Cyclopentyl mcrcaptan, 25, 

67 
-. 2-hydroxy-, 383, 402 
Cysteic acid, 159, 461 
Cysteine, 360, 461 
-, complex and salt formatioil 

by, 462 
-, decompn. of, 462 
-, estimation of, 159 
-, mercury derivs., 143 
-, oxidation of, 461 

Decametl-iylene dimercaptan, 
52, 53, 69, 71 

1-Decene, 112 
Decyl mercaptan, 28, 61, 66 
-, thermal decompn. of, 112 
Decyl selenol, 54 
Decyl sulfide, 112, 120 
Depilatories, 442 
Desyl mercaptan, 390 
Dinmidothiolopllosp,horic acid, 

dipllenyl-, 307 
Dianiidotl~ionol~liosplloric acid, 

S,S-diphenyl-,  esters, 303 
-, l\-,S.S',A\-'-tetracthyl-l es- 

t ers, 303 
2,2'-DibenzotIiiazole, 399 
Dichlorodithiophosphoric acid, 

ethyl ester, 312 
Dichlorothiolophosphric acid, 

esters, 298 
Dichlorothionophosphoric acid, 

esters, 301, 302, 312 
i Diesel fuels, additives for, 292, 

294, 295 
I -, 8 compds. in, 109 

( Difluoroinethylene) bis [sulfur 
I trifluoride] , 266 

iDiAuorometliylenc tliiulfur 
trifluoride pentafluoride, 
266 

1 Difluorothionopllc)~1~110ric a c ~ d ,  
esters, 312 

(3,p-Diglucosyl sulfoxysulfidc, 

i octaacetate, 393 
! Diimide, 1-plienyl-2- (tri-  

plienyliiietliyltliio) -, 280 

i Dimcrcal)tan?, 1 0 1 3  -, ac>oc~:ition of, .52 
' -, q c m - .  40, 41 

-, 1)hys. 1)r01)0. of, 52, 53 
Dl l~~etll j . l t l l~o) bis ~plienylsul- 

fonyli orthocarbonate. 319 

517 
-- pp -- - - - 

D~ol - ,  52, 53 
1,12-L~~oxa-1,7,Y.l.i-tetratl~1~1- 

8-btannak~)iro [ I  I]  11('1lt:i- 
decane, 323 

1,3-Dioxolnnc, 4,4'- idithlotli- 
methylene) bis [2,2-di- 
methyl-, 384 

Diselenides, aryl, 270, 271, 273 
Dispersing agents, from thio- 

sulfates, 329 
Disulfide, alkyl chloron~ethyl, 

273 
-, alkyl 2,4-dinitrophenyl, 274 
-, 9-antllryl p-nitrophenyl, 

278 
-, bis (2-benzothiazolyl) , 271 
-, tert-butyl naphthyl, 273 
-, bis (2-chloroetliyl) , 268 
-. bis (3-chloropropyl) , 269 
-, bie (dinlkoxypl~osphin-o- 

thioyl) , 306, 3 19 
-, bis idiethoxyphosphino- 

thioyl) ,298 
-, bis (trichloromethyl), 290, 

292 
-. bis (trifluoromethyl) , 266 
-, bis [tris (tert-butylthio) - 

methyl], 290 
-, bis [tris (rtliylthio) methyl]. 

290 
-, bis [ t r is  ipropyltliio) - 

methyl], 290 
-, di-tert-butyl, 291 
-, diethyl, 293 
-, iminobis [p-nitrophenyl, 278 
-, o-nitrophenyl pl-ienyl, 273 
-, p-nitrophenyl p-tolylsul- 

fill! 1 ,  278 
Di.ulfide cllloi i d r ~ ,  277 
Dis~~lficlc>, nrlditlon of 11aloge11. 

to. 270, 332 
-, ,4lliyl, foriii:ltlon of. 28, 29 
, Buntr salts from. 326 
-, cyclic, clilorination of, 269 



518 

Disulfides, effect on ~ ~ c t r o l e u ~ n  
fuels, 130 

-, from Grignard reagents, 37 
-, isomerism with thiosulfenic 

esters, 284 
-, mercaptans from, 17, 36 
-, from mercaptans, 118-126 

Inrlea 
-- 

Dithionopyropho+oric acicl, 
esters, 306 

Dithioorthosilicic acid, S,&"- 
ethylene diester, diethyl 
ester, 321 

Dithiophosphinic acid, dialkyl-, 
308 

-, from petroleum wash-li- -, ethylphenyl-, ethyl ester, 
cluors, 141 308 

-, from sulfenamides, 282 
-, sulfenic acids from, 265 
--, from sulfenic anhydrides, 

287 
-, from sulfenic esters, 286 
-, from sulfenyl chlorides, 273 
-, sulfenyl halides from, 267 
-, from sulfenyl thiocyanates, 

272 
-, thiosulfates from, 326 
-, from thiosulfates, 328 
-, thiosulfinic esters from, 334 
Disulfoxides, formation of, 286, 

332 
-, identity with thiosulfonic 

acids, 330 
-, reactions of, 333 
--, structure of, 332 
1,4,2,5-Dithiadiazine, 2,2,5,5- 

tetracllloro-2,3,5,6-tetra- 
hydro-2,s-di-p-tolyl-, 292 

p-Dithiane, 379 
-, 2,s-dimethyl-2,s-endoxv-, 

- - -  
Dithiophosphonous acid, 

phenyl-, diethyl ester, 308 
Dithiophosphoric acid, derivs., 

298 
Dithiopyrophosphoric acid, es- 

ters, 303, 31&319 
Djenkolic acid, 462 
Doctor process, 152-155 
Doctor test, 157 
Dodecamethylene dimercaptan, 

52, 53, 69 
6-Dodecanethiol, 66 
Dodecyl mercaptan, oxidation 

by KOH, 129 
-, phys. props. of, 66 
-, prepn. of 28, 38 
tert-Dodecyl mercaptan, 67 
Dulcitol, 1,6-dithio-, 387 
Dyes, from trichloromethane- 

sulfenyl chloride, 292 

" ' 

390 
o-Dithiane-3,6-dicarboxy lic 

acid, 458 
p-Dithiane-2,s-dione, 438 
1,3-Dithia-2-silacyclopentane, 

320 

Dithiolopllosphoric acid, esters, 
299,300,302, 3 16 

Dithiolotllionophosphoric acid, 
esters, 300, 316 

E 605, 309 
Elaidic acid, mercapto-, 455 
Ergothioneine, 467-469 
Erythritol, 1,4-dithio-, 387, 402 
Ester-chlorides, addn. of S to, 

298 
Ethane, 1,2-di bromo-1 ,l,2,2- 

tetrachloro-, 125 
Ethanedisulfide chloride, 2- 

chloro-, 278 
1,2-Ethanedithiol. See Ethyl- 

ene dimercaptan. 

Ethanesulfenic arid, 263 
-, 1 -chloro-, 4-chlorobutgl 

ester, 285 
Ethanesulfenyl chloride, 267, 

273 
-, 1-choloro-, 268 
-, 2-chloro-, 268, 275, 278 
-, 1 (and 2)  -chloro-1-methyl-, 

I 268 
-, 1-chloro- 1-phenyl-, 269 
-, 1 ,l-dichloro-, 288 
Ethanesulfenyl thiocyanate, 

272 
Ethanesulfonic acid, 124 
-, 2-amino-1-mercapto-, de- 

rivs., 401 
-, 2-mercapto-, condensation 

product with N- (hydroxy- 
methyl) lauramide, 401 

-- , , and derivs., 400 
Ethanesulfuric acid, 22 
Ethanethiol. See Ethyl mer- 

captan. 
Ethanetliiosulfonic acid, 331 
Ether, his (2-mereaptoethyl) -, 

and Ge and Ni derivs., 380 
Ethers, mercapto-, 403 
Ethyl alcohol, 2,2'-ethylenedi- 

thiobis-, 395 
-, mercapto-. See Ethyl mer- 

captan, hyclroxy-. 
-, 2,2'-pentamethylenedithio- 

bis-, 395 
-, 2,2'-tetramethlyenedithio- 

bis-, 395 
-, 2 2 -  Ithiobis (ethylenethio) ] 

~ t h y l  chloride, ethyl mercap- 
tan from, 25 

Ethyl chlor~pl los~hi te ,  48 
Ethyl disulfide, 268,330 
Ethylene, addition of sulfenyl 

lialides to, 275 

Ethylene, r c a c t ~ o ~ ~  wt l i  H2S. 
19-2 1 

-, tctrachloro-, 125 
Etl~yleneboronic acid, 2-clilo- 

ro-, dimethyl ester, 297 
Ethylene dimercaptan, 41, 42, 

52,53,69,70 
-, polymers from, 42 
-, prepn. of, 25, 42 
-, trialkyl trithiophosphitcs 

from, 295 
Ethylene oxide, reaction with 

PCl, and S, 299 
-, reaction with sulfenyl chlor- 

ides, 285 
Ethylene sodium thiosulfate, 

reaction with sodium tetra- 
sulfide, 329 

Ethyl mercaptan, adducts of ,  
109 

-, azeotropes of, 57,58 
-, bismuth deriv., 150 
-, copper deriv., 145 
-, decompn. 11y light, 110 
-, discovery of, 15,16 
-, hydrate of, 109 
-, as insecticide, 167 
--, mercury deriv., 143 
-, occurrence of, 16,17,18 
-, odor of, 16,166 
-, oxidation of, 124 
-,phys., props. of, 29, 45, 47, 

49ff, 57ff 
-,physiol. props. of, 163- 

165 
-, prepn. of, 19,21,22,24,25ff,  

35.36.38,40 
-. reaction rvith ethanesul- 

fcnyl chloride, 273 
-, in separation of Pt metals, 

162 
-, sodium deriv., 119, 128 
-, solubility of, 131 ff 
-, surface tension of, 55 



Efh y l  tizerrrtptnn, tlic~rin:tl clc- 
colopn. o f ,  111, 116 

--, nlkoxy-. 381, 382, 403. 401 
-, 2-alkyla~llino-, 107 
-, 2,2'-alkyliminobie-, 409 
-, alkylthio-, 406 
-, 2-amino-, 396,398 
-, -, applications of, 400 
-, -, deri~rs. of, 399 
-. -, oxidation of, 119 
-, -, phys. props. of, 407 
-, -, reactions of, 399 
-, 2-anilino-, 397 
-, 2-bromo-, 381 
-, butoxy-, 381,403 
-, 2- (butylamino) -, 397 
-, 2,2'- (butylimino) bis-, 397 
-, 2-chloro-, 380,381, 405 
-, 2- (2-cl~loroethylthio) -, 381 
--, 2-cyclof~exyl-, 68 
-, dialkylamino-, 408 
--, 2- idibuty1amino)-, 397 
-, 2- [2- (dibutylamino) ethyl- 

thiol-, 397 
-, 2,2-diethoxy-, 403 
-, 2- (diethylamino) -, 397. 398 

E t h y l  / / I f  rc(l,llt(l7?, 2-1,1]1~~1,1- 
dino-, 108 

-. 2,2'-tlliubii-. 35, 42,395, 
106 

Et l~yl l~~rrcaptomerculy salts, 
144 

Ethyl nitrite, ethyl incrcaplan 
frorn, 24 

-, reaction with rnercaptans, 
293 

Ethyl orthoformate, reaction 
with P2Sj, 306 

Ethyl potassium thiosulfate, 
325 

Ethyl selenol, 54 
Ethyl sulfide, 29,111,273 
Ethyl tellurol, 54 
Ethyl trisulfitle, 123 

Flotation agents, from benzyl 
mercaptan, 307 

-, bis ( dialkoxypl~ospllin-o- 
thioyl) tiisulfides as, 3C6 

-, inercaplarls as, 168 
-, P-P;, reaction products as, 

50.5 
-, 1.2-diphenyl-, 73 
--, etl~oxy-, 403 
-, 2.2'- (ethylcncilithic,) bis-, 42 
-, 2-etliylthio-, 394 
-, 2-fluoro-, 381 
-, 2-halo-, 405 
-, 1-hytiroxy-, etl~ers of, 377 
-, 2-hydroxp-, 53,380,401 
- , - , and d e r i ~ s . ,  377-380 
-- , ,l)olymrrs from, 379 
--, 2- (2-l~ydrosyetllylt l ~ i o  I -, 

3 70 
-, 2-iotlo-, thioacetatc, 381 
-, 2-1sopropox\--, 403 
-, 2,2'-oxybis-, 401 
--, 2-phenoxy-, 381 

-, froiri thio~ulfntes,  .?30 
1-Fluoreneeulfenyl bron~ide. 0- 

0x0-, 271 
9-Fluorenone, 1-mercaptv-, 271 
F'luorodithiolophos~~hor~r acitl, 

esters, 299,313 
Fluorothionophosphoric acid, 

tlicthyl ehter, 312 
Fluorol,lio~pl~orous ncirl, ethyl 

cater, 295 
Fonllal(lc.l~yclc, roactiou wit11 

E-1-S, 41 
-, rcl:tction wit11 tlrioil1lfu1,ic 

acid, 325 
Forniic aclrl, reaction wltll tlli- 

oglycolic acid, 414 

111rle.r 
~ - ~- ~~ 

FI.:~S(,IJ 1 II,O(.C.-.. 1 1 1 )  
Yru(,to.(,, t 11io-, ,5<)3 
Fuc.1 gas. S .:olnl~l- i l l .  Inc) 
2-Fuy:~lll'5-r,,~.ic. ac~i, I .  c~-tliio-, 

1;; 
Furfurpl mercal)tan, 68  
-, 5-metliyl-, 68 
Fmoic acid, 5-mercaptonl- 

ethyl-, 455 

Galactose, thio-, 393 
-, tritliio-, 393 
Galein, dithio-, 389 
Glucoclleirolin, 392 
Gluconasturtin, 392 
Glucobe, reaction nit11 thiogly- 

collc aciti, 444 
-, isopropylidene-6-tliio-, 394 
-, thio-, 29,393 
-, fi-thio-, 391-393 
-, 3-thio-, and tetraacetate, 

394 
Glucosides, tlliu-, 392 
Glucotliiose, 391f 
CTlucotropacolin, 392 
Crlutaric arid,  2-metllyl-, 457 
Glutathione, reduced, nlcrcury 

d e r i ~ s . ,  143 
Glycerol, ditliio-, 388, 101, 

402 
-, 1,Zditllio-, and dcrivs., 

385-388 
-, 1,3-ditliiu-, 38&385 
-, t l~io-,  3838 
-. trilliirr-. 43,71, 383 
Glycolic acid, eeleno-, 438 
Glycols, d~thio- .  See Dztner-  

captnns. 
Glycoses, thio-, 393 
Glyoxal, methyl-, reaction with 

tllioglycolic acid, 444 

521 

{ ; ~ l t { ,  1li~,1,(~:~11ti(Ics  of^ 1 3 )  
. tl~iirnalicl in tl(~tc~ctic11l ui. 

110 
( ;rignartl reagc1it.s. 11lerva1)tans 

fruin, 37-38 
-, reaction with P cumpcls., 

308 
-, reaction with sulfenic esters, 

256 
-, reaction wit11 tljiosulfo- 

nates, 333 
-, reaction with trichlorome- 

thanesulfenyl chloride, 290 
Guaniclinc, etliyl-, 33 

Halogens, addn. to di.;ulfides, 
332 

-,oxidation of incrcaptans by, 
124-126 

Hemiacetals, 377 
Hcmimcrcaptals, 394 
7-Heptadecanethiol, 67 
Hcptamctli~,lene dimercaptan, 

52,53,69 
4-Heptanethiol, 66 
-, 2,6-dirncthyl-, 66 
Heptyl ~ i~ercap tan ,  25, 45, 49, 

.50,52. 59-61,65 
scc-Heptyl nirrcaptan, 25, 45, 

47,51,59-61,65,66 
Hexadecyl nlclrcaptan, 67 
Hcxainet hy lene tllmercaptan, 

52,53,69,70 
1,l-Hexanedithiol, 3,5,5,-tri- 

methyl-. 69 
1,2-Hexanedithiol, 71 
-, 3.4,j,6-tctrahydroxy-, 387 
3-Hexanethiol, 20,65 
Hexanoic acid, 6-benzamido-2- 

mrrcapto-, 463 
-, 4-mercaptu-, 454 
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EIcxyl n~c~~c: l l~ tan .  25, 15, 17, I , , , , , . : 1 I I,r:r(l + ~ i l f i ( l c ~ .  i l l  l)ctrolctlllll cl('- 
49, 50, 52. 59, 00. 61. of ,  17 .r~liririz;ition. 1.53-155 
6 S 5-Ili~idnzolethid, 4-l)licnyl-, - 1111y*. 1)rq". of, 4.5. 59, 65 ~ , e a ( l  tc t~,act l~yl ,  12'1. 130 

-, 2-ethyl-, 66 396 -, 1)~~1)il .  of, 22. 2.5, 26, 38 l,c\\-i>itc, 385 
-, 2,3,4,5,6-pentahydroxy-. Imides, reaction with trichloro- -, tllermal decompn. of, 116 Lignin, reaction with thiogq.1- 

See Sorbitol, I-thio-. methanesulfenyl chloride, Isopropyl mercaptan, occurr- ~ colic acid, 445 
sec-Hexyl mercaptan, 25,45, 292 ence of, 16,18 Lubricants, pressure, 305 

47,51,59,60, 65 -, from sulfenyl chlorides, 280 -, from propyl mercaptan, 11 1 -, -, bis (dialkoxy-phosphino- 
Homocysteine, 462 Inhibitors, mercaptans as, 166- -,phys. props of, 45, 47, 51, thioyl-) disulfides in, 306 
Hydantoin, thio-, thioglycolic 167 57,59,60,64 - , - , diphenyl diamidothiolo- 

acid from, 437 Iodine, oxidation of mercaptans -, prepn. of, 25,40 phosphoric acid in, 307 
Hydrazine, 1,1,2,2-tetrakis by, 124 Isopropyl selenol, 54 -, -, ethyl itrichloroacetyl) 

(phenylthio) -, 281 Iron, compd. with dimethyl thi- Isopropylsulfenyl chloride, 267 thioglycolate in, 445 
Hydroascorbic acid, reaction olophosphate, 300 Isotliiourea, derivs., tetra- -, -, phenyl thiohypophoi- 

with thioglycolic acid, 444 -, mercaptides of, 148-149 thioortliocarbonates from, phate in, 299 
Hydrocarbons, aromatic, alky- -, thioglycolic acid in detec- 3 19 -, -, phosphonic triamide 

lation by mercaptans, tion of, 448 -, 2-methyl-, 33 derivs. in, 303 
110 Isatin, 158 Isothiuronium iodide, S-alkyl-, -, -, tripentyl and triphenyl 

-, phys. props. of, 45-52 Isethionic acid, 462 32 tritliiolophosphate, 302 
-, reaction with P2S5, 307 Isoamyl mercaptan. See Iso- Lubricating oils, additives for, 
Hydr~c innamaldeh~de ,  y-mer- pentyl mercaptan. K 295,305 

capto-, 407 Isoandrosteryl mercaptan, de- -, S compds. in, 109 
Ketene, reaction with 4-cliloro- Hydrocinnamic acid, a (and p) - hydro-. See 5-Androsten- 2-nitrobenzenesulfenyl 

mercapto-, 454 17-one, 30-mercapto.. chloride, 276 M 
-, a-mercapto-2,4,5-tri- Isobutene, from tert-butyl mer- 

methyl-, 445 Ketones, reaction with H2S, 21, ~ ~ l ~ i ~  acid, mercapto-, 457 captan, 20 
Hydrogen fluoride, reactions 4 1 -, reaction with H2S, 20 Malic acid, (mercaptome- --, reaction with sulfenamide, with mercaptans, 109, 110 Isobutylene dimercaptan, 42 283 thyl) -, 457 
Hydrogen sulfide, compd. with Isobutyl mercaptan, alkoxy- -, 2-mercapto-3-methyl-, 457 

carvone, 21 -, reaction with thiogl~colic 3Ialonamide, his (chlorosul- derivs., 382 acid, 444 
-, manuf. from mercaptans in -, prepn. of, 22,38 fenyl) -, 269 -, mercapto-, 407 petroleum, 18 -, occurrence of, 18 -, (chlorosulfenyl)methy~-, 
-, mercaptans from unsatd. -, phys. props. of, 45,58,64 L 269 

hydrocarbons and, 1&21 Isobutyric acid, K salt, as solu- Malonic acid, ester, reaction 
-, reaction with acetylene, tizer, 139 Lactic acid, 3,3'-dithiodi-, 455 with RSC1,277 

2 1 -, p-mercapto-. See Propio- --, 3-mercapto-, ethyl ester, -, reaction with thiosulfate 
-, reaction with ethylene, 19- nic acid, 3-mercapto-2- 45 5 esters, 334 

21 methyl-. Lactose, thio-, 393 Maltose, thio-, 393 
-,reaction with ketones (un- Isooctane, extraction of mer- Lauric acid, 129 Mannitol, 1,6-dithio-, 387,402 

satd.),  21 captans from, 135, 136 Lauryl mercaptan. See Dode- Mannose, tliio-, 393 
Hydroxylamine, reaction with I so~c ty l  macaptan,  66 cyl mercaptan. Markownikow's rule, 21,30 

disulfoxides, 333 fert-Isooctyl mercaptan, 20 Lead, mercaptides of, 151-155 hlelissyl mercaptan, 25,67 
Hypochlorites, in petroleum de- Isopentyl mercaptan, azeo- -, salts of thiolothionophos- Mercaptals, 40, 108,377,379 

sulfurization, 126 tropes of, 59 phoric acid, 318 -, cyclic, 43 
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11( 1 14:~llt:ll) S( (, F ~ ~ l l ~ / l  I l l (  1 f (11)- 
trr ?l  

AI~~.c.alj tai~-.  15Lf 
-. adclr~ctz oi, 109-110 
-,in alcoliolic fcriiientation, 17 
-, alkoxy-, 403405  
-, as alkylating agents, 110 
-, AlCl,< adducts of, 113-114 
-, amperometric titration wit11 

12,266 
-, association of, 17 ,54  
-, azeotropes with hydrocar- 

bons, 57,58 
-, characteristic clcrin. of, 

162-164 
-, comparison witli alcohols, 

15,16,111 
-, decompn. of, 11G115 
-, detection of, 157-159 
-, dissociation consts. of, 130, 

131 
-, effect on petroleum fuels, 

129, 130 
-, equilibria ui th  sulfides, 120 
-, estimation of, 159 
-, extraction with aq. alkalies, 

131-140 
-, extraction by metlianc~lic 

KaOH, 137, 138 
-, formation from coal-gas, 38 
-, heats of co~ribustion and 

fornlation, 54 
-, identification of, 162, 163 
-, isolation of, 28,29 
-, metal dcrivs. of -see N e r -  

captides. 
-, occurrence of, 16-18 
-, odor of, 16 
-, optically active, prepn. of, 

24,25 
-, oxidation of, by halogens, 

1 2 4 1  26 
-, oxidation of, by I-INOa, 120, 

121 

. I f ~ t ~ ~ ~ ~ / j t ( r t ~ . ~ .  oxi~I:~tio~i 111'.  I]!- 
0,. 118-120. I41 

-, l~arti t ion c,oii+t.. in 112( ) -  

llyrlrocal~l~on s~\-rt(~lii .~,  1.32- 
137 

-, in petroleum, 18 
-, ~ l i y s .  props. of, 4 3 4 7 ,  50- 

52,548 
-, pliysiol. props. of, 163-165 
-, prepn. of, 1 8 4 0  
-- , , from alcohols, 38 
-- , , from aroma,tic hydrocar- 

bons and S2C1 40 
-, -, from nitriles, 38 
-, -, froin olefins, 40 
-, reactions of, 107-261 
-- , ,with SbC13, 296 
-, -, with AsCl,, 296 
-, -, with BBr3, 297 
-- , ,mi thPOCl3,298 
-- , , with P2S5, 306 
-, -, with eulfenyl chlorides, 

273 
-- , , with sulfenyl tliiocya- 

nates, 272 
-, solubilities of, 49, 131 
-- , , in alkalinc solutions, 

131-140 
-, solvent extraction from pe- 

troleuni? 15.5, 156 
-, spectra of, 55, 56 
-, strength of C-S bond in, 11 1 
-, substituted, 376ff 
-, sulfenyl halides from, 267 
-, sulficles from, 11 1,112 
-, thermal cleconipn. of, 110- 

115 
-, thiosulfatcs from, 325 
-, from tlliosulfates, 328, 329 
-, urea addurts, 110 
, uses (mii;cellaneous) of, 

168,169 
-, uses of, as intermediates, 

165,166 

l/r rcnljftrrc~. i rsc\ n,f. :r- ~rtlor-. 
106 

-- , . ~n ore flotation. 168 
-. -,as pesticidcs, 107, 168 
-, -, in rubber, 167 
-, aldehydo-, 389,390,407 
-, alkoxy-, 403105  
-, alkylthio-, 394396,406 
-, amino-, 396400  
- , - , applications of, 400 
-, -, pliys. props. of, 407-409 
-, -, reactions of ,  399 
-, tlihydroxy-. 102 
, halo-, 405 
-, hydroxy-, 36,376-389,401 
-, hydruxyaryl-, 389 
-, 0x0-, 390,391,407 
Alercaptidcs, 126ff 
-,of alkali metals, 127 
-, ammonium, 127 
-, of antimony, 149,150 
-, of bismuth, 119, 150 
-, of cadniium, 148 
-, of cobalt and nickel, 149 
-, of copper, 145-147 
-, from ethyl thioglycolate, 

440 
-, of gold, palladium and plat- 

inum, 150 
-, of hcavy metals, 111-155 
-, of iron, 148. 119 
-. of lead, 151-155 
-, of mercury, 142-145, 162 
-- , . effect of light on, 143 

I -, reactions of, with AsCl3,296 
-, -, with pho~~~hononi t r i l ic  

acid, 296 
- , - , with t l ~ i s ~ ~ l f o n i c  esters, 

I 333 
t 
i -, of h i l~cr ,  148 

- of soclium, 128, 290 
-. of tin, 151.323 
-, of zinc, 148 
Mercapto, the term, 15 

J1crcal)to :1(.111-. 1 . 3 ~ ~ ~ 0 S  
-, pliy>ical I I I * ~ ~ -  of. 469473  
-, prep11 of, 154. 45.5 
, tlic tcrm. 136 
-, aniino-, 1 6 0 1 6 2  
2-?tlerca1~toethyltrimethylam- 

nionium iodide, tliioace- 
tate, 31 

Mercaptoles, 108 
Mercapturn, the term. 15 
Mercury, compd. with dimethyl 

tliiolophosl,liate, 300 
, rtiercaptides of, 142-145, 

162,271 
-, salts witli thiolothiunophos- 

phoric acid, 318 
-, thionalid in detection of,  

149 
Methallyl mercaptan. See 2- 

Propenc-1 -thiol, 2 - ~ z c -  
thyl-. 

Methane, bis [ i2-chluro-l- 
chioromethylethyl) thio] -, 
384 

-, bis (2,3-dichloropropy 1 
tliio) -, 384 

-, bisiethylsulfonyl) -, 1 1  
-, bis ~ i i~e t l i~ l su l fony l )  -. 41 
-, bis (methplthio) -, 394 
i\Ictliant.di.iulfonic acid, cieriri., 

334 
3lethanel>crthiusulfonic aclrl, 

o-nitroplicnyl cstcr. 331 
llethaneselenenyl chloride, 

cliloro-, 268 
Ncthancsulfenamicle, -\-,S-c.i- 

isobutpltricllloro-. 291 
-, tricliloro-, dcrivs., 291 
-, t r i~li loro-~\~,~\~-ciiet l lyl- .  

291 
-, tr icl i loro-A\~,~\~-il i i i i~tl l~l- .  

29 1 
-, trimethyl-, 280 
-, triphenyl-, 280 



Index 

Jlctlianesulfenanilide, anilino-, 
280 

Xlethanesulfenic acid, 2-chloro- 
ethyl ester, 285 

hlethanesulfenyl bromide, tri- 
bromo-, 288 

Xlethanesulfenyl chloride, 267, 
273 

-, chloro-, 267 
-, -, addition to unsatd. hy- 

drocarbons, 275,276 
-, -, phys. props. of, 268 
-, -, reaction of, TT-ith alco- 

holates, 285 
-, -, -, with Grignard re- 

agents, 275 

--- , , ,with KSCN,275 
--- , , , with Na acetoacetic 

ester, 277 
-, chlorophenyl-, 269 
-, dichloro-, 268 
-, dichloro-p-toluidino-, 292 
-, trichloro-, chlorination of, 

288 
-, -, formation of, 268 
-, -, phys. props. of, 288 
-, -, preparation of, 287 
-, -, reactions of, 289,290- 

292 
-, -, reduction of, 291 
-, triphenyl-, 270 
Methanesulfenyl cyanide, tri- 

chloro-, 290 
Methanesulfenyl dicliloride, 

(methylthio) ester, 267 
Methanesulfenyl iodide, 266 
Methanesulfenyl tliiocyanate, 

thiocyanato-, 275 
hlethanesulfenyl trichloride, 

268 
3Iethanesulfinic acid, tri- 

chloro-, 289 

- 

3Iethane~ulfonic acid, di- 
chloro-, 290 

3IethanesulfonyI chloride, 332 
-, trichloro-, 289 
Methanethiol. See Methyl 

mercaptan. 
AIethanethioselenosulfonic 

acid, o-nitrophenyl ester, 
334 

Methanethiosulfonic acid, 
methyl ester, 273 

-, sodium salt, reaction with 
SCl,, 332 

Methanetrisulfonic acid, mer- 
capto-, 290 

p-Methoxyphenyltellurium 
chloride, reaction with 
nlethanesulfonyl chloride, 
332 

Methyl alcohol, a s  solutizer for 
mercaptans, 137,138 

-, mercapto-. See Methyl mer- 
captnn, hydroxy-. 

Methylene dimercaptan, 41, 70, 
394 

Methyl mercaptan, BH3 ad- 
duct, 110 

-, decompn. by light, 110 
-, formation of, 26 
-, liydrogenation of, 115 
-, occurrence of, 16-18 
-, phys. props. of, 29, 45, 47, 

49, SO, 54, 57, 59,60,62 
-, physiol. properties of, 163 
-, prepn. of, 22,24,34,38,40 
-, sodium deriv., 127 
-, solubility of, 131A 
-, valence force potential of, 

54 
-, amino-, 396 
-, bis(p-chlorophenyl) -, 73 
-, c y ~ l ~ h ~ x y l - ,  38 
-, cyclopentyl-, 68 
-, dithiobis-, 118 

Index 

Methyl ttzercnptnn, rtllylthio-. 
394 

-, halo-, 405 
-, hydroxy-, and derivs., 376, 

377 
-, methoxy-, 403 
-, 3-methylcyclohexyl-, 68 
-, 3-methylcyclopentyl-, 68 
-, methylenedithiobis-, 394 
-, morpholino-, 396 
-, piperidino-, 396 
-, thiobis-, 394 
-, trichloro-, 292,377 
, trifluoro-, 377 
-, -, mercury deriv., 266 
-, triphenyl-, 26,27,40,73 
hlethyl selenol, 54 
Methyl sulfide, 29,54 
hlethyl tellurol, 54 
(Methylthio) bis (phenylsul- 

fonyl) (phenylthio) ortho- 
carbonate, 319 

Methyl thiocyanate, 288 
Methyl thionitrite, phenylear- 

bamoyl-, 294 
Molybdenum, 0,O-dialkyl thi- 

olothionophosphates in 
tlctn. of, 306 

-, tliioglycolic acid in detn. of, 
448 

Molybdenum sulfides, 11 5 
Xlorpholine, 4- (p-nitrophenyl- 

dithio) -, 278 
-, 4,4',4"-thiophosphinylidy- 

netris-, 303 
Rlustard gas, test for, 395 

2-Naphthacyl mercaptan, 390 
Naphthalene, and alkyl derivs. 

reaction with P2Ss, 307 
Naphthalenedithiols, 75 

- - 

I-Saplitllalencclisulficle chlol8- 
ide, 277 

2-Napl~tl~alenesulfenyl chlor- 
ide, 269 

2-Naphthalenesulfenyl thio- 
cyanate, 272 

2-Naphthalenethiosulfenic 
acid, 265 

2-Naphthol, 1- (p-nitrophenyl- 
dithio) -, 278 

Naphthols, reaction with sul- 
fenyl chlorides, 277 

Naphthoquinone, reaction wit11 
thioglycolic acid, 141 

Naphthyl mercaptan, hy- 
droxy-, 403 

1-Naphthyl mercaptan, 4-ni- 
tro-, 26 

2-Naphthyl mercaptan, 269 
-, decahydro-, 68 
l,l'-Naphthyl sulfide, 11 1, 115 
Neopentanetetratlliol, 71,387 
Nickel, nlercaptides of, 149 
-, salts with thiolothionophos- 

phoric acid, 318 
Nitric acid, in oxidation of 

mercaptans, 120,121 
Nitriles, mercaptans from, 38 
-, reaction with thioglycolic 

acid, 443 
Nitrogen mustard, reagents for 

detection of, 397 
Nitroparaffins, sodium derivs., 

reaction with sulfenyl 
halides, 275 

Kitrosyl chloride, reaction with 
mercaptans, 292 

Nitrous acid, reaction with 
thio- and dithio-acids, 
294 

Nonamethylene dimercaptan, 
52, 53,69 

5-Nonanethiol, 66 
-, 5-propyl-, 67 
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Sonj.1 niere:iptan, pliys. p r o p .  Orthocnrhoni~: :icici 1111:tllyl 
of. 45,47, 50-52,60,66 ester, frorii trichloro~lle- 

-. ~wepn. of, 24 ,31  tllancsulfcngl cliloritle. 291 
sec-Song1 mercaptan, odor of, Osniiunl, tliio~lalid in analy.5is 

16 for, 449 
-, phys. props. of, 45, 47, 51, m-Oxathiane, 2,2-dimethyl-, 

5 9 4 1 , 6 6  383 
-, prepn. of, 27 1,3,2-Oxathiaphosphc,I-5-one, 

2-chloro-, 446 
0 1,3-Osathiolane, 5-chloro- 

rnetl1yl-2,2-dimetl1yl-, 
Octadecamethylene dimercap- 384 

tan, 71 Oxazolone, derivs., in sgntliescr 
Octadecyl disulfidc, 61 of pcnicillaniine, 161 
Octadecyl mercaptan, 25,28, Oxidation of arnine and mer- 

38,61,67 captan mixt., 281 
Octarnethylcnc dimercaptan, --, of sulfenamides, 283 

phys. plops. of, 52, 53,69 -, of sulfenyl halides, 272 
2,G-Octanedithiol, 2,6-di- -, thioglycolic acid as inkiibi- 

methyl-, 71 tor of, 447 
-, 3,7-dimethyl-, 84 -, of thioglycolic acid, 442 
2-Octanone, I-mercapto-, 390 -, of thiolactic acid, 4.50 
-, 6-mercapto-7-methyl-, 390 -, of thiosulfat'es, 329 
Octyl mercaptan, phys. prope. -, of trialkyl trithiophos- 

of, 45,17, 50, 52, 59-61, 66 phites, 29.5 
-, prepn. of ,  25,34 -, of triclilorometlianest~lfenyl 
-, tlicrmal decompn. of, 111 cliloride, 289 
-, 4-t~utyl,  66 Oxidation inhibitors, aryl tri- 
sec-Octyl mercapt'an, 27,45,47, thiolopliospliatcs as, 302 

51, 59-61 Oxidation-reduction potential.. 
tert-Octyl mercaptan. See sec- of thioglycolic and thiolac- 

Pcnty1 tt~ercaptan, 2,1!4- tic acids, 442 
trimethyl-. Oxidising agents, for mereap- 

Octyl sulfide, 11 1 tans, 120-126 
Oil additives, from olefins and -, sulferlic acids as, 265 

P.,Ss, 307 Oxygen, atldn. to PCl:%. 298 
Olefins, formation frorn alkyl Oxylu~nincscence, of PSCI, ant1 

sulfates, 23 its tlerirs., 301 
-, i~lercaptaris from, 18-21 , 39, 

40 P 
-, rcaction with P,S,, 307 
Oleic acid, flotation agent from, Pallatiiuni, mercaptides of, 150 

307 -, tliioglycolic acid in ana ly~is  
Oleyl mercaptan, 61,67 of, 448 

Index 
-- - 

Pilll(lcl,~r ) t i ,  t11ion;ilitl 111 tlctec- 
tlcin of. 449 

Parathion, 309 31 1 
Pantotlicnam~tlc, :tntl S-aret~-1- 

deriv., 396 
Penicillamine, 463-467 
-, 0-benzoyl-S-benzyl-, 464 
-, S-benzyl-S-hcsanoyl-, 

466 
-, isopropylidene-, 466 
-, -V- [.Y- (phenylacetyl) -2-dl- 

glutamyl], 466 
7,8-Pentadecaneditliiol, 71 
8-Pcntadecanetl1io1,67 
Pentaerythritol, tetratliio-. See 

Xeopentanctetrathiol. 
Pcntametllylenc dimercaptan, 

52, 53,69,70 
1,2-Pentanedithiol, 3,4,5-trihy- 

droxy-, 386 
3,3-Pentanedithiol, 69 
2-Pent anone, 4-mercapto-4- 

methyl-, 390 
3-Pentanet hiol, 65 
-, 2,4-dimethyl-, 66 
Pentasulfide, bis (p-nitro- 

phenyl) -. 278 
2-Pentene-1-thiul, 5-alkoxy-, 

404 
4-Pentene- 1-thiol, 67 
Pentyl mcrcaptan. pliys. props. 

of.  29, 45, 47, 49, .SO, 52, 
59,60,61,64,65 

-, prepn. of, 25, 27 
-, 5-cyclohexyl-, 68 
-, 5-plienyl-, 73 
sec-Pentyl n~ercaptan, 45,47, 

5 1, 59,60,65 
-, 4-metliyl-, 65 
-, 2,4,1-trimethyl-, 66 
tort-Pcnryl mercaptan, 45, 

65 
Pmtyl  sulfide, 29 
tert-Pentyl tliionitrite, 293 

l 'c,~ cliloron~r rcal~taii +ee .\Ic- 
thnnp.~iilfot!/l ( ~ I z L o ~ I ( I c ,  t ~ i -  
chloro- 

Pcr~ulfatc3, 121 
Perglcne, 307 
Pesticide&. mercaptanb as, 167, 

168 
-, trichloroniethanesulfenyl 

cliloride in manuf. of, 292 
Petroleum, cracking of, 112 
-, desulfurization of, 108,v 
-- , , by adsorbents, 156, 157 
-- , , by alkalies, 129-141 
--  , , X H 3 i n ,  127 
- , -, catalysts for, 112-1 15 
-- , , doctor treatment for, 

152-155 
-, -, by fractionation. 1.57 
-, -, by freezing, 157 
-, -, heavy metal salts in, 

1428 
-- , , by hydrogenation, 115- 

118 
-,-,led eompds. in, 152- 

155 
-, -, pklys. methods of, 155- 

157 
-, -, by solvent extraction, 

155,156 
- , mercaptans in, 18, 108, 109 
-, "glatforming" of, 117 
-, sulfur con~pds. in, 18 
-,wash liquors from. 140, 141 
Phenacyl bromide, reaction 

with Na thioglycolate, 441 
Plienacyl mercaptan, and de- 

rim., 390 
Plienethyl mercaptan, 30,73 
-, decompn. by KOH, 129 
Phenctliylslilfonyl bromide, 121 
Pllenetliyl thioacctate. 30 
Plienol, p-mercapto-, 74 
--. p- (p-nitrophenylditliio) -, 

278 



Phenol, p- (p-nitrophenyltri- 
thio) -, 278 

 phenol^, mercaptans from, 38 
-, reaction with sulfenyl chlo- 

rides, 277 
Phenyl disulfide, 267 
Phenylene dimercaptan. See 

Benxenedit hio l. 
Phenylhydrazine, reaction with 

disulfoxides, 333 
Phenyl iodosochloride, 125 
Phenylsulfenyl chloride. See 

Benxenesulfenyl chloride. 
Phenyl sulfide, 26,115 
Phosgene, reaction with thiolo- 

thionophosphates, 306 
Phosphine, dichloro (ethyl- 

thio) -, 294 
Phosphine, triethyl-, reaction 

with S, 308 
Phosphine, triphenyl-, reaction 

with S, 308 
Phosphinic acid, alkyl-, esters, 

addition of S to, 309 
Phosphoric acid, as  catalyst in 

mercaptan decompn., 112 
-, esters, as alkylating agents, 

305 
Phosphorous acid, estcrs, reac- 

tion wit11 P2S5, 295 
Phosphorus oxychloride. reac- 

tion with mercaptans, 298 
Phosphorus pentachloride, 125 
-, reaction with H2S and thio- 

phosphates, 298 
-, reaction with thiosulfates, 

329 
Phosphorus pentasulfide, reac- 

tions of, with alcoh~ls ,  39, 
3 04 

-, -, with alkenes, ntercap- 
tans from, 32 

-, -, Grignard reagents, 308 
-,-, with mercaptans, 306 

Phogphorus sulfochloride, rcac- 
tion ~ ~ i t h  Grignard re- 
agents, 308 

Phosphorus trichloride, addn. 
of 0, S and Se to, 298 

-, reactions with mercaptans, 
294 

-, reactions with thiosulfates, 
329 

Phthalimide, reaction with tri- 
chloromethanesulfeny1 
chloride, 292 

-, S- (2-bromoethyl) -, 396 
-, IT- (p-nitroplienyldithio) -, 

279 
Pickling baths, inhibitors for, 

166,305 
2,5-Piperazinedione, 3,6-di- 

vinyl-, reaction with H2S, 
19 

Piperidine, 1,l',lo-thiophos- 
phinylidynetris-, 303 

1-Piperidinecarbodithioic acid, 
polymethylene esters, di- 
thiols from, 42 

1-Pipcridineetlianethiol, a,a- 
dimethyl-, 397 

Plasticizers, for neoprene-type 
materials, 305 

"Platforming" process, 117 
Platinum, mercaptides of, 

150 
-, thionalid in detection of, 

449 
Polymercaptans, 43 
Polysulfides, 306 
Potassium cyanate, addn. to 

thioglycolic acid, 443 
Propaneditlliol, 69,70 
-, hydroxy-. See Glycerol, 

dithio-. 
1,2-Propancdithiol, 3-alkoxy-, 

404 
-, 3-amino-, 400 

Index 

1 .3-ProI)anedithiol, 2-amino-2- 
methyl-, 400 

-, 2,2-his (hydroxyn~ethyl) -, 
387 

-, 2,2-bis (mercaptomethyl) -. 
See Neopentanetetra- 
thiol. 

-, 2,2-dimethyl-, 70 
Propanesulfenyl chloride, 

267 
-, 1-chloro-, 268 
-, 3-chloro-, 269 
Propanesulfonic acid, 2-hy- 

droxy-3-mercapto-, metal 
derivs., 400 

-, 3-mercapto-, and derivs., 
400 

2-Propanethiol, l-dimethyla- 
mino-, 119 

-, 2-hydroxy-, 382 
-, 1-phenyl-, 73 
1,2,3-Propanetrithiol. See Gly- 

cerol, trithio-. 
Propene, from propyl mercap- 

tan, 111 
-, reaction with H2S, 19 
Propenedithiol, 42 
2-Propene-1-thiol, 2,3-di- 

phenyl-, 73 
-, 2-methyl-, 33,67 

I Propionaldehyde, 2- (benzyl- 
I thio) -2-methyl-, 465 
/ -, 3-mercapto-, 407 

I -, -, thioacetate, 391 
-, 3-mercapto-1 (and 2) - 

methyl-, 407 
I Propionamide, 2-benzoyl-N- 

(2-mercaptoethyl) -2- 
methyl-, 397 

Propionic acid, 3,3'- [ (p-aceta- 
midophenyl) arsylenedi- 
thio] bis-, 452 

-, 2,3-dimercapto-, 8,s-diace- 
tate, Me ester, 456 

- 

P ~ o p i o n ~ c  ctcrd, 3,3'- [ ip-tli- 
mcthylaminophenfl - 
arsylenedithio] -his-, 
452 

-, 2-mercapto-. See Thiolact~c 
acid. 

-, 3-mercapto-mercaptides 
and salts from, 451 

-- , , oxidation of, 452 
- , - , as photographic descnsi- 

tizer, 447 
-, -, ~ h y s .  props. of, 451 
-, -, prepn. of, 451, 452 
-, 3-mercapto-2- (mcrcaptu- 

methyl) -, 456 
-, 3-mercapto-2-methyl-, 

452,453 
-, 3- (methylthio) -2- (methyl- 

thiomethyl) -, 456 
-, 2-sulfo-, 450 
-, 3,3'-thiodi-, 451 
-, 2,2'-trithiodi-, 450 
Propionitrile, 2- [2- (diethyl- 

amino) ethylthio] -, 399 
-, 3-mercapto-, 410 
Propyl mercaptan, azeotropes 

of, 57, 58 
-, occurrence of, 17, 18 
-, phys. props. of, 29, 45, 47, 

49, 50, 52, 54, 57. 59, 60, 
63 

-, prcpn. of, 21, 25, 38 
-, thernial decompn. of, 11 1 
-, 2 (and 3)  -amino-, 396, 397 
-, 2-bromo-, thioacetate, 382 
-, 3-brorno-, 383 
-, 2-chloro-, and thioacetate, 

382 
-, 3-chloro-, 383 
-, 3-chloro-2-hydroxy-, 384, 

405,406 
--, 3- (dialkylamino) -, 409 
-, 2,3-dichloro-, thioacetate, 

384 
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Prop!ll ttzercaptan, c l i l~y~l ro~y- .  
>cc Cilycerol, thio-. 

-, 2.3-epoxy-, 383 
-, 3-~tlloxy-,  383 
-, hydroxy-, 401 
-, 2-hydroxy-, and X-thioace- 

tate,  382 
-, 3-hydroxy-, 378, 382, 383 
-, phenyl-, 73 
-, 3-phenyl-, 129 
-, 3,3'-thiobis-, 395 
Propyl selenol, 54 
Propyl sulfide, 21, 29 
l'rol~yl tellurol, 54 
Pyridine, inercaptoalkyl-, 399, 

410 
2-Pyridinetliiol, 396, 410 
-, 3,5-diiodo-, 399 
-, 5-nitro-, 399 
3-Pyritlinethiol, 410 
Pyruvic acid, 3- (3,4-dinieth- 

oxyphenyl) -2-thio-, 455 
-, 2-~nercapto-, 455 
-, 3-phenyl-2-thio-, 455 

2-Quinolinethiol, 396, 410 
Quinoniminc, S- (4-chloro-2- 

nitrobenzenesulfenyl) -, 
283 

Raney nickel, 115 
iiReconstructed crcsylic acids," 

305 
Reduction, of sulfenamides, 283 
-, of sulfenyl halides, 272, 273 
-, of thiodiacetic acid, 437 
-, of thiosulfates, 329 
-, of tiiiosulfonic esters, 333 

I n d m  
-- 

Resins, from c11lorc)nlkanesul- 
fcnyl chlorides, 277 

- , epoxy, reaction n-it11 H L S .  
40 

-, fro~ri sulfenyl chlorides, 277 
Resorcinol, reaction with sul- 

fenyl chlorides, 277 
-, dithio-. See m-Benzenedi- 

thiol. 
Rhamnose, thio-, 393 
Rubber, hydrogenated, reaction 

with P2S5, 307 

Salicylic acid, 5-mercapto-, 460 
Selenenamides, 281 
Selenenyl halides, reactions 

with Grignarcl reagents, 
27 5 

Selenium, addn. to phosphites, 
300 

-, addn. to PC],, 298 
-, bis (mcthylsulfonylthio) -, 

332 
Selenomercaptans. See Xclcn- 

ols. 
Selenols, 37, 54 
-, reaction with sulfenyl chlo- 

rides, 274 
1-Selenonaphthol, 91 
Selenophenol, 74 
-, alkoxy-, 405 
-, p-bromo-, 74 
-, p-chloro-, 74 
Selenophos~~horyl chloride, 295 
Selenosalicylic acid, 460 
Seleno-sulfides, dialkyl, 273 
Silane, alkoxyhalo-, 320 
-, trialkylmercapto-, 321 
Silancthiol, t r ic l~loror~~ct l~yl- ,  

321 
-, trimethyl-, 40 

Index. 
- - 

+ill( :r g, 'l .  In l)('tl olc 11111 ( I : ' - I I ~ -  
~ l~r lz : l t~ol l ,  I 

2-~ilic~cr-l,3-ditl1lc1lallc~, rleril - , 
322 

Silver, coiiiptl-. n it11 (11-Et 
thiolophosphate, 300 

-, mercaptides of, 148 
-, salts with thiolothionophos- 

plioric acid, 318 
-, thionalid in detection of, 

449 
I Sinalbin, 392 

Sinigrin, 392 
Skunk, odor of, 16, 17 
Soc-liu~n, in petroleum desulfur- 

I 
1 ization, 128 
I Sodium disulfide, alkyl disul- 

fides from, 36 
Sodium hydrogen sulfide, reac- 

tion of, with ~riethyl sul- 
fate, 24 

-, -,with org. esters, 26 
-, -, xi th  sodium alkyl sul- 

fates, 22, 24 
j Sodium hydroxide, in petroleum 

/. desulfurization, 129 
Sodium nitroprusside, 158 
Sodium plumbite, 152 

, Sodium sulfide, reaction with 
I alkyl sulfates, 23 

Sodium tetrasulfide, reaction 
with ethylene sodium thio- 
sulfate, 329 

I Sodiuni thioiulfate, mercaptans 
I frorn, 32 
I Solutizers, 137-140 

Sodium tritliiocarbonate, 3 1 
Solrents, selective, alkylthio- 

sulfonate esters as, 334 
S~jrbitol, 1-thio-, 388, 389, 402 
Stabilizers, bis (dialkoxyplios- 

phinotliioyl) disulfides as, 
I 306 
I -, for Diesel oils, 305 

, ~ ' t t , O i ~ i : ~  t ~ ,  t'ol. l~~ l ) l , i r : i t i~~g  oil .-. 
305 

St t~I~i l i ty .  o f  i11o1.g. : ~ I I , I  org. $111- 

flu, :~c'icls. 20.3 
Stearic acid, 2-nlcrc;~lrto-, 4-34 
Stibine, bis (0-carboxypllenyl- 

thio-) chloro-, 297 
-, tris ip-acetamidophenyl- 

thio-) -, 296 
Stratco process, 154 
Styrene, addition of sulfenyl 

halides to, 275 
-, reaction with H2S, 21 
Succinic acid, 2,3-clirnercapto-, 

457 
-, mercapto-. See Tkiomtllic 

an'd. 
-, imercaptomethyll-, 457 
-, 2-inercapto-3-sulfo-; 457 
Succinimide, A17-chloro-, as 

chlorinat,ing agent, 269 
Sulfenainides, 279-284 
-, stability of, 263 
-, from sulfenyl chlorides, 277 
Sulfenanilide, 283 
Sulfenic acids, 263-265 
-, esters, 274, 284-286 
Sulfenic anhydrides, 287 
-, stability of, 263 
Sulfeniniides, 24, 280 
Sulfenyl bromides, 252 
Sulfenyl chlorides, 266269,  

272,273,277,282 
Sulfenyl cyanides, 263 
Sulfenyl l~alideu, 107,265-271 
-, reactions with KHa and 

amines, 279 
-, reactions with Na  derivs. of 

nit,roparaffins, 275 
-, stability of, 263 
-, sulfinic anhydrides from, 

287 
--, sulfenic esters frolri, 284 
Sulfenyl iodides, 159 



Index 

Sulfenyl selt~iioc.>.an:ltc., 2S.i 
Sulfel~yl t1riocy:tn:lte~. 272-276 
--, reactioils nitli ainincs, ,350 
-, sulfcnic c$tci* froill. 285 
Sulfide, benzyl phenyl, 275 
-, bis (2-chloroethyl), 275 
-, bis (dialkoxy-phosphino- 

thioyl), 319 
-, bis (2-hydroxyethyl) , 378 
-, bis (methylthiometbyl) , 

394 
-, bis (trifluoromethyl) , 377 
-, 2-bromoethyl methyl, 271 
-, butyl phenyl, 22 
-, 2-chlorovinyl2,4-dinitro- 

phenyl, 276 
-, p-dimethylaminophenyl 

m-nitrophenyl, 277 
-, 2,4-dinitrophenyl l-nitro- 

ethyl, 275 
-, ethyl vinyl, 21 
-, methyl phenyl, 277 
-, phenyl trichloromethyl, 290 
Sulfides, alkyl, 23, 24, 34, 35, 

120 
-, metallic, mercaptan de- 

compn. over, 111 
-, from nitroparaffins, 275 
-, from petroleum, 123 
-, prepn. of, 107 
-, eulfenyl halides from, 267 
-, of thiophosphorus acid es- 

ters, 318, 319 
-, hydroxy-, 277 
-, mercapto-, 406 
Sulfinic acids, esters, from sul- 

fenic esters, 285 
-, mercaptans from, 37 
-, from mercaptans, 119 
-, reduction of, 332 
-, sulfenic acids from, 265 
-, from sulfenic anhydrides, 

287 
-, from sulfenic esters, 285 

- 

Suli'ol~nl, 165 
s1llfollallllcl~~, 110111 .~llf<Il:L- 

~iii(lch, 283 
Sulfoi~c, his (etliyl~ulfonyl- 

methyl), 41 
-, bis- [2- (2 -hydro~ye t l i~ l -  

thio) ethyl], 395 
-, bis (methylsulfonylmethyl) , 

41 
Sulfone chlorides, 272, 331 
Sulfones, 0x0-, reaction with 

thiosulfate esters, 334 
Sulfonic acids, 120, 121 
-, mercapto-, and derivs., 400 
Sulfonyl chlorides, 36, 37 
Sulfoxides, isomerisin with sul- 

fenic esters, 284 
Sulfur, addn. to PCl,, 298 
-, addn. to trialkyl and triaryl 

phosphites, 299 
-, detection in petroleum, 158 
-, reaction with aniline derivs., 

284 
Sulfur chlorides, reactions with 

mercaptans, 126 
Sulfur compounds, detn. in pe- 

troleum, 161 
Sulfur dioxide, petroleum desul- 

furization by, 156 
Sulfur fluorides, (trifluoro- 

methyl) -, 266 
Sulfuric acid, in oxidation of 

mercaptans, 123, 124 
-, in petroleum desulfuriza- 

tion, 123, 124 
Sulfur oxides, in internal com- 

bustion engines, 3 
Sulfuryl chloride, 125 

Tellurium, bis (methylsulfonyl- 
thio)-, 332 

Telluromercaptans, see TeLZu- 
rols. 

Index 
-- - 

Tclluri)l~,  5 1  
Totra icyclol1t~s>-ltliic,1 01 t11o(.:11 - 

i~oiiatc-, 319 
Tetra (alkyltliio) or t l i~p~ri i i i l -  

nates, 323,324 
Tetra (alkyltliio) orthostan- 

nates, 323, 324 
Tetradecyl mercaptan, 67 
Tetran~ethylene dimercaptan, 

52, 53, 69, 70 
Tetramethylenedisulfenyl 

chloride, 269 
Tetramethylene oxide, reaction 

with sulfenyl clilorides, 
285 

1,4,6,9-Tetrathia-5-silaspiro- 
[4.4]nonane, 321 

1,2,4,6-Tetrathiepanc, 41 
Tetrathiogerinanates, 323 
Tetrathioorthocarbonates, 

319 
TetrathioGrthosilicates, 320 
Tetrathioorthosilicic acid, bis- 

(ethylene diester), 321 
Tetrathiophosphoric acids, es- 

ters, 299, 306, 316 
Tetrathiostannates, 323 
Tetrasulfide, bis (dialkoxyphos- 

phinothioyl) , 319 
-, bis (trichloromethyl), 290 
Tetrasulfides, 126, 273 
Thal l iun~,  compds. with di- 

methyl thiolophosphates, 
30 1 

Thianthrene, 112 
1,3,4-Thiazine-2-thiol, 5,6-di- 

hydro-, 398 
Thiaziridine, 2,2-dichloro-, aryl 

deriv., 292 
Thiazolidine, deriv., from cys- 

teine, 462 
2-Thiazolidine-4-carboxylic 

acid, 2-mcrcapto-5,s-di- 
methyl-, 466 

4-r~l~i:~zoli~l~i~cc:~ii~o~yli~ :~c . l ( l *  

II(.I,IT - , 166 
2,4-Tllinzolitliiic.tlioiic. 2-tlllo-. 

413 
4-Tliiazolidone, 2-iinino-, 415 
2-Thiazoline-2-thiol, 398 
-, 5-methyl-, 398 
Thietane, chlorination of, 269 
3-Thietanol, 381 
2-Thiiranemethanethiol, 386 
Thioacetic acid, esters, mercap- 

tans from, 22 
-, -, prepn. of, 29, 391 
-, phenethyl ester, 30 
-, sodium salt, 29 
-, phenyl-, 2- (2-phenylaceta- 

mido) ethyl ester, 400 
Thioacids, esters, prepn. of, 

107-108 
Thioarsenious acid, esters, 296 
-, tris (0-carboxyphenyl) ester, 

296 
Thiobismuth compounds, 297 
Tliioboric acid, esters, 297 
Thiocaine, 400 
Thiocarbonyl fluoride, 266 
Thiocholine chloride, and de- 

rivs., 397 
Thiocitramalic acid, 457 
Thiocresol. See Tolyl mercap- 

tan. 
Thiocyanic acid, esters, mer- 

captans from, 37 
-, -, from sulfenyl chlorides, 

274 
-, p-nitrophenyl ester, 279 
Thiocyanogen, 272 
Tliiodiglycolic acid, 437 
Thiogly colamide, 445 
Thioglycolanilide, gold deriv., 

44 1 
-, prepn. of, 445 
-, reaction with aldehydes, 

444 



r 7 1 Ill1 lglyc~oll(~ 2ic1c1, 4 3 ~ 4 4 9  
. ct11yI c>.tc,r. 200. 440 
- -, -oclir~ill ..alt. in hacl c11:il 1.111- 

t111e i i ~ c ~ ( l i u ~ i ~ .  447 
- , - , cletosification of cobra 

venoni by, 447 
-, thioacetnte, 445 
-, thiobenzoate, 445 
-, trithiocarbonate, di-Na salt, 

25 
Tliioglycolic-2-naphthalide. 

See Thionalid. 
Tliioglycolid, 438 
Tlliohypophosphuric acid, 

phenyl ester, forination of, 
299 

Thioitamalic acid, 457 
Thiolactic acid, 449451  
-, S-acetate, 451 
Tliiolactones, 453 
Thiolopliosphites, addn. of 8 

to, 300 
Thiolophosphonic acid, ethyl-, 

diethyl ester, 319 
Thiolophosphoric acid, derivs., 

299, 301-303 
Thiolothionophosphonic acid, 

cyclohexenyl-, dimetliyl 
cster, 319 

-, phcnyl-, 8-etllyl ester, Na  
salt, 308 

Thiolothionopl~osphoric acid, 
deri~.s., 39, 300, 30C306, 
313-316, 318 

Tliiols. See Mercaptans. 
Thiomalic acid, 456 
Thionalid, dcrirs., 449 
-, detection of metal ions witli, 

449 
Thionaplithol, 73 
-, nitro-, 74 
1-Thionaplithol, 11 1 
-, 4-bromo-, 74 
-, 4-cliloro-, 74 

~ - ' I ~ I I ~ ~ I I : ~ ~ ~ I I ~ I I ~ ~ ~ ,  10s 
' ~ ~ ~ l l O l l C l l l ~  >-CO k/ 1 / 0 1 / 1  l O ? / f  ! ? I ,  

r l ' l l l ~ l l l l t l  I(. tl( 'l(1. ('.t('r- 202-2 ; 
Tlii~iii t i  ou. :1(4111. el(81,ir.. . 202 

294 
Thionophospllinic acid, di- 

ethyl-, 308 
Thionophosplionic acid, deriw , 

308 
-, carboxymetliyl-, trietliyl e-- 

ter, 319 
-, benzyl-, diethyl ester, 319 
-, etliyl-, dietl~yl ester, 319 
-, iaopentyl-, dietllyl ester, 310 
Tliionophosphorane, trialkyl-, 

308 
Thionophosplioric acid eaters, 

299-302, 3 1 6 3  16 
Thionyl chloride, 125 
Thioijxindole, 460 
Thiopliene, derivs., froin petro- 

leum, 18, 21, 115, 157 
-, formation of, 21 
-, hydrogenation of, 115 
-, removal from benzene. 157 
-, tetrahydro-, 383 
A2 (3H 1 ,a-Thiopheneacctic 

acid, 4,j-dihydro-a- 12- 
mcrcaptopropyl) -5- 
methyl-ditliio-, y-lactonc. 
453 

3,4-Tliiopheneditliiol, 71 
-, tetrahydro-, 1-dioxide. 396 
2-Tliiophenepyruvic acid, 

a-tllio-, 455 
Thiol'lienethiol, 37, 40 
2-Thiol1l1enctliid. 37, 68 
3-Thiophenctl~iol, 69 
-, 2-ethyl-, 69 
Tliioplienol, 21, 26, 36, 38. 40. 

71, 112, 304 
-,acidity, const. of, and tlc- 

rivs., 74 
-, aminc derivs., 127 

Thlop/zrnol. a--oc.~:atioii of. 
4 7 

-. bl.iiiutli tlerivi . 150 
-, inercury tleriv., 143 
-, oxitlation of, 120 
-, remora1 from petroleuin, 

129 
-,thermal decompn. of, 116 
-, alliosy-, 405 
-, 0-allyl-, 72 
-, 2-allyl-4-methyl-, 72 
-, amino-, 398, 409 
-. -, mercaptides of, 399 
--, o-amino-, 398, 399 
-, -, cadmium derir., 148 
-, -, heary metal derirs., 

142 
-, 2-amino-4-chloro-, 398, 399 
-, bromo-, 72, 74, 118 
-, 4-bromo-2-nitro-, 72 
-, chloro-, 72, 74 
-, chloronitro-, 72 
-, 2-chloro-4-phenyl-, 72 
-, 2,s-dichloro-, 72 
-, p-dimethylamino-, 399 
-, dinitro-, 32, 72 
-, ethyl-, isomers, 40, 71 
-, liydroxy-, 359, 390, 402 
-. iodo-, 72, 74 
-, ihopropyl-, 72 
-, inetlioxy-, 74 
-, metliylsulfonyl-, 72. 71 
-, nitro-, 72, 74 
-, m-nitro-, 31, 32. 36 
-, p-nitro-, 26, 118 
-, o- (0-nitroplienyl) amino] -, 

284 
-, pentacliloro-, 389 
--, 1)-1)llenyl-, oxitlation of, 118 
-, o-prc~~~yl - ,  71 
-, 4,4'-tliiobis-, 396 
-, 2,4,6-trinitro-, 72 
Tliio~~liosgenc, 291 
Tliiophosphinic chloride, 307 

Tliioplio-l)l~iriolis acicl, cli- 
1)henyl-. 308. .i09 

-- , , esters, 309 
Thiophos1)lioaic acid, ethyl-, 

dimethyl cster, 309 
-, isopentyl-, diethyl ester, 309 
Thiophosphonic dichloride, 

ethyl, 319 
-, isobutyl-, 319 
-, isopentyl-, 319 
-, propyl-, 319 
Thiophosphorous acid, diethyl 

ester, 296 
-, trialkyl esters, 29.; 
Thiophosphoric acid, a ~ n i d -  

esters, 303 
-, esters, 297-319 
- , - , mercaptans from, 32 
-- , , reaction ivitll selenenyl 

halides, 275 
Tliiopliosphoric triamide, dc- 

rirs., 303, 307 
Tliiopliosphoryl chloride, 298, 

312, 313 
Tliiopyropliosphoric acid, de- 

rive., 303 
-,esters, 318, 319 
Thiosaccliarides, 391-394 
Tlliosalicylaldeliyde: 390 
Thiosalicylic acid, 269, 458, 459 
- , - , tllioantiinonite, 297 
~l i iosulfa tes ,  328, 329 
Thioeulfenic acids, 265 
-, esters (see also Disulfides) , 

263 
Tliiosulfinic acids, esters. 275. 

331, 33.5 
Tl~iosulfite esters, 33.5-337 
Tl~iosulfonic acids, derivLs., 

3.30-331 
-, esters, 269 
Tlliosulfuric acoitl. 274. 325, 327 
, alkyl esters, salts-see 

Runte salts. 



Index 

Thios1llf1tric acid. esters, 275, 
323 

Tliiosulfurous acid, esters, 335- 
337 

Thiourea, mercaptans from, 
32-35 

-, tl~ioglycolic acid from, 436 
Thioxylenol, 71 
Threitol, 1,4-dithiol-, 402 
Thymol, reaction with sulfenyl 

chlorides, 277 
Tin, mercaptides of, 151, 323 
-, thionalid in detection of, 

419 
Toluene, a,a'- (4,6-dichloro-l,3- 

phenylene) his-, 270 
3,4-Toluenedithiol, 162 
p-Toluenesulfenamide, 

2-nitro-, 280 
jn-Toluenesulfenyl bromide, 

4-nitro-, 271 
p-Toluenesulfenyl chloride, 276 
-, 2-nitro-, 270 
p-Toluenesulfonic acid, mer- 

captans from esters of, 26 
a-Toluenethiol. See Benzyl 

mercaptan. 
ar-Toluenethiol. See Tolyl 

mercaptan. 
Toluenethiosulfonic acid, 

S-butyl ester, 331 
-, trichloromethyl ester, 290 
p-Toluidine, lV- (p-nitrophenyl- 

dithio) -, 278 
Tolyl mercaptan, 71 
m-Tolyl mercaptan, 74 
p-Tolyl mercaptan, 26, 56, 74 
-, 2-llexyl-, 40 
-, 2-nitro-, 73 
Tulyl selenol, 74 
p-Tolyl trithioantimonitc, 15  
Tri (alkylthio) ortllosilicofor- 

mic esters, 320 
Tri (alkylthio) silane halide, 320 

Tributyl trithioborate, 297 
Tridecyl mercaptan, 67 
(Trifluoromethyl) sulfur chlo- 

ride, 266 
(Trifluoromethyl)sulfur penta- 

fluoride, 265 
(Trifluoromethyl) sulfur tri- 

fluoride, 266 
Trimethylene dimercaptan, 42. 

52, 53, 69, 70 
-, 2,2-bis (mercaptomethyl) -, 

43 
-, 2,2-dimethyl-, 12 
Trimethylenedisulfenyl chlo- 

ride, 269 
Trimethylene sulfide. See Thi- 

etane. 
Trimethylsilyl mercaptan, 69 
Tripentyl trithiophosphite, as 

Diesel fuel additive, 295 
Triphenyl thioarsenite, 296 
Trithiane, 268 
Trithioantimonous acid, esters. 

296297 
Trithiocarbonic acid, esters, 41, 

143 
-, thioglycolate, disodium salt. 

3 1 
Trithiornetaphosphoric acid, 

306 
Triselenane, 268 
Triselenide, aryl, 271 
Trisulfide, acetyl p-nitro- 

phenyl, 278 
-, bis (dialkoxy-pl~osphino- 

thioyl), 319 
-, bis (methylsulfonyl), 332 
-, bis (trichloromethyl) , 290 
-, bis [tris (tert-butylthio) - 

methyl], 290 
-, bis [tris (phenyltliio) - 

methyl], 290 
-, dirnethyl, 273 
-, diphenyl, 273 

Index 

Trisulfide, o-nitrophenyl 
p-nitrophenyl, 278 

Trisulfides, 126, 273 
Trithiophosphonic acid, 

phenyl-, diethyl ester, 308 
Trithiophosphoric acid, esters, 

295, 299, 300, 302, 316 
Trithiophosphorous acids, 

esters, 294-296 

Undecamethylene dimercaptan, 
52, 53, 69 

2-Undecanethiol, 2-methyl-, 67 
Undecanoic acid, 11,ll'-dithi- 

odi-, 454 
-, 11-mercapto-, 454 
Undecyl mercaptan, 66 
Unisol process, 138 
Urea, adducts with mercap- 

tans, 110 
-, 1,3-bis (mercaptomethyl) -, 

396 
-, 1-phenyl-1 (and 3)  -p-tolyl- 

thio-, 280 
Uscharin, 389 

Valeric acid, 2-amino-3-ethyl- 
3-merca'pto-, 463 

-, 2-amino-3-mercapto-, 463 
-, 2-amino-3 (and 4)  -mer- 

capto-4 (and 3)  -methyl-, 
463 

-, 3 (4 and 5) -mercapto-, 453 
-, 4-mercapto-4-methyl-, 454 
Vinyl mercaptan, 21 

Knlden inversion, of tliiogly- 
colic acid derivs., 111 

IT'aving prepns. for hair, thio- 
glycolic acid in, 442 

\Tiash liquors, from petroleum, 
regeneration of, 140, 141 

Waxes, ester-type, reaction 
with P&, 307 

Wetting agents, formation from 
thiosulfates, 329 

Xanthates, rnercaptans from, 
30-32 

Xanthic acid, derivs., reaction 
with sulfenyl halides, 275 

-, -, thioglycolic acid frum, 
43 7 

-, (carboxymethyl) -, dipotas- 
sium salt, 445 

-, (piperidinophosphinyl- 
idyne) di-, diethyl ester, 
303 

-, thio-, derivs., reaction with 
sulfenyl halides, 275 

X-radiation, in desulfurization 
of petroleum, 110 

Xylothiose, 393 

Zinc, mercaptides of, 148 
Zinc compounds, in petroleun~ 

desulfurization, 114 




