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Even before its structural formula was known, Kopp (411) in 1844 and Blyth
and Hofmann (87) in 1845 had examined certain chemical reactions of mono-
meric styrene. They reported that treatment with nitric acid yielded nitrostyrene,
oxidation yielded benzoic acid, and treatment with chlorine or bromine yielded
halogen addition products. After 1866, when Erlenmeyer (203) suggested that
styrene was phenylethylene, the nature of these reactions became clearer. Sub-
sequent experimenters have, of course, substantiated this formula in numerous
ways and have added a host of reactions to those examined by the earliest
investigators.

In considering the chemistry of styrene and its derivatives, the name ‘“phenyl-
ethylene,” used by Erlenmeyer to describe its structure, must be kept continually
in mind. Styrene is a typical olefinic hydrocarbon and undergoes a great variety
of reactions characteristic of compounds containing a carbon—carbon double
bond. However, the phenyl group exerts a marked activating influence on this
functional group, as is shown by the pronounced tendency for the compound
to polymerize. Styrene readily undergoes a number of reactions which other,
less reactive olefins undergo with difficulty or not at all.

The present review describes the reactions of monomeric styrenes. It includes
nothing on the polymerization of styrene or its derivatives. The chemistry is
limited to compounds having only two carbon atoms in the functional group
attached to the benzene ring. a-Methylstyrene, 3-methylstyrene, cinnamyl al-
cohol, cinnamaldehyde, cinnamic acid, etc. have been omitted purposely, as
falling outside the scope of this review. Similarly the nuclearly substituted
styrenes have been limited to those containing one benzene ring. This excludes
purposely vinylnaphthalene, vinylbiphenyl, etc. Even with these artificial limita-
tions the field covered is a large one. The literature has been covered as com-
pletely as possible through December 31, 1947 and a number of references have
been added which have appeared since then.!

Nomenclature

The names ‘“‘cinnamene,” “phenethylene,” “phenylethylene,” “styrol,” and
“yinylbenzene” appear in the literature. At present in Chemical Abstracts styrene
and its substitution products are indexed under styrene and the positions of
substituents are indicated as follows:

56
(p) 4 —CH=CH,
3 @ @
(m) (o)

1t Some additions inserted in manuseript to August 15, 1949.
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1. REDUCTION
A. Catalytic hydrogenation

The most straightforward method of reduction is the direct addition of one
or more molecules of hydrogen in the presence of a catalyst. In 1868 Berthelot (81)
passed a mixture of styrene and hydrogen through a hot tube and detected
ethylbenzene among the products of the reaction. However, under the conditions
used (73, 79) pyrolysis predominated, so that the principal compounds isolated
were benzene and ethylene together with smaller amounts of acetylene, toluene,
and p-xylene.

In 1901 Sabatier and Senderens (644) studied the vapor-phase catalytic
hydrogenation of styrene. When copper was used as the catalyst, ethylbenzene
was formed, whereas over a nickel catalyst ethylcyclohexane, contaminated with
a little methyleyclohexane, was obtained. Willstdtter and King (779) used
platinum as the catalyst and acetic acid as the solvent. Depending on the dura-
tion of the hydrogenation either ethylbenzene or ethylcyclohexane could be
produced.

H. H,
{_dcr—cH: —Z ¢ SCH.CH, —pim

CH.CH,
H.C CHCH,CH;
N
CH.CH,

Since these early studies, a number of investigators have examined the reac-
tion. Styrene has been hydrogenated to ethylbenzene in essentially quantitative
vield in the presence of all the common hydrogenation catalysts. These include
Raney nickel (176, 804), copper chromite (804), palladium black (771), platinum
black (362, 438), platinum oxide (367), and palladium oxide (367). Copper is
equally effective (403), and some reduction has been reported to take place in
the presence of zinc, magnesium, aluminum, cupric chloride, zinc chloride, mag-
nesium chloride, and aluminum chloride (403). These reductions in the presence
of metal chlorides have not been confirmed. In fact, styrene reacts very readily
with hydrogen, much more so than cinnamic acid, benzalacetone, or a-pinene
(764, 765), and 900 times faster than benzene (458). Competitive hydrogenations
of styrene with eugenol, oleic acid, and several other olefinic compounds have
been studied (438, 439).

The heat of hydrogenation of styrene to ethylcyclohexane has been found to
be —77,893 cal. per mole (164). The reaction rate is independent of styrene
concentration, but proportional to the hydrogen pressure and to the platinum
concentration (187). The reaction has, of course, served as an example in dis-
cussions of the theory of catalytic hydrogenation (148, 655).

Catalytic hydrogenation has proven equally effective for converting substi-
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tuted styrenes to the corresponding ethylbenzenes. For convenience these re-
ductions are summarized in tabular form (table 1).

v. Braun, Karpf, and Garn (113) reduced m-phenylenediacetonitrile with
sodium and alcohol and then pyrolyzed the quaternary ammonium hydroxide
obtained from the resulting amine. The product, which undoubtedly was a
styrene, was reduced to the corresponding saturated aromatic hydrocarbon.
Fries and Bestian (246) hydrogenated o-divinylbenzene in the presence of
platinum oxide. Depending on whether one or two moles of hydrogen were ab-
sorbed, o-ethylstyrene or o-diethylbenzene was obtained.

TABLE 1
Hydrogenation of substituted styrenes
SUBSTITUTED STYRENE CATALYST YIELD REFERENCE
per cent

o-Methyl...........cooiiiiit. Pd (186)
p-Methyl....................... Pd (486)
m-Bromo.................oo. PtO, 86 (125)
p-Phenoxy............oovvinn, Raney nickel 84 (234)
2,6-Dimethoxy................. Pt 69 (667)
2,5-Dimethyl-3,6-dimethoxy....| Raney nickel 86 (687)
4,5-Dimethoxy-2-carboxy.......| Pd (406, 408)
0-(8-Dimethylaminoethyl). .. ... Pd (1186)

With styrenes substituted in the side chain, hydrogenation proceeds in the
normal manner if the substituent is not halogen. Thus, in the presence of palla-
dium B-acetoxystyrene yielded 82.5 per cent of 3-phenethyl acetate (678), in the

CH.CH—CHOCOCH; —pa— CHCH,CH,0COCH,

presence of platinum oxide «,3-diacetoxystyrene yielded styrene glycol diacetate
(156), and in the presence of platinum p-methoxy-a-ethoxystyrene yielded
a-ethoxyethylanisole (583). Similarly in the presence of platinum oxide 8-di-
ethylamino-, B-piperidino-, S-methylbenzylamino-, and B-dibenzylamino-sty-
renes yielded the corresponding ethylbenzenes (470). In the presence of a pal-
ladium catalyst the two latter compounds were debenzylated to give methyl-8-
phenethylamine and §-phenethylamine, respectively.

CH.C+H;

C¢H;CH=CHN —f{;—> CsH;CH,CH,NHCH; + C.H;CH,
\CH,

Treatment of N-methyl-N-38-(3,4-diacetoxystyryl)acetamide with hydrogen in
the presence of palladium gave N-methyl-N-3-(3,4-diacetoxyphenyl)ethyl-
acetamide (118).

The hydrogenation of N-methyl-N,B-styryl-p-toluenesulfonamide with a pal-
ladium catalyst proceeded normally to give N-methyl-N-3-phenethyl-p-toluene-
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sulfonamide (375). N-Benzyl-N-3-styryl-p-toluenesulfonamide behaved similarly
and N-3-styryl-p-toluenesulfonamide yielded N-8-phenethyl-p-toluenesulfonam-
ide. In the presence of a platinum oxide catalyst sodium g-styrylsulfonate
yielded sodium 8-phenylethanesulfonate (373).

o HCH,CHSO;Na

CeH5CH=CH803Na PtO,

Styrenephosphonic acid was hydrogenated in the presence of a palladium on
barium sulfate catalyst to give 3-phenylethanephosphonic acid (66).

If the styrene contains halogen in the side chain, catalytic hydrogenation
removes it whether it is in the active - or the unreactive 8-position. Thus, both
p-methoxy-a-chloro- and p-methoxy-g-chloro-styrenes yielded p-ethylanisole on
treatment with hydrogen in the presence of platinum (583).

cH,0{ __ SCH=CHCl —5i~ CH:0{ _ HCH:CH,

Similarly in the presence of palladium p-methoxy-3-chlorostyrene yielded 90 per
cent of p-ethylanisole, 3,4-methylenedioxy-g-chlorostyrene yielded 65 per cent
of 3,4-methylenedioxyethylbenzene, and 8-bromostyrene yielded 62 per cent of
ethylbenzene (99). When 8-bromostyrene was treated with hydrogen at 140°C.
in the presence of palladium, potassium hydroxide, and hydrazine hydrate in
methanol solution, the product was 52 per cent of 1,4-diphenylbutadiene (132).
This is really a coupling reaction but it is described here because the conditions
are those of reduction.

B. Chemical methods of reduction

Again, Berthelot (1867) was the first to describe the reduction of styrene by
chemical means (74, 77, 82). On treating the compound with hydriodic acid in
a sealed tube at 280°C. ethylbenzene, plus a little benzene and ethane, was
formed. With a larger excess of hydriodic acid the products were octane, a little
hexane, and ethane. Stoermer and Kippe (711) later reported obtaining ethyl-
benzene by treating styrene with hydriodic acid. Under the same conditions
they reported B-phenoxystyrene as giving phenol and styrene diiodide, since
their ultimate product was 8-phenylnaphthalene.

CeHsCH=CHOCGH5 + 2HI -

N\ CeH;
CGHEOH + CeHscHICHzl -
S

When heated to 200°C. with phosphorus and hydriodic acid, vinylmesitylene
vielded mesitylene (393).

Klages and Keil (392) used sodium and alcohol very successfully for the reduc-
tion of styrene and its homologs. With styrene itself the yield of ethylbenzene
was 82 per cent. Other styrenes reduced by the same method are summarized
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in table 2, While he does not say so specifically, Semmler (665) probably used
sodium and alcohol to reduce B-acetoxystyrene to 3-phenethyl alcohol. With
sodium and alcohol S-phenoxystyrene gave a 65 per cent yield of ethylbenzene
(710).

Sodium in liquid ammonia has been reported as a means of slowly reducing
styrene to ethylbenzene (436). The yield given was 50 per cent, with polystyrene
as the by-product (787). No reaction was obtained when styrene was treated
with sodium amalgam and water (712); with this same reagent (o-vinylbenzyl)-
trimethylammonium chloride yielded o-methylstyrene (188).

Metal and acid combinations have been utilized successfully for the reduction

TABLE 2
Reduction of styrenes with sodium and alcohol
STYRENE YIELD REFERENCE
per cent

p-Methyl............. ... (186, 392)
2,4-Dimethyl............... ... 74 (392)
2,5-Dimethyl. . ... .oo (392)
2,4,5-Trimethyl............................. 82 (392)
2,4,6-Trimethyl.......................... ... 90 (392)
p-Ethyl....... ... ... ... 85 (392)
2,5-Diethyl..................... ... ...l (392)
2,4,5-Triethyl............... ... ... .. ..... (392)
p-Isopropyl...........oi i (392)
0-Methoxy... ... (390)
m-Methoxy................. ... ... (390)
p-Methoxy............... ... ... (390)
p-Ethoxy................. ... ... (390)
3,4-Methylenedioxy..............c oL, (390)

of substituted styrenes. Thus, 4-vinylresorcinol has been reduced to 4-ethyl-
resorcinol with tin and hydrochloric acid (223). Similarly, N-methyl-N-8-styryl-

OH OH
0l Sommon, 5 mod_Sencn

p-toluenesulfonamide was reduced to N-methyl-N-3-phenethyl-p-toluenesulfon-
amide with iron and alcoholic hydrochloric acid (375). Zinc and acetic acid have
been used to reduce what was probably 2-carboxy-4-methoxy-8,8-dichlorostyrene
to 2-ethyl-5-methoxybenzoic acid (321) and a compound postulated as 2-methyl-
4-methoxy-5-carboxy-a-hydroxy-g,8-dichlorostyrene to 2-hydroxy-4-methyl-5-
ethylbenzoic acid (666).

On the other hand, since stannous chloride and hydrochloric acid have no
effect on the vinyl group in styrene, this reagent may be used for the reduction
of other groups in the styrene molecule. These reactions are discussed in detail
in the section devoted to reactions not involving the vinyl group.
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C. Reduction of B-nitrostyrenes

Because of the importance of 8-phenethylamines in biological and medicinal
chemistry and because of their utility as starting materials for the synthesis
of isoquinolines, the preparation of these compounds by the reduction of 8-nitro-
styrenes has occupied the attention of many chemists. The wide applicability
of such a synthesis from the requisite aromatic aldehyde is obvious:

ArCHO + CH,NO, — ArCH=CHNO, 2, A;CH,CH,NH,
Unfortunately the reduction proved extremely difficult and it was a long time
before it could be effected in good yields.

In 1873 Alexeyev (13), the first investigator in the field, treated nitrostyrene
with sodium amalgam and isolated a red oil which might have been azostyrene.
A red solution was obtained by treating nitrostyrene with zinc and alcoholic
sodium hydroxide. Priebs (571), who first elucidated the chemistry of B-nitro-
styrene, was unable to isolate anything from reduction experiments.

Bouveault and Wahl were the first to make any progress with the problem.
In 1902 they reported obtaining p-methoxyphenylacetaldehyde and 3 ,4-methyl-
enedioxyphenylacetaldehyde by treating the corresponding S-nitrostyrenes with
zinc and acetic acid (107). Later the intermediate phenylacetaldoxime was
isolated after treating S-nitrostyrene with aluminum amalgam or zinc and acetic
acid (106). The yield when zinc and acetic acid in ether was used was 22 per
cent (108).

Zn - Hzo

ArCH=CHNO,
Medinger (488) reduced 3,4-methylenedioxy-8-nitrostyrene with zine and
aqueous acetic acid and obtained a 70 per cent yield of 3,4-methylenedioxy-
phenylacetaldoxime. Zinc and ammonium chloride also was used successfully,
but aluminum amalgam was not active. Rosenmund obtained a 20 per cent
vield of p-methoxyphenylacetaldoxime as well as a little p-methoxy-3-phen-
ethylamine by treating p-methoxy-S-nitrostyrene with aluminum amalgam in
moist ether (623). With zinc and alcoholic acetic acid the yield of oxime was
33-48 per cent. This latter method was used to reduce 3,4-methylenedioxy-3-
nitrostyrene to the desired aldoxime in 75 per cent yield and also was used
successfully for the similar reduction of 3,4-dimethoxy-S-nitrostyrene (624).
About this time two patents were issued to Bayer and Company, the first (58)
describing the reduction of 3,4-methylenedioxy-g-nitrostyrene to 3,4-methylene-
dioxyphenylacetaldoxime by means of zinc and alcoholic acetic acid and to the
aldoxime and 3 ,4-methylenedioxy-8-phenethylamine by means of aluminum and
alcohol. The second patent (59) described the electrolytic reduction of the same
nitro compound to the corresponding amine by means of a lead cathode in aqueous
sulfuric and acetic acids.
Spéth was the first investigator to reduce successfully the phenylacetaldoximes
to the corresponding phenethylamines. Using sodium amalgam and alcoholic
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acetic acid he converted 3,4,5-trimethoxyphenylacetaldoxime to 3,4,5-tri-
methoxyphenethylamine (698). The overall yield from the corresponding nitro-

CH0
CH,0 CH.CH=NOH —= g};‘gé o8
CH.O
CH.0
CH30©CHZCH2NH2
CH.O

styrene was 25 per cent. Later Spith and Dobrowsky (699) obtained a 16 per
cent yield of 3-methoxy-4-ethoxy-8-phenethylamine from 3-methoxy-4-ethoxy-
B-nitrostyrene by utilizing the same technique.

The early attempts to reduce nitrostyrenes with hydrogen and a catalyst
yielded dimeric products. Thus, in the presence of platinum black Sonn and
Schellenberg (693) obtained from S-nitrostyrene two compounds in 19 and 44
per cent yields, respectively, which presumably are the stereoisomeric forms of
2,3-diphenyl-1,4-dinitrobutane.

(|36Hs C¢H;
20:H,CH=CHNO, —%_, 0,NCH,CH—CHCH,NO,

Two isomeric dimers also were obtained from 3 ,4-methylenedioxy-g3-nitrostyrene.
Using a mixture of ether and acetic acid instead of alcohol as the solvent, Banus
and Vila (50) obtained low yields of both the diphenyldinitrobutane and phenyl-
acetaldoxime from B-nitrostyrene. In either alcohol or ether Kohler and Drake
(398) for the most part obtained the diphenyldinitrobutane, although the
phenylacetaldoxime became the principal reaction product if hydrochloric acid
was present. The same results were observed with a nickel catalyst. Skita (676)
first reported the successful catalytic reduction of B-nitrostyrenes to S-phen-
ethylamines. 3-Phenethylamine and bis(3-phenethyl)amine were obtained from
B-nitrostyrene and 3,4-methylenedioxy-3-phenethylamine from 3,4-methylene-
dioxy-S-nitrostyrene using a platinum catalyst, and p-methoxy-8-phenethyl-
amine from p-methoxy-8-nitrostyrene using a palladium and then a platinum
catalyst.

o __Sem=cEHNO, —I2F- 0  SCHCH:NH,
H,C H,C

In all cases hydrochloric acid was included in the reaction mixture.

Of the three successful methods whose development has just been outlined—
namely, catalytic reduction, electrolytic reduction, and reduction through the
phenylacetaldoxime—the last mentioned has been the least used. It has the
disadvantage of involving two steps and of giving low yields. Thus, Shoesmith
and Connor (668) obtained a very small yield of m-methoxy-8-phenethylamine
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from m-methoxy-8-nitrostyrene by this technique. Incidentally, De (157) was
unsuccessful in subsequent attempts to reduce this particular nitrostyrene.
Kobayashi (395) used this method to obtain 10 percent of 3-methoxy-4-hydroxy-
B-phenethylamine from either 3-methoxy-4-hydroxy-8-nitrostyrene or its acetate.
The method was not effective for the reduction of 3-methoxy-4-methoxymethyl-
eneoxy-G-nitrostyrene to the corresponding amine, and the reduction of 3-meth-
oxy-4-benzyloxy-B-nitrostyrene proceeded only as far as the phenylacetaldoxime.
Jansen (352, 353) obtained only 20 per cent of 2,4,5-trimethoxyphenylace-
taldoxime by treating 2,4 ,5-trimethoxy-g-nitrostyrene with zinc and acetic acid.
The amine was obtained by treatment with sodium amalgam. On the other
hand Spéth, Orechoff, and Kuffner (700) obtained 95 per cent of 3-benzyloxy-4-
methoxyphenylacetaldoxime from 3-benzyloxy-4-methoxy-g-nitrostyrene.

— 2
CH;0 CH=CHNO. —mzroor—
CsH;CH,O
CH,0 CH.CH=NOH
CeH;CH:0

Probably the most widely used technique for reducing S-nitrostyrenes to
B-phenethylamines is the electrolytic method. It achieved particularly extensive
application for the seven years preceding the development of satisfactory
catalytic techniques, but has not been employed as much since that time. The
usual technique was to use a lead cathode and a mixture of alcohol, acetic acid,
and hydrochloric acid as the electrolyte. In table 3 are listed the 8-nitrostyrenes
which have been reduced to 8-phenethylamines by this method. Under the same
conditions m,B-dinitrostyrene yielded 54 per cent of m-amino-3-phenethylamine,
4-methoxy-8,3-dinitrostyrene 47 per cent of 3-amino-4-methoxy-8-phenethyl-
amine, and 4,5-dimethoxy-3,3-dinitrostyrene 49 per cent of 3-amino-4,5-di-
methoxy-S-phenethylamine (684).

Subsequent to Skita’s first description of the catalytic hydrogenation of 8-ni-
trostyrene to S-phenethylamine, Sawai (648) hydrogenated 3-methoxy-4-ethoxy-
B-nitrostyrene to 3-methoxy-4-ethoxy-8-phenethylamine with a platinum cat-
alyst. Skita and Keil (677) reduced p-methoxy-3-nitrostyrene (16 per cent
yield), 3,4-dimethoxy-8-nitrostyrene, and 3,4,5-trimethoxy-3-nitrostyrene (28
per cent yield) to the corresponding 8-phenethylamines with hydrogen in the
presence of a catalyst.

Kindler, Brandt, and Gehlhaar (380) were the first to effect this type of re-
duction in good yields. They used a palladium catalyst and dissolved their
B-nitrostyrene in glacial acetic acid containing sulfuric acid. At 15°C. 90 per
cent of the hydrogenation was complete in 2 min. and the reaction was over
in 10 min. Their yield of 8-phenethylamine was 84 per cent. In the absence of
sulfuric acid, 90 per cent of the reaction was complete in 10 hr. and the yield
of B-phenethylamine was only 8 per cent.
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TABLE 3

Electrolytic reduction of B-nitrostyrenes

B+NITROSTYBENE YIELD REFERENCE
per cent
p-Methoxy............... ... . (409)
3,4-Dimethoxy....... ... (52, 406, 408)
2,5-DImMethoXy. ...\ 51 (718)
2,3,4-Trimethoxy........................... 87 (683)
2,4,5-Trimethoxy........................... (352, 353)
3,4,5-Trimethoxy..............coovinnn.. 77 (683)
3-Methoxy-4-ethoxy..............cooiiiinnn (410)
3,4-Diethoxy.........c..coviiiiii i, 60.5 (679)
2,3,4-Triethoxy.................oiiiin 73 (683)
3,4,5-Triethoxy...........cooiiiiiriiinnns 78 (683)
3,4-Methylenedioxy..................cconn.. 76 (729, 730)
3,4-Methylenedioxy..................... . ... 67 (679)
3-Benzyloxy-4-methoxy...................... 60 (622)
3-Methoxy-4-benzoxy......................u. 40-60 (752)
M-Bromo.......cooi i e (407)
3-Bromo-4-methoxy.................... .. ... (407)
3,4-Dimethoxy-5-bromo..................... 42 (752)
m-Carbomethoxy..............ooiiii v 52 (682)
p-Carbomethoxy............................ 49 (682)
m-Carbethoxy.............. ..o, 53.5 (682)
p-Carbethoxy....................oii, 46 (682)
TABLE 4
Catalytic hydrogenation of B-nitrostyrenes
S-NITROSTYRENE YIELD REFERENCE
per cend

p-Methoxy.............ooci i, 77 (3879)
3,4-Dimethoxy.........c.ooviiieiiiiiaias 61 379)
3,4-Dimethoxy.........cooooviiiiiii e, 23 (487)
3,4,5-Trimethoxy..........cooviniiiiiiannn 84 (279)
3,4,5-Trimethoxy................oooiiint 62 (379)
3,4-Methylenedioxy................cooiiuun. 93 (649, 650)
3,4-Methylenedioxy...............c.cooiints 76 (379)
3,4-Methylenedioxy. ............... ... il 70 (487)
3-Methoxy-4,5-methylenedioxy.............. 76 (379)
m-Nitro (to m-amino)....................... 41 (649)
0-Hydroxy.. ..o oviiiiii 79 (280)
m-Hydroxy. ... 72.5 (280)
p-Hydroxy..................... ... 85 (280)
3-Hydroxy-4-methoxy....................... 68 (279)
3-Methoxy-4-hydroxy.............coooventn 84.5 (280)
P-ACELOXY ... oo 80 (280)
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This technique immediately received wide application with both palladium
and platinum catalysts. By means of this procedure the S-nitrostyrenes listed
in table 4 were reduced to the corresponding S-phenethylamines.

Recently it has been shown that g-nitrostyrene may be reduced to B3-phen-
ethylamine in 60 per cent yield by means of lithium aluminum hydride (534a).

Meanwhile Reichert and Koch (609) discovered that hydrogenation in pyridine
solution gave the corresponding phenylacetaldoxime in excellent yield. They used
a palladium catalyst on a charcoal carrier. The following B-nitrostyrenes were
reduced by this technique: o-methoxy- (90 per cent) (607, 609), p-methoxy-
(almost quantitative) (609), 2,4-dimethoxy- (92 per cent) (607, 609), 3,4-
dimethoxy- (609), and 3,4,5-trimethoxy- (90 per cent) (606, 607). Several of
these phenylacetaldoximes subsequently were reduced to the corresponding
B-phenethylamines by means of hydrogen in the presence of a platinum catalyst.
Alcohol was used as the solvent and oxalic acid was added to the reaction mix-
ture. The yields were as follows: o-methoxy- (60 per cent) (607), 2,4-dimethoxy-
(60 per cent) (607), and 3,4,5-trimethoxy- (80 per cent) (606, 607).

With a variety of reducing agents o,8-dinitrostyrene gave low yields of
indole.

The results are as follows: iron and acetic acid, 9.4 per cent (440), 32 per cent
(532); zinc and acetic acid, 11 per cent (440), low (532); and aluminum amalgam,
some (440), trace (532). Alkaline sodium hydrosulfite yielded indigo (532).

CO NH
/. /N
AN /

7
Z  ScH=cHNO, B, | | C=C
— N
X0, AL N/

NH CO
No tribromoindole was obtained when §,2-dinitro-3,4,5-tribromostyrene was
treated with iron and acetic acid. However, with more active 2,3-dinitrostyrenes
the method appears to have considerable synthetic utility. Thus, 4-acetoxyindole
(29-35 per cent) (59a), 5-acetoxyindole (50-55 per cent) (59a), and 5,6-methyl-

enedioxyindole (81 per cent) (131a) have been prepared in this way.

It is to be noted that all reductions of B-nitrostyrenes to S-phenethylamines
which were effected in good yield were conducted in the presence of a strong
acid. In the absence of such acid the reduction proceeded only as far as the
phenylacetaldoxime. Kindler, Brandt, and Gehlhaar (380) postulated that in the
presence of sulfuric acid they were actually reducing a molecular compound of
the B-nitrostyrene and the acid.
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40
CoH;CH=CHN
N0--HS0,H

The effect of the acid was to polarize the molecule by drawing the electrons
away from the benzene ring. This concentrated the unsaturation at the far end
of the chain (on the carbon atom attached to the ring) and thereby facilitated
reduction at this point. It particularly avoided the formation of radicals of the
type

CsH;CHCH,NO,

which could dimerize to give the bimolecular reduction products described
by Sonn and Schellenberg (693). Apparently the general effect of a strong acid
is just this type of polarization which weakens the double bonds and facilitates
the addition of hydrogen. It is equally applicable to the S-nitrostyrenes or the
phenylacetaldoximes. In the absence of such polarization the oxime is stable
to further reduction under most of the conditions which have been tried. In
pyridine solution particularly high yields of the oxime have been obtained. It
would be expected that pyridine would form a loose molecular complex with the
oxime

CeHsCHzCH=NO H—NC:H;

which would give the reverse polarization from that produced by a strong acid
and therefore would increase the difficulty of further reduction.

II. OXIDATION
A. Ozidation to aromatic acids

The first application of oxidation in the field of styrene chemistry was in
structure proof where the side chain was oxidized to a carboxyl group. Location
of the side chain by this means subsequently has been utilized very often.

In 1844 Kopp first oxidized styrene to benzoic acid by means of chromic acid
(411). With boiling concentrated nitric acid the product was nitrobenzoic acid.

CeH,CH=CH, -<*%, CH:COOH

Blyth and Hofmann (87) also obtained nitrobenzoic acid when they oxidized
styrene with nitric acid. Benzoic acid and benzaldehyde were obtained as by-
products. With potassium dichromate and sulfuric acid benzoic acid was pro-
duced. Oxidation to benzoic acid was one means utilized by Dykstra to identify
styrene (181). With nitric acid and bromine styrene yielded a mixture of bromo-
nitromethanes (154).

In table 5 are summarized the oxidations of some substituted styrenes to the
corresponding aromatic acids. However, when the p-hydroxyl group in 3,4-
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dimethoxystyrene was not etherified, dilute nitric acid removed the side chain,
so that the product of the oxidation was methoxyquinone (249).

HO©0H=CH2 _HNO: | 0=(_=/¥_o
CH,0 CH,O

Styrenes with halogen in the 8-position in the side chain are oxidized with
greater difficulty than unsubstituted styrenes. Thus, 3-bromostyrene is oxidized

TABLE 5
Ozidation of styrenes to aromatic acids
STYRENE OXIDIZING AGENT BENZOIC ACID PRODUCED REFERENCE
p-Methyl............. ... HNO; p-Methyl (215)
2,4-Dimethyl................. ..ol KMnO, 2,4-Dimethyl (483)
3,4-Dimethyl................... ... ... KMnO, 3,4-Dimethyl (483)
tert-Butyl..................... ... Cold CrO; (No oxidation) (551)
p-Methoxy...........ocovvvi it KMnO, p-Methoxy (581)
2-Methyl-4-methoxy.................. KMnO, 2-Methyl-4-methoxy (582)
3-Methyl-4-methoxy.................. KMnO, 3-Methyl-4-methoxy (582)
5-Methyl-2-methoxy.................. KMnO, 5-Methyl-2-methoxy (582)
2-Methyl-4-methoxy-5-isopropyl...... KMnO, 2-Methyl-4-methoxy- (582)
5-isopropyl

2,6-Dimethoxy................coott. KMnO, 2,6-Dimethoxy (667)
3-Nitro-4-methoxy.................... KMnO, 3-Nitro-4-methoxy (184)

. KMnO, 2,4-Dimethoxy (223)
2,4-Dimethoxy...................... { HNO, 2,4-Dimethoxy (223)

. KMnO, 3,4-Dimethoxy (249)
3,4-Dimethoxy...................... { HNO, 3.4-Dimethoxy (240)
p-Dimethylamino..................... KMnO, (Not isolated) (111)
o-Dimethylaminomethyl.............. KMnO, (Not isolated) (188)
o0-(8-Dimethylaminoethyl)............ KMnO, (Not isolated) (116)
B-(N-Methyl-N-acetyl)-3,4-diacetoxy.| KMnO; (Not isolated) (118)
p-N,N-Dimethylsulfonamido......... KMnO, p-N,N-Dimethyl- (349)

sulfonamido

with difficulty by potassium permanganate (303), since it is more resistant than
unsaturated aliphatic bromides to this reagent. Similarly chromic and sulfuric
acids at 95°C. did not affect 8-chlorostyrene and while some benzoic and formic
acids were obtained from B-bromostyrene, 60 per cent of the styrene was re-
covered unchanged (147). B-Chlorostyrene was oxidized to benzoic acid by
potassium dichromate and nitric acid (269). In table 6 are summarized the
oxidations of some other halogenated and nitrated styrenes to the corresponding
aromatic acids.
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Treatment of what was probably 3-carboxy-4-methoxy-8,3-dichlorostyrene
with fuming nitric acid at 100°C. yielded 4-methoxyisophthalic acid (321). Both
8,8-dichlorostyrene and «,8,3-trichlorostyrene gave a mixture of benzoic and
p-nitrobenzoic acids when treated with nitrogen tetroxide at 100°C. (86).

With methylated nitrostyrenes potassium permanganate has given variable
results. Thus, Worrall has used it to oxidize 4-methyl-3,3-dinitrostyrene to
3-nitro-4-methylbenzoic acid (790). On the other hand, Hanzlik and Bianchi

TABLE 6
Ozidation of halogenated and nitrated styrenes
STYRENE OXIDIZING AGENT PRODUCT OBTAINED x;:v.;g-
2-Bromo-4-trifluoromethyl........ KMnO, 2-Bromo-4-trifluoro- (43)

‘ methylbenzoic acid
a,B-Dibromo.................... i KMnO, Benzoic acid an
B,p-Dibromo..................... | KMnO, p-Bromobenzoic acid (614)
2-Methoxy-8,3,5-tribromo. ... ... . KMnO, 2-Methoxy-3,5-dibro- (248)

1 mobenzoic acid
3-Methoxy-g,6-dibromo......... .. KMnO, (Not isolated) (612)
p-Methoxy-g-chloro. ............. KMnO, Anisic acid (583)
p-Methoxy-a-chloro.............. i KMnO, Anisic acid (583)
4-Methyl-8,2-dichloro............ i KMnO, 2-Chloro-4-methylben- | (32)

‘ zoic acid
2,4-Dimethyl-g-chloro........... KMnO; 2,4-Dimethylbenzalde- | (42)

hyde
2,4-Dimethyl-8,6-dichloro...... .. KMnO, 2,4-Dimethyl-6-chloro- | (42)

benzaldehyde
B-Nitro................ooi .. K,Cr,07 4+ H.S0, Benzoic acid (571)
B,0-Dinitro.................... .| KMnO, o-Nitrobenzoic acid (571)
B,p-Dinitro...................... CrO; p-Nitrobenzoic acid (571)
g-Chloro-8, p-dinitro......... .... i CrO; + CH;COOH | p-Nitrobenzoic acid (560)
4-Methoxy-g,3-dinitro............ , KMnO, 3-Nitroanisic acid (184)
2-Bromo-g, 5-dinitro............ .. KMnOq 2-Bromo-5-nitroben- (794)

“ zoic acid
2-Iodo-8,5-dinitro................ i KMnO, 2-Todo-5-nitrobenzoic (793)

acid

(284) obtained nitroterephthalic acid from 4-methyl-3,3-dinitrostyrene using
permanganate but got 3-nitro-4-methylbenzoic acid using nitric acid. Franzen
and Schneider (235) obtained 4-nitrophthalic acid by treating 2-methyl-3,4-
dinitrostyrene with potassium permanganate.

CH=CHNO,
CH;

COOH
COOH

KMnO,

O.N O,N

B. Ozonization

The first ozonization of styrene itself was reported in 1930, by Brus and
Peyresblanques (127), who showed that ozone was absorbed quantitatively by
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the side chain before the nucleus was attacked. Briner and Gelbert (122) ozonized
styrene in carbon tetrachloride solution. Decomposition of the ozonide with hot
water yielded benzaldehyde and formic acid. When allowed to stand for 10 hr.,,
styrene ozonide slowly evolved a gas which consisted of 40 per cent hydrogen,
45 per cent carbon dioxide, and 15 per cent methane. Benzoic acid was isolated
from the non-volatile residue. Styrene ozonide was too unstable to permit the
measurement of the heat of ozonization of styrene (123). Since Marvel and
Nichols (481) isolated dibenzaldehyde peroxide (I) from the ozonization of
styrene even under strictly anhydrous conditions, they postulated that styrene
ozonide decomposed directly to the ozonization products without ever passing

TABLE 7
Molecular weight of styrene ozonide
SOLVENT (CeH3Os)s (CsHs0s)4 (CsH0s)2

per cent per cent per cent
CCli... oo e 56 33
CeHs............ ... 59 29
CHCly............oiiie e 57 35
(CeHe)O oo 74

through an intermediate dihydroxydibenzaldehyde peroxide (II) whose presence
they were never able to detect.

o——o\ 0—0
C:H;CH CHCH; C:HsC CCesHj;
No—0” No—o/

OH OH
I I

Kawamura (366) obtained benzaldehyde, formaldehyde, and hydrogen peroxide
by decomposing styrene ozonide with hot water. He reported the ozonide to be
largely polymeric, with the molecular weight depending on the solvent used.
These results are summarized in table 7.

Semmler (665) was the first to use ozonization for structure proof in the
styrene series. 8-Acetoxystyrene was oxidized to a mixture of benzaldehyde and
benzoic acid by this method. Subsequently a number of styrenes were ozonized
and the corresponding benzaldehydes isolated in each case. These include a
mixture of o- and p-methoxystyrenes (581), $-chloro-p-methoxystyrene (583),
a-chloro-p-methoxystyrene (583), 3-hydroxy-4-ethoxystyrene (359), 2-methoxy-
5-isopropylstyrene (585), and 3-methoxy-4-hydroxystyrene (62-74 per cent
vield) (652).

C. Air oxidation

Moureu and Dufraisse (523), who were the first to investigate this reaction,
found that the following substances were positive catalysts for the air oxidation



198 WILLIAM 8. EMERSON

of styrene: I,, KI, Nal, Lil, Mgl,, Znl,, Fel,, NH,I, CH,NH, -HI, (CH;),NH-HI,
(CH,);N - HI, CHI,. This effect was investigated further (524) and the following
compounds added to the list: Sby,0s, Sbl;, SbBrs, SbCl, (CeHs)SbCl,
(CeHy)sSbCly, Bi(NOy)s, BiBrs, Bil;, (C.H;);Bi, (CsHy)sBi, V205, V.05, VOCI,
NH,VO;. The following substances inhibited the air oxidation of styrene: tartar
emetic, (CeHs)sSb, Bl, Bizo;;, [(CHs)zCH(CHg)g]sBl, (CeHs)sBl Triphenylmethyl
also is a catalyst for the air oxidation of styrene (806).

Styrene is a fairly strong inhibitor for the oxidation of benzaldehyde in the
presence of light (594). In this case styrene oxide was isolated after blowing a
mixture of benzaldehyde and styrene with oxygen. A careful study of the oxida-
tion and polymerization of styrene at 70-90°C. in the presence of benzaldehyde,
formaldehyde, polystyrene, or benzoyl peroxide showed that the oxidation of
styrene consists of two chain reactions involving peroxides and propagated
through free radicals (489). The direct oxidation of styrene with air over a nickel-
chromium gauze catalyst at 110°C. yielded formaldehyde as one of the products
(539).

The oxidation of an «-halostyrene with oxygen is particularly interesting in
that it leads directly to the corresponding benzoyl halide and formaldehyde.

These products have been isolated in the case of a-chlorostyrene (174). In the
case of p-methoxy-a-chlorostyrene it was shown that the anisic acid which was
isolated came from anisoyl chloride (583). For the air oxidation of a-bromo-
styrene, sodium iodide and methylammonium iodide have been shown to be
positive catalysts, while iodine, ferrous iodide, and iodoform are negative (523).

D. Epozidation

Boeseken and Derx (93) originally showed that styrene formed an epoxide
on treatment with perbenzoic acid more easily than did 1,4-dihydronaphthalene,

C¢H;CH=CH, + C¢H;CO;H — C¢H;CH—CH, + C:H;COOH

0]

indene, or 1,2-dihydronaphthalene. Hibbert and Burt obtained 70-75 per cent
yields of styrene oxide by conducting this oxidation in chloroform at 0°C. (297,
298). Golumbic and Cottle (273) found their product to be contaminated with
a little phenylacetaldehyde. The epoxidation also can be effected with peracetic
acid (728); in this case the reaction has been shown to be bimolecular as a result
of rate studies made with a number of olefins (97, 716).

E. Miscellaneous oxidations

When styrene was treated with hydrogen peroxide at 0°C. in ter¢-butyl alcohol
solution in the presence of osmium tetroxide, the product was a 50 per cent yield
of styrene glycol (511). Treatment of styrene with potassium permanganate in

CeH:CH=CH, + H,0, —2%%_, C,H.CHOHCH,0H
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the presence of very dilute sodium hydroxide produced a 69 per cent crude
vield (55 per cent pure) of phenylglyoxylic acid, together with a 7 per cent yield
of benzoic acid (320). Styrene and chromyl chloride reacted to form an addition

KMI]O4
aqueous NaOH CsH;COCOOH + C¢H;COOH

C¢H;CH=CH,

compound which decomposed on treatment with water to give benzaldehyde,
chlorinated products, and a trace of phenylacetaldehyde (290). Styrene did not
react with selenium dioxide at 140°C. and yielded complex products at higher
temperatures (620). It has been reported that when styrene and oxygen are
passed over active carbon at 100-110°C. very small amounts of pentoses are
produced (538). Oxidation of 3-methoxy-4-acetoxystyrene with sodium dichrom-
ate and sulfuric acid at 50°C. yielded 71 per cent of vanillin (652).

III. CHLORINATED DERIVATIVES
A. Addition of chlorine
Laurent (435) in 1844 was the first to add chlorine to styrene. He also described

CeHsCH=CH2 + Clg - CsHsCHClCHgCl

a chlorinated styrene where one hydrogen atom was replaced by chlorine (probably
a-chlorostyrene). It was obtained by treating styrene dichloride with potassium
hydroxide. A derivative also was mentioned from which two hydrogen atoms
were lost and to which eight chlorine atoms were added. Blyth and Hofmann (87)
also added chlorine to styrene and mentioned that the resulting styrene dichloride
lost hydrogen chloride on treatment with alcoholic potassium hydroxide. Ber-
thelot (72, 77) mentions the addition of chlorine as one of the characteristic
reactions of styrene. Biltz (85) found chloroform to be a suitable solvent for
this addition. In carbon tetrachloride solution with no particular precautions for
the exclusion of light, the product was about three parts of styrene dichloride
to one of 3-chlorostyrene (197).

Styrene dichloride has been obtained in several other ways. It constitutes 10
per cent of the product when styrene is treated with bromine chloride (759).
It is obtained in 50 per cent yield, along with 36 per cent of 3-styrenephosphonic
acid, when styrene is treated with phosphorus trichloride and chlorine in an-
hydrous benzene (412). It is one of the products of the reaction between styrene

PCl; 4 ClL,

CeH5CH=C H2 CsHe

— CeH;CHCICH,Cl + CH;CH=CHPO;H.

and nitrosyl chloride (555) and also is formed by the chlorination of ethylbenzene
at its boiling point. In this latter reaction Evans, Mabbot, and Turner (213)
have postulated its formation as the addition of chlorine to styrene formed by
dehydrochlorination of chloroethylbenzene in the mixture. Styrene dichloride

— HCI

CoHsCoH; —2—s C.H,CLHLC1 — CeH;CH=CH, -2, C,H,CHCICH,CI
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has been postulated as the initial product of the reaction between benzene and
s-dichloroethylene in the presence of an aluminum-mercury couple (91). The
styrene dichloride reacts further with another molecule of benzene to give as
the final product 2-chloro-1,1-diphenylethane.

AlCl, CsHs

CsHy + CHCl=CHCI — [CeH:CHCICH,CI] — (CeH;),CHCH,CI

3,4-Methylenedioxystyrene readily yields the dichloride when treated with
chlorine in carbon tetrachloride solution (51 (72 per cent yield), 100, 495, 496).
p-Methoxystyrene dichloride has been prepared in 25-30 per cent yield by treat-
ing anisole with chloroacetal and hydrogen chloride at 60-70°C. (583). With
o-cresyl methyl ether, p-cresyl methyl ether, and thymol methyl ether the yields

CH,0CH; + CICH:CH(0C:Hy), 2, 04 _ SCHCICHCI

fell to 5 per cent. In the case of thymol two other compounds were isolated
from the reaction mixture.

(CHa).cH__ {CHs (CHy).cH_ OC:Hs
CH,0{  SCHCHCI CH30©C=CH2
CH; CH;

These products suggest that the reaction with B-chloroacetal involves the
active p-hydrogen and the a,B-dichloro ether:

Cl
CICH.CH(OC.H;). + HCl = ClCHzéHOCsz

(CH).CH
CH,0
l CH,
(CH;).CH 1o (CH):CH OC.Hs
CH30©CHCICH201 il CH30©CHCH201
CHs CH3
l—HCl
(CHy),cH QC:Hs
cmo@ —CH,
CH,

All four of these dichlorides (p-methoxystyrene dichloride, 3-methyl-4-methoxy-
styrene dichloride, 2-methoxy-5-methylstyrene dichloride, and 2-methyl-4-
methoxy-5-isopropylstyrene dichloride) were prepared in 25 per cent yield by
treating the corresponding styrene with chlorine.
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Priebs (571) found that g-nitrostyrene readily added chlorine in chloroform
solution. Pfeiffer (560) found the same to be true of 8,p-dinitrostyrene (53 per

02N©CH=CHN02 _CL OzN@CHClCHClNOz

cent yield), and Worrall and Finkel (794) extended the reaction to §8,5-dinitro-
2-bromostyrene.

When styrene dichloride was heated for several hours at 120°C. with aqueous

H.0
CaCO;

calcium carbonate, there was obtained a 70 per cent yield of styrene chlorohydrin

o D¢l
OCL@“

CsH;CHCICH,Cl ——~—— C:H;CHOHCH,CI 4+ C:H;CHOHCH.OH

S—C Cl
SOCl, (53) / (ow yield) SOCL, (53)
250-260°C. 250-260°C.
0<¢  DCHCICH,CI 0Z | SCHOHCH.CI
1,040 NG H,0L—0 !
Y 1
H:0in acetone (51, 100, 495X\SO Cl; (51)
CaCO; in acetone (51)\\\ S0O;Cl;
N (100)
0 CHOHCH,C1
H,0Z—0

PCl; [58 (nearly

O@CHCICH Cl quantitative), 100, 496}
2 |

H,04—0

0] CHCICH.CI
CLOL—0
anhydrous

0¢ __HCHOHCH,CI HCOOH (51)
PCl; [58 (nearly H.O in acetone
H,C4—0 quantitative), 100, 495] (100, 495, 496)

OQCHOHCHM o@cmlcmm
H,0£—0

H;0 4+ MgO in H:0 in acetone

acetone (549) (100, 495, 496)
@cHOHCHm «J
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contaminated with a trace of styrene glycol (330). With sodium acetate the
yield was 70-80 per cent, with sodium carbonate 40 per cent, and with calcium
hydroxide “good.”

In the case of the last-named reagent styrene glycol was obtained exclusively
if one mole of calcium hydroxide was used instead of the one-half mole necessary
for chlorohydrin formation. When this type of hydrolysis was utilized as an
analytical procedure (647), the styrene dichloride was boiled with potassium
hydroxide in benzyl alcohol, cooled, diluted with water, and the liberated halide
titrated with silver nitrate.

The conversion of 3,4-methylenedioxystyrene dichloride to the corresponding
chlorohydrin has been examined as a route to 3,4-dihydroxystyrene chlorohydrin.
The various transformations studied are shown in the chart on page 201.

When styrene dichloride was distilled from pyridine, a 90 per cent yield of
B-chlorostyrene was obtained (329). This reaction also has been employed for

CsHsCHCICH,C1 —Ppyridie o g cH—CHCI
(90 per cent)

the preparation of p-methoxy-S8-chlorostyrene, 3-methyl-4-methoxy-3-chloro-
styrene, 2-methoxy-5-methyl-3-chlorostyrene, and 2-methyl-4-methoxy-5-iso-
propyl-G-chlorostyrene from the corresponding substituted styrene dichlorides
(583). A yield of 92 per cent of 8-chlorostyrene has been obtained by passing
styrene dichloride vapors together with steam over alumina at 360-400°C.
(197).

On the other hand, treatment of styrene dichloride with alcoholic sodium
hydroxide yielded 89 per cent of a-chlorostyrene (197). As mentioned previously,
this reaction had been observed by the earliest investigators (87, 435). Glaser

NaOH
C¢H;CHCICH,CI “ci%@ﬁ" CsH;CCl=CH,

(89 per cent)

(269) obtained a-chlorostyrene by boiling styrene dichloride with calcium oxide.
Alcoholic sodium ethoxide has been used similarly to prepare p-methoxy-a-
chlorostyrene, 3-methyl-4-methoxy-a-chlorostyrene, 2-methoxy-5-methyl-a-
chlorostyrene, and 2-methyl-4-methoxy-5-isopropyl-a-chlorostyrene from the
corresponding substituted styrene dichlorides (583). When p-methoxystyrene
dichloride was treated with potassium hydroxide in aqueous ethanol, both
p-methoxy-a-chlorostyrene and p-methoxy-a-ethoxy-g-chloroethylbenzene were
obtained. The latter compound was the sole product obtained by treating
p-methoxystyrene dichloride with alcoholic potassium cyanide.

cH,0{ _ SCHCICH:Cl —grrat—
cH,0{ __HCCI=CH: + CH:0¢ __ HCHOH,CI

C.Hs
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Priebs (571) reported that treatment of S-nitrostyrene dichloride with dilute
sodium hydroxide yielded a-chloro-g-nitrostyrene. Subsequent investigators have
always obtained the B-halostyrene in this type of reaction. Since Thiele and
Haeckel (737) showed Priebs to be wrong in the case of the bromo compound,
his formulation here probably was incorrect also. Thus Pfeiffer (560) obtained
B-chloro-8, p-dinitrostyrene by treating B,p-dinitrostyrene dichloride with
aqueous sodium hydroxide, and Worrall and Finkel (794) obtained g-chloro-2-

0:N/ __HCHCICHOINO, —r5— 0.N¢ _ HCH=CCINO:

bromo-3,5-dinitrostyrene by treating 2-bromo-g,5-dinitrostyrene dichloride with
alcoholic potassium acetate. Similarly, p-methyl-3-nitrostyrene dichloride yielded
p-methyl-8-chloro-g-nitrostyrene (790).

B. B-Chlorostyrene chemzistry

The preparation of B-chlorostyrenes from styrene dichlorides has been de-
scribed above. While a very convenient method, it has not been as widely used
as the various routes from cinnamic acid. In 1845 Stenhouse (708, 709) first
obtained a chlorine-containing oil by treating cinnamic acid with bleaching
powder, potassium hypochlorite, or chlorine and hot water. In 1864 Erlenmeyer
(201) showed that it had the empirical formula CsH;Cl. Glaser (269) added
hypochlorous acid to cinnamic acid and then boiled the adduct with aqueous
sodium carbonate. He placed the chlorine in the product in the «-position.
Erlenmeyer (204) later showed Glaser’s compound to be S-chlorostyrene, since
it did not have the same properties as the a-chlorostyrene which Friedel obtained
by treating acetophenone with phosphorus pentachloride followed by potassium
hydroxide.

CeH;CH=CHCOOH —H0C

CsH;CHOHCHCICOOH 23U . (o H,CH=CHCI
Na,CO;

CeH;COCH; —2%, CHyCCLCH; —22%, C4HyCCl—CH,
Erlenmeyer (207) obtained a 97 per cent yield of 3-chlorostyrene by treating
cinnamic acid dichloride with cold aqueous sodium carbonate.

aqueous
NagCOs

Biltz (85, 449) used hot carbonate and v. Auwers (34) found cold or hot carbonate
equally useful. Durrans (178) used aqueous sodium hydroxide to decompose
his cinnamic acid dichloride, while Dann, Howard, and Davies (150) used
aqueous sodium acetate (60 per cent yield). This alkaline decomposition of a
cinnamic acid dichloride has been found equally suitable for the preparation
of p-methyl-3-chlorostyrene (40), o-iodo-8-chlorostyrene (774), and 8, p-dinitro-
B-chlorostyrene (560).

C:H;CHCICHCICOOH — C¢H;CH=CHCI
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When Read and Andrews treated cinnamic acid with cold dilute chlorine
water a 91 per cent yield of a-chloro-8-hydroxycinnamic acid was obtained

CeH,CH=CHCOOH _HCIS__, C,H,CHOHCHCICOOH
2

+ C:H;CHCICHCICOOH+ C:H;CH=CHCI

(596). By-products included 1 per cent of cinnamic acid dichloride and 8 per
cent of B-chlorostyrene. The same reaction has been observed by other investi-
gators (94), who have isolated such other by-products as phenylacetaldehyde
(210) and a-hydroxy-8,3-dichloroethylbenzene (228). In the latter case the yield
of a-chloro-g-hydroxycinnamic acid was 73.5 per cent, of 8-chlorostyrene 1.8 per
cent, and of a-hydroxy-8,3-dichloroethylbenzene 16 per cent. When cold sodium
hypochlorite was used in place of cold chlorine water the yield of acid was 72

TABLE 8
B-Chlorostyrenes from alkali cinnamates
ALKALI CINNAMATE YIELD oroﬂn-gi:&xgsnum REFERENCE
per cent
p-Methoxy............................ 57 (99)
3,4-Methylenedioxy................... 60 99)
[ (453)
o-Nitro............ ... ... 16 (404, 405)
5-15 (150)
m-Nitro................ . ............. 5-15 (150)
PNIETO. .o 5-15 (150)

per cent and of B-chlorostyrene 28 per cent. It is interesting to note that the
decomposition of a-chloro-8-hydroxycinnamic acid yielded mostly phenylacetal-
dehyde plus a little S-chlorostyrene (40).

C¢H;:CHOHCHCICOOH — C¢H;CH.CHO + C:H;CH==CHCI

Recently it has been reported that treatment of sodium cinnamate with sodium
hypochlorite and alcohol yielded chloroform, benzoic acid, and chlorostyrene
(719). No chlorostyrene was obtained in the absence of alcohol.

With sodium p-nitrocinnamate and hypochlorous acid, not only was a-hy-
droxy-g-chloro-p-nitrophenylpropionic acid isolated, but also epoxy p-nitro-
cinnamic acid and p-nitro-g-chlorostyrene (207). With other substituted alkali
cinnamates hypochlorous acid or sodium hypochlorite gave the g-chlorostyrene
as the principal product of the reaction, as shown in table 8. In the case of
sodium o-methoxycinnamate both mono- and di-chlorinated derivatives of
o-methoxystyrene were obtained (552).

This same reaction was responsible for the by-product in another degradation.
Treatment of styryl methyl ketone with sodium hypochlorite yielded besides
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6571 per cent of the expected cinnamic acid a small amount of 3-chlorostyrene
(669).

CeH; CH=CHCOCH,; —2°C , ¢,H,CH=CHCOOH + C.H;CH=CHCI

(65-71 per cent)

A related reaction is the nitration of a-chlorocinnamic acid with fuming nitric
acid (560). At —10°C. there was obtained 62 per cent of p-nitro-a-chlorocinnamic
acid together with a 6-12 per cent yield of §,p-dinitro-8-chlorostyrene. At

©0H=CCICOOH _fuming
HNO;
02N©0H=CCICOOH + 02N©CH=CCIN02

(62 per cent) (6~12 per cent)

20-25°C. the yield of the styrene rose to 28 per cent, while the yield of nitro acid
fell to 8 per cent.

Forrer (227) showed that 3,8-dichloroethylbenzene, from phenylacetaldehyde
and phosphorus pentachloride, gradually lost hydrogen chloride on standing.
With alcoholic potassium hydroxide at 120°C. the product was 3-chlorostyrene.

PCl; KOH

CeH;CH.CHO

— CeH;CH,CHCl,

— CeH;CH=CHCI

However, 8,3-dichloroethylbenzene is less reactive toward potassium hydroxide
than is «,a-dichloroethylbenzene (558). v. Auwers used this reaction to prepare
a number of substituted B-chlorostyrenes. These included p-methyl- (37, 40),
2,4-dimethyl- (41), 3,4-dimethyl- (41), 2,4,5-trimethyl- (41), 2-chloro-4-methyl-
(32), and 2,4-dimethyl-6-chloro- (32). He also prepared 2,4-dimethyl-3-chloro-
styrene by the simultaneous decarboxylation and dehydrochlorination of e-di-
chloromethyl-2,4-dimethylphenylacetic acid with aqueous sodium carbonate (42).

CHs CH3
aqueous _
HsC@EHCHC“ e, H,0¢_ YOH=CHOI
OOH

It also has been reported (666) that 2-methyl-4-methoxy-5-carboxy-8-chloro-
styrene can be prepared by heating 2-methyl-4-methoxy-5-carboxy-8,3-dichloro-
ethylbenzene with sodium hydroxide or by heating 2-methyl-4-hydroxy-5-
carboxy-3,8-dichloroethylbenzene with methyl sulfate and sodium hydroxide.

When styrene chlorohydrin vapors, together with steam, were passed over a
phosphoric acid on silica gel catalyst held at 370-400°C., a 63 per cent yield of
B-chlorostyrene was obtained (197).

H,0, HPO;, Si0O,

C¢H; CHOHCH.CI a7 G Ce¢H; CH=CHCI

(63 per cent)
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3,4-Methylenedioxy-g3-chlorostyrene also has been prepared merely by heating
the corresponding chlorohydrin (549). p-Methoxy-3-chlorostyrene was obtained
by heating the ethyl ether of the corresponding chlorohydrin (583).

When styrylmagnesium bromide was treated with benzenesulfonyl chloride, a
40 per cent yield of 8-chlorostyrene was obtained along with 34 per cent of 1,4-
diphenylbutadiene and 33.6 per cent of styrene (from the unreacted Grignard
reagent) (260). 8-Chlorostyrene was also a by-product of the reaction between
phenylmagnesium bromide and 1,1,2,2-tetrachloroethane or 1,1-dichloro-2,2-
difluoroethane (723).

p-Methyl-8-chlorostyrene was the only product isolated from the treatment
of p-methylstyrene with nitrosyl chloride (555). 8-Chlorostyrene and styrene
were the products obtained by treating «-hydroxy-8,8,8-trichloroethylbenzene
with zinc in alcohol (799).

When heated with concentrated alcoholic potassium hydroxide at 180°C. in a
sealed tube g-chlorostyrene yielded 8-ethoxystyrene (207, 227). This same result
has been effected with alcoholic sodium ethoxide (207) with a yield of 67 per cent
(197).

el CoH,CH—CHOC,H; + NaCl

(67 per cent)

CsH;CH=CHCI] + C,H;ONa

In the case of o-hydroxy-g-chlorostyrene boiling with alcoholic potassium
hydroxide produced benzofuran (404, 405).

. boiling
@CH—CHCI alcoholic KOH
OH

When o-amino-3-chlorostyrene was heated with sodium ethoxide at 160-170°C.,
indole was obtained (453). With o-methylamino-8-chlorostyrene, N-methyl-
indole and o-aminophenylacetylene were produced (454).

NHCH, _C0Na_ ﬂ NH,
CH=CHCI T130-140°C. C=CH

However, toward most hydrolytic agents B-chlorostyrene is comparatively
inert. Toward potassium hydroxide the order of ease of hydrolysis is as follows:
C:H;CCl=CHCl > CsH.CCl=CH, > C¢H;:CH=CCl, > C¢H;CH=CHCI;
toward piperidine: CsH;CCl=CHCI > C;H;CH=CHCl > CH;CCl=CH, >
C:H;CH=CCl,; and toward silver nitrate: CeH;CCl=CH, > CsH;CCl=CHCI >
C¢H;CH=CHC] > CH;CH==CCl, (559). At 41°C. the order of ease of
hydrolysis with alcoholic potassium hydroxide of the nitro-8-chlorostyrenes
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was: p-nitro > o-nitro > m-nitro> unsubstituted (150). At 81°C. the last two
were reversed. Which halogen atoms were removed was not determined.

Phenyllithium in ether solution dehydrohalogenated 3-chlorostyrene to give
a 70 per cent yield of phenylacetylene (782). With butyllithium the yield of
phenylacetylene was 82 per cent (781). The following mechanism was advanced,
since the ether solution, when treated with benzophenone before hydrolysis,
vielded 93 per cent of triphenylpropargyl alcohol:

CeHacECH
/
H,0,/
[CeH;C=CHL]]
N\
(CeHs)zCO\\
CeHsCECCOH(CsHs)Z

When heated with butyllithium in benzene at 50°C. for 22 hr., 8-chlorostyrene
yielded 20 per cent of phenylacetylene and 53 per cent of 3-butylstyrene.

When g-chlorostyrene was heated with hydrochloric acid at 170-180°C., the
product was B-phenylnaphthalene (40). With p-methyl-8-chlorostyrene or p-
methyl-8,8-dichloroethylbenzene and water at 170-180°C., the product was
2-(p-methylphenyl)-7-methylnaphthalene.

Pyrolysis of 8-chlorostyrene in a porcelain tube at 550-600°C. yielded hydro-
gen chloride and acetylene (209). Phenylacetylene was postulated as one of the
intermediates.

With nitrosyl chloride B-chlorostyrene yielded difficultly separable mixtures
(555).

C. a-Chlorostyrene chemistry

a-Chlorostyrene probably was first prepared by Laurent (435) in 1844 by treat-
ing styrene dichloride with potassium hydroxide. Shortly thereafter Blyth and
Hofmann (87) observed the same reaction. The correct structure for a-chloro-
styrene was first postulated by Friedel (237, 239, 240) in 1868, who prepared it
by treating acetophenone with phosphorus pentachloride. Generally the product
isolated was a mixture of a-chlorostyrene and «,a-dichloroethylbenzene. Treat-
ment of the latter with alcoholic potassium hydroxide yielded a-chlorostyrene.
In 1870 Glaser (269) prepared a-chlorostyrene by distilling styrene dichloride
from lime. He formulated the compound as the §-isomer. Erlenmeyer (204) later
showed this to be wrong, since the properties were the same as those of Friedel’s
a-chlorostyrene.

The preparation of a-chlorostyrene from styrene dichloride has been men-
tioned above and discussed in detail under the reactions of the latter compound.
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The commonest route to a-chlorostyrenes has been from the corresponding aceto-
phenones with or without the isolation of the intermediate o,a-dichloroethyl-

PCl; heat or

ArCOCH;4 KOH + C.H;0H

d ArCClchs ATCC].:CHg

benzene. If the reaction is conducted below 40°C., the dichloroethylbenzene is
the only product of the reaction (430, 431). By-products have included dypnone
(732) and w,w-dichloro-w-tetrachlorophosphinoacetophenone. A number of in-
vestigators (34, 103, 104, 449, 632) have prepared a-chlorostyrene by this method

TABLE 9
a-Chlorostyrenes from substituted acetophenones
SUBSTITUTED ACETOPHENONE YIELD OF a-CHLOROSTYRENE REFERENCE
per cent
p-Methyl............................. (39, 354)
- - 1 82 (762)
2,4-Dimethyl................ ... . ... \ 86 (276)
2,4,6-Trimethyl* [ 50 )
1% YU 78 (762)
2,8,4,6-Tetramethyl*. ................ 73 4)
(803)
p-Chloro............ ... ... .. ... { 60 (762)
p-Bromo................. ... (173, 803)
2,4,6-Trimethyl-8-bromo*............. | 63 )
0-NItro..... ..o (259)
p-Nitro..... .......... ... ... ... (166)

* In the case of 2,4,6-trimethyl, 2,3,4,6-tetramethyl, and 2,4, 6-trimethyl-3-bromo, 19,
22, and 11.5 per cent, respectively, of the corresponding phenacyl chlorides were isolated
as by-products (4, 5).

and have given yields of 54 per cent (174) to 91 per cent (531). The substituted
a-chlorostyrenes listed in table 9 also have been prepared in this way.

a-Chlorostyrene has been prepared in 70 per cent yield by treating a-chloro-
B-bromoethylbenzene with alcoholic potassium hydroxide at 0°C. (759). It is also
a by-product of the coupling of phenylacetylene (802).

CuCl, NH,Cl]

CeHaCECH HCI

ﬁCsHscEC—CECCGHs + CsHaCCl=CH2

a-Chlorostyrene and its homologs have been used primarily as intermediates
for the preparation of phenylacetylenes. This reaction was observed first by
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Friedel (237, 239, 240), who obtained phenylacetylene by treating «-chloro-
styrene or a mixture of a-chlorostyrene and «,a-dichloroethylbenzene with
alcoholic potassium hydroxide at 120°C. While such mixtures have been used,
most investigators have preferred to isolate the a-chlorostyrene before proceed-
ing with further dehydrohalogenation. The yields of phenylacetylene from «,a-
dichloroethylbenzene are low using aqueous potassium hydroxide (516), soda
lime (516), or red-hot sodium hydroxide (522), even though «,a-dichloroethyl-
benzene is more reactive toward potassium hydroxide than is 8,8-dichloroethyl-
benzene (558).

With a-chlorostyrene 38 per cent of the halogen was removed in 1 hr. by 24

TABLE 10
Phenylacetylenes from a-chlorostyrenes
SUBSTITUTED a-CHLOROSTYRENE REAGENT viewp | REFER
per cent

NaNH; in liquid NH; 49 (763)
p-Methyl.......................... Na in liquid NH;, 63 (761)
Alcoholic KOH 25 (354)
. NaNH. 70-72 | (276)
2,4-Dimethyl......ooe { NaNH: at 150°C. 75 | (762)
2,4,6-Trimethyl..................... NaNH,; at 150°C. 71 (762)

2,8,4,6-Tetramethyl................ C.H;ONa 4+ C.H:0H, 110°C. 65 4)
P-Chloro......oovviiiniiii i, 25% aleoholic KOH 36 (762)
p-Chloro™............ ... ... .. 25% alcoholic KOH (803)
p-Bromo*. .. ... ... ... 259%, alcoholic KOH (803)
p-Bromot......... ... 25%, alcoholic KOH 53 173)

2,4,6-Trimethyl-3-bromo........... C.H;ONa + C,H:OH 57 (5)

* From the monohalide and dihalide mixture.
t From the dichloride only.

per cent alcoholic potassium hydroxide at 80°C. and 78 per cent in 3 hr. by the
same reagent at 120°C. (174). Other investigators have used alcoholic sodium

CeH,CCl=CH, %ﬁ_, C:H,C=CH

ethoxide at 110-130°C. (37—43 per cent yield) (531) and sodium amide in liquid
ammonia (57 per cent yield) (763). In the former case a small amount of g-
ethoxystyrene appeared as a by-product (531). With sodium in liquid ammonia
the only product isolated was 15 per cent of ethylbenzene (761).

Substituted a-chlorostyrenes have been converted to the corresponding phenyl-
acetylenes by means of a variety of reagents (see table 10).
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In the presence of hot water (206) or hot aqueous acids, a-chlorostyrene is
hydrolyzed to acetophenone. With concentrated hydrochloric acid alone (60),
yields of 30 per cent (193) to 77 per cent (759) have been reported. With hydro-
chloric acid and metal halides the yields were 74-78 per cent (193) and with 80

CsHaCCl=CH2 ;;gfd_) CeHsCOCHs
(30-77 per cent)

per cent sulfuric acid at 60°C. 81 per cent (192, 197). With saturated aqueous
hydrochloric acid the reaction also has been reported to proceed with explosive
violence to give appreciable quantities of 1,3,5-triphenylbenzene. This com-
pound also has been prepared by treating a-chlorostyrene with boron fluoride
(479) and by heating «,a-dichloroethylbenzene with water (60).

When treated with nitrosyl chloride a-chlorostyrene yielded «,8,8-trichloro-
styrene and «,B-dichloro-g-nitrostyrene (555). a-Chlorostyrene reacted with

CoH.CCl=CH, N2CL ¢, H,CCl=CCL, 4+ CsH,CCl=CCINO,

alcoholic potassium cyanide at 200-220°C. to give in low yield a compound which
could be hydrolyzed with barium hydroxide to phenylsuccinic acid (632).
Besides the «,a-dichloroethylbenzene chemistry discussed in connection with
a-chlorostyrene it should be mentioned that «,a-dichloroethylbenzene also has
been obtained by chlorinating ethylbenzene in the sunlight (588). Treatment
with aqueous silver oxide yielded acetophenone. In the cold «,a-dichloroethyl-
benzene reacted with alcoholic potassium cyanide to give a-methyl-a-ethoxy-
phenylacetonitrile, some of whose chemistry follows (430, 431).

o
/CsHac COOH

heat I
CH, Baom), OC:Hs

CeHsCClzCHs + KCN + CszoH - CsHsCCN \
OC:Hs \|heat

coned.

HCI \CeH5C=CH2
OOH

D. More highly chlorinated styrene derivatives

As has been mentioned previously, 8,8-dichloroethylbenzene can be obtained
by treating phenylacetaldehyde with phosphorus pentachloride (40, 227). A
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number of substituted §8,3-dichloroethylbenzenes have been prepared by heating
1-methyl-1-dichloromethyl-4-methylenedihydrobenzenes.

CH, = heat
CH012>< >=CH2 _heat | CH3—©—CHZCHCIZ

The analogs prepared in this way include p-methyl- (37), 2,4-dimethyl- (41),
3,4-dimethyl- (41), 2,4,5-trimethyl- (41), 2-chloro-4-methyl- (32), 2,6-dichloro-
4-methyl- (32), and 2,4-dimethyl-6-chloro- (32). «,p-Dimethoxy-8,3-dichloro-
ethylbenzene has been obtained by treating «,p-dimethoxy-8,8,8-trichloro-
ethylbenzene with zinc and acetic acid (501).

The conversion of these compounds to S-chlorostyrenes has been mentioned
previously. Otherwise they are quite inert. Treatment of p-methyl-3,8-dichloro-
ethylbenzene with chromic acid in acetic acid yielded p-(8,8-dichloroethyl)-
benzoic acid (40). This was reduced to p-ethylbenzoic acid with sodium and
alcohol.

HCI H@ H, — C10s _
CHCLCH. O —Hcoom
CHClzCH2©COOH __Na__, CHsCH2©COOH
C.H:0H

Meldrum and coworkers have described a large number of compounds as de-
rivatives of 8,8-dichloroethylbenzene which they obtained by treating 8,8,8-
trichloro-a-hydroxyethylbenzenes with zinc and acetic acid. In 1940 Dharwarkar
and Alimchandani (160) showed that all of these compounds are actually 3, 8-
dichlorostyrenes. This is not surprising, since as early as 1897 Biltz (84) showed
that 3,8-dichlorostyrene was one of the products obtained by treating benzene
with chloral in the presence of aluminum chloride. Very shortly thereafter the
acetates of 3,8,8-trichloro-a-hydroxyethylbenzene (800) and o-methoxy-3,83,8-
trichloro-a-hydroxyethylbenzene (437) were treated with zinc to give 90 per cent
and 80 per cent, respectively, of the corresponding 8,8-dichlorostyrenes. In the
latter case a little of the acetate of the corresponding 3,8-dichloro-a-hydroxy-
ethylbenzene also was isolated.

OCH, OCH, OCH,
CHCCI _In, CH=CCl, + @CHCHClz
OCOCH; OCOCH;

(80 per cent)

In 1905 Dinesmann (163) obtained @B,3-dichlorostyrene by treating 3,8,83-
trichloro-a-hydroxyethylbenzene with zinc and acetic acid. 3-Carboxy-4-
hydroxy-8,8-dichlorostyrene has been prepared similarly (133).

Dharwarkar and Alimchandani used the following reactions to prove the
structures of their 8,3-dichlorostyrenes:
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O\ﬁCI
HOOC CH

50% NaOH | 95°C.

0
N \?HCCh . OH
—_—
HOO O\ 0 CH:,COOH  HOOC\_/CH=CCI,
CH
| (36 per cent)
CCl;
/ N\
d. H,S0,
.// coned. Hy \\
OCOCH,; OH
HOOC CH=CCl, HOOC CH,COOH
COOH
/! =
/%% C=CCl
COOH COOH /NgOH OCH;
Zn /" boil (47 per cent)
_—
CHOHCCl, CH:COOH CH=CCL \
concd.
OCH; OCH; NS0, COOH
N
CH.COOH
OCH;

(71 per cent)

Besides the 2-hydroxy-5-carboxy- and 2-methoxy-5-carboxy-3,3-dichlorostyrenes
shown above, the 3-carboxy-4-hydroxy- (86 per cent yield), 3-carboxy-4-methoxy-,
2-carboxy-4-hydroxy-, and 2-carboxy-4-methoxy- analogs also were prepared.
Both the 2-hydroxy-5-carboxy- and the 3-carboxy-4-hydroxy-8,8-dichloro-
styrenes were converted to the corresponding phenylacetic acids by means of
concentrated sulfuric acid. These two styrenes also were acetylated and were
converted to the methoxy compounds with methyl sulfate. 3-Carboxy-4-methoxy-
B-chlorophenylacetylene was prepared from the corresponding 3,8-dichloro-
styrene by treatment with hot aqueous sodium hydroxide.
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B,8-Dichlorostyrenes formulated as 8,8-dichloroethylbenzenes, which were
prepared by Meldrum and coworkers, are listed in table 11. These 3,3-dichloro-
styrenes were prepared by treating the indicated starting compound with zinc
and acetic acid.

A number of 3,3-dichlorostyrenes, formulated as 3,3-dichloroethylbenzenes,
were converted to the corresponding phenylacetic acids, as shown in table 12.

Other than the reactions described above with concentrated sulfuric acid and
with hot alkali, Meldrum and coworkers found these compounds to be surpris-
ingly inert. Thus 2-carboxy-4,5,6-triacetoxy-8,8-dichlorostyrene was easily
deacetylated by means of sulfuric acid in methanol (502). 2-Carboxy-4-methyl-
6-hydroxy-3,8-dichlorostyrene was acetylated with acetic anhydride containing
sulfuric acid (503). 3-Carboxy-4-methoxy-83,3-dichlorostyrene yielded a methyl
ester, amide, anilide, and p-toluidide (321). It was demethylated with hydriodic

CH30©CH=0012 _HI HO©0H=0012
HOOO HOOG

acid. Treatment with aqueous sodium hydroxide at 165°C. was reported to
yield 3-carboxy-4-methoxyphenylacetaldehyde.

Besides the route from 8,3,8-trichloro-a-hydroxyethylbenzene, 3,3-dichloro-
styrene has been prepared by treating «,8,8-trichloroethylbenzene (from g-
chlorostyrene and chlorine) with alcoholic potassium hydroxide (85). p-Methyl-
8,B8-dichlorostyrene has been prepared similarly from p-methyl-8,8,8-trichloro-
ethylbenzene (38, 815).

DK —

CCls

boiling

Hcd _ YCH.col  etelie, geod  ScH=00l

a,2-Diacetoxy-5-carboxy-8,3-dichlorostyrene was obtained by treating 2-
hydroxy-5-carboxy-8,8-dichloroacetophenone with acetic anhydride and sodium
acetate (138).

HOOC HOOC ?COCHs
(CH;CO0),0 —
COCHCL  —H.cooxa” L __ye=con
OH OCOCH;

8,8-Dichlorostyrene adds chlorine or bromine (85). With alcoholic potassium
hydroxide at 100°C. the chief product (41 per cent yield) was S-chlorophenyl-
acetylene along with some §8-chloro-g-ethoxystyrene (531). The latter compound
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TABLE 11

Preparations of 8,8-dichlorostyrenes

STARTING COMPOUND

8,8-DICHLOROSTYRENE OBTAINED

YIELD

REFERENCE

CHCCl,
H,C / \0

CHCCl,
HOOC 0]

CH;

CHOHCCI;
(CHCICCly)
CH,0

COOH
0—0—0
CHCCl;

OH
CH:

0=C—0
7 N\CHCCl;

CHiO\
CH;

H,C CHCClI,
>0
HO C=0

CH,COOH

cmcoo@clzﬂcm:

OCOCH;

CeH:iC 00@0}10013

I
0COC:Hs

OCOCH,

CH,;COO CHCCI;

OCOCH;,

H:C CH=CCl,
OH
COOH
CH,
CH=CCl,
CH,0
COOH
COOH
CH=CCl.
OH
CH,
COOH
CH=CCl,
CH,O
CH,
Hsc CH=C Clz
HO C0o0H
CH.COOH

CH,C 00©CH=C Cle
CoH5000©0H=CCIz

OCOCH;

CH,COO CH=CCl,

er cent

(4)

(498, 499)

(500)

(500)

(500)

(501)

(501)

(501)
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TABLE 11—Continued
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STARTING COMPOUND

8,8-DICHLOROSTYRENE OBTAINED

YIELD

REFERENCE

OCOCH;
CH,CO00 CHCCI,

I
CCLCH  {cocm,

OCOCH;

OCOCH;
C:H,COO CHCCl,

|
CCLCH  Gcoc.Hs

OCOCH;

CH;COO

CH;COO0 CHCCI;

>0
CH;CO0 co

OH
HO” \CHCCI,
| >0
HOY_ /CO
CH,COOH
CH.O
CH;0¢” \CHCCI;
>0
CH,0\._ /CO
CH,O0
CH;0¢” \CHCCl,
| >0
CH;0\y_/CO
CH,COOH

CH;0
CHCCI;
>0
CH;0 co

HO
CHCCI,
>0
H,C co

OCOCH;
CH,;CO0 CH=CCl;

CCl=CH

OCOCH;
CeH;:C00¢  SCH=CCl,

CCl,=CH

CH;COO

CH,COO CH==CCl;

CH;COO CO0OH

OH

HO CH=CCl,

HO COOH

CH,COOH

<>

CH,;0

CH;0 CH=CCl,

CH,0 CooH

<>

CH;0

CH,;O0 CH=CCl,

CH,;0 COOH

CH,COOH

<D

CH;0
CH=CCl,

CH;O COOH

S

H
CH=CCl.

H,C COOH

<>

per cent

75

(501)

(501)

(502)

(502)

(502)

(502)

(502)

(503)
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TABLE 11—Continued

STARTING COMPOUND

8,8-DICHLOROSTYRENE OBTAINED

YIELD

REFERENCE

CHOHCCI,

CH,O CooH
CH,COOH

CH,O

CHCCl,
=0
co

CH,COOH

H,C

<>

CH,;0
HOOC

)

CHOHCCI,

HO CHCCI,;

)

&

C
I
0

CH,0 CHCCl,

o=

HOOC CHOHCCI,

OCH,

<>

CH,
CH=CClI,

HO CO0OH

CH,;O
CH=CCl,
COOH

CH==CCl,
CH,0 CO0OH
CH=CCl,
CHa

COOH
CH.COOH

CH;0
CH=CCl,
CooH
CH,COOH

CH,;0
HOOC

H0©0H=C Cle
COOH

CH,0
CcooH

HOOC CH=CCl,

OCH,

CH=CCl,

CH=CClI,

per cent

75

70

67

33

69

(503)

(503)

(503)

(508)

(503)

(321)

(321)

(321)

(321)
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Phenylacetic acids from B,B-dichlorostyrenes
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8,8-DICHLOROSTYRENE

PHENYLACETIC ACID OBTAINED

BEAGENT

YIELD

REFER-
ENCE

HOOC =CCl,

CH,0

COOH

CH=CCl,

CH=CCl,
CH,0\_ ,/CO0H
H,C¢” \CH=CCl,
HO_/COOH

CH,COOH

CH;CO00

CH,COO CH=CCl.

CH,CO00 COOH

CH;COO

CH,CO0O CH=CCl.

CH,CO00 COOH

CH;COOH

CH,0

CH,0 CH=CCl,

CH,0 COOH

CH,O

CH;0 CH=CCl,

CO0OH
CH,COOH

CH,;0

HOOC CH,COOH
CH,0
CooH
H;C CH.COOH
OH
CH,COOH
CH;O COOH
H,C CH.COOH
HO CO0OH
CH,COOH
OH
HO CH,COOH
HO COOH
OH
HO CH.COOH
HO COOH

CH,COOH

CH;O

CH,;O CH,COOH
CH,O0 COOH
3

H,0

C
CH,O CH.COOH
CH;0 COOH

CH.COOH

Concentrated H.S0,

Concentrated H.SO,

Concentrated H,S0,

Concentrated H,SO,

Concentrated H,SO,

Concentrated H.SO,

Concentrated H,S0,

Concentrated H.S0,

Dercent

(499)

(500)

(500)

(500)

(502)

(502)

(502)

(602)
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TABLE 12—Continued

8,B-DICHLOROSTYRENE PHEENYLACETIC ACID OBTAINED REAGENT YIELD xg;f;‘
percent
CH;CO0O OH Concentrated H2S0: (502)
CH=CClI, CH,COOH
CH,COO COO0OH HO COO0OH
OH OH Concentrated H,SO, (503)
CH=CCl; CH.COOH
3C COOH H;C COOH
CH;0 CH;0 Concentrated H,SO, 82 | (503)
CH=CCl. CH.COOH
COOH CcCOo0H
Concentrated H.SO, 82 | (503)
=CCl, CH,COOH
CH;0 COOH COOH
Concentrated H.SO, 68 | (503)
H——CClz CHzCOOH
CH,O COOH CH,O0 COOH
CH,COOH CH,COOH
./ \CH=CClL, cH.coon | KOH, 250-260°C. (14)
OH
COO0OH COOH
CH=CCL, CH,COOH KOH, C.H,0H (87)
OCH, OCH;

was obtained from the acetylene by treatment with alcoholic sodium ethoxide
or potassium hydroxide.

KOH

CeHsCH=CClg —C-zl'fO—H

CsHsC——CCl + CeHaCH=CClOCzH5
l KOH or C,H;ONa T

C:H:OH
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In 1877 Dyckerhoff found that treatment of phenacyl chloride with phosphorus
pentachloride yielded «,«,S-trichloroethylbenzene, which deécomposed on dis-
tillation to give a,B-dichlorostyrene (179, 180). The compound added chlorine

CeH;COCH,CI + PCl; — POCl, + CeH,CCLCH,C1 ds4llation, v cc1—CHCI

and bromine, but did not react with alcoholic potassium cyanide (180). The study
of these compounds was extended in considerable detail by Kunckell and co-
workers.

Most «,B-dichlorostyrenes have been prepared by treating the corresponding
phenacyl chloride with phosphorus pentachloride, as shown above. The com-
pounds thus prepared are listed in table 13.

The following divinyl compounds also were prepared (423): 4-methoxy-
1,2-di(«,B-dichlorovinyl)benzene, 2,4 ,6-trimethyl-1,3-di(«,8-dichlorovinyl)ben-
zene, 2,4,6-triethyl-1,3-di(e,8-dichlorovinyl)benzene, and 4,4’-di(«,8-dichloro-
vinyl)phenyl ether. When p-methoxyphenacyl chloride was heated with phos-
phorus pentachloride over a free flame, some ring chlorination also occurred.

CH30©COCH201 PCls_,
cl

cl
CH30©001=CHCI + CH30©CCI=CHCI
¢l orCl

The same reaction was observed with 3,4-di(chloroacetyl)anisole.

cl
cmo@cocmm _PCL | oH,0 CCl=CHCI
COCH,CI ST CCI=CHCI

a,B-Dichlorostyrene has been prepared by treating «,S-diiodostyrene with
mercurous chloride (550). 2-Methoxy-5-carboxy-a,8-dichlorostyrene and 2-
methoxy-5-nitro-a,3-dichlorostyrene have been obtained from the correspond-
ing «,8,B-trichloroethylbenzenes (prepared by treating anisic acid and p-nitro-
anisole, respectively, with dichloroacetaldehyde in the presence of sulfuric and
hydrochloric acids) by treatment with alcoholic potassium hydroxide (137).

HOOC

CHCI1.CHO
—
HCI, H:80,
GCH,
HOOC HOOC
CHCICHCI, —20H CCl=CHCI
?  (C,H:0H T

CH; OCH;
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3-Carboxy-4-methoxy-a,3-dichlorostyrene was produced by treating 3-carboxy-
4-methoxy-g8-chlorophenylacetylene with hydrogen chloride in chloroform solu-
tion (160).

COOH COOH
CH,0 Hoo  CHsO
—_
c=ccl CHCL CCl=CHCI

When «,B-dichlorostyrenes are treated with alcoholic potassium hydroxide,
B-chlorophenylacetylenes are produced.

KOH
ArCCl=CHCI o ArC=CCl
The following substituted 8-chlorophenylacetylenes have been prepared in this

way: p-methyl- (423, 424), 2,5-dimethyl- (423, 424), p-ethyl- (425), p-isopropyl-

TABLE 13
a,B-Dichlorostyrenes from phenacyl chlorides

a,3-DICHLOROSTYRENE REFERENCES
P-Methyl. .. oo s (424, 803)
p-Methyl (65 per cent yield).................. .. ...l (423)
2,4-Dimethyl..... ..o (423, 424)
2,5-Dimethyl. ... (423, 424)
3-Chloro-4-methyl...........cooi i (424)
P-Ethyl. (423, 425)
P-IS0Propyl. . .o (423, 425)
2,4,6-Trimethyl......... ..o (425)
2-Methyl-5-is0propyl. .. ... oo (423, 425)
P-MethoXRY . ..o (421, 423)
2-Bromo-5-methOxy. .........cooiiiiii (423)
P-EthORY . oo (423)
2-Methyl-5-methoxy. ... ..ot (423)
2,4-DimethOxy. .. oo (423)
2,4,6-Triethyl... ... e (423)

(425), 2,4,6-trimethyl- (425), 2-methyl-5-isopropyl- (425), p-methoxy- (422)
in 10 per cent yield (423), 2-methyl-5-methoxy- (423), and 2,4-6-triethyl- (423).
When «,3-dichlorostyrenes are treated with sodium in ether, phenylacetylenes
are produced. This method has been used for the preparation of the following

2, ArC=CH

N
ArCCl=CHCI ther

phenylacetylenes: p-methyl- (423, 424, 803), p-ethyl- (423, 425), p-isopropyl-
(423, 425), 2,4,6-trimethyl- (425), 2-methyl-5-isopropyl- (423, 425), p-methoxy-
(422, 423), 2-methyl-5-methoxy- (423), and 2,4,6-triethyl- (423).
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With phenylhydrazine or N-methyl-N-phenylhydrazine p-methyl-«,s-di-
chlorostyrene yielded the corresponding bisphenylhydrazone of phenylglyoxal
(426).

H.C{ __HCOCI=CHCI + 3C.HNHNH, —

HsC@(”JCH=NNHCeH5

NNHC:H;

With ammonia both «,3-dichlorostyrene and p-methyl-a,3-dichlorostyrene gave
a symmetrically substituted pyridazine (427).

N

7 "\
180-200°C. CeHs(f (”]H
12-18 hr. HC CCeHs
AN
N

CeHs;CCl=CHCI] 4+ NH;

2-Methoxy-5-nitro-«,3-dichlorostyrene added chlorine to give 2-methoxy-5-
nitro-a,a,3,3-tetrachloroethylbenzene (137). Treatment of this latter compound
with alcoholic potassium hydroxide yielded 2-methoxy-5-nitro-«,8,3-trichloro-
styrene. «,8,B8-Trichlorostyrene itself has been prepared from gB,8-dichloro-
styrene by a similar series of reactions (85). The same method has been used for

CoHs CH=CCl, ——2— C3H;CHOICCl; —2B _—, O4H;CCl=CCl,

CHCI, C.H;OH

the¥preparation of 2-methyl-4-methoxy-5-carboxy-a,8,8-trichlorostyrene (499)
and 2-methoxy-5-nitro-«,3,5-trichlorostyrene (136). In these two latter cases
the «,3,8,8-tetrachloroethylbenzenes were obtained from the «-hydroxy-
8,8,8-trichloroethylbenzenes by treatment with hydrogen chloride and sulfuric
acid.

a,f3,B-Trichlorostyrene also was one of the products of the reaction between
benzoyl peroxide and tetrachloroethylene (616). It was the principal product

110-115°C.
(CeHaCOO)z + CzClq, d CsHsCl + 2002 + CeH5CCl=CClz

(27 per cent yield) when pentachloroethylbenzene and hydrogen fluoride were
heated in an iron vessel (772, 773). Some fluorodichlorostyrene (14 per cent)
also was obtained. In a nickel vessel the trichlorostyrene was the by-product
and the principal product was 65 per cent of difluorotrichloroethylbenzene (772).

a,B,B8-Trichlorostyrene adds both chlorine and bromine, although the re-
actions are quite slow (85). The preparation of many of the side-chain chlorinated
derivatives of p-chlorostyrene has been described recently (786a).
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IV. BROMINATED DERIVATIVES
A. Addition of bromine

Probably the most widely used reaction for the characterization of styrene
and substituted styrenes is the addition of bromine. The reaction proceeds easily
and the dibromides thus obtained are crystalline solids with characteristic melting
points.

RCH=CH; 4+ Br, — RCHBrCH,Br

Styrene dibromide was first prepared by Kopp in 1844 (411). In 1845 Blyth and
Hofmann (87) also added bromine to styrene. This reaction was reported by all
of the earlier investigators: Erlenmeyer (1866) (203), Swarts (1866) (722),
Berthelot (1866—-68) (72, 75, 76, 77, 78, 80), Friedel (1868) (238), and Glaser
(1870) (269). The alternative preparation by the bromination of ethylbenzene
was first mentioned by Thorpe in 1871 (739) and by Radziszewski in 1873 (589).

Since these early reports the addition of bromine to styrene has been described
in numerous articles. (These include the following references: 31, 63, 105, 117,
175, 177, 181, 214, 215, 222, 253, 256, 283, 320, 392, 513, 543, 569, 629, 640, 645,
691, 710, 797, 811.) Many inert solvents have been used, but the best conditions
seem to be an ether solvent at 0°C. (98 per cent yield) (214) or —10°C. (quantita-
tive yield) (177), a chloroform solvent in the cold (theoretical bromine absorp-
tion) (253), or a liquid sulfur dioxide solvent (theoretical yield) (628a, 629). If
properly conducted, the addition evidently is quantitative.

The addition of bromine to styrene is practically instantaneous (535) and the
heat of the reaction has been measured (459). The kinetics have been studied,
although in glacial acetic acid solution the addition is too fast for detailed
measurements (749). The reaction has been included in several studies of com-
petitive bromine addition (22, 345). In the presence of oxygen some of the latter
element also is absorbed (89). The products were styrene dibromide and an un-
identified oil.

In methanol solution side reactions occur and the addition is not complete.
Bromine absorption has been shown to be 85 per cent of theory (254). Under the
same conditions (bromine and sodium bromide in methanol) another investigator
found the products to be 50 per cent styrene dibromide and 50 per cent bromo-
styrene, together with some hydrogen bromide (356). Some addition of the
methoxyl radical also has been observed (490).

Unlike the chlorination, the bromination of ethylbenzene in the dark at its
boiling point gives primarily styrene dibromide (661). In the light «,a-dibromo-
ethylbenzene is obtained. The first bromine enters the a-position. This bromina-

B: B
CeH,CH,CH, — CsH,CHBrCH; — C¢H,CHBrCH,Br

tion of ethylbenzene or of a-bromoethylbenzene has been utilized by several
investigators for the preparation of styrene dibromide (26, 105, 242, 308, 811;
in 90 per cent yield, 113).
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Styrene dibromide constituted 20 per cent of the product obtained by treating
styrene with bromine chloride (759).

C+H,CH=CH, + BrCcl] ——%C-,

C:H;CHCICH.Cl + C¢H;CHCICH,Br + C¢H;CHBrCH,Br
(65—70 per cent) (20 per cent)

It has been obtained by treating styrene with N-bromoacetamide in acetone
solution (783) and has been reported as a by-product of the reaction between
phenylacetylene and hydrobromic acid in acetic acid solution (733).

CeH;
_ HBr .
C¢:H;C=CH W C=CHCOCH; +
CH;

CsHsCOCHs + CGHE,CHBTCHzBI‘

Treatment of styrene oxide with phosphorus pentabromide gave styrene di-
bromide (743).

As shown in table 14 a great many nuclear-substituted styrenes have been
characterized as their dibromides.

The o- (158), m- (158), and p-divinylbenzenes (342, 445) all add two molecules
of bromine to give the corresponding tetrabromides. v. Braun and Engel (112)
reduced 5-methyl-1,3-phenylenediacetonitrile with sodium in alcohol and pyro-
lyzed the quaternary methylammonium hydroxide obtained from the resulting
amine. The unsaturated hydrocarbon thus produced added bromine.

p-Methylstyrene dibromide also has been prepared by brominating p-methyl-
a-bromoethylbenzene in the dark (662). In the presence of light the product was
p-methyl-a,a-dibromoethylbenzene. Similarly, both o- and p-bromostyrene
dibromides were prepared by brominating the corresponding ethylbenzenes in
the absence of light.

p-Methoxystyrene dibromide also has been obtained in 68 per cent yield by
allowing anisole and «,B-dibromoethyl ether to stand in glacial acetic acid solu-
tion for 5 days (584). The reaction was applied with equal success to phenyl

CH:COOH
OCH H,OCHBrCH,Br CH:COOH
@ CHs + CHOCHBIOmBr e aye”

CH30©CHBrCH2Br

ether, phenoxyacetic acid, and veratrole. In all three cases the dibromoethyl
group appeared in the position para to the functional group already present, and
in phenyl ether two dibromoethyl groups were introduced.

In the case of 3,4-methylenedioxystyrene dibromide further treatment with
bromine introduced a third bromine atom (549).

When vinylphenols are treated with bromine, not only does bromine add to
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TABLE 14
Substituted styrene dibromides
SUBSTITUTED STYRENE REFERENCES
m-Methyl.. ... ... . (525, 750)
P-Methyl. .. oo (24, 117, 256, 302, 645, 662, 750)
2,5-Dimethyl........... ... (392, 483)
3,5-Dimethyl........... ... (483)
2,4,5-Trimethyl...... ... ... o (391)
o-Ethyl .. . (246)
p-Ethyl. .. (256, 392)
Isopropyl. . oo (551)
P-Isopropyl. ... (392)
P-FIUOTO. .. o (229)
Chloro. ...t e e (544)
p-Chloro.......ccoviiv i e (215)
8,5-Dichloro. .. v ove (482)
2,8,4,5,6-Pentachloro...................... .. ..., (341, 446)
Bromo....... ... (544)
P-Bromo.... ... e (579, 662, 809)
o-Bromomethyl......... ... ... . . (110)
o-Nitro.................... T (183)
M-NITO. . (404, 567)
P-NItro. ... (56, 283, 317, 404)
2-Nitro-4-isopropyl............ .. ... i (185)
p-Dimethylamino.................. .. il (111)
o-Dimethylaminomethyl................. ... . ... .. ... (188, 217)
Mm-CYano........c. (778b)
M-CarboXy. ... .. oo (404)
0-MethoXy.......o ot (586)
m-Methoxy........... ... i (234)
P-MethoXy.. ...\t (551, 742, 758)
8-Nitro-4-methoxy. ...« (184)
P-PhenoXy. ......ovriiiiiii i (234)
3,4-Dimethoxy..... ... i (54, 234, 474)
8,4-Methylenedioxy. ... ... ... ..o (54, 474, 549)
8,4-Carbonyldioxy............ o (548, 549)
3-Methoxy-4-2et0XY. . ... cvviiii i (619)

the double bond, but the reactive positions in the ring also are substituted. Thus,
treatment of o-vinylphenol yielded 2-hydroxy-3,5-dibromostyrene dibromide
(247, 248, 686).

Br
< NcH=CH, B, @CHBrCHgBr Br:_
~TOH

Br OH

Br

QCHBrCHBrz
Br H
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Further treatment with bromine yielded 2-hydroxy-«,8,8,3,5-pentabromo-
ethylbenzene, When the reactive 3- and 5-positions were blocked, as in 2-hy-
droxy-3,5-dimethyl- (6) and 2-hydroxy-3,5-dibromo-styrenes (248), addition
proceeded normally to give the corresponding styrene dibromide.

With 3-hydroxy-4-isopropylstyrene a tribromide (probably «,8,2-tribromo-
4-isopropyl-5-hydroxyethylbenzene) was obtained (117). Precipitates also have
been observed in the case of 3-hydroxy-4-ethoxy- (359) and 3,4-dihydroxy-
styrenes (428).

Treatment of 2,3,5-tribromo-4-hydroxystyrene with bromine yielded the
expected styrene dibromide (816). The compound also was prepared in 40-50
per cent yield by treating p-ethylphenol with a large excess of bromine, by bro-
minating the ethyltribromophenol, and by adding hydrogen bromide to the
quinoid and normal forms of the corresponding 8-bromostyrene.

Br Br
HO©0H=CH2 Bn HBr HO CH=CHBr
Br Br N v Br Br
Br
HO C.Hs -2, HO .CHBrCH,Br
Br Br
Br Y LN Br
HO@CgHs /Brs HBr\ o=<j=CHCHzBr
Br Br Br Br

Further bromination of the ethylphenol (75 per cent yield), ethyltribromophenol
(70-80 per cent yield), or tribromostyrene dibromide gave «,8,8,2,3,5-hexa-
bromo-4-hydroxyethylbenzene. Bromination of 2,3,5,6-tetrabromo-4-hydroxy-
ethylbenzene gave a low yield of 2,3,5,6-tetrabromo-4-hydroxystyrene
dibromide. Under more extreme conditions «,8,8,2,3,5,6-heptabromo-4-hy-
droxyethylbenzene was obtained in 80-85 per cent yield.

Styrenes substituted in the side chain also add bromine, Dibromides have been
obtained from g-chloro- (85, 719), 8,8-dichloro- (85), «,8,8-trichloro- (85), and

CGH5CH=CC].2 + BI‘2 - CeHaCHBI‘CClzBI‘

p-bromo-a-chlorostyrenes (173). 3,4-Dimethoxy-8-bromostyrene added bromine
quantitatively (474), and bromine addition was observed with 3,2,3,5-tetra-
bromo-4-hydroxy- and 8,2,3,5,6-pentabromo-4-hydroxy-styrenes (816).

a-Ethoxystyrene reacted instantly with bromine (508), and an unstable di-
bromide was obtained from B-phenoxystyrene (710). Treatment of a-phenoxy-
styrene with bromine gave only tar (635). a-Acetoxystyrene added bromine (479).

Besides @-nitrostyrene itself (199, 200, 571, 737), the substituted B-nitro-
styrenes listed in table 15 have been shown to form dibromides.

In the case of 2,4-dimethoxy-B-nitrostyrene the first product isolated was
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2,4-dimethoxy-5-bromo-3-nitrostyrene, which then reacted further to form the
dibromide (608). .

Br
CH30©CH=CHN02 —61]-31%1‘,“* 0H,0¢  SCH=CHNO, Bo,
OCH; cold OCH;
Br
CHsO@CHBrCHBrN02

OCH;

The addition of bromine to 3-nitrostyrene was very much slower than the addi-
tion of bromine to styrene (749). This reaction also was catalyzed by sulfuric
and by hydrobromic acids.

TABLE 15
Dibromides of B-nitrostyrenes
B-NITROSTYRENE YIELD REFERENCES
Der cend

O-Nitro........co i (45, 571)
M-NItrO. oo (45)
P-NItro. ... (571)
3-Nitro-4-methoxy............c...covenin. (184)
0-Methoxy. ... 90 (608)
p-Methoxy......oovvii i (608, 627)
3,4-Dimethoxy........coviiiiiiieiinnennn., (608)
2,3,4-Trimethoxy..........c.coveiiineea.. (608)
3,4-Methylenedioxy......................... (530, 608, 627)
p-Methyl..........oi (790)
O-FIuoro. ... e (795)
0-Chloro.........ovv i (791)
2-Chloro-5-nitro.........c.cooove i, (791)
2-Bromo-5-nitro.........ocviiii i (794)
2-Todo-5-nitro............cov i (793)

Styrene dibromide has been hydrolyzed to styrene bromohydrin in 59 per cent
yield by heating for 6 hr. at 90°C. with an aqueous suspension of calcium car-
bonate (330). The same reaction has been effected in the case of p-methoxy-
styrene dibromide (758) and 2,3,5-tribromo-4-hydroxystyrene dibromide (816).

While no bromohydrin was obtained in attempts to hydrolyze 3-methoxy-4-
acetoxystyrene dibromide (619), the hydrolysis of 3,4-dimethoxystyrene dibro-
mide (54) by means of aqueous acetone proceeded in nearly quantitative yield
(474). The hydrolysis of 3,4-methylenedioxystyrene dibromide similarly was
effected (54, 497) in good yield (474). In the case of 3,4-carbonyldioxystyrene
dibromide the yield of bromohydrin was 90 per cent (549).
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0 CHBrCH,Br 20, O@CHOHCHgBr
OCLO acetone OCLO

Replacement of the a-bromine atom by alkoxy and acyloxy groups has been
effected similarly. Thus, when heated in methanol solution p-methoxystyrene
dibromide (584), 3,4-dimethoxystyrene dibromide (474, 584), and 3,4-methyl-

h
CH30©CI{BrCH2Br o~ CH:O @CHCHgBr

OCHs

enedioxystyrene dibromide (474) all yielded methyl ethers of the corresponding
bromohydrins. The reaction proceeded in the same fashion with 2-hydroxy-3,5-
dibromostyrene dibromide (248) and 2,3,5-tribromo-4-hydroxystyrene di-
bromide (816). The latter bromohydrin ether also was prepared by adding meth-
anol to the quinoid form of the corresponding 8-bromostyrene. When o-methoxy-

Br
HO@CHBrCHzBr _ heat |
CH;0H
Br Br
@CHCHgBr CHOR_ O—@-CHCHgBr
Br BrOCH Br Br

styrene dibromide was treated with an ethanol solution of potassium cyanide,
the product was the ethyl ether of o-methoxystyrene bromohydrin (586).

Treatment of 2,3,5-tribromo-4-hydroxystyrene dibromide with sodium ace-
tate in hot acetic acid gave the corresponding bromohydrin acetate (816). Here
again the compound was prepared by adding acetic acid to the quinoid form of
the corresponding B-bromostyrene.

Br
HO@CHBrCHzBr _CH,COONa
CH;COOH
Br Br

Br OCOCH; Br

| Br__
HO@CHCHgBr ~CHCOOH_ O—®=CHCH2Br
Br Br Br Br

When 2-hydroxy-3,5-dibromostyrene dibromide was heated with sodium acetate
and acetic anhydride, not only was the hydroxyl group acetylated, but the a-
bromine atom also was replaced by the acetoxyl group (248). Treatment of the
same dibromide with sodium acetate and acetic acid gave an acetoxydihydro-
coumarone.
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B OCOCH.
CHCHzBI‘

CH,COONa
(CH:C0):0,/ Br OCOCH;
Br
CI’IBI'CHzBI‘
Br OH \
CH;COONa
CH,CO0H N 5§ CHOCOCH;,
O/CH2
Br
This same type of ring closure has been effected with the bromohydrin ether.
Br (I)CHs Br CHOOCH,
CH;COONa
CHCH,Br CH.COO e
Br OH Y/

The conversion of both bromine atoms in styrene dibromide to hydroxyl groups
has been effected both directly and indirectly by means of a number of reagents.
Zincke and Breuer (120, 810, 811) tried a wide variety of combinations, including
silver nitrate in acetic acid, potassium acetate in acetic acid, potassium acetate
in ethanol, silver benzoate in ethanol, silver acetate in ethanol, silver acetate in
acetic acid, silver benzoate in toluene, and aqueous potassium carbonate. In
all cases a mixture of styrene glycol, the corresponding ester, a-bromostyrene,
and tar was obtained. The combined yield of glycol and ester varied between
5 per cent and 31 per cent except in the case of silver benzoate and toluene, where
50 per cent of styrene glycol dibenzoate was isolated.

Evans and Morgan (214) obtained 47 per cent of styrene glycol by boiling
styrene dibromide for 3 days with aqueous potassium carbonate. A 97 per cent
yield of the diacetate was produced by treating the dibromide with lead acetate
in boiling acetic acid. This diacetate was hydrolyzed to the glycol in 64 per cent
yield with dilute sulfuric acid, 74 per cent yield with aqueous calcium carbonate,
and 90 per cent yield with aqueous potassium carbonate. This lead acetate-
potassium carbonate method has been utilized subsequently (543). p-Bromosty-

CoH,CHBrCH,Br —CHCO0FL, ¢ 1, CHOH,0COCH, —Siob
2
COCH,
CsH,CHOHCH, OH

rene dibromide was hydrolyzed to p-bromostyrene glycol by means of aqueous
potassium carbonate (662). The bromine in styrene dibromide has been deter-
mined by boiling the compound with potassium hydroxide in benzyl alcohol,
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diluting with water, and then titrating the halide ion with silver nitrate (647).

In 1845 Blyth and Hofmann (87) observed that treatment of styrene dibromide
with alcoholic potassium hydroxide removed a molecule of hydrogen bromide.
Subsequently this preparation of a-bromostyrene has been employed by a num-
ber of investigators (31, 238, 242, 269, 722, 733) to give yields as high as 85 per

KOH
CeHsCHBI‘CHzBI‘ C—szoH_) CeH5CBI‘=CH2

cent (105). Styrene bromohydrin ethyl ether has been observed as a by-product
(733). This same reaction has been effected by heating styrene dibromide with
water at 190°C. (589).

TABLE 16
Phenylacetylene from styrene dibromide
REAGENT YIELD REFERENCE
per cent
Sodium amide.............. ... ... 70 (102)
Potassium hydroxide........................ 40-50 (102)
Sodium amide.............................. 40-60 (105)
Sodium amide in toluene.................... 62 (105)
Sodium amide in kerosene.................. 40 (105)
Sodium amide................... ... o0 64 (763)
Sodium in liquid ammonia................... 66 (761)
Sodium aniline.............. ... L, 45 (90)

When styrene dibromide vapors were passed over calcium oxide at dull red
heat, phenylacetylene was obtained (589). This reaction has been effected in
fair yield by means of a number of other reagents, as shown in table 16.

NaNH
A2, CHC=CH

CeHsCI‘IBI‘CHzBI‘

Isopropylstyrene dibromide lost hydrogen bromide on treatment with alcoholic
potassium hydroxide to give a bromostyrene (probably «) (551). Under the same
conditions m-methylstyrene dibromide gave m-methyl-a-bromostyrene (525).
On heating at reduced pressure 8-phenoxystyrene dibromide also lost hydrogen
bromide, giving a compound postulated as B-bromo-B-phenoxystyrene (710).

Treatment of m- (158) and p-divinylbenzene tetrabromide (445) with alcoholic
potassium hydroxide gave m- and p-phenylenediacetylene, respectively. Under
the same conditions the ortho isomer gave a variety of products, including
naphthalene (158). With sodium ethoxide o-divinylbenzene tetrabromide gave
a mixture of o-phenylenediacetylene, o-(a-bromovinyl)phenylacetylene, and
0-di(a-bromovinyl)benzene.

In the case of 8-nitrostyrene dibromides the a-bromine is removed by alkaline
reagents. Priebs (571) originally postulated the 8-bromine atom as being removed
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by alcoholic sodium hydroxide, but Thiele and Haeckel (737) showed that it was
the a-bromine which was removed. The reactions used are given below:

CoH;CHBrCHB:NO, ~ZCt2of®,  CoH, CH—CBNO;
\\boil
KoH \\KOH
CH,0H \gH;OH
CsHsCHCBr=NO,K T CeHs(IjHCHBrN02 C+H;CCH,NO,
OCH; OCH; (OCHjy).
Y (97 per cent addition) (quantitative)
l//Bl'z lH+
CeHsCHCBerOQ CeHsCOCHzNOz
OCH;

(Since this is alkali-insoluble, both bromine
atoms must be on the same carbon atom.)

A parallel series of reactions was conducted with 8, p-dinitrostyrene dibromide.
An alcoholic solution of sodium or potassium acetate has been used by all sub-
sequent investigators to convert S-nitrostyrene dibromides to §-bromo-S-nitro-
styrenes. The compounds listed in table 17 have been prepared in this way.
In the case of the 3,4-methylenedioxy compound one group of investigators
(530) formulated their product as the a-hromo compound, but this seems un-
likely since in every other case the 8-compound was produced.

TABLE 17

B-Bromo-B-nitrostyrenes from B-nitrostyrene dibromides

B-BROMO-S-NITROSTYRENE OBTAINED REFERENCE
0-M et hORY . ot e e e (608)
DMt ROy ..t e e e (608, 627)
3,4-DImMethORy . v vt e e e (608)
3,4-MethylenedioXy. ..o eriniiii e ieiinnaanns (530, 608, 627)
2,4-Dimethoxy-5-bromo. .. ..o it (608)
2,8,4-TrimethOX Y . ot vi e e (608)
NI 0. ottt e e e (45)
D-NIbTO. . oo e (45)
D-Methyl. oo e s (790)
0-F U0 0. . ot e e (795)
0-Chloro. ..\ e e (791)
2-Chloro-5-DItT0. . v\ oo it e s (791)
2-Bromo-5-NItro. ...\ ot e (794)
2-T0d0-8-DItT0. ... it (793)
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Both styrene dibromide (115) and ¢-ethylstyrene dibromide (246) have been
dehalogenated in 70 per cent yield by means of magnesium in ether. With zinc

CI'IBI'CHgBr Mg CH=CH2

—

C.H, other C.H;

in ether styrene dibromide gave mostly polymer (115). The same reaction is
brought about by iodide ion (175), and it has been shown to be first order with
respect to both dibromide and iodide-ion concentration (569). Although no
reaction occurred in ether at 25°C. (334a), in tetrahydrofuran styrene dibromide
reacted with lithium aluminum hydride to give a 71 per cent yield of styrene
(756a.).

Treatment of styrene dibromide with mercuric cyanide gave a low yield of
phenylsuccinonitrile (529). Potassium thiocyanate in boiling alcohol produced
styrene dithiocyanate.

C«H;CHCH,CN
HS(CN)z// CN
C:Hs CHBrCH.Br
KSCR
C.H;0H\_
b CsHsCHCH,SCN
SCN

Similarly, sodium sulfite gave disodium ethylbenzene-«,8-disulfonate (377).
Alcoholic potassium hydrogen sulfide at 120-130°C. gave a mixture of «,8-
dimercaptoethylbenzene and polymeric styrene sulfide (703).

KSH

CeHs CI’IBI‘CHzBI‘ m}?

(CeHs CH—CH,). + CsHs;CHCH,SH
A4 i

The sodium salt of bis-thioglycolic acid removed hydrogen bromide and gave
indefinite products (310). Treatment of styrene dibromide with urea at 120-
130°C. gave a product formulated as 2-amino-4-phenyloxazoline (727).

C¢H,CH—N

; N
C¢H;CHBrCH;Br + H,NCONH, ~21¥C, ‘

CNH,
H.C—O

Styrene dibromide did not react with diazoacetic ester (129); with diethylamine
at 180°C. it gave a mixture presumably containing both a- and g-diethylamino-
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styrenes (63). With benzene and aluminum chloride in carbon disulfide the prod-
uct was diphenylethane (26).

B. B-Bromostyrene chemistry

Except for the g-nitro-g-bromostyrenes, -bromostyrenes have not been pre-
pared from styrene dibromides. The routes from cinnamic acid almost invariably
have been employed.

In 1863 Schmitt (656) obtained a bromine-containing oil by treating cinnamic
acid dibromide with boiling water. In 1864 Erlenmeyer (201) showed that this

TABLE 18
B-Bromostyrene from cinnamic acid dibromide
YIELD OF YIELD
REAGENT ﬂ‘BROMOA BY-PRODUCT BY- REFERENCE
STYRENE PRODUCT
per cent Der cent
Hotwater.....................c.oue Both bromocin- (34, 205, 220)
Alecoholic KOH. ...l namic acids (55)
Aqueous NasCOs...oovv o v ine 65-75 8)
Aqueous NaCO;............c.vnes. (34, 168, 171,
202, 450, 522,
717)
Aqueous NaOH..................... (531)
Alcoholic AgNO;................... Bromocinnamic acid (444)
Alcoholic CH;COONa............... (34)
Alecoholic CH;COOK................ 92 (713)
Aqueous BaCO;..................... 717
Aqueous NH;z........ooooinii 717)
Alcoholic dimethylaniline........... Cinnamic acid 717)
Aqueous pyridine................... 65-75 8)
Cinnamic acid 34
Pyridine. ................ ... 37 a-Bromocinnamic }(8)
acid 15

compound had the empirical formula CsH;Br and therefore was a monobromo-
styrene, for which he suggested the two possible formulas two years later (203).
In 1870 Glaser (269) obtained both B-bromostyrene and a-bromo-8-hydroxy-
cinnamic acid from cinnamic acid dibromide and boiling water. He converted
the latter product to the former by heating with water at 200°C.

Since these early experiments a number of investigators have used the de-
composition of cinnamic acid dibromide for the preparation of 3-bromostyrene.
The various reagents used are summarized in table 18.

An 81 per cent yield of 8-bromostyrene was reported from the bromination of

Br_, 0 H,CH=CHBr
ether

C:H;CH=CHCOOH
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cinnamic acid in ether solution (413). The same product has been reported from
bromination in chloroform or carbon tetrachloride (669). Bromination of cin-
namic acid in aqueous suspension gave very low yields of 8-bromostyrene (596).
The principal products were cinnamic acid dibromide (17 per cent) and a-bromo-
B-hydroxycinnamic acid (83 per cent) (599). Bromination of aqueous sodium
cinnamate gave 5 per cent of cinnamic acid dibromide, 53 per cent of a-bromo-
B-hydroxycinnamic acid, and 43 per cent of 8-bromostyrene. Later investigators
reported somewhat different yields with sodium carbonate present: 49 per cent
of a-bromo-g-hydroxycinnamic acid, 5 per cent of cinnamic acid dibromide, and
7 per cent of B-bromostyrene (44).

B-Bromostyrene also has been prepared by heating benzalbromoacetophenone
with solid sodium hydroxide (168). Some phenylacetylene is obtained in this
reaction (171).

heat _, (4H,COONa

CeHsCH=CBI‘COCsH5 Na2OH

NaOH
+ CH;CH=CHBr ——— CH;C=CH
Treatment of «-hydroxy-8,8,8-tribromoethylbenzene with zinc and alcohol
gave 3-bromostyrene (800) as well as some by-product styrene (799).

Zn

CeHaCHOHCBrg ‘m

CsH50H=CHBr + CeHscH=CH2

Dufraisse (168, 169, 171) prepared both isomeric forms of 3-bromostyrene and
studied their properties in detail. He showed that light changed both to an equi-
librium mixture containing 90 per cent of the A form. On the basis of physical
properties v. Auwers (35) showed that the A and B forms studied by Dufraisse
were the frans and cis forms, respectively.

In general, substituted B-bromostyrenes also have been prepared from the
corresponding cinnamic acids. Again the most widely used procedure was to
decompose the cinnamic acid dibromide. These preparations are summarized
below (table 19).

It is to be noted that Dann, Howard, and Davies (150) obtained different
melting points for their o-, m-, and p-nitro-8-bromostyrenes than did Reich and
coworkers (600, 601, 603, 604).

Certain substituted 8-bromostyrenes have been prepared by the bromination
of the corresponding sodium cinnamate. This is true of m-methyl- (525), p-
methyl- in 41 per cent yield (in the presence of sodium hydroxide) (40), and
p-nitro- (in the presence of sodium carbonate, product mostly a-bromo-3-
hydroxy-p-nitrocinnamic acid) (44). The 2,4,6-trimethyl homolog was prepared
by bromination of the cinnamic acid in carbon disulfide, acetic acid, chloroform,
or carbon tetrachloride (88). When p-aminocinnamic acid was treated with
bromine in acetic acid a p-acetaminobromostyrene, which was probably the
B-isomer, was obtained (252).
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TABLE 19
Preparations of substituted 8-bromostyrenes
CINNAMIC ACID DIBROMIDE DECOMPOSITION REAGENT YIELD REFERENCE
per cent
p-Bromo........................ Na,CO; + H:0 (614)
p-Bromo........................ 2% Na.CO; 4+ H.0 70 (615)
p-Bromo (A)*................... H.0 (815)
O-NItro.......viiiiiiii i, | CH;COONa + H,0 (603)
O-NItro. . .vvv i | CH;COONa + C.H;0H (603)
O-NItro.....oovevviiiiiiiiean 309% CH;COONa + H:O 20 (150)
m-Nitro.............oovvven. .. H.0 60 (786)
m-Nitro B)...................... H.0 15 (604)
m-Nitro .......................... Na2003 + Hzo (600, 601)
m-Nitro (C)..................... KOH + C.H;0H A little | (600)
m-NItro.........coviiiiininan 30% CH:COONa + H:0 35 (150)
P-NItro......ooveii i CHsCOONa + H.0 (603)
p-NltrO Na.CO; + H.0 (603)
P-Nitro......ocoovvviini i, CH;COONa + C.H;OH (603)
P-NItro. o oovie i 30% CH;COONa + H,0 50 (150)
p-Methoxy.........coviviennn.n. 30% KOH 4 H.0 (182)
p-Methoxy..........coocvivinnnn Na:CO; + H,0 (354)
p-Methoxy...................... Na.CO; + H,0 75 (469)
o-Ethoxy.................ooil . H.0 (221)
Bromo-o-methoxy................ CH;COONa <+ H.0 (552)
2,4-Dimethoxy-5-bromo (D)..... KOH + CH,0H 80 (613)
3,4-Methylenedioxy.............. CaCO; 4 H.0 (218)
3,4-Methylenedioxy .. Na:CO; + H:0 90 (469)
3, 4-D1bromomethylened1oxy (E) KOH + H.0 (553)
3,5-Dibromo-4-hydroxy.......... ; KOH + C.H,0H (814)

* By-products: (A) p-bromobenzaldehyde and p-bromocinnamic acid; (B) m-nitro-a-
bromocinnamic acid; (C) m-nitro-a-bromocinnamic acid; (D) B8,2,4-trimethoxy-a,5-
dibromophenylpropionic acid; (E) the corresponding styrene and both the a- and the 8-
bromocinnamic acids.

8,2-Dibromo-5-methoxystyrene has been obtained by brominating m-methoxy-
benzalpyruvic acid in chloroform solution, followed by treatment with potassium
acetate in methanol (612).

Br
©0H=CHCOCOOH = ©0H=CHBr
CH,O

CH;O

A few B-bromostyrenes have been prepared by distilling the corresponding
bromohydrin methyl or ethyl ethers. This is true of o-methoxy- (586), p-methoxy-

cmo@c}mcmm distil CH30©CH=CHBr

OCH;,
(584), and 3 ,4-dimethoxy-B-bromostyrenes (474, 584).
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8,2,3,5-Tetrabromo-4-hydroxystyrene was prepared by treating «,8,8,2,3,5-
hexabromo-4-hydroxyethylbenzene with zinc and hydrobromic acid in ether
(816). The same reaction was used to prepare 3,2,3,5,6-pentabromostyrene.
This compound also was prepared by treating the quinoid form of 8,8,2,3,5,6-
hexabromo-4-hydroxystyrene with the same reagent.

Br Br
HO@CHBrCHBrg _Zn+HBr
ether
Br Br
Br Br Br Br
O@CH—CHBr At HB o >—CHCHBr2
Br Br eth Br Br

B-Bromo-g, p-dinitrostyrene was a by-product obtained in the preparation of
a-bromo-p-nitrocinnamic acid by the nitration of a-bromocinnamic acid (560).
A mixture of o- and p-nitro-8-bromo-B-nitrostyrenes was obtained by nitrating
B-bromostyrene (224).

B-Bromostyrene has served as a convenient source of phenylacetylene. In
table 20 are shown the reagents used and the yields obtained.

The same procedures have been used to convert substituted 8-bromostyrenes
to the corresponding phenylacetylenes. Thus alcoholic potassium hydroxide
has been used in the case of p-methoxy-3-bromostyrene (354) with an 84 per cent
yield (519) and 3 ,4-methylenedioxy-3-bromostyrene (218) with a 60.5 per cent
vield (469). Sodium amide gave a poor yield of o-methoxyphenylacetylene from
o-methoxy-S-bromostyrene (586).

In the experiment marked (A) in table 20 there was obtained as a by-product
17 per cent of B-ethoxystyrene (448, 531). By-product B-methoxystyrene in
experiment (B) has been noted above (456). With potassium hydroxide and
ethanol at 180°C. the yield of 3-ethoxystyrene was nearly quantitative (292).

It has been shown that the hydrolysis of 8-bromostyrene by chromic acid and
sulfuric acid at 90-95°C. for 2 hr. amounted to 4.3 per cent (147). When heated
with water S-bromostyrene yielded phenylacetaldehyde (206).

B-Bromostyrene did not react with sodium malonic ester, sodium acetoacetic
ester, or sodium cyanoacetic ester in alcohol, benzene, or xylene (452). It gave
a color with antimony trichloride in chloroform (646) and with nitrosyl chloride
a nitrosochloride from which hydroxylamine hydrochloride was obtained by
heating with hydrochloric acid (556). It did not react with phosphorus penta-
chloride (68).

Styrylmagnesium bromide and styryllithium, both prepared from B-bromo-
styrene, have served as agents for the introduction of styryl groups into a large
number of compounds. While the Grignard reagent is quite difficult to prepare,
it can be made in 90 per cent yield under the proper conditions (267). In this

ether

C:H:CH=CHBr + Mg =5 C:H;CH=CHMgBr



236 WILLIAM S. EMERSON

detailed study the other yields varied between 42 per cent and 78 per cent.
Because of this yield variation, 3-bromostyrene has been used for the evaluation
of different forms of magnesium and methods for their activation (262). By-
products in the preparation of styrylmagnesium bromide include styrene (509,
740), phenylacetylene (509, 740), and 1,4-diphenylbutadiene (509, 640, 740,
797, 798, 807).

In contrast to p-bromoallyl- and p-bromopropenyl-benzenes, p-bromostyrene
was inert to magnesium in ether (578, 580).

TABLE 20
Phenylacetylene from B-bromostyrene
REAGENT YIELD REFERENCE
per cent

KOH+ CH:OH.............ooii i 40 (305)
KOH + C.H;OH, 120-130°C................. 18 (531)
Nainether.................. ... ..., 24 (531)
KOH + C.H:0H, 130-135°C. (A)*........... 60 (531)
KOH + CoHsOH. ..o 37 (522)
Na. oo . (740)
KOH + C:H:OH, 100°C..................... 61 (712)
KOH + C.H;0H, 125-130°C................. 76 (469)
KOH4+ CH:OH............................ (168)
KOH + CsH:OH. ..o, an)
KOH, 200-215°C...............ccoii 80 (295)
KOH, 200-230°C.......... ... 67 (296)
KOH + NaOH, 200-215°C., copper vessel... 70 (641)
CH:ONa (B)*.........o 28 (456)
Nainliguid NH;............... .. ...... ... 96 (761)
NaNH:in liquid NHs....................... 75 (763)
CsHsNHNa in ether......................... 45 (90)

NaNH: 4+ C:H:NH;: (small amount)......... 89 (90)

* (A) In this experiment 17 per cent of 8-ethoxystyrene was obtained as a by-product.
(B) In this experiment there was a 55 per cent recovery of 8-bromostyrene and 12 per
cent of B-methoxystyrene.

Treatment of styrylmagnesium bromide with water of course gives styrene
(640, 798). Carbonation produces cinnamic acid (740, 797, 798) with some phenyl-
propiolic acid as a by-product (740). A mixture of the cis and trans acids was

CeH;CH=CHMgBr L0, CsH;CH=CHCOOH + C;H;C=CCOOH

obtained from either the cis or the frans bromide (797). With acetaldehyde 30
per cent of methylstyrylcarbinol was obtained and with benzophenone 14 per
cent of diphenylstryrylcarbinol (509) (isolated as the methyl ether after crystal-
lization from methanol) (714). Other investigators were not able to separate this
latter carbinol or the one from methyl p-tolyl ketone from the by-product di-
phenylbutadiene, but showed their presence by means of the color with concen-
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trated sulfuric acid (807). Styrylmagnesium bromide also has been condensed
with the following ketones and the resulting carbinols isolated as the per-
chlorates: p-methoxybenzophenone in 40 per cent yield (807), xanthone in 56 per
cent yield (807) (as the chloride in 58 per cent yield) (808), 1-methoxyxanthone
(807), and 2,3,5,6-dinaphthalenepyrone (807) in 52 per cent yield (808). Re-
action also occurred with estrone acetate (651).

Styrylmagnesium bromide reacted with benzenesulfonyl chloride to give ben-
zenesulfinic acid and B-chlorostyrene (260). Unreacted Grignard reagent was
recovered as styrene and some by-product diphenylbutadiene was isolated.

CsH,CH—CHBr —e%i? CeHsCH=CHMgBr + C¢H,CH=CHCH=—CHCsH;
/H,0 N\ C¢H;S0,Cl
% N

CsHscH=CH2 CeH5802H + CGH50H=CHCI

Styrylmagnesium bromide and g-bromostyrene have served as the raw ma-
terials for the preparation of a number of organometallic compounds. These re-
actions are discussed in connection with the various metallic derivatives of
styrene.

When B-bromostyrene was treated with lithium in ether 34 per cent of the
organo-lithium compound was obtained (266). Since no cinnamic acid was ob-
tained on carbonation, the authors did not believe that they had obtained styryl-
lithium. Subsequently styryllithium was obtained in 68 per cent yield by this
method (797). Treatment with water gave principally styrene plus a little phenyl-
acetylene. Carbonation gave cinnamic acid and phenylpropiolic acid in the ratio
of four to one. Styryllithium has been added to benzophenone and to distyryl
ketone to give the corresponding carbinols (480).

CGH50H=CHC (CeHs) 2OH

(c sHs)zC/O/’ (43 per cent)

C¢H;CH=CHLI

N\
(CeHsCH=CH)zCO\
(CeH; CH=CH);COH

(33 per cent)

With cholestanone the olefin was obtained (651).
When S-bromostyrene was allowed to stand in petroleum ether for 38 days
with butyllithium; the products were 1-phenyl-1-hexene and 1,4-diphenyl-

CGH50H=CHBT + C4H9L1 b CeHsCH=CHC4H9
+ CsH;CH=CHCH=CHCH;

butadiene (478). After boiling in petroleum ether, carbonation of the products
of the same reaction yielded 23 per cent of cinnamic acid, 27 per cent of re-
covered 3-bromostyrene, and a trace of phenylbutadiene (263). In ether solution
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15 per cent of 8-bromostyrene was recovered and the carbonated product was
42.5 per cent of phenylpropiolic acid. When B-bromostyrene was treated with
phenyllithium in ether solution and then with benzophenone, 95 per cent of
triphenylpropargyl aleohol was produced (782).

ether, CeHsLi
then (CsHs)zCO

C¢H; CH=CHBr (CeHs)chHCECCeHs,
B-Bromostyrene was dehalogenated by lithium aluminum hydride to yield 49
per cent of styrene (756a).

On page 230 are shown several reactions which Thiele and Haeckel (737)
conducted with 8-bromo-g-nitrostyrene and with B-bromo-3,p-dinitrostyrene.
This same conversion of a B-bromo-g-nitrostyrene to an w-nitroacetophenone
has been utilized by other investigators to prepare the following w-nitroaceto-
phenones: m-nitro- (45), p-nitro- (45), o-methoxy- (608), p-methoxy- (608),
3,4-dimethoxy- (608), and 3,4-methylenedioxy- (530, 608). The reaction was
not applicable to the 2,4-dimethoxy-5-bromo analog. In the case of the o-
and p-nitro compounds the mono- and dibromo-ethyl ethers and for the
p-nitro compound the mono- and dibromo-methyl ethers (441) also have
been prepared (224). For the m-nitro compound the analogous mono- and di-
bromo-methyl (243, 441) and ethyl (243, 441) ethers have been obtained.

NO, NO;
@CHCHBrNOZ @CHCBrgNm
OCH, 00T,
02N©0HCHBrN02 Ogﬁ©CHCBr2NOz
bem, b,

C. a-Bromostyrene chemistry

The preparation of a-bromostyrenes by the dehydrohalogenation of styrene
dibromides has already been described. This has been by far the most widely
used method of preparation.

a-Bromostyrene has been prepared by adding hydrogen bromide to phenyl-
acetylene in glacial acetic acid solution at 0°C. (168, 171, 531). One investigator
preferred dry ice temperatures, since at room temperature he obtained primarily
dypnone, acetophenone, and a small amount of styrene dibromide (733). The

cold |~ H,CBr—CH, + C¢H,CBr:CH,

C¢H;C=CH + HBr

by-product in this reaction is a,a-dibromoethylbenzene, which can be con-
verted to a-bromostyrene by means of cold alcoholic potassium hydroxide (531)
or by heating with anhydrous ethyl alcohol or with sodium ethoxide in alcohol
at 55°C. (733). In the latter case dypnone and acetophenone acetal also were
obtained. a-Bromostyrene has been prepared by treating acetophenone with
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phosphorus pentabromide. A 68 per cent yield of a-bromostyrene was obtained
by treating «,B8-dibromo-a-phenethylphosphonic acid with saturated aqueous
sodium carbonate at 0°C. (145).

C¢H,CBrCH,Br —2€0s |

I
PO;H,

C¢HsCBr=CH_;

As with g-bromostyrene, a-bromostyrene has served as a source of phenyl-
acetylene. In table 21 are summarized the various reagents which have been used
to effect this dehydrohalogenation.

Treatment of phenylacetylene with aqueous hydrogen bromide at 100°C.
gave a-bromostyrene and acetophenone in the ratio of two to one (531). a-Bro-
mostyrene has been converted to acetophenone by heating with water (241),

TABLE 21
Phenylacetylene from a-bromostyrene
REAGENT YIELD REFERENCE
per cent
KOH 4 C:H:OH,110°C..................... (238)
KOH 4+ CHOH...........oviiiiiiies (268)
KOH 4 C.H:OH, 120°C...............oo..n (269)
KOH + C.H:OH, 130°C..................... 31 (242)
C.H:ONa 4+ C,H;OH, 120°C................. (531)
NaNH; 4 kerosene, 160°C................... 78 (105)
KOH 4+ CHOH.............oovviin (168)
KOH 4+ C:HOH............oci s 7y

by means of 50-67 per cent sulfuric acid (242), concentrated sulfuric acid (241),
and boiling formic acid in 92 per cent yield (31). a-Bromostyrene was not affected
by zinc dust in alcohol and gave no sodium phenylacetylide with sodium in ether

CoH,CBr—=CH, —2°%, ¢,H,C0CH;

(431). Swarts (722) stated that treatment with sodium followed by carbonation
gave a mixture of cinnamic and phenylpropionic acids. Erlenmeyer (208) later
said the reaction yielded a mixture of phenylpropiolic and phenylpropionic acids.
Both of these investigators must have obtained some sodium phenylacetylide,
in spite of Nef’s (531) subsequent statement that no such reaction occurred.

The air oxidation of a-bromostyrene has been mentioned previously. w-Bromo-
acetophenone has been isolated as a product of this reaction (170).

D. More highly brominated styrene derivatives

B,3-Dibromostyrene has been prepared by treating «,8,3-tribromoethyl-
benzene with alcoholic potassium hydroxide (469, 531). Some «,8-dibromo-
styrene also was isolated from the reaction mixture (531). m-Nitro-3,8-dibro-
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mostyrene was obtained by heating m-nitro-a,e«,8-tribromophenylpropionic
acid with aqueous sodium carbonate (601).

@CHBrCBrZCOOH heat < ~ DCH=CBr,
HzO NazCOs

8,8-Dibromostyrene yielded B-bromophenylacetylene on treatment with
alcoholic potassium hydroxide (469, 531) and reacted slowly with zinc and alcohol
at 100°C. (531). When the vapors of 3,3-dibromostyrene were passed over glow-
ing copper, a good yield of phenylacetylene was obtained (531).

a,B-Dibromostyrene has been prepared by treating phenylacetylene with

CsH;C=CH + Br, — C¢H;CBr—=CHBr

bromine (238; 78 per cent yield, 531) or phosphorus pentabromide (34 per cent
yield) (68). Alternate syntheses include treating phenacyl bromide with phos-
phorus pentabromide (180) or phosphorus dibromotrichloride (some by-product
w,w-dibromoacetophenone) (732), treating dibromobenzalacetophenone with al-
kali (167), and heating 8-bromo-g-nitrostyrene to 190-200°C. (67 per cent yield)

CeH,COCBr—CBrC:H; —2— C¢H:CBr—CHBr + C:H;COOH

(17). When acetophenone was treated with phosphorus dibromotrichloride, «,3-
dibromostyrene was obtained along with phenacyl bromide, w,w-dibromoaceto-
phenone, and «,a-dibromoethylbenzene (732).

Treatment of the corresponding phenylacetylene with bromine has been used
as a means of preparing the following «,8-dibromostyrenes: p-methyl- (423),
p-ethyl- (423), 2-methyl-5-isopropyl- (423), m-nitro- (601), and 2,6-dichloro-

(602).
HsCQCECH + Br, — H30©0Br=CHBr

m-Nitro-a,8-dibromostyrene also has been prepared by heating m-nitro-«,8,8-
tribromophenylpropionic acid with aqueous sodium carbonate (601).

Treatment of «,3-dibromostyrene with zine (17) or zine and alcohol (531)
yielded phenylacetylene. Treatment with alcoholic potassium hydroxide yielded
primarily B-bromophenylacetylene (531). When «,B3-dibromostyrene and 3,4-
methylenedioxy-«,8-dibromostyrene were heated with thionyl chloride, chlori-
nated benzothiophenes were produced (53).

Cl

C

o Cl
C¢H;CBr=CHBr + SOCI, 270°C.
Cl g0

Cl
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. Cl
0 CBr=CHBr + SOCl, -.2%-260°C._, 5 .
|
H,CZ—0 NV
’ 00L—J
(70 per cent)

The preparation of «,a-dibromoethylbenzene by the addition of hydrogen
bromide to phenylacetylene, together with its conversion to a-bromostyrene,
has been described previously. When heated with alcohol or alcoholic potassium
hydroxide, a,a-dibromoethylbenzene yielded acetophenone.

Both «,8,8-tribromoethylbenzene (168, 171, 220, 450, 605, 717) and its sub-
stituted analogs have been prepared by the addition of bromine to the correspond-
ing B-bromostyrenes. These substituted analogs include o-nitro- (603), p-nitro-
(603), o-ethoxy- (221), 2,4-dimethoxy-5-bromo- (613), 3,4-dimethoxy- (474),

C¢H;CH=CHBr + Br, — CsH;CHBrCHBr,
3,5-dibromo-4-hydroxy- (814), 2,3,5-tribromo-4-hydroxy- (816), and 2,3,5,6-
tetrabromo-4-hydroxy- (816). The last two named also have been prepared by

the addition of hydrogen bromide to the quinoid form of the corresponding
8,8-dibromostyrene.

Br
o= —CHCHBr, _HBr
Br Br
Br Br
HO CHBrCHBr, 22 _ HO©0H=CHBr
Br Br Br Br

Treatment of «,8,5-tribromoethylbenzene with alcoholic potassium hydroxide
yielded mostly 8,8-dibromostyrene, together with some «,8-dibromostyrene
(531). Treatment with potassium iodide resulted in dehalogenation to give pre-
sumably p-bromostyrene (175). «,8,8-Tribromoethylbenzene reacted with
benzene in the presence of aluminum chloride to give s-tetraphenylethane (25).

When boiled with potassium hydroxide in methanol or in methanol alone, 2,4-
dimethoxy-«,83,8,5-tetrabromoethylbenzene yielded «,2,4-trimethoxy-8,8,5-
tribromoethylbenzene (613). Similar results were obtained with ethanol. When

Br Br IOCH3
CH30C2§IHBrCHBr2 __CH.OH | CHsoC?C(}:IHCHBm
3 3

heated in methanol 2-hydroxy-«,3,8,3,5-pentabromoethylbenzene also gave
the a-methoxy derivative (248). With «,8,83,3,5-pentabromo-4-hydroxyethyl-
benzene this same replacement of the a-bromine atom has been effected with
methanol and with water and acetone to give the a-methoxy and «-hydroxy
derivatives, respectively (814). Both reactions have been conducted successfully
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with «,8,8,2,3,5-hexabromo-4-hydroxyethylbenzene and with «,8,8,2,3,5,6-
heptabromo-4-hydroxyethylbenzene (816). Treatment of these last two com-
pounds with sodium acetate in acetic acid gave the a-acetoxy derivatives. All
six of these last-named substitution products have been prepared by adding the
appropriate reagent to the quinoid form of the corresponding 8,8-dibromo-
styrene.

B OH
T
H:0, acetone I H:0, acetone
S HO@CHCHBH «————l
‘ Br Br
Br Br CI)CHS Br
@CHBrCHBrz —CHOE, HO@CHCHBrz 2L 0=C>=CHCHBrz
Br Br Br Br Br Br
l Br (I)COCH3 t
CH:COONa, CH:COOH HOQCHCHB“ CH:COONa, CH/COOH
Br Br

On treatment with zinc and hydrobromic acid in ether «,83,8,3,5-pentabromo-
«,8,8,2,3,5-hexabromo-, and «,83,8,2,3,5,6-heptabromo-4-hydroxyethylben-
zene all gave the corresponding 8-bromostyrenes (814, 816).

* a,a,B-Tribromoethylbenzene has been prepared by the addition of bromine

to/a-bromostyrene (168, 171).
C¢H;CBr=CH, + Br, — C:H;CBr.CH,Br

Besides «,a,8,8-tetrabromoethylbenzene itself (180), the following sub-
stituted analogs have been prepared by the addition of bromine to the correspond-
ing «,B-dibromostyrenes: p-methyl- (423), p-ethyl- (423), and m-nitro- (601).
The o-nitro compound was obtained in 15-20 per cent yield along with 15 per
cent of the corresponding cinnamic acid by treating o-nitrophenylpropiolic acid
with bromine in acetic acid (289).

NO, Br, NO. + NO,
—_—
C=CCOOH CH:COOH CBr,CHBr, CH=CHCOOH

Distillation of «,a,8,3-tetrabromoethylbenzene yielded «,8,3-tribromo-
styrene (180). m-Nitro-a,3,8-tribromostyrene was prepared by treating the cor-
responding tetrabromoethylbenzene with alcoholic potassium hydroxide (601).
This styrene, which was inert to bromine, was prepared in the same way from
m-nitro-«,8,8,5-tetrabromoethylbenzene.
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@CBr=CHBr —B—rl_> @CBTzCHBrg

O.N O,N
KOH
alecohol
@CBFCBM
0.N
TKOH
aleohol
{__dor=cBn P, HcHBCBr
0.N 0.N

V. MISCELLANEOUS HALOGENATED STYRENE DERIVATIVES

A. Mized fluoro, chloro, and bromo compounds

Treatment of phenylmagnesium bromide with 1,1-difluoro-2,2-dichloroethane
yielded small amounts of g-fluorostyrene, 8-chlorostyrene, a-fluoro-8,3-dichloro-
ethylbenzene, bromobenzene, and biphenyl (723). Phenylmagnesium bromide
and 1,1-difluoro-2, 2-dibromoethane yielded mostly bromobenzene and biphenyl,
plus small amounts of fluorobenzene and g-fluorostyrene. Treatment of the last-
named compound with bromine gave g-fluoro-«,8-dibromoethylbenzene.

When a,a,3,8,8-pentachloroethylbenzene was heated with hydrogen fluoride
at 150°C. in a nickel vessel, the product was 65 per cent of difluorotrichloroethyl-
benzene plus a little «,B3,8-trichlorostyrene (772). In an iron vessel the product
was 14 per cent of difluorotrichloroethylbenzene and 27 per cent of «,8,3-tri-
chlorostyrene (772, 773).

Treatment of styrene with bromine chloride at —10° to —12°C. gave 65-70
per cent of a-chloro-3-bromoethylbenzene, 20 per cent of styrene dibromide, and
10 per cent of styrene dichloride (759). a-Chloro-3-bromoethylbenzene reacted
with aleoholic potassium hydroxide at 0°C. to give 70 per cent of a-chlorostyrene.

KOH

C¢H;CHCICH,Br ~C.H.0H

— CeH5CCl=CH2

(70 per cent)

p-Methoxy-a-chloro-8-bromoethylbenzene was prepared by treating p-methoxy-
styrene bromohydrin with acetyl chloride (758). 8-Chlorostyrene added bromine

CH:0{ __ SCHOHCH:Br + CH,COCl — CH:0{ __ HCHCICH;Br

to give 64 per cent of B-chloro-a,B3-dibromoethylbenzene in 13 min. (605).

C:H;CH=CHCI + Br, — C;H;CHBrCHCIBr
(64 per cent)

3,4-Methylenedioxy-8-chlorostyrene also formed a dibromide (549).
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B. Todinated derivatives

Treatment of sfyrene with iodine monochloride gave a-chloro-g-iodoethyl-
benzene (92, 343, 344) in yields as high as 95 per cent (346). This latter compound
reacted with water to give styrene iodohydrin (344) and with potassium iodide

CoHsCH=CH, — 2 C4H;CHCICH,I —2
(95 per cent)

—CsH;:CHOHCH,I

to give styrene, iodine, and potassium chloride (343). With silver nitrate the
silver chloride precipitated before the silver iodide.

Berthelot reported that styrene yielded an unstable crystalline iodide on
treatment with iodine in potassium iodide (72, 75, 76, 77, 78). The compound
decomposed readily to iodine and polystyrene (75, 78). Styrene diiodide has
been postulated as the intermediate in the formation of §-phenylnaphthalene
from the reaction between hydriodic acid and 3-phenoxystyrene or 3-phenyldi-
hydrocoumarone (711).

HI NCeHs
CeHsCH=CHOCGH5 —_— CeHsOH + [CeHsCHICHzI] -

Y

B-Nitrostyrene did not add iodine (571).
When styrylmercuric bromide was treated with iodine in chloroform solution,
a 79 per cent yield of -iodostyrene was obtained (797).

CeH;CH=CHHgBr C}?CP CeH;CH=CHI

(79 per cent)

B-Bromophenylacetylene added iodine to give B-bromo-a,3-diiodostyrene
(531).

C¢H;C=CBr + I, — CsH;CI=CBrl

a,B-Diiodostyrene has been prepared by the addition of iodine to phenyl-
acetylene (155, 550) or by the addition of hydrogen iodide to 8-iodophenylacetyl-
ene (550). With mercurous chloride «,3-diiodostyrene yielded «,8-dichloro-
styrene (550).

CeHsC‘ECH + Iz
N HgCl
C¢H;CI=CHI —==- CsH;CCl=CHCI
/
CsH;C=CI 4+ HI

a,B,B-Triiodostyrene has been obtained by a variety of methods such as the
reaction between silver phenylacetylide or S-iodophenylacetylene with iodine
(451), the reaction between phenylacetylene and nitrogen triiodide (155), and,
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along with B-iodo-a-phenylacetylene, from the reaction between silver phenyl-
propiolate and iodine in benzene solution (777).

CsHsC=CCOOAg cfﬁr’ CeH;C=CI + CsH,CI=CI,

a,B,8-Triiodostyrene and acetophenone were the products obtained by heating
a,B-diiodocinnamic acid to 140°C. (550).

VI. STYRENE HALOHYDRIN CHEMISTRY
A. Addition of hypohalous acids

The preparation of styrene halohydrins (defined as 8-halo-a-hydroxyethylben-
zenes) by the hydrolysis of styrene dihalides, usually by means of a mixture
of water and acetone, has been described in detail in connection with the various
styrene dihalides.

A number of methods have been adopted to effect the addition of hypochlorous
acid to styrene. The earliest (159) utilized chlorourea in acetic acid solution

CsH:CH=CH, 4+ HOC] — C:H;CHOHCH,Cl

to give a 95 per cent yield of crude and a 70 per cent yield of pure styrene chloro-
hydrin. Subsequent investigators (282) were able to obtain only 52 per cent
by this method. Other methods included calcium hypochlorite and carbon dioxide
(76 per cent yield) (189), sodium hypochlorite and nitric acid (32 per cent yield)
(282), and teré-butyl hypochlorite in acetic acid (70 per cent conversion, 84 per
cent yield) (282). In the last case omission of the acetic acid led to direct addition
of the tert-butyl hypochlorite to the styrene.

CGH5CH=CH2 + (CHs)sCOCl i CsHaCHCHgCl
| C(CH)s

Treatment of styrene with hypochlorous acid in the presence of sodium chloride
at 90°C. or sodium carbonate at 40-50°C. gave negligible yields. Styrene chloro-
hydrin also has been prepared in 58 per cent yield by the reaction between
phenylmagnesium bromide and chloroacetaldehyde (697),

and in 86 per cent yield by the reduction of w-chloroacetophenone with alu-
minum isopropoxide (260a).

p-Methylstyrene chlorohydrin has been prepared by treating p-methylstyrene
with tert-butyl hypochlorite in water or aqueous acetic acid or with chlorourea
in aqueous acetic acid (689). When the reaction with feri-butyl hypochlorite was
conducted in glacial acetic acid, the product was largely the chlorohydrin acetate.
p-Methyl- (696), 3,4-dimethyl- (697), and p-chloro-styrene (65 per cent yield)
(696) chlorohydrins all have been prepared by treating the corresponding sub-
stituted phenylmagnesium bromide with chloroacetaldehyde. Both 3,4-methyl-
enedioxy- and 3,4-carbonyldioxy-styrenes added hypochlorous acid in petroleum
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ether and benzene solutions, respectively, to give the corresponding chlorohydrins
(549). In the first case the crude product was contaminated with chlorinated
chlorohydrin, so that the yield of pure product was only 14 per cent; in the second
case the yield was 60 per cent. o-Nitrostyrene chlorohydrin in 49 per cent yield
resulted from the addition of hydrogen chloride in pyridine solution to o-nitro-
styrene oxide (29).

NO. HOl NO,
CH—CH, pyridine CHOHCH,CI
\O/

Reduction of o-nitrostyrene chlorohydrin with stannous chloride and hydro-
chloric acid gave o-aminostyrene chlorohydrin, which yielded a little indole on
treatment with alkali (29).

SnCl, NaOH
@CHOHCHZCI Bk, @CHOHCHzCl 3N .

N02 INHZ
H

Styrene chlorohydrin has been oxidized to w-chloroacetophenone by means
of potassium dichromate in sulfuric acid (159) in yields as high as 83 per cent

C:H:CHOHCH,CI _K};fs%)’q CeH;COCH:CI
(83 per cent)

(282). This same oxidation has been effected in the case of o-nitrostyrene chloro-
hydrin (29).

Treatment of styrene chlorohydrin with acetic anhydride gave a 66 per cent
yield of the acetate (282). The p-nitrobenzoate also has been prepared. The ace-
tate of o-nitrostyrene chlorohydrin has been prepared by treating o-nitrostyrene
oxide with acetyl chloride in pyridine (29). The benzoate was prepared in the
same way, as well as by benzoylation of the chlorohydrin by the Schotten—
Baumann method.

When the vapors of styrene chlorohydrin together with steam were passed
over an alumina catalyst held at 360-390°C., a 67 per cent yield of acetophenone
was obtained (194, 197). Over a silica catalyst impregnated with calcium car-
bonate, 51 per cent of phenylacetaldehyde contaminated with some g-chloro-
styrene was obtained (195, 197).

CeHiCHOHCH,Cl — 22 8%_, ¢, H,CH,CHO + CoH;CH=CHCI
3
p-Methylstyrene chlorohydrin reacted with 2,4-dimethylphenylmagnesium
bromide to give, after boiling with 40 per cent sulfuric acid, a 70 per cent yield
of 2,4,4'-trimethylstilbene (696). In the same way a 59 per cent yield of 4-methyl-
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CH;

H30©CHOHCH201 + HsC@MgBr o
Hsc©0H=CI-}II©CHs

4’-chlorostilbene was obtained from p-chlorostyrene chlorohydrin and p-tolyl-
magnesium bromide.

The ethyl ether of styrene chlorohydrin has been obtained by treating phenyl-
magnesium bromide with «,3-dichloroethyl ether (744). A yield of 65 per cent
has been reported (314).

CeHsMgBT + CgHsOCHClCHzCl b CeHsCHCHgCl
C.H;

Several investigators have added hypobromous acid to styrene. The best con-
ditions involve the use of bromine water at 90°C. (21, 597, 598, 721), although
the only yields given were 91 per cent crude and 55 per cent pure (598). Styrene
bromohydrin has been prepared in 90 per cent yield by the reduction of phenacyl
bromide with aluminum isopropoxide (461, 462). Reduction with sodium boro-
hydride yielded 71 per cent of styrene bromohydrin (135a).

(i-CsH70);Al

CeHsCOCHzBI‘ —E—ﬁ:aﬁ)—HCH,_)

CsH;CHOHCH,Br
(90 per cent)

Mixtures of o- and p-ethyl- and o- and p-chloro-styrene bromohydrins have
been prepared by treating the corresponding styrene mixtures with hot bromine
water (21). In the case of 3,4-methylenedioxystyrene, besides bromohydrin
formation, one of the nuclear hydrogens was replaced by bromine (54, 100, 466).
The first investigator (466) postulated the reaction as the addition of bromine,
but subsequently (54) he was shown to be wrong. In attempts to prepare the
bromohydrin of 3-methoxy-4-acetoxystyrene, only tars were obtained when the
styrene was treated with hypobromous acid or when the phenacyl bromide was
treated with aluminum isopropoxide (619).

a-Bromo-g-hydroxyethylbenzene has been prepared by treating styrene oxide
with the magnesium bromide—ether complex (747). It has been characterized
as its p-nitrobenzoate and dinitrobenzoate.

CeH;CH—CH, —agBr:

/ ether
0]

Contrary to the reaction reported with p-methoxystyrene bromohydrin (758),
styrene bromohydrin reacted with acetyl chloride to give 91 per cent of the
acetate (479). Treatment of 3,5-dibromo-4-hydroxystyrene bromohydrin (814),
8,8,3,5-tetrabromo-« ,4-dihydroxyethylbenzene (814), 2,3,5-tribromo-4-hy-

— C eHs CHBI‘CHg OH
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droxystyrene bromohydrin (816), 8,8,2,3,5-pentabromo-a,4-dihydroxyethyl-
benzene (816), and §,8,2,3,5,6-hexabromo-a,4-dihydroxyethylbenzene (816)
with acetic anhydride led to the formation of diacetyl derivatives. The prepara-
tion of a-acetyl derivatives of the last three named by both acetolysis and addi-
tion reactions has been mentioned in connection with the chemistry of the cor-
responding bromo compounds.

3 ,4-Methylenedioxystyrene bromohydrin reacted with sulfuryl chloride to give
a nuclear-chlorinated analog (100). A similarly brominated 3,4-methylenedioxy-
styrene bromohydrin was obtained by treating the corresponding styrene with
bromine water. Both of these compounds were acetylated with acetic anhydride.
In addition the bromo compound underwent the series of reactions shown below.

Br
0©0H=CH2 ol Xcoou
H,c4—0 H,C4—5

AN
Br, KMnO;/'
H,0 S/
CCL ™
Br

}CHOHCH Br

// \WH C0),0
PCl; ’ ’
//
><Br
/
i< __7SCHCICH:Br L< CHCH Br
H.0
Br . Br
o</__§CH01CHzBr T::%" HOZ  7SCHOHCH,Br
0cL—5 HO

Styrene bromohydrin reacted with sodium sulfite to give sodium B-hydroxy-
B-phenylethanesulfonate (377). 3,4-Methylenedioxystyrene bromohydrin gave a
benzothiophene derivative on treatment with thionyl chloride at 250-260°C.

(53).

0 CHOHCH,Br — 590 _, H
H,C : 250~260 C
2
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Besides the alcoholysis methods discussed in connection with styrene di-
bromide and related compounds, 3-bromo-a-methoxyethylbenzene has been pre-
pared by treating phenylmagnesium bromide with a-chloro-g-bromoethyl methyl
ether (465).

Ce¢H:MgBr + CH;OCHCICH,Br — CeHs(IJHCHgBr
OCH;

B-Bromo-a-ethoxyethylbenzene has been prepared similarly from phenylmag-
nesium bromide and «,B3-dibromoethyl ether (433) in 90 per cent yield (771)
and from phenylmagnesium bromide and 8-bromoacetal in 22 per cent yield
(696). Treatment of 3-phenyl-3-methoxyethylmercuric bromide with bromine in
methanol at 0°C. yielded 70 per cent of 8-bromo-a-methoxyethylbenzene (796).

B-Bromo-a-ethoxyethylbenzene reacted with a zinc—copper couple in ethanol
to give 90 per cent of styrene (771). The same compound gave 74 per cent of

CeH,CHCH,Br -22%%  (,H,CH=CH,

O0C,.H, (90 per cent)

4-methylstilbene when treated with p-tolylmagnesium bromide followed by 40
per cent sulfuric acid (696).

Styrene iodohydrin has been prepared by treating styrene with mercuric oxide,
iodine and water (70, 233, 273, 741, 742, 744). The only yield reported was 48

CGH5CH=CH2 + HgO + Ig + Hgo b CGHsCHOHCHgI

per cent (273). The first investigator to try this reaction reported the product
as a-iodo-B-hydroxyethylbenzene (101). Under the same conditions with p-meth-
oxystyrene the intermediate iodohydrin was not isolated and the product isolated
was p-methoxyphenylacetaldehyde (742).

On distillation styrene iodohydrin decomposed (101) to acetophenone and hy-
drogen iodide (741). Treatment with silver nitrate gave phenylacetaldehyde (101,
741, 742).

C:H,CHOHCH,I —288% , C4H,CH,CHO
gL15 2l ————— Lglls 2
With acetic anhydride the compound was acetylated (742). Styrene iodohydrin
reacted with sodium sulfite to give sodium g-phenyl-8-hydroxyethanesulfonate
(377) and with methylmagnesium iodide to give B-phenethyl alcohol and a
secondary alcohol (273).

Treatment of B-iodo-a-acetoxyethylbenzene with zinc and acetic acid gave

a-phenethyl acetate (742).

Zn
CeH5CHCH21 m_) CGH5CHCH3

|
OCOCH; COCH;
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The methyl, ethyl, and amyl ethers of styrene iodohydrin were prepared by
treating styrene with mercuric oxide and iodine in the appropriate alcohol (741).
The ethyl ether has been prepared by boiling the ethyl ether of styrene chloro-
hydrin with sodium iodide in ethanol (314).

Nal
CsH;CHCH.CI c—,rxf—oﬁ’ C¢H; CHCH,I

OC.H; C.H;

Both the methyl and amyl ethers yield phenylacetaldehyde on treatment with
silver nitrate.

a-lIodo-B-hydroxyethylbenzene was obtained by the reaction between styrene
oxide and hydriodic acid (273, 742, 744) or magnesium iodide in ether (273, 747).
In the latter case if the reaction mixture was hot, phenylacetaldehyde also was

CGHSCTI—CHz + HI b CeHsCHICHzOH

0

obtained (747). The best yields were 34 per cent with hydriodic acid in ether,
60-85 per cent with hydriodic acid in petroleum ether, and 65 per cent with mag-
nesium iodide in ether (273).

a-Todo--hydroxyethylbenzene has been characterized as its p-nitrobenzoate
and dinitrobenzoate (747). With methylmagnesium iodide the products were
B-phenethyl alcohol and a secondary alcohol (273). a-Iodo-S-hydroxyethylben-
zene reacted with c-aminothiophenol in the presence of alcoholic potassium
hydroxide to give 2-phenyldihydrobenzothiazine (148a).

B. Styrene oxide

The preparation of styrene oxide by the epoxidation of styrene has been dis-
cussed under that heading. Another common method is to treat a styrene halo-
hydrin with concentrated aqueous alkali or with concentrated alkali in a solvent.

CeH;CHOHCH,X -°2_, (.H;CH—CH,

0

Often the halohydrin is dissolved in a solvent also. These reactions are sum-
marized in table 22.

Other styrene oxides which have been made from the corresponding chloro-
hydrin and sodium methoxide (697) are p-chloro- (74 per cent yield) and 3,4-
dimethyl-. In the latter case considerable 3,4-dimethylstyrene glycol 8-methyl
ether also was reported. Treatment of o-nitrostyrene chlorohydrin or its acetate
with sodium hydroxide gave o-nitrostyrene oxide (29). The method utilizing the
bromohydrin and aqueous sodium hydroxide gave a 64 per cent yield of a mixture
of 0- and p-ethylstyrene oxides and was also used to prepare a mixture of o- and
p-chlorostyrene oxides (21).

Impure and partly polymerized d-styrene oxide was obtained along with
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acetophenone and styrene glycol by treating d-8-phenyl-g-hydroxyethyltri-
methylammonium iodide with water and silver oxide (597). o0-Nitrostyrene oxide
was prepared by treating o-nitrobenzaldehyde with diazomethane (29, 30). By-
products included o-nitroacetophenone and o-nitrophenylacetone (29).

NO, NO,
CHO + CH.N, » ¢ _ HCH—CH, +
N/
0]
N02 N02
£ _>oocH, + ¢ HCH,COCH
TABLE 22
Styrene oxide from styrene halohydrins
HALOHYDRIN USED ALEALI SOLVENTS Tﬂ‘g‘;‘ YIELD REFERENCE
°C. per cent
Chlorohydrin................. C,H;ONa C:H,OH * (697)
KOH C.H;0H i (159)
KOH H:0, CeHs | 42 | 90 (324, 336)
Bromohydrin.................. NaOH H.0 60 | 73 from | (21)
styrene
Iodohydrin.................... KOH None 50 from | (233)
styrene
KOH None - (741)
KOH (C:Hj)0 50 (743)
KOH (C.H:)2:0 46 from | (79)
styrene
KOH (C:H3):0 51 from | (273)
styrene

* The product was “mostly’’ styrene oxide with some by-product styrene glycol 8-ethyl
ether.

t In this same article it was reported that styrene chlorohydrin and sodium ethoxide
gave only B-ethoxy-a-hydroxyethylbenzene.

While no phenylacetaldehyde was obtained when styrene oxide was heated
with boiling 20 per cent sulfuric acid or with nitric acid or silver nitrate (742),
the aldehyde was obtained when styrene oxide vapors were passed over a metallic
catalyst at 200-250°C. (233, 743). Dilute acids gave mostly styrene oxide dimer
(743). With such reducing agents as sodium in moist ether (743) or hydrogen
and a nickel on calcium carbonate catalyst (322, 337, 455), 8-phenethyl alcohol
was obtained. In the latter case, besides some recovered oxide, a small amount
of phenylacetaldehyde was produced. Reduction of styrene oxide with lithium
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aluminum hydride yielded from 75 per cent (756a) to 94 per cent (534a) of
a-phenethyl alcohol.

Besides the addition of hydrogen discussed above and that of hydrogen iodide
mentioned previously, styrene oxide added hydrogen cyanide to give 8-phenyl-
B-hydroxypropionitrile (743). With phosphorus pentabromide styrene dibromide

Ce¢H;CHOHCH,CN
HCN

C 6H5 CH—CHg

0] PBrs
CeHs CHBI‘CHzBr

was obtained. Styrene oxide was less reactive toward hydroxylamine than was
ethylene oxide (355). With crude pyridine styrene oxide gave a red color after
24 hr. heating at 50-60°C. (457). With pure pyridine the color was brown.
Styrene oxide reacted with o-aminothiophenol in the presence of alcoholic potas-
sium hydroxide to give 2-phenyldihydrobenzothiazine (148a).

H
NH. KOH /N\CH2
CoHsCH—CHz + -——I_I——I_I'—> I
/ sH  C.HO \gCHC:H;

0

When styrene oxide was added to a solution of phenylmagnesium bromide, an
80-90 per cent yield of 8,8-diphenylethyl alcohol was obtained (369). If the
addition was reversed, an 80-90 per cent yield of «,B3-diphenylethyl alcohol
resulted. In each case there was always a trace of the other isomer formed. With
methylmagnesium and ethylmagnesium bromides (743) or with methylmag-
nesium iodide (273), the products were the secondary alcohols. Treatment of
styrene oxide with dimethylmagnesium gave a 60 per cent yield of 2-phenyl-1-
propanol (273).

Styrene oxide reacted with sodium malonic ester to give a 72 per cent yield
of §-phenyl-8-butyrolactone (642).

CoHs(IJH—CHQ

C,H;OH, then KOH,

CeHsCH—CHz + NaCH(C OOCsz)z then IS0 -+ beat 0] CH,
N/ \06

With potassium hydroxide and carbon disulfide the product was 77 per cent ofa
cyclic trithiocarbonate (149).

C¢H;CH—CH,
C.,H,0H é

25°C. . /

CeH;CH—CH. + KOH + CS,
N/ o
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o-Nitrostyrene oxide reacted with formic acid to give 50-75 per cent of o-nitro-
so-w-hydroxyacetophenone (30).

NO,

NO
HCOOH
CH—CH, ——— COCH.0H
Oe <>

With acetic anhydride in the presence of a trace of ferric chloride the acetate
was obtained (29). o-Nitrostyrene oxide did not react with phenyl isocyanate
at 130-140°C., but gave a little indole on treatment with hydrazine hydrate in
alcohol.

C. Styrene glycol

The preparation of styrene glycol by the hydrolysis of styrene dichloride or
dibromide has been mentioned in connection with the chemistry of those com-
pounds. Styrene chlorohydrin has been hydrolyzed to styrene glycol by boiling
with aqueous sodium carbonate (211, 212) or bicarbonate (197).

N8.2003

CeH:CHOHCH,Cl — 222"

— C:HiCHOHCH,0H

Treatment of styrene with hydrogen peroxide in fert-butyl alcohol in the pres-
ence of osmium tetroxide yielded 50 per cent of styrene glycol (511). Styrene
glycol also has been prepared from styrene by the Prévost reaction (47, 570), in
which styrene was treated with silver benzoate and iodine in boiling benzene
followed by hydrolysis of the resulting styrene glycol dibenzoate.

C:H;CH=CH, + C¢H;COOAg + I, —
CGHsCHCHzOCOCaHa -_— CeHsCHOHCHgOH
0COC:Hs

Reduction of w-hydroxyacetophenone with hydrogen in the presence of Raney
nickel gave 85 per cent of styrene glycol (631). Reduction with aluminum
amalgam gave styrene glycol and a-phenethyl alcohol (394). A 76 per cent yield
was obtained by treating the corresponding acetate with acetone and aluminum
isopropoxide, followed by hydrolysis with potassium hydroxide (277). Treatment

KOH

—

C.H:COCH,OCOCH, %‘%%q C:H:CHOHCH,OCOCH,
CsH,CHOHCH,0H

of «,B-diacetoxystyrene (from phenacyl bromide and potassium acetate in
acetic anhydride) with hydrogen in the presence of platinum oxide gave the
diacetate, which was hydrolyzed to styrene glycol with aqueous potassium car-
bonate (156).
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CH;COOK . H,
(CH,CO).0 CGH"’(IJ—CHOCOCH’ PtO;

OCOCH;

CsHs;CHCH,0COCH, — 2% _, ¢,H,CHOHCH,0H

I KZC 0;
OCOCH;

In the presence of a palladium catalyst phenylglyoxal and p-methylphenyl-
glyoxal have been hydrogenated to the corresponding glycols in 71 per cent
and 68 per cent yields, respectively (225a).

A 62 per cent yield of styrene glycol was reported to have been obtained by
boiling a benzene solution of 2,5-diphenyl-1,4-dioxane with aqueous potassium
hydroxide (447). When 2,2-dimethyl-5-phenyloxazolidone was treated with hy-
drogen in the presence of copper chromite, styrene glycol was one of the products
(161).

CeH; COCH,Br

CeH:CH——CO
é llIH H. l;i- cO';;per
chromite

\C/
7\

H;C CH;

CeH.CHOHCONH. + C:H;CHOHCH.OH
(35 per cent) (29 per cent)
+ C¢H;CH.CH,OH 4 [(CH;).CH].NH
(3 per cent) (47 per cent)

Styrene glycol was a by-product of the reaction between styrene bromohydrin
and sodium sulfite (721) and of the reaction between d-(8-phenyl-3-hydroxyethyl)-
trimethylammonium iodide and wet silver oxide (597).

Reduction of styrene glycol with hydrogen in the presence of a palladium on
charcoal catalyst gave 8-phenethyl alcohol and perhaps some ethylbenzene (49).

CsH;CHOHCH,0H §§_> CH,CH,CH,0H

Oxidation of styrene glycol with potassium permanganate, potassium ferri-
cyanide, or silver oxide led to nearly quantitative yields of benzoic acid (214).
p-Bromostyrene glycol behaved similarly with potassium permanganate (662).
With lead tetraacetate styrene glycol gave a 78 per cent yield of benzaldehyde
(277). The same product was obtained with chromic acid (811). When nitric
acid was used as the oxidizing agent, an 80-90 per cent yield of w-hydroxyace-
tophenone resulted. The yield was 41 per cent with aqueous bromine and po-
tassium carbonate (214). In this case some benzoic acid also was obtained.

CH,CHOHCH,0H —HN%_, C,H,COCH,0H
(80~90 per cent)
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Over platinum in the vapor phase styrene glycol was dehydrogenated to phenyl-
glyoxal (757). The electrolytic oxidation gave a large number of products in-

CeH,CHOHCH,;0H —Xt_, CH,COCHO

cluding benzaldehyde, benzoic acid, mandelic acid, phenylglyoxylic acid, for-
maldehyde, and w-hydroxyacetophenone (753).

Styrene glycol reacted with formic acetic anhydride to give mostly the difor-
mate, plus a little of the diacetate (61). With acetyl chloride or acetic anhydride
the diacetate was obtained (810, 811). Similar results were obtained with benzoyl
chloride and benzoic anhydride (161, 810, 811).

Styrene glycol reacted with phenyl isocyanate to give the diurethan (542).
With allophanyl chloride both the 8-mono- and the di-allophanate were obtained.
Boric acid gave a cyclic borate which was isolated as its potassium salt (291).

then
KOH

CeHsCHOHCH,0OH + H;BO; — C¢H;CH——CH,

I
0—B—0

oK

With bromoacetal in the presence of hydrogen chloride a cyclic acetal was pro-
duced (232).

HC]

—

C¢H; CHOHCH,OH + BrCH,CH(OC.Hs).
CeH;CH—O

CHCH.Br
H,C—O

When styrene glycol was heated with potassium hydroxide at 250°C., the
products were benzoic acid and 38 per cent of a-phenethyl alcohol (543, 694).
With 5 per cent of nickel at 250°C. acetophenone was obtained (281). When
styrene glycol vapors together with steam were passed over silica gel impregnated
with phosphoric acid, a 74 per cent yield of phenylacetaldehyde resulted (196a,
197). A little aldehyde was obtained in the liquid phase with 15-20 per cent

H.0

HPO: , (¢ H,CH,CHO
SIOz

(74 per cent)

CsH;CHOHCH,OH

sulfuric acid (120, 811). However, the principal product was 3-phenylnaphthalene,
which was obtained exclusively when 50 per cent sulfuric acid was used (812, 813)
and in yields as high as 60-70 per cent (121). With 48 per cent hydrobromic acid
the yield of B-phenylnaphthalene was 78 per cent (135).
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2C:H,CHOHCH,0H 2% %, N\CeHs
Y
Styrene glycol g-monomethyl ether has been obtained by treating styrene
iodohydrin with sodium methoxide or with sodium hydroxide in methanol (741)
or by treating styrene chlorohydrin with potassium hydroxide in methanol (61
per cent yield) (189). The B-ethyl ether has been prepared similarly from styrene
chlorohydrin and sodium ethoxide (159, 697) or potassium hydroxide in ethanol

CesH;CHOHCH,CI CKTOE)'I}T‘ CsH;CHOHCH,OC,H;
2L

(65 per cent yield) (189) and from styrene bromohydrin and potassium hydroxide
in ethanol (51 per cent yield). The 8-n-butyl ether was obtained in 52 per cent
yield from the chlorohydrin and potassium hydroxide in 1-butanol.

When styrene oxide was boiled with an alcohol containing a small amount
of phosphoric or sulfuric acid, the corresponding monoether of styrene glycol was
formed. By analogy with the above these compounds were formulated as §-ethers,
although this structure has since been criticized on theoretical grounds and be-
cause hydrogen iodide adds to styrene oxide to give a-iodo-3-hydroxyethylben-
zene (358). This method has been used to prepare the monoethyl (47 per cent
yield) (189, 738), mono-n-butyl (738) (57 per cent yield) (189), mono-2-ethylhexyl
(60 per cent yield) (738), and monolauryl ethers (738). In all cases a by-product,
whose analysis indicated it to be a mixture of diphenyldioxanes, also was ob-
tained.

Treatment of styrene oxide with sodium methoxide in methanol gave styrene
glycol 8-monomethyl ether (358a). The identity of this product was proven by
oxidation with chromic acid to w-methoxyacetophenone. In the case of 3,4-

CeH;CH—CH, + CH,0H -"ONa,

0

€0, ¢,H,COCH,OCH,

CeH; CHOHCH.OCH;

diacetoxystyrene the reverse addition occurred, so that the product obtained
was 3 ,4-diacetoxystyrene glycol a-monomethyl ether.

Styrene oxide reacted with allyl alcohol in the presence of sodium to give an
81 per cent yield of a mixture comprising 90 per cent of styrene glycol a-monoallyl
ether and 10 per cent of styrene glycol 8-monoallyl ether (723a). When sulfuric
acid was used as the catalyst, 83 per cent of styrene glycol 3-monoallyl ether was
obtained. With 8-diethylaminoethyl ¥-hydroxypropyl sulfide in the presence of
potassium hydroxide, 15 per cent of the 8-monoalkyl ether was obtained (260a).

By refluxing the appropriate monoether with acetic anhydride containing
sodium acetate, acetates of the methyl (189), ethyl (189), n-butyl (189), and
diethylaminoethyl (260a) ethers were obtained in yields of 82, 64, 79, and 78 per
cent, respectively. Other esters were prepared by refluxing a toluene solution of
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the monoether and the acid together with a small amount of p-toluenesulfonic
acid (189). The following compounds were prepared in this way in the yields
given: caproate of the methyl ether, 55 per cent; butyrate of the ethyl ether, 61
per cent; laurate of the ethyl ether, 32 per cent; benzoate of the butyl ether, 51
per cent.

The diethyl ether of styrene glycol was prepared in 40 per cent yield by
treating phenylmagnesium bromide with ethoxyacetal at 100-200°C. (695, 697).

CeHaMgBr + CzHaOCHzCH(OCsz)g - CeHsCHCHzOCsz
0C.Hj;

By using o-tolylmagnesium iodide, p-tolylmagnesium bromide, 2,4-dimethyl-
phenylmagnesium iodide, and p-chlorophenylmagnesium bromide in the same
reaction, the diethyl ethers of the corresponding substituted styrene glycols were
obtained (697). The product usually was contaminated with some of the 8-ethoxy-
styrene. All of these diethyl ethers were converted to the corresponding phenyl-
acetaldehydes by boiling with dilute sulfuric acid (695, 697).

Treatment of styrene bromohydrin with sodium methylmercaptide and sodium
ethylmercaptide gave 70 per cent and 81 per cent, respectively, of the correpond-
ing B-thioethers of styrene glycol (568). These compounds were prepared in 88
per cent and 58 per cent yields, respectively, by reducing the corresponding
ketones with aluminum isopropoxide and isopropyl alcohol.

C.H;CHOHCH,Br —Y2SCH: |

C+H,CHOHCH,SCH, 0Okl

CH;CHOHCH, CeHs COCH,SCH;

This latter method was used to prepare the following substituted styrene glycol
B-thioethers in the yields shown: p-methyl methyl, 79 per cent; p-methyl ethyl,
77 per cent; p-methoxy ethyl, 57 per cent; 3,4-dimethoxy methyl, 94 per cent.
Styrene bromohydrin also reacted with potassium o-aminothiophenoxide to give
the corresponding thioether (148a). In the case of styrene chlorohydrin and
sodium S-diethylaminoethylmercaptide, 78 per cent of the S-thioether was ob-
tained (260a). Styrene oxide reacted with the corresponding potassium mercap-
tides to give the following styrene glycol S-thioethers in the yields specified:
methyl, 22 per cent; $-diethylaminoethyl, 20 per cent; v-diethylaminopropyl,
51 per cent; p-aminophenyl, 68 per cent. With potassium ¢-aminothiophenoxide,
using either styrene oxide or a-iodo-3-phenethyl alcohol, the product was 2-phen-
yldihydrobenzothiazine (148a).

These compounds behave as typical thioethers, forming quaternary salts with
methyl chloride, ethyl chloride, methyl iodide, ethyl iodide, and methyl sulfate.
Picrates were prepared by treating the quaternary halides with sodium picrate.
The p-ethyl thioether of styrene glycol was oxidized to the sulfoxide by means of
hydrogen peroxide. The methyl (311), ethyl (311), phenyl (311), carboxymethyl
(310, 311), and carbethoxymethyl dithioethers of styrene glycol have been pre-
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pared by treating styrene with the corresponding disulfide in the presence of
iodine in anhydrous ether solution.

Styrene glycol 8-monoacetate was prepared in 77 per cent yield by reducing
w-acetoxyacetophenone with hydrogen in the presence of a platinum oxide cat-
alyst (671). A little a-phenethyl alcohol also was obtained. The epoxidation of
styrene with peracetic acid in acetic acid solution gave styrene glycol or its
acetate as the final product of the reaction (97). Styrene oxide was the inter-
mediate.

As mentioned previously, styrene glycol diacetate and dibenzoate have been
prepared from styrene dibromide. The dipropionate, di-n-butyrate, and dilaurate
have been prepared by treating styrene oxide with an excess of the corresponding
acid in boiling toluene containing p-toluenesulfonic acid (189).

D. Phenylethanolamines

Because of their importance as pressor amines (19), phenylethanolamines
(a-hydroxy-g-aminoethylbenzenes) have been studied in great detail, particularly
with respect to various methods of synthesis.

C>CH0HCH2NH2

For phenylethanolamine itself the most widely investigated methods of prepa-
ration have involved reduction. In 1904 Kolshorn (402) first prepared the com-
pound by reducing the monoxime of phenylglyoxal with sodium amalgam in
aqueous alcohol containing hydrochloric acid. Some w-aminoacetophenone was
obtained as a by-product.

. Na-Hg

C¢H; COCH=NOH H.0-C.H.0H
HCl
CsH;CHOHCH.NH. + C¢H;COCH,NH,

The reduction of w-aminoacetophenone to phenylethanolamine has been effected
in 71 per cent yield in acetic acid solution, using hydrogen in the presence of a

CH,COCH,NH; + H, £, CsH,CHOHCH,NH,
(71 per cent)

platinum catalyst (590). The hydrogenation of its hydrochloride (274, 505, 680)
or hydrobromide (475) has been effected in alcohol (302) or aqueous solution
(475, 505, 680) in the presence of such catalysts as platinum (274) (63 per cent
yield), nickel (505), and palladium (475) (28 per cent yield, 680). Phenylethanol-
amine has been prepared by the reduction of its p-toluenesulfonamide with
sodium and amyl alcohol (375). When the hydrochloride of N-benzyl-w-amino-
acetophenone was treated with hydrogen in the presence of a palladium on char-
coal catalyst, an 88 per cent yield of phenylethanolamine hydrochloride was
obtained (674).

CeH;COCH.NHCH,CH; ;Ié—> C:H;CHOHCH.,NH.-HCl] 4+ C.H:CH;
HCI
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Another common preparation of phenylethanolamine is by the reduction of
mandelonitrile with sodium amalgam in aqueous alcohol using acetic (83,494,
785) or hydrochloric (294) acid to keep the mixture neutral. The yields were low,
26 per cent (83) to 35 per cent (785). However, hydrogenation in alcohol solution
using a platinum oxide catalyst in the presence of hydrochloric acid gave only
B-phenethylamine (130). Recently a somewhat better yield of phenylethanol-
amine, 48 per cent, has been obtained by reducing mandelonitrile with lithium
aluminum hydride (534a). Benzoyl cyanide has been hydrogenated in acetic
acid solution in the presence of a palladium catalyst to give phenylethanolamine
(381).

Pd
CsH:COCN + H, — C:H:CHOHCH.NH,

TABLE 23
Hydrogenation of w-aminoacetophenones
@-AMINOACETOPEENONE CATALYST YIELD REFERENCE
per cent
p-Methoxy (HCD)..................... ... PdonC (475)
p-Hydroxy............ ... il Pd on C 99 (146)
p-Hydroxy (HCL)........................ Pd on C (475)
p-Hydroxy (HCl)........................ Pd (381)
p-Hydroxy (HCI)...... P Pd 89 (674)
3,4-Dihydroxy (HCL).................... Pd (381)
3,4-Dimethoxy (HCL).................... Pd (381)
2-Methoxy-§-methyl..................... Pt (117)
2-Hydroxy-5-methyl..................... Pt (28)
2,5-Dimethoxy (HBr)................... PtO, (48)

Treatment of styrene bromohydrin with concentrated aqueous ammonia gave
phenylethanolamine (597) in 25 per cent yield (598). Styrene oxide reacted
with aqueous ammonia at 90-125°C. to give 18 per cent of phenylethanolamine
together with some 2,6-diphenylmorpholine (189).

Phenylethanolamine has been prepared by treating g-hydroxycinnamamide
with sodium hypobromite and sodium hydroxide according to the Hofmann pro-
cedure (2). Reduction of 8-nitro-a-hydroxyethylbenzene with sodium amalgam

CsH,CHOHCH,CONH, %%%L CsH:CHOHCH,NH,

and aqueous alcoholic acetic acid (625, 626) or with iron and sulfuric acid in
alcohol (528) also gave phenylethanolamine.

Since the compound is somewhat soluble in water it often has been isolated
as a derivative. Those used include the carbonate (83, 475), hydrochloride (2,
597), neutral sulfate (18), picrate (402), and N-benzamide (2, 402, 598).

Nuclear-substituted phenylethanolamines have been prepared almost entirely
by procedures involving reduction. The w-aminoacetophenones listed in table 23
have been hydrogenated to phenylethanolamines. The hydrochloride of 3,4-
dichloro-w-aminoacetophenone has been reduced to the hydrochloride of the
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corresponding phenylethanolamine by means of aluminum amalgam (271).
3,4-Dihydroxyphenylethanolamine has been prepared from 3,4-dihydroxy-w-
aminoacetophenone by reduction with sodium amalgam and aqueous sodium
hydroxide (493). Reduction of the hydrochloride of N,N-dibenzyl-w-amino-p-
hydroxyacetophenone with hydrogen in the presence of palladium gave an 86
per cent yield of p-hydroxyphenylethanolamine hydrochloride (674).

A number of substituted mandelonitriles have been reduced to the correspond-
ing phenylethanolamines by means of sodium amalgam and acetic acid in alcohol
solution. These include p-methyl- (351), p-methoxy- (351), 3,4-methylenedioxy-

H30©CHOHCN Na-Hg_| H30©CHOHOH2NHz

(83, 485), and 3,4-dihydroxy- (494). Hydrogenation in acetic acid solution in
the presence of a palladium catalyst likewise has been used successfully for the
3,4-dimethoxy- (47 per cent yield), 3-methoxy-4-ethoxy- (45 per cent yield),
and 3,4-diethoxy- (24 per cent yield) substituted analogs (383). In the first two
cases 18 per cent and 16 per cent, respectively, of the corresponding S8-phen-
ethylamines also were isolated. Hydrogenation in alcohol solution with a plati-
num oxide catalyst in the presence of hydrochloric acid was successful only in
the case of o-methoxy- (59 per cent yield), o-chloro- (41 per cent yield), and 2,3-
dimethoxy- (23.5 per cent yield) mandelonitriles (130). In the case of p-chloro-
(130), p-methoxy- (130), p-dimethylamino- (130), 3,4-dimethoxy- (130), 3-hy-
droxy- (130a), 4-hydroxy- (130a), 2-hydroxy-3-methoxy- (130a), 3-methoxy-
4-hydroxy- (130a) and 3,4-dihydroxy- (130a) mandelonitriles, only the corre-
sponding 8-phenethylamine was obtained. The following benzoyl cyanides have
been hydrogenated to phenylethanolamines in acetic acid solution in the pres-
ence of a palladium catalyst: p-methoxy-, 3,4-dimethoxy-, 3,4,5-trimethoxy-,
and 3,4-methylenedioxy- (381).

a-Hydroxy-g-nitroethylbenzenes have been reduced to phenylethanolamines.
Sodium amalgam and acetic acid in alcohol has been used for the following
analogs: p-methoxy- (625, 626), 3,4-dimethoxy- (625), and 3 ,4-dihydroxy- (5 per
cent yleld) (625). When 3,4-diacetoxy-a-hydroxy-8-nitroethylbenzene was
treated with zinc and acetic acid a 49 per cent hield of 3,4-diacetoxyphenyl-
ethanolamine was obtained (360).

CH;C00 CHOHCH,NO, — 2% __,
CH:COOH
CH;CO00

CH;COO CHOHCH.NH.
CH;COO

The following w-nitroacetophenones have been hydrogenated to phenylethanol-
amines in alcohol solution in the presence of a platinum oxide catalyst: o-methoxy
(80 per cent yield), 3,4-dimethoxy- (nearly quantitative yield), and 3,4-meth-
vlenedioxy- (80 per cent yield) (608). Hydrogenation of 3,4-dimethoxyphenyl-
glyoxal monoxime in acetic acid solution in the presence of a palladium catalyst
gave 65 per cent of the corresponding phenylethanolamine (382).
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CH30©COCH NOH + H, P4, CH30©CHOHCH,NH2
CH,0 CH,0
(65 per cent)

2,5-Dimethoxyphenylethanolamine hydrochloride has been prepared by hy-
drolyzing the corresponding cyeclic urethan with cold concentrated hydrochloric
acid (48).
CH;0 CH;0

—CH——CH.  yq

I
0—CO—NH
CH;0 CH;0

As with phenylethanolamine itself, several derivatives have been utilized for
the isolation of substituted phenylethanolamines. These include the neutral
sulfate for p-methyl-, p-methoxy-, 3,4-dimethoxy-, and 3,4-methylenedioxy-
(18); the carbonate for p-hydroxy- (475); and the oxalate for o-methoxy-, 3,4-
dimethoxy-, and 3,4-methylenedioxy- (608).

These reductive procedures have been used for the preparation of a number
of O-ethers of substituted phenylethanolamines. In table 24 are shown the re-
ducing agents used and the products obtained.

Treatment of the ethyl ether of styrene chlorohydrin with alcoholic ammonia
at 90-120°C. gave 9.5 per cent of the ethyl ether of phenylethanolamine plus
18 per cent of the corresponding secondary amine as well as some a-ethoxystyrene
(315). &,3,4-Trimethoxyphenylethanolamine has been prepared by treating the
corresponding bromo compound with ammonia (474).

CH30©CHCH2Br _NH, | CH30©CHCH2NH2
CH,O CH,O

s OCHs OCHs

Besides the salts used to isolate phenylethanolamine, the chloroplatinate and
neutral oleate also have been prepared (274). Phenylethanolamine is reported
to give a very faint blue to blue-green color with sulfomolybdic acid (595). While
it was originally reported that phenylethanolamine gave no color when treated
with 4 per cent hydrogen peroxide containing sodium chloride (675), a positive
test was later observed (286).

In the acylation of phenylethanolamine with acyl halides the first acyl group
becomes affixed to the nitrogen atom. This has been shown to be true in the case
of the acetyl (785), chloroacetyl (351), benzoyl (83, 381, 475, 597, 674, 726, 785),

CeHsCHOHCH,NH, + CH;COC] — C:H;CHOHCH,NHCOCH;

and carbethoxy (from ethyl chloroformate) (294, 475) groups. Many N-acyl
derivatives also have been prepared by the reduction of the corresponding N-acyl-
w-aminoacetophenones, usually by means of sodium amalgam and aqueous alcohol
held neutral with acetic acid. These include the N-formyl (563), N-acetyl (7853)

CHOHCH:NH,-HCl
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(40 per cent yield) (563), N-benzoyl (785) (58 per cent yield) (563), N-phenacetyl
(621) (44 per cent yield) (563), and N-carbethoxy (20 per cent yield) (472).
The reduction of N-carbethoxy-w-aminoacetophenone also has been effected in
75 per cent yield in alcohol solution by means of hydrogen and a palladium
catalyst. N-Dichloroacetyl- and N-cyanoacetyl-phenylethanolamines have been

H
CH;COCH.NHCOOC,H; —P(;—> CH;CHOHCH,NHCOOC,H;

prepared by treating phenylethanolamine with the ethyl ester of the correspond-
ing acid (475). Phenylethanolamine reacted with ethyl chloroacetate to give a
diketopiperazine derivative.

(IJHzCHOHCsH5

N
VAN
oC C
H.C co
N/
N

H,

I
CH.CHOHC H;

N-Benzoylphenylethanolamine has been acetylated by treatment with acetic
anhydride containing sodium acetate (381, 475). When benzoyl chloride and
pyridine were used for the benzoylation of phenylethanolamine, instead of ben-
zoyl chloride and sodium hydroxide, the O, N-dibenzoyl derivative was obtained
(83).

Treatment of N-benzoylphenylethanolamine with concentrated sulfuric acid,
followed by dilution with water and neutralization with potassium carbonate,
gave O-benzoylphenylethanolamine sulfate (726). By conducting the neutraliza-
tion in the cold, the intermediate oxazoline was isolated. O-Benzoylphenyl-

CeHsCHOHCHzNHCOCaHs b CeHsCHCHgN b CsHsCHCHzNHz

|
O——CCsHs OCOC:H;

ethanolamine sulfate reverted to N-benzoylphenylethanolamine on treatment
with sodium or ammonium hydroxide.

O-Benzoylphenylethanolamine was obtained along with 8-phenethylamine and
di(8-phenethyl)amine by the hydrogenation of mandelonitrile benzoate in ethyl
acetate solution in the presence of a nickel catalyst (639). Treatment with boiling
alcoholic hydrochloric acid gave phenylethanolamine. When N-phenacetyl-
phenylethanolamine was treated with concentrated sulfuric acid, no oxazole was
obtained and phenylacetaldehyde was isolated from the reaction mixture (621).

Treatment of N-benzoylphenylethanolamine with ethylmagnesium bromide at
175°C. gave N-benzoylstyrylamine (415).

175°C.
C:H;,CHOHCH,NHCOC:H; + C;H;MgBr —53—— CsH;CH=CHNHCOC:H;
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N-Chloroacetylphenylethanolamine added hexamethylenetetramine (351). Nei-
ther phenylethanolamine nor N-carbethoxyphenylethanolamine reacted with
acetobromoglucose in the presence of silver carbonate (680).

Treatment of N-acetylphenylethanolamine with fuming hydrochloric acid at
100°C. or with phosphorus pentachloride gave N-acetyl-8-chloro-g-phenethyl-
amine (785).

fuming HCI

C6:[‘:[50:E[O:E[C:[':[2N'I—ICOCI_I3 or PCl

— C:HyCHCICH,NHCOCH;,

With phenylethanolamine itself the same replacement of the hydroxyl group
was effected with hot fuming hydrochloric acid or with thionyl chloride. N-Ben-
zoyl-B-chloro-3-phenethylamine was prepared by benzoylating 8-chloro-g-phen-
ethylamine by the Schotten-Baumann method (785) or by treating diphenyl-
oxazoline with hydrogen chloride in ether (726). The latter transformation was
reversed by 10 per cent potassium hydroxide (726) or sodium methoxide (785).
N-Benzoyl-8-chloro-g-phenethylamine was converted to the hydrochloride of
O-benzoylphenylethanolamine by treatment with water (726) or hot alcohol
(785). This hydrochloride also was obtained by treating N-benzoylphenylethanol-
amine with hot concentrated hydrochloric acid (726). Treatment of O-benzoyl-
phenylethanolamine hydrochloride with ammonia or sodium hydroxide gave

the free amine, which rearranged on standing to N-benzoylphenylethanolamine
(785).

CeHs(I]HCHgNHg
0COC:H;
Stan/d/ NH; or
/ NaOH
7
CsH;CHOHCH,NHCOC:H; °‘;§é‘li'_> C+H,CHCH,NH,-HCI
| OCOCH;
H.0,/
PCI. Orz/CszoH
/
CsHs CHCICH,NHCOC:H;
N
10% HCl
C:H:COCl KOH or\\e\ther
NaOH CH;ONa
a 3 \\
CsH;CHCICH,NH, CsH;CHCH,N

O——CC¢H;s
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8-Chloro-3-phenethylamine hydrochloride underwent several interesting reac-
tions which are shown by the following equations:

CeH;CH—S
AN
KSON C  (785)
H.0 H,C—NH
CsH;CH—S
C8; \
CeH; CHCICH,NH, - HCI CSH (785)
KOH /
H,C—N
NaOH CH,CH—CH, (236, 785)
..~
CeHs;CHCICH,NH, 2859, (.5 ,CHCH,NH;}
SO7

A few simple reactions of phenylethylenimine were examined and are also
summarized in equation form (785).

HCI or HBr
Ce¢H;CHXCH.NH,-HX
~ HNO;
CGH5CI< /VH2 H,0 — CeHsCHOHCHzNHg'HNOs
N
H
| 0
C¢H;CHOHCH.NH,-H,S0;
H,SO,

The p-toluenesulfonamide of phenylethylenimine, prepared as shown on page
267, underwent a wide variety of reactions. For convenience these are summarized
in equation form (375).

Phenylethanolamine has shown a number of miscellaneous reactions similar
to those observed with S-chloro-g-phenethylamine. For convenience they are
summarized in equation form (see page 268).

Salts of phenylethanolamine have been prepared with d-camphor-10-sulfonic
acid and with d-methylenecamphor, and the d-tartrate has been resolved (597).
The d-phenylethanolamine thus formed reacted with methyl iodide and sodium
methoxide to give 80 per cent of the d-quaternary iodide (597).

CH;OH
C:HsCHOHCH,NH, + CH;I 4+ CH;ONa ———— CH;CHOHCH.N (CH;)sI



267

REACTIONS OF MONOMERIC STYRENES
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KOCN
HCl
CeH;CHOHCH,NHCONH, (475)
CsH;NCS
= CsH,CHOHCH,NHCSNHC,H; (402)
C¢H;CH—S
fuming AN
CGHECHOHCHzNHz HBr_> C=NCGH5
HC—NH
SCH,
NH
HN=C—NH,-HI 7
C«H;CHOHCH,NHC
NH.-HI (83)
C,H;0H
CsH;CHO
> C¢H;CHOHCH,N=CHCH; (597)
C«H; CHOHCH,N=CH O\CH (83)
-0 CHO 2 (83
H,C 0~
~0
TABLE 25
N-Acylphenylethanolamines
PHENYLETHANOLAMINE N-SUBSTITUTED DERIVATIVES REFERENCES
p-Methyl............................. Chloroacetyl (351)
p-Methoxy........................... { Benzoyl (381, 475)
Carbethoxy (475)
3,4-Dimethoxy........................ Homoveratroyl (381, 562*)
Formyl (485)
3,4-Methylenedioxy.................. Benzoyl (381, 485)
p-Nitrobenzoyl (485)
Veratroyl (485)
p-Benzoxy............................ Benzoyl (475, 674, 758)

* By reduction of the acylaminoacetophenone with sodium amalgam and acetic acid in

aleohol.
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A number of nuclear-substituted phenylethanolamines have been acylated by
standard methods to give N-substituted derivatives. These compounds are listed
in table 25, together with one prepared by another method.

Certain of the above listed N-acyl compounds have been further acylated to
give N-acyl-O-acyl derivatives. These are listed in table 26.

N-Carbethoxyphenylethanolamine reacted with formaldehyde at 140-145°C.
to give 55 per cent of w-(N-methyl-N-carbethoxyamino)acetophenone (294).

140-145°C.
CH;CHOHCH,NHCOOC,H; + HCHO b
CsH;COCH,NCOOC.H;
CH;
TABLE 26
N-Acyl-O-acylphenylethanolamines
FHENYLETHANOLAMINE N-crour O-GrOUP REFERENCES
p-Methoxy......ovvovveviiiii i, Benzoyl Acetyl (381, 475)
3,4-Dimethoxy...............coiuun Benzoyl Benzoyl (381)
3,4,5-Trimethoxy.............covuve. Benzoyl Benzoyl (381)
3,4-Methylenedioxy.................. Benzoyl Acetyl (381)
p-Nitrobenzoyl | p-Nitrobenzoyl (485)
P-Benzoxy......oooiiiiiiiiiiiiia Benzoyl Acetyl (475)
Benzoyl Benzoyl (758)

Treatment of N-homoveratroyl-3,4-dimethoxyphenylethanolamine for 5 min.
with phosphorus pentoxide in boiling xylene gave a 30 per cent yield of papav-
erine (562).

CH, o@mommwcocm@ocm 20,
CH; 0

gCH,
CH,0 /\
N
CH,0 Y/S
.
OCH,
ScH,

This type of ring closure to give compounds related to papaverine has been
applied to a number of O-methyl ethers of N-acylated phenylethanolamines.
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The ring closure has been effected with both phosphorus pentoxide in toluene
and phosphorus oxychloride in xylene. These preparations are summarized in
table 27.

- Table 28 lists the N-acyl derivatives of O-methyl ethers of phenylethanol-
amines which have been prepared but not cyclized.

TABLE 27
Papaverine derivatives

RING-CLOSING

PHENYLETHANOLAMINE O-METHYL ETHER N-ACYL GROUP AGENT REFERENCE
Benzoyl P;0: (628)
Benzoyl POCl, (476)
3,4-Dimethoxy............... ... ... ... Phenacetyl POCl; (476)

Homopiperonyl POCl, (476)
Homoveratroyl POCl, (476)

Homoveratroyl P.0s (628)
Benzoyl POCI; (476)
3,4-Methylenedioxy...........................]{ Phenacetyl POCl, (476)

Homopiperonyl POCl, (476)
Homoveratroyl POCl; (476)

Benzoyl POClL, (471)
2,5-Dimethoxy-3,4-methylenedioxy........... Homopiperonyl POCl, (471)
Homoveratroyl POCl, (471)
TABLE 28
Acylated phenylethanolamine ethers
PHENYLETHANOLAMINE O-METHYL ETHER N-ACYL GROUP REFERENCE

Phenacetyl 471)

2,4-Dimethoxy............... ... ... Homopiperonyl (471)

Homoveratroyl (471)

2,5-Dimethoxy-3,4-methylenedioxy..........| Phenacetyl (471)

Treatment of N-(o-carbomethoxybenzoyl)-3,4-methylenedioxyphenylethanol-
amine-O-methyl ether with phosphorus oxychloride in boiling xylene gave the
styrylimide (477).

CHCH,NHCOZ Y FPOCL,

0
L0 ) cm, CH:OCO

Co
/

/
o< >CH=CHN
H,C4—0 AN

CO
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The same results were obtained by treating the N-(o-carboxybenzoyl) derivative
of phenylethanolamine-O-methyl ether with phosphorus pentoxide. With phos-
phorus oxychloride the imide was obtained without the loss of methanol.

TABLE 29
Reductions of w-(N-alkyl)aminoacetophenones
AMI;’(‘)EICVI;?;KPKY:X)‘;ONE RING SUBSTITUENTS REDUCING AGENT YIELD |REFERENCE
der cent
( H; + Ni (505)
H; 4 PtO; 90 (3)

H, 4 Pd (506)
m-Hydroxy H. + Pd (443)

p-Hydroxy H. + Pd 90 (443)

p-Hydroxy H; + Pd 89 (146)

Methyl. ...t p-Hydroxy H: + Pd (381)
3,4-Dihydroxy H.: 4+ Pd (381)

3,4-Dihydroxy Al-Hg + aq- (493)

ueous H.80,

2-Hydroxy-3-methyl H. + Pt (28)
3-Amino-4-hydroxy H, + PtO. (657)

|| 3-Acetamino-4-hydroxy | Hy 4+ PtO; (657)
Ethyl { 4-Hydroxy H, + Pd 71 | (146)
Fhovrrmrm 3,4-Dihydroxy Electrolysis (493)
n-Propyl....................... p-Hydroxy Hs 4+ Pd 68 (146)
Isopropyl. ...l p-Hydroxy............. H, + Pd 86 (146)

H, + PtO. 90 3)

n-Butyl....................... { p-Hydroxy H, -+ Pd 83 (146)
Isobutyl.................. ot p-Hydroxy H.+ Pd 87 (146)
sec-Butyl...................... p-Hydroxy H, + Pd 91 (146)
tert-Butyl...................... p-Hydroxy H, 4+ Pd 78 (146)

B-Phenethyl.................... H, + Pd (20)

AVA VA N H. + Pd 90 | (20)

Besides the above amide chemistry p-hydroxyphenylethanolamine has been
reported to give a blue color with sulfomolybdic acid (595). 3,4-Methylenedi-
oxyphenylethanolamine gave a quaternary iodide when treated with methyl
iodide (83).

Both N-n-butyl- and N-isobutyl-phenylethanolamines have been prepared by
alkylating phenylethanolamine with n-butyl and isobutyl iodides, respectively
(361). N-Methyl-3,4-methylenedioxyphenylethanolamine has been prepared by
alkylating N-benzoyl-3,4-methylenedioxyphenylethanolamine with methyl io-
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dide and then removing the benzoyl group by hydrolysis (83). Similar alkylation
of piperonalphenylethanolamine followed by hydrolysis gave N-methylphenyl-
ethanolamine,

In general the other preparations of N-alkylphenylethanolamines parallel
those used for the unsubstituted compounds. Probably the most widely used is
the reduction of the corresponding w-(N-alkylamino)acetophenone, For con-
venience the numerous compounds prepared in this way are summarized in
table 29,

In addition, 3-acetamino-4-hydroxy-w-(NV-methyl-N-acetylamino)acetophenone
has been reduced to the corresponding phenylethanolamine by means of hydrogen
and a platinum oxide catalyst (657).

TABLE 30
Reductive debenzylations
smsm%%%;ﬁ%ﬁnwn L- REDUCING AGENT YIELD REFERENCE
per cent

H: 4+ Ni (335)
p-Hydroxy........cooviiviii ... H, 4+ Ni (335)
2,5-Dimethoxy.............cvini... H; + PtO, (48)
2-Methoxy-5-methyl.................. H: + Pt (28)
3-Chloro-4-hydroxy................... H, + Pt 95 (229)
3-Chloro-4-acetOxy............oovvun H: + Pt 97 (229)
3-Fluoro-4-hydroxy.................. H, + Pt 85 (229)
3-Chloro-4-hydroxy (N-ethyl)......... H: 4+ Pt 90 (229)

Certain w-(NV-methyl-N-benzylamino)acetophenones have been simultaneously
reduced and debenzylated to give the corresponding N-methylphenylethanol-

CH;
/
RCOCH.N
CH,C:H,

amines. These preparations are summarized in table 30.
A number of N-alkylphenylethanolamines have been prepared by the reductive
alkylation of the corresponding 3-nitro-a-phenethyl alcohol by means of an alde-

B, RCHOHCH,NHCH,

RCHOHCH.NO, 4+ R'CHO B, RCHOHCH.NHCH,R’

hyde and zinc and acetic acid as the reducing agent. These preparations are
summarized in table 31.

Another very common method for preparing N-alkylphenylethanolamines is to
treat a styrene halohydrin with the appropriate primary amine. These prepara-

RCHOHCH.X + R'NH, —» RCHOHCH,NHR’

tions are summarized in table 32.
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When the methyl ether of styrene bromohydrin was treated with methylamine,
a 33 per cent yield of the methyl ether of phenylethanolamine was obtained
(465). This same reaction has been utilized successfully with the methyl ethers
of 3,4-dimethoxystyrene bromohydrin and 3,4-methylenedioxystyrene bromo-
hydrin.

TABLE 31
Reductive alkylations
B+NITRO+-a-PHENETEYL ALCOHOL ALDEEYDE YIELD REFERENCE
per cent
Formaldehyde (528)
Formaldehyde (527)
Formaldehyde (360)
n-Heptaldehyde 30 (360)
. Benzaldehyde 17 (360)
3,4-Diacetoxy........... Piperonal 32 (360)
3,4-Diacetoxybenzaldehyde 51 (360)
3-Methoxy-4-acetoxybenzaldehyde 22 (360)
\| Furfural 28 (360)
TABLE 32
N-Alkylphenylethanolamines from styrene halohydrins
SUBSTITUTED STYRENE ipeptcafind AMINE REFERENCE
I Aniline (361)
3,4-DimethOxy. ..o Br Methylamine | (54)
3,4-Dimethoxy™*..............coiiiiiii ., Br Methylamine | (474)
3,4-Methylenedioxy.................ccooiii... Cl Methylamine | (549)
3,4-Methylenedioxy................viiiia, Br Methylamine | (54)
3,4-Methylenedioxyt.............o oo Br Methylamine | (474)
3,4-Dihydroxy.....ccovvviiiii Cl Methylamine | (100, 472)
3,4-Dihydroxy........ oo Br Methylamine | (100, 497)
Bromo-3,4-dihydroxy.............. ... ...l Br Methylamine | (100)

* In this case the a-methylamino-8-phenethylalcohol also was isolated in the ratio of
one to four of the f-methylamino-a-phenethylalcohol.
t Here the two isomers occurred in equal quantities.

A closely related method is the reaction of styrene oxide with a primary amine
to give an N-alkylphenylethanolamine (189). Phenylethanolamines prepared suc-
CeHs CH—CHz + RNH2 b CeH5 CHOHCHzNHR

0

cessfully in this way include N-ethyl- (56 per cent yield), N-n-butyl- (64 per
cent yield), N-n-dodecyl- (70 per cent yield), and N-8-hydroxyethyl- (63 per
cent yield). In the case of the n-butyl compound some 2,6-diphenyl-4-n-butyl-
morpholine was isolated as a by-product.
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An interesting synthesis of N-methylphenylethanolamine is outlined below

(375):
Br

/
CeHsCH=CH2 + HsC SOgN
{0
l CH;
CH;
/
CuHsCHBI‘CHzN

Ns0.dSe

(72 per cent)

CH;COONa
CH,COOH
CH, /CHs
C.H;CHOHCH,N NaOH  ~ H,CHCH,N
\ alcohol I \
. SOz@CHs OCOCH, SOZQCHs
alf«ﬁﬁ (90 per cent)
C,H;CHOHCH,NHCH,
(80 per cent)

When this method was applied to N-methyl-p-fluorophenylethanolamine, the
overall yield from p-fluorostyrene was 56 per cent (229).

N-Methyl-3 ,4-methylenedioxyphenylethanolamine has been prepared by the
hydrolysis reaction shown below (664).

cold
0 CH———CH, —"%_) 0 CHOHCH,NHCH;

0-—-CO-~NCH;
N-Benzylphenylethanolamine has been prepared by the reduction of diphenyl-
oxazole (219).

/o-—c CH,
CeHsc\ ! Eir%ff’ C,H; CHOHCH,NHCH, C.Hj
N—CH

Recently a number of N-alkylphenylethanolamines have been prepared by the
reductive amination of the corresponding phenylglyoxals (225a).

N-Methylphenylethanolamine has been alkylated with phenacyl bromide and
with a-bromopropiophenone (770).
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CGHF,CHOHCHzNHCHs + CeHsCOCHgBI‘ —_

C¢H; CHOHCH,NCH,COC¢Hj;
CH;,

Other N,N-dialkylphenylethanolamines generally have been prepared by the
same methods previously described for the less highly substituted compounds.

TABLE 33
N,N-Dialkylphenylethanolamines from w-aminoacetophenones
Pyl bt S o Ao REDUCING AGENT YIELD | REFERENCE
per cent
Dimethyl (742)
Diethyl H, 4 PtO, 73-75 | (484)
Di-n-butyl (1-C3H;0)3A1 69 (272)
—CHzCHz
(0] H; + Pd 87.5 (630)
—CHchz
— N
CH, H. + Pd 91 (20)
—CHzCHz /
Diethyl (2-C3H;0);Al1 70 (165)
Di-n-propyl (3-C3H10)5A1 70 (165)
PrBIOMO. Di-n-butyl (-CsHO)AL | 93 | (169)
Pentamethylene (3-C3H70)Al 81 (165)
p-Hydroxy..........coooovvn Dimethyl H, 4 Pd 75 ' (1486)
3,4-Dihydroxy................ Dimethyl Electrolysis (493)
2,5-Dimethoxy................ Dimethyl H, 4+ PtO; (48)

In table 33 are listed those N ,N-dialkylphenylethanolamines which have been
prepared by the reduction of the corresponding w-(N,N-dialkylamino)aceto-
phenone.

A number of N,N-dialkylphenylethanolamines have been prepared from the
corresponding styrene halohydrin and a secondary amine. These preparations
are summarized in table 34.

It is of interest that N ,N-dimethylphenylethanolamine was obtained from
B-iodo-B-phenethyl alcohol as well as from styrene iodohydrin (744). This sug-
gests a common intermediate, probably styrene oxide.

C¢H; CHOHCH.I (CH.).NH
_)

C:H;CHICH,OH
[CGHEC{—_/‘CHZ} I CeHsCHOHCHgN(CHs)z

0
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The isomeric S-dimethylamino-3-phenethyl alcohol was synthesized by the fol-
lowing method and its derivatives were shown to have different properties from
those of N,N-dimethylphenylethanolamine (744).

CeHiCH.COCl —2% C.H,CHBrcOCI —22Of,
CeH;CHBrCOOC,H; —CHNH,
Na
CeHSCHCOOCzH5 ——m—) CGHSCHCHgoH
N(CHs): N(CHy);

Additional evidence for an oxide intermediate is found in the cases of 3,4-
dimethoxy- and 3,4-methylenedioxy-styrene bromohydrins, where two different
products are obtained on treatment with amines (474).

CH30©CHOHCH2Br _CH.NH: | [CHs @CH——CHZ}

CH,O CH,0
/ AN
\
v
CH30©CHOHCH2NHCH3 CH,0 CHCHZOH
CHsO (4: ].) CHs NHCH3
O@CHOHCHzBr _CH,\NH, 0 CH——CH,
H,0ZL—0 H,c4—0 \o/
7\
J AN
0 CHOHCH,NHCH, 0 CHCHzOH
(CH3).NH X @CH——'CH
[Hcho O/

/N

O@CHOHCHZN(CHQZ O@(I?HCHgoH
H,C4— H,0Z—0 Y(cH.y

(mostly)

The ethyl ether of styrene chlorohydrin reacted with diethylamine at 90-128°C.
to give 69 per cent of O,N ,N-triethylphenylethanolamine together with a little
a-ethoxystyrene (315). The same reaction occurred with dimethylamine (744).
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CeH;CHCH.Cl + (C.H;).NH —
OC,H;
C¢HsCHCH,N(C.H;). + CsH:;C=CH,
"OC,H; 0C.H;s

The methyl ethers of both 3,4-dimethoxy- and 3,4-methylenedioxy-styrene
bromohydrins reacted with dimethylamine to give the corresponding N,N-
dimethylphenylethanolamines, the former in quantitative yield (474).

TABLE 34
N,N-Dialkylphenylethanolamines from styrene halohydrins
SUBSTITUTED STYRENE HALOHYDRIN “i?ggfy gﬁggfgxg YIELD | REFERENCE
per cent
Diethyl Cl 66 (189)
Diamyl Cl 63 (189)
Diethanol Cl 63 (189)
Dimethyl I (742, 744)
. Dimethyl Br 90 (577)
3,4-Methylenedioxy.................... { Dimethyl Br (474)
TABLE 35
N,N-Dialkylphenylethanolamines from styrene oxide
SECONDARY AMINE YIELD REFERENCE
per ceni
Dimethyl............c.ooiiiiiiii. Quantitative (742, 743)
Di-n-propylecccce i, 91 (189)
Di-n-butyl.........ooovvvviiiii. 92 (189)
Diethanol...................c.ovatl, 89 (189)
Morpholine.......coovvevviiiiiina.., 80 (189)

Several N ,N-dialkylphenylethanolamines have been prepared by treating
styrene oxide with the appropriate secondary amine. These preparations are
summarized in table 35.

Styrene oxide reacted with hydrazine, N,N-dimethylhydrazine, and N,N-
diethylhydrazine in xylene solution at 120-140°C. to give the corresponding
phenylethanolhydrazines in 29, 22, and 37 per cent yields, respectively (62).
In the first case some completely alkylated hydrazine appeared as a by-product.

CGHE,C\I'I—/CHg + N2H4 hrd CsHsCHOHCHzNHNHg +

(C¢H;CHOHCH,).NN(CH,CHOHC¢Hj),
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Quaternary salts in this series have been prepared by treating a styrene halo-
hydrin with the appropriate tertiary amine. Styrene bromohydrin reacted with
pyridine to give 59 per cent of the quaternary bromide (618).

CeH;CHOHCH,Br + C¢H;:N — C:H;CHOHCH,NC;H;*Br~

Styrene iodohydrin gave small amounts of quaternary iodides with trimethyl-
amine and dimethylbenzylamine, together with larger amounts of acetophenone
(80 per cent in the trimethylamine reaction) (745).

Quaternary pyridinium bromides also have been prepared by hydrogenating
in the presence of a platinum oxide catalyst the corresponding derivatives of
w-aminoacetophenone (30 per cent yield) (618) and of 3-methoxy-4-acetoxy-w-
aminoacetophenone (20 per cent yield) (619). In the latter case some material
in which the pyridine ring also was reduced likewise was isolated. 3-Methoxy-4-
hydroxyphenacylpyridinium bromide was too insoluble for catalytic hydrogena-
tion.

d-Phenylethanolamine has been alkylated with methyl iodide and sodium
methoxide to give 80 per cent of the quaternary iodide (5§97). N ,N-Dimethyl-
phenylethanolamine yielded quaternary salts with both methyl iodide and
methyl chloride (744). A quaternary iodide was obtained by treating N,N-
dimethyl-2,5-dimethoxyphenylethanolamine with methyl iodide (48). Treat-
ment with silver chloride gave the corresponding quaternary chloride. The
methyl and ethyl ethers of N,N-dimethylphenylethanolamine (744) and the
methyl ether of N,N-dimethyl-3,4-methylenedioxyphenylethanolamine (474)
added methyl iodide to give quaternary iodides. The same compound was pre-
pared by treating N ,N-dimethyl-3,4-methylenedioxyphenylethanolamine with
sodium and then with methyl iodide.

O@CHCHzN(CHa)z 0d >CHOHCH2N(CH3)2

H,C N
: OCH, YHJ y Aa then CH.I
N .
0 CHCH.N(CHy): | -
H,04—0 Som,

N-Methylphenylethanolamine gave an orange-yellow color when warmed with
4 per cent hydrogen peroxide containing sodium chloride (675). The hydro-
chloride of N-methyl-p-hydroxyphenylethanolamine gave a blue color with sul-
fomolybdic acid (595).

Treatment of N-8-phenethylphenylethanolamine with benzoyl chloride gave
88 per cent of the O-benzoate (20). With N-3-tetrahydronaphthylphenylethanol-
amine the yield was 67 per cent.

N-Methyl-m-hydroxyphenylethanolamine hydrochloride reacted with acetyl
chloride in glacial acetic acid to give 80 per cent of N-methyl-O,m-diacetoxy-
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phenylethanolamine hydrochloride (119). The analogous dipropionyl derivative
was prepared by the same method in 83 per cent yield.

HOI
@CHOHCHzNHCHs __CH,COCl_, @CHCHzNHCHs

H CH;COOH H I
(80 per cent)

Some of the acetylation reactions of N-methyl-3,4-dihydroxyphenylethanol-
amine (adrenaline) are summarized in equation form below (118):

HO@CHOHCHzNHCHs —CH&OEI—\
HO

N
CHscOOQCHCICHzNHCHs
CH,COO HCI
(CH;C0).0
84 per cent pyridine +
(CH;C0),0
CH;COOK /68 per cent
i) '
CH,COO CHOHCHzll\TCHs
CH3000©CHCH2NCH3 CH,C00 COCH,

COCH, N“ +
57 per cent
N

CH,C OO©0H=CHNCH3

N-Methyl-3 ,4-methylenedioxyphenylethanolamine formed a picrate and re-
acted with phenyl isothiocyanate to give a thiourea (549). The latter compound
lost water to give a substituted tetrahydrothiazole.

0 CHOHCH,NHCH; + C,H:NCS —
H,04—0
@CHOHCHATICSNHC&H;, —
CH—CH,
2T
H,c£—0 /NCHa

s—C
[
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N-Benzylphenylethanolamine reacted with nitrous acid to give an N-nitroso
derivative and with hydriodic acid to give benzyl 5-phenethylamine (219).

A number of sulfonamides of N-alkyl-3-bromo-3-phenethylamines have been
prepared by adding N-alkyl-N-bromosulfonamides to styrene (375). These

R/ R/
/
C:HsCH=CH, 4+ RSO,N — C¢H;CHBrCH,N
AN AN
Br SOzR

preparations are summarized in table 36.

The N-methyl-N-p-toluenesulfonyl compound was dehydrobrominated by
means of both quinoline and alcoholic sodium ethoxide. Treatment with sodium
in amyl alcohol gave methyl-3-phenethylamine. The N-benzyl-N-p-toluenesulfonyl
compound also was dehydrobrominated with alcoholic sodium ethoxide,

TABLE 36
Styrene and N-bromosulfonamides
N-ALEKYL GROUP SULFONAMIDE YIELD
percent

Methyl....ooovi i p-Toluene 72
Benzyl....ooovviniiiiii i p-Toluene

Benzyl..ovie i e Benzene
B-Bromo-a-phenethyl.................. p-Toluene
B-Phenethyl...........coiiiiiiiiiinn p-Toluene

The numerous esters of the N, N-dialkylphenylethanolamines are summarized
in table 37, together with their methods of preparation.

The benzoate of N,N-dimethyl-3,4-methylenedioxyphenylethanolamine also
was prepared in 78 per cent yield by the acid chloride method (577). The above-
mentioned N ,N-dimethyl-O-acetylphenylethanolamine added methyl iodide to
give a quaternary salt (746).

No discussion of the reactions of phenylethanolamines would be complete
without mentioning the elucidation of the structure of adrenaline. In 1903 Abel
(1), who prepared and saponified the monobenzoyl derivative, suggested the
empirical formula CiH;3NQ;. Pauly (546) showed the correct formula to be
CsHisNOs, recalled the previous evidence for a catechol nucleus, and postulated
the five possible side chains. On the basis of a tribenzenesulfonyl derivative with
benzenesulfonyl chloride, a tribenzoyl derivative with benzoic anhydride, an
addition product with methyl iodide, and oxalic acid from treatment with hydro-
gen peroxide or potassium permanganate, v. Furth (250) suggested the structural
formula CH;NC,HOHC:H¢(OH).. In 1904 Pauly (547) prepared a dibenzoyl
derivative, using benzoyl chloride and sodium bicarbonate so as not to touch
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the phenolic hydroxyl groups. From this reaction and the fact that methylamine
was obtained on degradation, the presence of a methylamino group was indi-
cated. Pauly favored the formula:

HO

CHCH,OH

<
H NHCH,

TABLE 37
N ,N-Dialkylphenylethanolamine esters
SUBSTITUENTS ON NITROGEN ATOM ESTER R A YIELD | REFERENCE
per cent

Acetate Anhydride (746)

Dimethyl.............ovit Acetate Acid chloride | 96 (119)
Benzoate Acid chloride (742, 744)

p-Nitrobenzoate Acid chloride | 89-91 | (484)

Diethyl. ... oo p-Aminobenzoste | Reduction of | 771 | (484

2-Ethylhexoate Acid 53 (189)

Di-n-propyl.......coooeivia. . Butyrate Acid 72 (189)

. Ji Acetate Anhydride 63 (189)
Din-butyl.oonneeen \I 3,5-Dinitrobenzoate | Acid chloride @72)
Diamyl............oooiiininn. Butyrate Acid 54 (189)
Diethanol.................... Triacetate Anhydride 75 (189, 196)
—CHzCHz

Propionate Acid 77 (189)
Ot Benzoate Acid chloride | 60-65 (630)
Cinnamate Acid chloride | 88 (630)
—CHzCHz
—CHchz
.............. Benzoate Acid chloride | 88 (20)
—CHz

In the same year Jowett (357) favored the correct structure

though Pauly had suggested it as a possibility:

HO@CHOHCHzNHCHs

H

for adrenaline, al-

Jowett’s evidence was that oxidation with potassium permanganate gave methyl-
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amine, formic acid, and oxalic acid; the fusion product with potassium hydroxide
gave the color reactions of catechol; and methylation with methyl iodide fol-
lowed by oxidation with potassium permanganate gave veratric acid and tri-
methylamine. Aldrich (11) summarized the known chemistry of adrenaline and
also favored the correct structure. In 1906 Friedman (245) obtained a tribenzene-
sulfonyl derivative by treating adrenaline with benzenesulfonyl chloride and
sodium hydroxide. Oxidation with chromic acid in acetic acid yielded a ketone,
tribenzenesulfonyl adrenalone, which Friedman synthesized. This reaction dif-
ferentiated between the two structures suggested by Pauly and showed the one
favored by Jowett and Aldrich to be correct.

Treatment of adrenaline with catechol oxidase yielded a red indole quinone
(275). A similar compound containing iodine was obtained with potassium iodate
in acetic acid (64, 617). Some of its chemistry is shown below (64):

O
N CHOH
I\ N/ CH:
0
/ CH;
catechol oxiday (red)
0
HO@CHOHCHzNHCHs ”Eﬁ%l?fﬁ”’ NN\ —_cHOH
HO ’
O
CH;
N328204, then /
(CH;CO0).0 4+ pyr1d1ne/ Zn
(CH;CH,)O
CH;COO CH;CO0O
CH,;COO0 \N/ then CH;C00 ﬂ
CH;

Treatment of adrenaline with lead dioxide in aqueous acetic acid gave a com-
pound which has been postulated as an isomer of that obtained with catechol
oxidase (593). In this case the ring closure was postulated as taking place ortho
rather than para to the 3-hydroxyl group.

B-Amino-g-phenethyl alcohol usually has been prepared by the reduction of
w-hydroxyacetophenone oxime by means of sodium amalgam (414, 611, 727) in
44 per cent yield (251). a-Phenethylamine has appeared as a by-product (414)
to the extent of 27 per cent (251).
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CH,CCH,0H ¢, (,H,CHCH,0H + C.H,CHCH,

[
NOH NH. NH.

An alternative route is the reduction of ethyl phenylglycinate by means of sodium
and ethanol (27 per cent yield) (442) or hydrogen and Raney nickel in methanol
solution at 40°C. for 9 hr. (59 per cent yield) (540). With longer times the benzene
ring was saturated and at higher temperatures the amino group was methylated.
At 100°C. no reduction occurred in the presence of copper chromite. 8-Amino-
B-phenethyl alcohol has been prepared by treating 2-amino-4-phenyloxazoline
with alcoholic potassium hydroxide (727).

CsH;CH—N
N KOH
CNH, —/—— CeHs(IJHCHaOH + K.CO; + NH;

/
H,C—0 NH.

Treatment with benzoyl chloride gave the N-benzoyl derivative (414, 442,
611). This compound has been acylated further with acetic anhydride and
sodium acetate (414) or pyridine (611) to give the N-benzoyl-O-acetyl deriva-
tive and with benzoyl chloride and pyridine to give the dibenzoyl derivative
(611, 727) and the tribenzoyl derivative (611). Treatment of 8-amino-3-phen-
ethyl alcohol with acetic anhydride in pyridine gave the diacetyl derivative
(611). The N-dichloroacetate and the urea also have been prepared (414),
and B-amino-8-phenethyl alcohol has been resolved as the tartrate (611). Ox-
idation with dilute acid potassium permanganate gave phenylglycine (611). Dis-
tillation gave diphenylpyrazine (611).

KMnO4

I
NH2 NH2

B-Amino-g-phenethyl alcohol reacted with a mixture of phosphorus trichlo-
ride and phosphorus pentachloride to give S-chloro-a-phenethylamine (611)
in 76 per cent yield (442) and 56 per cent yield (251). Neither hydrochloric acid

CeH; CHCH,OH ?Si‘* CeHsCHCH,Cl
b

NH, NH,

at 100°C. nor thionyl chloride was effective (251). 3-Chloro-a-phenethylamine
has also been prepared by treating the nitrogen trichloride adduct of styrene
with hydrogen chloride (142, 143). $-Chloro-a-phenethylamine has been ben-
zoylated (142) and acetylated by standard means and also resolved as the tartrate
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(611). Certain other reactions are shown below (251):

CsHs CH——CHz (as picrate) CeH5 CH—N
AN
NH CSH
INa0m / H,C—§
H,0 08,/ :
60~70°C.
CeH;CHCH.Cl Ce¢H; (IJHCHZOCOCGHs
NH, NH, -HCl
%
\CeHsCOCl H:0 lNaOH
h™ boil
C¢H;CHCH.Cl CsH;CHCH,OH
HSCN NHCOCH, NHCOG:H;
KOH\ THzO
I CthsOH\\I 100°C.
C¢eH; CH—S C¢H; CH—N
AN
/C=NH CCesHj;
H.C—NH H,C—O0

The N-p-nitrobenzoyl derivative has been prepared by the Schotten—-Baumann
reaction in 92 per cent yield and cyclized to the oxazoline in 86 per centyield
by heating with alcoholic potassium hydroxide at 70-75°C. for 1 min. (442).

B-Amino-S-phenethyl alcohol reacted with a mixture of phosphorus tri-
bromide and phosphorus pentabromide to give 8-bromo-a-phenethylamine (611).
Fuming hydrobromic acid at 100°C. was ineffective (251). The last-named com-
pound was resolved as the malate and the active N-acetyl compound prepared
by treating this salt with acetic anhydride (611). The malate also was reduced
to a-phenethylamine by means of hydrogen in the presence of a palladium
catalyst.

The preparation of B-N-methylamino-3-3,4-dimethoxyphenethyl alcohol,
B-N-methylamino-8-3,4-methylenedioxyphenethyl alcohol and 8-N ,N-dimethyl-
amino-3-3 ,4-methylenedioxyphenethyl alcohol along with the isomeric phenyl-
ethanolamines from the corresponding styrene bromohydrins has been mentioned
previously (474). The B-N,N-dimethylamino-3-3,4-methylenedioxyphenethyl
alcohol added methyl iodide to form a quaternary salt. 3-N,N-Dimethylamino-
B-phenethyl alcohol has been prepared in 32 per cent yield by reducing ethyl
N ,N-dimethylphenylglycinate with sodium in alcohol (744). It has been charac-
terized as the hydrochloride, picrate, gold chloride, o-benzoyl hydrochloride,
morpholone, methiodide, and methyl chloride. Treatment with thionyl chloride
in chloroform replaced the hydroxyl group with chlorine and further treatment
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with methylamine in benzene at 130°C. gave a 60 per cent overall yield of the
substituted phenylethylenediamine (63).

CH;NH,
CeHs(IJHCHZOH %gt—» CsH; CHCH,CI T%HCG“’ CeH; CHCH,NHCH,
N(CHs)z N(CHs)z N(CH3)2

Treatment of 8-iodo-3-phenethyl alcohol with trimethylamine in benzene gave
mostly phenylacetaldehyde and its polymers, together with some of the expected
quaternary iodide (745). With dimethylbenzylamine the expected quaternary
iodide also was obtained, along with a trace of acetophenone in this case.
Since the completion of this manuscript a long paper has appeared describing
the preparation of a large number of N ,N-dialkylphenylethanolamines (463).

E. B-Alkoxy- and B-acyloxystyrenes

The commonest preparation of B-alkoxystyrenes is the addition of alcohols
to phenylacetylene in the presence of a basic catalyst at around 135°C. Potassium
hydroxide (33, 448) has served for the methoxy- and ethoxy-styrenes (77 per cent

CsH:C=CH + ROH — C:H;CH=CHOR

yield) (531) and the sodium alkoxide (519) for the methoxy- (68 per cent yield)
(521), ethoxy- (531) (69 per cent yield) (521), n-propoxy- (69 per cent yield)
(521), and isobutoxy-styrenes (75 per cent yield) (521). w-Chlorophenylacetylene
also added ethanol in the presence of potassium hydroxide or sodium ethoxide
(531).

Closely related to this method is the reaction of a 8-chloro- or 8-bromo-styrene
with a sodium alkoxide or alcoholic alkali, with phenylacetylene as a possible
intermediate. Treatment of 8-chlorostyrene with potassium hydroxide (207, 227)
or sodium ethoxide (207) at 180°C. gave B-ethoxystyrene in 67 per cent yield
(197). B-Bromostyrene reacted with sodium methoxide to give 12 per cent of
B-methoxystyrene, 28 per cent of phenylacetylene, and a 55 per cent recovery
of the 8-bromostyrene (456). Similarly B-bromostyrene reacted with potassium
hydroxide in ethanol (448) to give 60 per cent of phenylacetylene and 17 per cent
of B-ethoxystyrene (531), although a later report states the yield of -ethoxy-
styrene to be almost quantitative (292).

Over porous plate at 200°C. phenylacetaldehyde dimethylacetal gave 36 per

CsH:CH;CH(OCH,); —2%°C:_, ¢,H,CH=CHOCH;

cent of B-methoxystyrene (672). At 250°C. the di-n-propylacetal gave 70 per
cent of 8-n-propoxystyrene.

Treatment of phenylmagnesium bromide with ethoxyacetal gave a mixture
of B-ethoxystyrene and styrene glycol diethyl ether (292, 695, 697). The analogous
mixture was obtained from o-tolyl-, m-tolyl-, and 2,4-dimethylphenyl-magne-
sium iodides and p-tolyl- and p-chlorophenyl-magnesium bromides (697).
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Pyrolysis (145°C.) of 3,3-diethoxy-a-phenylpropionic acid gave B-ethoxysty-

WS°C. | 0 H;CH—=CHOC,H; + CO, + C,H;OH

(C.H50).CHCHCOOH
CeH,

rene (780). The same compound was obtained by heating benzal-w-ethoxy-
acetophenone with potassium hydroxide (172).

CeH; COC—=CHC:H; + KOH —22*, C,H,CH=CHOC,H; + CsH;COOK
OCgHs

Pyrolysis (260°C.) of a-phenoxycinnamic acid gave 13-14 per cent of phenyl
phenylacetate and the remainder of the product was S-phenoxystyrene (710).
A yield of 63—64 per cent has been reported (711).

CeH50H=(IJCOOH _20°C._ 0,H,CH=CHOC:H; + CsH;CH,COOCsHs
OCeHs,

At 260-270°C. a-p-tolyloxycinnamic acid underwent the same reaction.

B-Phenoxystyrene reacted with ethyl alcohol in the presence of potassium
hydroxide at 200°C. to give B-ethoxystyrene and a little styrene (710). 3-Methoxy-
styrene has been postulated as an intermediate in the preparation of phenyl-
acetaldehyde by treating styrene iodohydrin methyl ether with silver nitrate (741).

Phenylacetaldehyde was produced when S-methoxystyrene (672), S-ethoxy-
styrene (419, 521, 531, 710), 3-n-propoxystyrene (672), 3-isobutoxystyrene (519),
and B-phenoxystyrene (710) were boiled with dilute sulfuric acid. g-Ethoxy-
styrene yielded phenylacetaldehyde merely on steam distillation (207, 227). A
74 per cent yield of phenylacetaldehyde was obtained by passing the vapors of
B-ethoxystyrene together with steam over a silica catalyst held at 215-225°C.
(191, 197).

H,0, 8iO,

sisazsc CoHsCHiCHO

(74 per cent)

CGH5CH=CH002H5

Phenylacetaldehyde also was obtained by passing, together with steam, 8-ethoxy-
styrene and phenylacetaldehyde acetal at 180-210°C. over silica impregnated
with sodium bisulfate, and 8-methoxystyrene and phenylacetaldehyde dimethyl-
acetal at 210-235°C. over pumice impregnated with phosphoric acid (191).
Phenylacetaldehyde (292, 695, 697) and the following analogs were obtained by
boiling a mixture of the corresponding 3-ethoxystyrene and styrene glycol diethyl
ether with dilute sulfuric acid: o-methyl-, m-methyl-, p-methyl-, 2,4-dimethyl-,
and p-chloro- (697).
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B-Phenoxystyrene was unaffected by boiling alcoholic potassium hydroxide
(710).

B-Acetoxystyrene has been prepared by treating phenylacetaldehyde with
acetic anhydride in the presence of pyridine (95, 96) or sodium acetate (36, 226)
in 80 per cent yield (292, 665). While the above method gave the frans isomer,

CsH:CH,CHO + (CH;CO),0 — C:H;CH=CHOCOCH; + CH;COOH

the cis isomer was produced by treating benzalacetone with peracetic or per-
benzoic acid (95, 96).

Hydrogenation of B-acetoxystyrene in the presence of a palladium catalyst
gave 82.5 per cent of B-phenethyl acetate (678). Oxidation with ozone gave
benzaldehyde and benzoic acid (665) and with peracetic acid gave benzoic and
formic acids (96). Hydrolysis with water at 100-110°C. (both isomers) (95) gave
phenylacetaldehyde and acetic acid (665).

F. a-Alkoxy- and a-acylozystyrenes

One of the commonest preparations of a-alkoxystyrenes has been to distil or
pyrolyze the corresponding ketal of acetophenone. This method has been ap-

CsHsCCHs I CsH5C=CH2 + ROH

(OR). OR

plied successfully to obtain the following styrenes: a-methoxy- (140) (86 per cent
vield, 672), a-ethoxy- (140, 141) (85 per cent yield, 334), and a-n-propoxy-
(140) (97 per cent yield, 672). Treatment of acetophenone ketal with acetyl
chloride and pyridine gave a-ethoxystyrene, while acetyl chloride alone gave
1,3,5-triphenylbenzene (141).

Decarboxylation of a S-alkoxycinnamic acid gives an a-alkoxystyrene.

heat

CGH5(|}=CHCOOH —d CeHs(IJ——:CHz + COz
OR OR

The styrenes listed in table 38 have been prepared in this way. Closely related
to this method is the pyrolysis of a S-phenyl-8,3-dialkoxypropionic acid. This
has been used for the preparation of a-methoxy- (33, 518, 520) and «-ethoxy-
styrenes (33). The by-products are the acetophenone ketal (518, 520) and the
B-alkoxycinnamic acid (520).

C.H;CCH,COOH —%C, CH,Cc=CH, +

I
(OCHs;), OCH;
CeHaCCHs + CGH5C=CHCOOH

(OCHs). J)CHs
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The third general method for preparing a-alkoxystyrenes is to dehydrohalog-
enate the appropriate ether of a styrene halohydrin. Treatment of styrene
chlorohydrin ethyl ether with sodium hydroxide in methanol gave a-ethoxy-
styrene (314) in 70 per cent yield (302). The same result was effected in the case
of p-methoxystyrene chlorohydrin ethyl ether by means of alcoholic sodium
ethoxide (583).

A convenient synthesis is that shown below for a-ethoxystyrene (433).

CeHsMgBI‘ + CHzBI‘CHBI‘(OCsz) e

distil from

CeH5 CHCHzBI‘ solid KOH CeHsC'—:CHg
C.H; OC.H;
(66 per cent) (62 per cent)
TABLE 38
a-Alkozystyrenes from B-alkozycinnamic acids
STYRENE PREPARED YIELD REFERENCES
@-MEtBOXY . ev v et (518, 519, 520)
a-Ethoxy. ..o (139, 448, 519)
@ PhenoXy. ..o e Nearly quantitative (635)
a-(0-TolyloXY) covvvvirr it (635)
a-(m-Tolyloxy) ....oovvueenriinininn, (636)
a-(p-Tolyloxy) ....ovvvviee i, (635)
a-(2,4-Dimethylphenoxy)................ (638)
a-(2-Isopropyl-5-methylphenoxy)......... (633)
a-(p-Methoxyphenoxy)................... (637)
a-(a-Naphthoxy)....coovovvvii it (635)

The method has been applied successfully for the preparation of the following
styrenes (434): a-methoxy- (65 per cent, —), a-n-propoxy- (66 per cent, -),
a-n-butoxy- (57 per cent, 70 per cent), a-isoamoxy (81 per cent, —), and p-chloro-
a-methoxy- (51 per cent, 59 per cent). The yields in parentheses are for the two
successive steps in the synthesis. Styrene bromohydrin methyl ether has been
dehydrohalogenated with sodium methoxide in methanol to give 45 per cent of
a-methoxystyrene (796).

a-Methoxy-, a-ethoxy-, and a-amoxy-styrenes have been prepared by treating
the corresponding ether of styrene iodohydrin with alcoholic potassium hydrox-
ide (741).

a-Ethoxystyrene was a by-product in the reaction between styrene chloro-
hydrin ethyl ether and ammonia or diethylamine (315). When 2-methyl-4-
methoxy-5-isopropylstyrene dichloride was treated with alcoholic sodium
ethoxide, the three products shown below were obtained (583).
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(CH;).CH CLHL.ON (CH;).CH
cmo@crxmcmm o CH30©CCI=CH2 +
CH, ¢H,
(CH3)2CH OCZHs (CH3)2CH OCzHE,
CH30©CHCH201 + CH30©C=CH2
CH, CH;

a-Alkoxystyrenes react readily with dilute acids to give acetophenone. This
has been shown to be true with the following styrenes: a-methoxy- (518, 519,

CeH;C=CH, + H,0 —X, C.H,COCH; + ROH
OR

796), a-ethoxy- (302, 314, 519), a-phenoxy- (635), a-(o-tolyloxy)- (635), a-(m-
tolyloxy)- (636), a-(p-tolyloxy)- (635), and a-(a-naphthoxy)- (635). Houben and
Fiihrer reported that a-ethoxystyrene also could be hydrolyzed to acetophenone
by means of alcoholic alkali (312, 314). Hoering maintained that this was not
true (301), and the controversy went on for some time (302, 313). No one since
has reported the alkaline hydrolysis of an a-alkoxystyrene.

a-Ethoxystyrene has been reported to react instantly with bromine, nitrous
acid, and phenyldiazonium acetate in acetic acid (508).

Claisen (140) showed that when a-methoxystyrene was heated, propiophenone
was produced. Similarly «-ethoxystyrene gave butyrophenone and a-n-pro-
poxystyrene gave valerophenone. This reaction has been studied in detail and
at 300°C. the following yields were obtained: propiophenone, 65 per cent;
butyrophenone, 58 per cent; valerophenone, 30 per cent; caprophenone, 74 per
cent; p-chloropropiophenone, 68 per cent; isoenanthylophenone, not given (434).
In the pyrolysis of a-methoxystyrene to give propiophenone some methane also
was isolated as well as 11 per cent of 1,2-dibenzoylpropane. From a-ethoxy-
styrene there was obtained, besides butyrophenone, 7 per cent of 1,2-dibenzoyl-
butane and ethane containing 6 per cent of ethylene. Propane containing 16

3f°hf_> CsHsCO(CH,),CH, +

CsHsc=CH2

C,H
o CeHsCO(IJHCHzCOCeHs + C,Hs + CH,—CH,

CzHE,

per cent of propylene was isolated from the a-n-propoxystyrene pyrolysis and
4 per cent of 1,2-di(p-chlorobenzoyl)propane was the by-product in the p-
chloro-a-methoxystyrene pyrolysis. Besides the isoenanthylophenone obtained
in the a-isoamoxystyrene pyrolysis, 2-methylbutane, acetophenone, and di-
benzoylethane were produced. The copyrolysis of a-n-butoxystyrene and p-
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chloro-a-methoxystyrene gave acetophenone and propiophenone besides a
variety of other products. .

These reactions have been considered from g theoretical angle (434) and have
been shown to proceed in two stages, both of which kinetic studies have shown
to be of the second order (464).

CeH5(|J=CH2 _heat . ,H,COCH,CH,
OCH,
CeH;C—CH, + CsH;COCH,CH, —2°

I
OCH,
CHy + CsHyCOCHCH,COC:H;
CH,

A bimolecular mechanism has been suggested for the first of the above reactions
(517).

OCHa _—-— CH2=C CGHE
CeHs(lJ=CH2 «———CH;0

a-Methoxystyrene also reacts with halogen-containing compounds by a similar
mechanism.

b 206HscOCchH3

OCH; ———X
I ﬁ — CeH;COCH.R + CH;X
CsH;C=CH,

Examples are shown by the equations on page 291. In all cases a large excess of
the halogen compound was employed.

Just as a-alkoxystyrenes react with aralkyl ketones as shown in the previous
section, so do they react with other compounds containing activated hydrogen
atoms (701). In the equations on page 292 are shown a number of such reac-
tions for a-methoxystyrene. A large excess of the second reactant always was
employed.

The preparation of a-styrylthioethers by decarboxylating the appropriate
cinnamic acid has been utilized in the case of the phenyl (637), o-tolyl (634),
and 2,4-dimethylphenyl (634) derivatives. Both the phenyl (637) and o-tolyl
(634) compounds were converted to acetophenone and the corresponding mer-
captan by treatment with dilute aqueous acids.

CeH;C—=CHCOOH 228, O H;C=CH, ——» C,H;COCH; + C:H:SH

SCeHs SCeHs

a-Acetoxystyrene has been prepared in 34 per cent yield by treating styrene
bromohydrin acetate with quinoline in the presence of hydroquinone (479) and
in 19 per cent conversion by treating acetophenone with ketene in the presence of
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sulfuric acid (157a, 278). Acetophenone reacted with isopropenyl acetate in the
presence of sulfuric acid to give 52 per cent of a-acetoxystyrene (577a).

C4H;COCH; + CH,C=CH, —230¢, (¢ H,C—=CH, + CH,COCH,

I
OCOCH, OCOCH;

The compound added bromine to form a dibromide (278). With ethyl methyl
ketone in the presence of sulfuric acid a-acetoxystyrene yielded 67 per cent of
acetoxybutene (577b). Treatment of 2-hydroxy-5-carboxy-w,w-dichloroaceto-
phenone with acetic anhydride and sodium acetate gave «,2-diacetoxy-5-
carboxy-8,3-dichlorostyrene (138).

OH OCOCH;
COCHCL  (cH,C0),0 C=CCl,
H,COONa N
CHy a OCOCH;
COOH COOH

VII. ADDITION OF HYDROGEN HALIDES

In 1865 Erlenmeyer (202) reported that treatment of styrene with hydrochloric
acid at 170°C. gave distyrene. Two years later Berthelot (75, 76, 77) listed the
addition of hydrogen chloride as one of the characteristic reactions of styrene.
Schramm (663) first formulated the product as a-chloroethylbenzene. This re-
action has been patented (325, 328, 331, 339). Most of the examples employ

CeHsCH=CH2 + HCl b CeHsCHClCHs

hydrogen chloride gas under pressure with xylene as a solvent, and yields up
to 99 per cent (325, 328, 339) have been claimed.

The addition of hydrogen bromide to styrene was first reported by Bernthsen
and Bender (71), who formulated the reaction as giving principally 8-bromo-
ethylbenzene and a little a-bromoethylbenzene. Subsequent investigators (31,
2564, 373, 565, 663) formulated the product correctly as a-bromoethylbenzene.
The heat of this addition has been measured (460), and yields of 74 per cent (629)
and 84 per cent (733, 768) have been reported.

At 125°C. in ethylbenzene as a solvent the product consisted of 63 per cent
a-bromoethylbenzene and 30 per cent 8-bromoethylbenzene (688). At 95°C. in
the presence of benzoyl peroxide the product contained 92 per cent 8-bromo-
ethylbenzene and 7 per cent of the a-isomer. In chlorobenzene the ratio was 79
per cent 8 and 21 per cent «. With lauroyl peroxide and no solvent 80 per cent
of product was obtained, of which 93 per cent was the a-isomer (768). When the
mixture was diluted with pentane 75 per cent of product was isolated, of which
80 per cent was the S-isomer. With no peroxide present the addition gave pri-
marily the a-isomer in the absence of a solvent or in carbon tetrachloride solution
(724). Somewhat more 3-isomer was obtained in benzene solution and still more
in ligroin. Nickelous bromide accelerated the formation of the a-isomer and dis-
turbed the effect of oxygen.
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Styrene has been reported to add thiocyanic acid (372). No reaction occurred
with hydrogen cyanide alone (401); in the presence of aluminum chloride and
hydrogen chloride the product was polystyrene (776).

p-Divinylbenzene added hydrogen bromide in acetic acid solution to give p-
bis(a-bromoethyl)benzene (342).

0-(8-Dimethylaminoethyl)styrene added both hydrogen chloride and hydrogen
bromide (116). o-a-Bromoethylbenzyl bromide was obtained by treating o-
bromomethylstyrene with fuming hydrobromic acid (110). In ether solution
3 ,4-methylenedioxystyrene added hydrogen bromide in normal fashion (466).

CH=CH, + HBr _Sther | CHBrCH,

0 0
H,c4—0 H,04—0

In benzene-pentane solution in the presence of benzoyl peroxide a low yield of
the B-adduct was obtained from 3-methoxy-4-acetoxystyrene (619).

CH3000©0H=CH2 + HBr (CsHsCOO);
CH;

CH:c00{ __SCH:CH:Br
CH;0
Normal addition of hydrogen bromide with the bromine atom going into the
a-position also has been observed with 3,5-dibromo-4-hydroxystyrene (814),
8,3,5-tribromo-4-hydroxystyrene (814), and 2,3,4-tribromo-4-hydroxystyrene
(816). The quinoid forms of p-hydroxystyrenes add hydrogen bromide with the
bromine going into the a-position (816).
a-Bromostyrene added hydrogen bromide very rapidly to give a,a-dibromo-
ethylbenzene (725). With 8-bromostyrene the addition was very slow. In the
presence of nickelous bromide the product was styrene dibromide and in the
presence of peroxide 8,3-dibromoethylbenzene.

C¢H;CHBrCH,Br
/
NiBr,
C¢HsCH=CHBr + HBr

peroxi&
N

CeHE,CHgCHBI‘g
B-Phthalimidostyrene added hydrogen bromide in the normal fashion (628).

co co
OoH, CH=CHN{ _HBr | H,CHBrCH,N{
\co co

B-Nitrostyrene did not react with hydrogen bromide (571), and a-methoxy-
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styrene gave 1,3,5-triphenylbenzene on treatment with hydrogen chloride (517).
When treated with hydriodic acid, 8-phenoxystyrene yielded phenol and B-
phenylnaphthalene, with styrene diiodide as the postulated intermediate in the
formation of the latter compound (711).

VIII. ADDITION OF WATER AND ALCOHOLS

The hydration of styrene has been mentioned in a patent but no experimental
details were given (126). When styrene and deuterium oxide were heated for
100 hr. at 110°C., some exchange was noted (124). The exchange was catalyzed
by both sodium hydroxide and sulfuric acid.

The sulfuric acid-catalyzed addition of alcohols to styrene at 135-150°C. has
been reported in the case of methanol (90 per cent yield), ethanol (59 per cent
vield), and 1-butanol (80 per cent yield) (704) to give the corresponding «-al-
koxyethylbenzenes. With 2-propanol 50 per cent of the styrene reacted and the

.
CeHs;CH=CH, + CH;0H Tgfr_sw—’ C+Hs CHCH,
OCH;

(90 per cent)

product was 23 per cent polymer and 77 per cent isopropyl ether. Some methanol
addition has been observed in the titration of styrene with bromine and calcium
bromide in methanol solution (490).

Styrene added saligenin (57 per cent yield) and 3,5-dimethyl-2-hydroxybengyl
alcohol (74 per cent yield) to give cyclic products (318).

CH,
CH.0H 7 \cH,
C¢HsCH=CH, + distil | |
OH . /CHCeHs
0

Methanol has been added to the quinoid forms of the following substituted
styrenes: 3,2,3,5-tetrabromo-4-hydroxy-, 3,8,2,3,5-pentabromo-4-hydroxy-,
and 8,8,2,3,5,6-hexabromo-4-hydroxy- (816).

Br Br Br Br
O— }CHCHBM _ CH,0H__ HO@CHCHBM
Br Br Br BrOCHg

Meisenheimer and Heim (491) were the first to add methanol and ethanol to
B-nitrostyrene. In the case of methanol their yield was 62 per cent. The reactions
were conducted in the cold with the sodium alkoxide as the catalyst. When the
reactants were allowed to stand 40 hr. at room temperature, bimolecular products
were obtained in 15-35 per cent and 20 per cent yields, respectively (491, 492).
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~ CeHs(I)HCHgNog
cold/ OCH;

CH,ON
CeH; CH=CHNO, + CHSOH&_&«
then COz

room
temperature
C¢Hs CH—CHNO,
CH;0
C¢Hs CHCH,NO,
(15-35 per cent)
TABLE 39
B-Nitrostyrenes and alcohols
SUBSTITUTED S-NITROSTYRENE ALCOHOL CATALYST VIELD | REFTERENCE
per cent

CszOH None 0 (225)
CH,OH CH,0ONa (476)
B-Bromo.....ooovviiii i i e C:H:,0H None 14 (225)
o-Nitro-8-bromo............covvviivvninn.. C.H;0H None (224)
. CH,0H NaOH (441)
M-NItTO. o i { C,H:0H NaOH (441)
. CH,0H KOH (441)
P-NItro. .ot e e { C,H,0H KOH (244)
. C,H:OH None 100 (225)
p-Nitro-g-bromo.......................... { C,H,0H None (224)
0-Methoxy-g-bromo........................| CH:OH KOH (608)
p-Methoxy-8-bromo ....................... CH,OH KOH (608)
2,4-Dimethoxy..............ooo vt vini., CH;0H KOH 471)
CH;0H CH;ONa | 67-72 (628)
. CH;0H CH:ONa (622)
3,4-Dimethoxy..............coovviiian.. CH.0H CH,ONa (487)
CH,OH CH,ONa (476)
. CH;OH CH;ONa (476)
3,4-Methylenedioxy....................... { CH,0H CH,ONa (628)
3,4-Methylenedioxy-8-bromo............... CH,OH KOH (530)
2,5-Dimethoxy-3,4-methylenedioxy......... CH,0H KOH 471)

A little before the work of Meisenheimer and Heim, Thiele and Haeckel (737)
had added methanol to B-bromo-8-nitrostyrene (97 per cent yield) and to §-
bromo-g3,p-dinitrostyrene in the presence of potassium hydroxide as a catalyst.
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CeH;CH=CBINO, + CH;0H —2°%2 _, ( H;CHCHBINO,
then HY I
OCH;
(97 per cent)

Since this early work a great many investigators have added alcohols to
B-nitrostyrenes in the presence of alkaline catalysts. These reactions are sum-
marized in table 39.

There have been a few examples of simultaneous bromination and alcohol
addition as in the case of 8, m-dinitrostyrene (243).

OCH;
B in /CH;0H
T2
(D ommomio: el
0,N AR iAN\C:H;0H
N
@?HCBMNOz
02N O C 2H5

The same reaction has been carried out with 8,p-dinitrostyrene in ethanol solu-
tion (224). An interesting alternate synthesis of 3,m-dinitro-8,s-dibromo-a-
methoxyethylbenzene, which also was applied to the a-ethoxy compound, is
shown below (441).

. KOH
@CH_(IJCOQ CH,OH
02N NO2 N02
Bl"z .
[@(IJHCHZNOZ] e O@?HCBraNOz
2.

0N ocm, OCH,
(not isolated)

IX. ADDITION OF HYDROGEN SULFIDE, MERCAPTANS, SULFUR, THIOCYANOGEN, ETC.

Originally it was reported that no reaction occurred between styrene and
liquid hydrogen sulfide (386). More recently it has been shown that bimolecular
products are formed when styrene or p-methoxystyrene and hydrogen sulfide
are heated in ethanol or 1-butanol solution in the presence of ammonia or the
sodium alkoxide (340). Yields run as high as 80 per cent.

C.H;OH

2CeHscH=CH2 + Hgs NH;

CeHs CH—S—CHGCH;

CH, CH;
(80 per cent)
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At 600°C. in the presence of a ferrous sulfide-alumina catalyst styrene reacted
with hydrogen sulfide to give 60 per cent of benzothiophene (515).

600°C.
CeHsCH——CHg + st F_eS/A—lgE)T-) ©\S 1 + 2H2

When treated with H,S,, styrene yielded metastyrene and a compound having
the formula CsHsS, (304). With H.S; the products were mono- and di-sulfides of
styrene (386).

CGHSCH=CH2 + Hst -_— CeHsCH—CHg + CsHsCH——'CHg
IS N/

Styrene has been reported to give an addition product with ethyl mercaptan
(420). The addition of thiophenol proceeded contrary to Markownikoff’s rule
to give phenyl S-phenethyl thioether (565) in 90 per cent (31) to 100 per cent
yield (658). It has been suggested that the reaction proceeds by a free-radical
mechanism (658). It is accelerated by light and stopped by bases.

Styrene also adds thioglycolic acid contrary to Markownikoff’s rule (307).

CeH;:CH=CH, + HSCH,COOH — C¢H;(CH,).SCH,COOH

This reaction is catalyzed by ascaridole (373, 376) and by peroxides in general,
since no reaction occurs in vacuo over hydroquinone (376). The addition of thio-
acetic acid to styrene likewise is abnormal (309).

CsHsCH=CH2 + CHsCOSH - CeHs(CHz)zSCOCHg

In the presence of iodine in anhydrous ether styrene added the following
disulfides: dimethyl (75 per cent yield) (311), diethyl (72 per cent yield) (311),

C¢H; CH=CH; + R.S, —i—» CeHs(ITHCstR
SR

diphenyl (75 per cent yield) (311), dithiodiglycolic acid (310) (69 per cent
yield, 311), and ethyl dithioglycolate (73 per cent yield) (311). Tri- and tetra-
thiodiglycolic acids gave tarry products and diacetyl disulfide did not react (311).
Styrene reacted with sulfur monochloride to give di(8-phenyl-3-chloro)ethyl
sulfide and sulfur (564). Treatment of this compound with sodium sulfide in
alcohol gave diphenyl dithiane (270). With sodium gB-naphthoxide in alcohol
the product was distyryl sulfide, which decomposed before distillation (564).



REACTIONS OF MONOMERIC STYRENES 299

CeHsCH=CH2 + SgClz -_— (CeHaCHClCHz)zS + S

NazS/ B-C;oH-,ONa
/alcohol aleohol
e
S [(CsHs CH=CH),S]
/N
H2 C CH2

I I
C:HsCH  CHCoH;
N

When the two were heated together, styrene and sulfur reacted to form an
addition product (510). This was shown to be primarily 2,4-diphenylthiophene
(57, 507) plus a little 2,5-diphenylthiophene and ethylbenzene (57).

Recently it has been found that styrene will undergo the Willgerodt reaction.
With ammonium polysulfide at 210°C. the yield of phenylacetamide was 49
per cent (384), while the addition of pyridine (using sulfur and ammonium hy-
droxide) at the lower temperature of 165°C. raised this figure to 64 per cent
(134). In a careful study of the reaction (385) the styrene and sulfur were boiled
2 hr. with different amines and then the resulting phenylthioacetamide hydro-
lyzed with 50 per cent sulfuric acid. The yields of phenylacetic acid obtained
are listed after each amine: morpholine, 84 per cent; n-heptylamine, 59 per cent;

CH,CH,

CeH;CH=CH. + S + HN 0—

/
CH.CH,

50% H.S0,
—_—

V4
CGHSCHzc CHzCHz CsHsCHgCOOH
../

CH2 CH2

piperidine, 58 per cent; 2-ethylcyclohexylamine, 49 per cent; cyclohexylamine,
47 per cent; benzylamine, 34 per cent; aniline, 23 per cent; n-butylamine, 12.5
per cent; diethanolamine, 10.3 per cent; ethanolamine, 3.5 per cent. The mor-
pholine modification was applied to substituted styrenes to obtain the following
vields of substituted phenylacetic acids: o-chloro-, 63 per cent; p-chloro-, 59
per cent; 2,5-dichloro-, 61 per cent. When 2,5-dichlorostyrene was heated with
sulfur and ammonium hydroxide 11 per cent of 2,5-dichlorophenylacetamide
was obtained. Finally, the treatment of styrene with sulfur and ammonium
hydroxide was found to give 61 per cent of phenylacetamide and 32 per cent of
phenylacetic acid.

Several investigators have added thiocyanogen to styrene to give styrene
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dithiocyanate (316, 364, 365, 690) and the reaction has been the subject of a
number of patents (327, 333, 363). When the reaction was run in acetic acid
solution and the thiocyanogen generated from sodium thiocyanate and bromine
in the presence of the styrene, the yield was 65 per cent (365). A much better
procedure was to generate the thiocyanogen from lead thiocyanate and bromine
in benzene (690) or carbon tetrachloride (364) and then add the styrene. The
yields were 80 and 87 per cent, respectively.

Styrene dithiocyanate also has been prepared by boiling an alcoholic solution
of styrene dibromide and potassium thiocyanate (529). It can be nitrated in
the para position.

X. REACTIONS WITH OXYGENATED SULFUR COMPOUNDS

Styrene reacts with sulfur dioxide in the presence of ascaridole to give a poly-
mer (270, 643).

Treatment of styrene with sodium bisulfite at 100-140°C. gave mostly poly-
styrene (288) plus a trace of addition (429, 512). With ammonium bisulfite at
25°C. the product, obtained in 16 per cent yield, was formulated first as ethyl-
benzene-a-sulfonic acid (31). Subsequently it was shown that, in the addition
of sulfites, the sulfur becomes attached to the 8-carbon atom (373). That this
addition is catalyzed by oxygen was shown by treating styrene with ammonium
sulfite at 25°C. and 1 mm. pressure and also at 25°C. with air bubbled into the
mixture (374). In the first case there was 2 per cent of addition, in the second
50 per cent. With sodium bisulfite in the presence of oxygen the principal product
was shown to be sodium §-phenyl-3-hydroxyethanesulfonate plus smaller quanti-
ties of sodium g-styrylsulfonate and sodium B-phenylethanesulfonate (377).
Sodium B-phenyl-8-hydroxyethanesulfonate also has been prepared by treating
styrene bromohydrin (377, 721) or iodohydrin (377) with sodium sulfite. Some
of its chemistry is illustrated by the following equations:

CsHs?HCHgSOsNa
(CH,C0),0 ,~
oy OCOCH,
CsHs CHOHCH,SO5Na
CoH; CHOHCH, Br —25% o ™" T 180-200°C.
®77,721) ¥ ¢ Hy(CH,),SOsNa POl (721)
1 \gw) |
(0]
CsHs CH=CH, + NaHSO;, (37;) s OgH; CH=CHSO;Na

Styrene has been reported to add chlorosulfonic acid (322, 338). Sulfonation
in the B-position has been effected by means of sulfamic acid (587) and by means
of dioxane-sulfur trioxide (98, 720). At 2°C. the products isolated after neutrali-
zation were 19-26 per cent of sodium S-styrylsulfonate, 66-76 per cent of sodium
B-phenyl-3-hydroxyethanesulfonate, and 6-10 per cent of distyrene sultone;
whereas at 54.4°C. 74-75 per cent of sodium S-styrylsulfonate, 22-24 per cent
of sodium B-phenyl-8-hydroxyethanesulfonate, and 3-5 per cent of distyrene
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sultone were obtained (97a). In the following equations are shown some of the
reactions of sodium S-styrylsulfonate:

CeHsCH=CB1‘SO:;Na

Br, H, + pt0, /> CeHs(CH:),S0:Na
H,0 (373)
(97a) NaHSO,

(337)

CsHs CH=CH803Na

HCOONa N PCls
687 | N\ (98, 587)
CsHs CH=CHSO,Cl

C¢H; CH=CHCOOH

— CeHs CH, CH(SOsNa) 2

CeH:NH,
Zn + CszOH NHs (98)
(873) (873, 5871 CsHs CH=CHSO,NHCH,
e
(CeHs CH=CHSO,).Zn CsH; CH=CHSO.NH,
1,3,4—CGH3(N02)201! Br. (C2H)sN

CH;COOH CeHs

O,N (97a) (97a)
CGH50H=CH302©N02 C+H;CHBrCHB;SO,NH,

B-Bromostyrene also sulfonated in the 8-position on treatment with the dioxane—
sulfur trioxide complex (757a). The resulting sulfonic acid was converted to the
amide by means of phosphorus pentachloride followed by ammonia.

XI. REACTIONS WITH NITROGEN COMPOUNDS

In the presence of sodium, styrene added di-n-butylamine to give 21 per cent
of di-n-butyl-a-phenethylamine (149a).

B-Bromostyrene added ammonia (24 per cent yield) and piperidine (33 per
cent yield) in ether solution at room temperature (456). An aniline addition of
5 per cent was obtained by boiling the two compounds for several days.

CeHsCH=CHB1‘ + NH3 b CsHsCHCHzBI‘

NH,
Neither styrene, B-bromostyrene, nor B-chlorostyrene added hydroxylamine
(566).
The addition of amines to B-nitrostyrenes proceeds similarly to the addition
of ammonia to 8-bromostyrene. This reaction has been studied very extensively

CsH;CH=CHNO., + RNH, — CH;CHCH:NO.
NHR
by Worrall and the results of his many investigations are summarized in table

40. Included therein are hydrazines and other similar nitrogen compounds which
also were examined.
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TABLE 40
B-Nitrostyrenes and amines
SUBSTITUTED &NHROSmENE AMINE ADDITION REFERENCE
Ammonia in aleohol Polymerization (789)
Ammoniain benzene 2moles (789)
Hydroxylamine + (566)
Aniline + (789)
p-Toluidine + (789)
Phenylhydrazine + (526,789)
N, N-Diphenylhydrazine + (789)
B-Naphthylhydrazine + (789)
p-Tolylhydrazine + (789)
Semicarbazide + (789)
Thiosemicarbazide + (789)
Piperidine + (789)
Acetanilide - (789)
N-Methylaniline - (789)
N, N-Dimethylaniline - (789)
o-Nitroaniline - (789)
m-Nitroaniline - (789)
p-Nitroaniline - (789)
p-Chloroaniline - (789)
p-Aminobiphenyl - (789)
p-Aminophenol - (789)
p-Phenetidine - (789)
Ethyl p-aminobenzoate - (789)
p-Aminoacetophenone - (789)
p-Aminoacetophenone - (789)
oxime
Rosaniline Polymerization (789)
o-Toluidine - (789)
m-Toluidine - (789)
«-Naphthylamine - (789)
B-Naphthylamine - (789)
p-Aminoazobenzene - (789)
N-Methyl-p-aminoazoben- - (789)
zene
N-Acetyl-p-phenylenedia- - (789)
mine
p-Bromophenylhydrazine - (789)
p-Nitrophenylhydrazine - (789)
a-Naphthylhydrazine - (789)
Urea - (789)
Thiourea - (789)
o-Phenylenediamine - (789)
m-Phenylenediamine - (789)
Benzylamine Polymerization (789)
N,N-Dimethyl-p-phen- Polymerization (789)
ylenediamine
N-Methyl-N-phenylhy- Polymerization | (789)
drazine
Guanidine Polymerization (789)
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TABLE 40—Continued
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SUBSTITUTED ﬂ-NITROSTYREN’E AMINE ADDITION REFERENCE
Aminoguanidine Polymerization (789)
Hydrazine Polymerization (789)
p-Phenylenediamine 2moles (789)
Benzidine 2moles (789)
Aniline Decomposition (788)
o-Toluidine + (788)
m-Toluidine + (788)
p-Toluidine -+ (788)
B-Bromo. ..........vveer... {| Phenylhydrazine + (788)
|| B-Naphthylamine Decomposition (788)
Diphenylamine - (788)
m-Nitroaniline - (788)
N, N-Dimethylaniline - (788)
Ammonia in aleohol Polymerization (790)
Aniline - (790)
p-Methyl................... p-Toluidine - (790)
Phenylhydrazine - (790)
Ammonia - (790)
p-Methyl-g-chloro.......... p-Toluidine - (790)
p-Phenylenediamine - (790)
Ammonia - (790)
p-Methyl-g-bromo.......... p-Toluidine - (790)
p-Phenylenediamine - (790)
Ammoniainbenzene 2moles (790)
. Aniline + (790)
3-Nitro-4-methyl........... p-Toluidine + (790)
p-Phenylenediamine 2moles (790)
, Ammonia - (790)
3-Nitro-4-methyl-g-chloro . { Aromaticamines — (790)
. Ammonia - (790)

Nitro-4- 8-

3-Nitro-4-methyl.8-bromo . { Aromatic amines _ (790)
f p-Phenylenediamine 2moles (795)
o-Fluoro-8-bromo........... \| Benzidine 2moles (795)
Aniline + (795)
m-Toluidine + (795)
p-Toluidine + (795)
. Phenylhydrazine + (795)
2-Fluoro-5-nitro............ Benzidine 2moles (795)
o-Toluidine - (795)
Hydroxylamine - (795)

p-Tolylhydrazine

(795)
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TABLE 40—Continued

SUBSTITUTED ﬂ-NITROSTYxENE AMINE ADDITION REFERENCE

Ammonia - (795)

2-Fluoro-§-nitro—Continued. :r;:?liissl?dl?lfe : ggg;
p-Anisidine - (795)

p-Toluidine - (791)

0-Chloro..........ocovvinn { p-Phenylenediamine 2 moles (791)
o-Toluidine + (791)

m-Toluidine + (791)

p-Toluidine + (791)

p-Anisidine + (791)

Phenylhydrazine + (791)

p-Tolylhydrazine + (791)

Ammonia 2moles (791)

p-Phenylenediamine 2moles (791)

. Benzidine 2moles (791)
2-Chloro-5-nitro............ Aniline _ (701)
m-Anisidine - (791)

B-Naphthylamine - (791)

B-Naphthylhydrazine - (791)

m-Tolylhydrazine - (791)

m-Phenylenediamine - (791)

Hydroxylamine Decomposition (791)

Hydrazine Decomposition (791)

Piperidine Decomposition (791)

Aniline - (791)

. m-Toluidine - (791)
2-Chloro-5-nitro-g-bromo. . . p-Toluidine + (701)
p-Phenylenediamine 2 moles (791)

p-Toluidine - (794)

o-Bromo................... { p-Phenylenediamine 2 moles (794)
o-Toluidine -+ (794)

m-Toluidine + (794)

p-Toluidine + (794)

o-Anisidine + (794)

m-Anisidine -+ (794)

p-Anisidine + (794)

2-Bromo-5-nitro............ p-Phenetidine + (794)
N,N-Dimethyl-p-phenyl- + (794)

enediamine

Phenylhydrazine + (794)

Ammonia 2 moles (794)

p-Phenylenediamine 2 moles (794)

Benzidine 2 moles (794)
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SUBSTITUTED ﬂ'NITROSTYRENE AMINE ADDITION REFERENCE
. . p-Toluidine + (794)
£,2-Dibromo-5-nitro......... .. { p-Phenylenediamine 2 moles (794)
Aniline + (793)
o-Toluidine + (793)
m-Toluidine + (793)
p-Toluidine + (793)
o-Anisidine + (793)
. m-Anisidine -+ (793)
2-Iodo-5-nitro ............. p-Anisidine + (793)
Phenylhydrazine + (793)
B-Naphthylhydrazine + (793)
Hydroxylamine + (793)
Semicarbazide + (793)
Ammonia 2 moles (793)
2-Iodo-5-nitro-g-bromo. ..... p-Toluidine + (793)
.. p-Toluidine - (792)
o-Nitro...............un { p-Phenylenediamine 2 moles (792)
- p-Toluidine - (792)
m-Nitro. . ................. { p-Phenylenediamine 2 moles (792)
p-Toluidine - (792)
p-Nitro.....ovvivveinnnn. p-Phenylenediamine 2 moles (792)
Phenylhydrazine + (526)
. p-Toluidine - (792)
2-Methoxy-4-nitro.......... { p-Phenylenediamine 2 moles (792)
. p-Toluidine + (792)
2-Nitro-4-chloro............ { p-Phenylenediamine 2 moles (792)
p-Toluidine - (792)
p-Chloro.......oovvvvvnnn.. { p-Phenylenediamine _ (792)
p-Toluidine - (792)
o-Methoxy........o.ouun.. { p-Phenylenediamine _ (792)
p-Toluidine - (792)
p-Methoxy................. p-Phenylenediamine - (792)
Phenylhydrazine + (526)
. p-Toluidine - (792)
2,4-Dimethoxy............. { p-Phenylenediamine _ (792)
3,4-Dimethoxy.............. Phenylhydrazine + (526)
. p-Toluidine - (792)
2-Nitro-4-methoxy......... { p-Phenylenediamine _ (792)

305



306 WILLIAM S. EMERSON

TABLE 40—Concluded

SUBSTITUTED S-NITROSTYRENE AMINE ADDITION REFERENCE
N - p-Toluidine - (792)
2,4-Dimethoxy-6-nitro. . . { p-Phenylenediamine _ (792)
i : p-Toluidine - (792)
3-Methoxy-4-hydroxy...... { p-Phenylenediamine _ (792)
p-Toluidine - (792)
3,4-Methylenedioxy........ p-Phenylenediamine - (792)
Phenylhydrazine + (526)

p-Methyl-8-nitrostyrene was decomposed by amylamine and by p-phenylene-
diamine to nitromethane and the Schiff’s base corresponding to the amine (790).

H3(3C>CH=CHN02 + CsHuNH, —

CH,NO, + H30©CH=NCsHu

This same reaction was observed between B-nitrostyrene and p-methoxy-3-
nitrostyrene and hydrazine (526). S-Bromo-B-nitrostyrene behaved similarly
with p-phenylenediamine, benzidine, and N ,N-diphenylhydrazine and with
phenylhydrazine in boiling ethanol (788). The same reaction occurred between
phenylhydrazine and p-methoxy-8-bromo-3-nitrostyrene and 3-methoxy-4-
hydroxy-g-nitrostyrene (526).

The addition product of B-bromo-g-nitrostyrene and p-toluidine was decom-
posed by hot concentrated hydrochloric acid as follows (788):

C¢H;CHCHBrNQ, —_ Dbeat |

| concd. HCI
NH@CHs
CsHy;CHO + CH,BrNO, + H30©NH2-HCI

Pyrolysis of the phenylhydrazine addition products of 8-nitrostyrene, p-methoxy-
B-nitrostyrene, 3,4-dimethoxy-g-nitrostyrene, 3,4-methylenedioxy-B-nitrosty-
rene, and 3,p-dinitrostyrene gave nitromethane and the phenylhydrazone of
the corresponding aromatic aldehyde (526).

CeHs CHCH,NO, —8¢18°C. | o H,CH=NNHC:H; + CH;NO,

NHNHCH;

Selenium dioxide oxidation of the phenylhydrazine addition product of 8,p-
dinitrostyrene gave the phenylhydrazone of 3, p-dinitroacetophenone.

When styrene was heated with phenylhydrazine some benzaldehyde phenyl-
hydrazone was isolated (545). The yields of quaternary salts from g-bromo-
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styrene and pyridine or quinoline were too low for the reactions to be
of preparative value (287).

Styrene added trichloroamine and the addition product reacted with hydrogen
chloride in carbon tetrachloride to give a 28 per cent yield based on styrene of
B-chloro-a-phenethylamine (142, 143).

CeH;CH=CH, + NCl; — C,H;CHCH,Cl -2, C,H,CHCH,C] + 2Cl,

I
NCl, NH,

The addition of N,N-dibromo-p-toluenesulfonamide proceeded similarly (375).
With N-alkyl-N-bromosulfonamides the mode of addition was reversed, so that
the nitrogen became attached to the g-carbon atom. This was true for the addi-
tion of the following N-bromosulfonamides to styrene (375): N-methylbenzene,
N-methyl-p-toluene, N-benzyl-p-toluene, N-benzylbenzene, N,B-phenethyl-p-
toluene, and N-(a-phenyl-3-bromoethyl)-p-toluene; and for the addition of
N-methyl-N-bromo-p-toluenesulfonamide to p-fluorostyrene (229).

B-Aminosytrenes have been prepared by distilling the corresponding diamines
derived from phenylacetaldehyde (470). This method has been applied to
B-diethylamino-, B-piperidino-, B-methylbenzylamino-, and @B-dibenzylamino-
styrenes.

CoH,CH,CHIN (C;Hy)oJs £, CH,CH=CHN (C;Hy), + (C;Hy):NH
Both B-methylphenylamino- and B-methyl-p-tolylamino-styrene have been
prepared by heating phenylacetaldehyde acetal with the appropriate amine
(500). The p-toluenesulfonamides of 3-(N-methylamino)styrene and 8-(N-benzyl-
amino)styrene were prepared by dehydrohalogenating the p-toluenesulfonamides
of the corresponding S-phenyl-8-bromoethylamines (375).

Both acetophenone ketal and p-methylacetophenone ketal were treated with
methylaniline, ethylaniline, methyl-p-toluidine, and methyl-p-anisidine at 140-
240°C. to give 50-85 per cent of the corresponding a-aminostyrenes (300).

CeHE,CCH'g + CeH5NHCH3 - CGH5(|3=CH2
(OC2H5)2 CHsNCsH5

The hydrogenation of these compounds has been mentioned previously. 3-
Methylaminostyrene has been postulated as an intermediate in the formation
of 1,3,5-triphenylbenzene from phenylacetylene and methylamine at 260°C.
(419).

Benzamide reacted with B-bromostyrene, p-methoxy-3-bromostyrene, and
3,4-methylenedioxy-3-bromostyrene in the presence of copper acetate and
potassium carbonate in boiling cymene to give the corresponding 8-benzamino-
styrene (628). That from p-bromostyrene was converted to the corresponding
1soquinoline by boiling in decalin in the presence of alumina.
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CsH;CONH,
————._)

CsHsCH=CHB1‘ CsHsCH=CHNHCOCeH5

ALO, N

N
Y

CeH;

B-Bromostyrene also reacted with potassium phthalimide to give a 60 per cent
yield of g-phthalimidostyrene. This compound added hydrogen bromide and was
partly hydrolyzed by cold alcoholic potassium hydroxide.

/CQ /Cg
CsH CH=CHBr + WK —S8B L CH—CHN
/ 195°C. ~
N/ / N/
co / co
KOH
C.H;0H 25°C. HBr
v
co
HOOC AR
CeH,CH=CHNHCO CoHsCHBrCHLN
N/
co

Styrene first was reported to have coupled with diazotized p-nitroaniline
(735), but a later paper stated that neither styrene nor dimethylstyrene coupled
with either diazotized p-nitroaniline or diazotized 2,4-dinitroaniline (734). In
alcohol solution 2,4-dinitrobenzenediazonium sulfate reacted with p-methoxy-
styrene to give anisaldehyde 2,4-dinitrophenylhydrazone and with styrene to
give a small amount of unidentified product (7). a-Ethoxystyrene was reported to
react instantly with benzenediazonium acetate in acetic acid (508). Styrene
added diazomethane to give a dihydropyrazole (537). At low temperatures

CeHsCH=CH2 + CH2N2 - CsHsCH—CH
N\
N

/

H.C—NH

styrene did not react with ethyl diazoacetate to give a pyrazole (128). At 100°C.
33 per cent of the substituted cyclopropane was obtained (129). With p-nitro-

10°C. | ¢.H,CH——CH,

A4
CHCOOC:Hs

CeHsCH=CH, + N,CHCOOC,H;

styrene the yield was 83.5 per cent (477a).
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B-Nitrostyrene reacted with ethyl diazoacetate to give an unstable dihydro-
pyrazole which lost nitrous acid (400).

CeHsCH=CHN02 + NzCHCOOCzH5 -

C¢H; CH——CHNO, CeH;C CH
| . —HNO, | |
C.H;0COC NH — CH;0CO0C NH
N/ AN
N N
With phenylazide styrene gave a dihydrotriazole (784).
NC¢H;s
CeHsCH'—:CHg + CsHst — CeHa(IjH lﬁT
H,.C——N

Styrene reacted with nitrosyl chloride to give a nitrosochloride, which decom-
posed on heating or treatment with alcoholic potassium hydroxide (748).By-
products of the reaction were styrene dichloride and B-nitrostyrene (535).
When the reaction was conducted at —30°C., the yield of nitrosochloride was
30 per cent (556). It reacted with piperidine to give a nitrolpiperidine. Early
attempts to prepare nitrosochlorides from p-methylstyrene, p-ethylstyrene, and
2,4,6-trimethylstyrene were unsuccessful (389). Later, at 25°C., only p-methyl-
B-chlorostyrene was obtained from the reaction between p-methylstyrene and
nitrosyl chloride (555). At —60°C. an 80 per cent yield of nitrosochloride was
obtained, from which a nitrolpiperidine was prepared (556). At —10°C. §-
bromostyrene reacted with nitrosyl chloride to give a nitrosochloride from
which a nitrolpiperidine was prepared. Heating of this nitrosochloride with
alcoholic hydrogen chloride gave hydroxylamine hydrochloride. All six of these
nitrosochlorides and nitrolpiperidines were believed to be partly dimeric (556).
When treated with nitrosyl chloride, 8-chlorostyrene and g-nitrostyrene gave
difficultly separable mixtures (555). a-Chlorostyrene reacted to give trichloro-
styrene and B-nitrodichlorostyrene.

CsH;CCl=CH, 4+ NOCl; — CH;CCl=CCl: + C:H;CCl=CCINO,

Styrene added nitrosobenzene to give an unstable adduct which decomposed
to give phenylhydroxylamine, formaldehyde, and diphenylnitrone (347).

NCsH;
7\
C¢H;CH 0]
CsHsCH=CH2 + CeHsNO b d I I -
H,C NCeH;
N/ J

0
CeH:NHOH + HCHO + CeH50H=1TCsH5

0]



310 WILLIAM S. EMERSON

Phenyl-p-chlorophenylnitrone was isolated from the reaction between styrene
and p-chloronitrosobenzene. Styrene reacted with nitrobenzene to give di-
phenylnitrone, azobenzene, formic acid, benzaldehyde, and benzoic acid (12).

Ténnies (754, 755) first effected the addition of N0, to styrene by treating
the compound with potassium nitrite in acetic acid. The product gave S-nitro-
styrene on treatment with sulfuric acid, was reduced to a compound having the
empirical formula of phenylethanolamine, and reacted with aniline, ammonia,
or methylamine (756). Sommer (691) treated styrene with nitrogen trioxide in
ether to obtain g-nitrostyrene and an N,O; addition product which he called
a-styrene nitrosite. Heating in ethanol converted a-styrene nitrosite to an iso-
meric 3-styrene nitrosite. When the a-styrene nitrosite was heated dry, the prod-
ucts were B-nitrostyrene, benzonitrile, nitric oxide, carbon dioxide, and water
(692). The B-styrene nitrosite gave all but the g-nitrostyrene under the same
conditions. When §-styrene nitrosite was treated with concentrated hydrochloric
acid, a compound was formed which Sommer postulated as a-nitrophenylacetal-
dehyde. The aniline reaction product of a-styrene nitrosite was formulated as
8,N-diphenyl-3-nitroethylamine. Sommer believed that 3-styrene nitrosite had
one of the two alternate formulas shown below and that a-styrene nitrosite was
a dimer of the §-isomer.

C 6H5CHCH2N02 or CeHsCHCHzNO

NO NO.

Wieland (775) raised the yield of a-styrene nitrosite to 70-80 per cent by using
nitrogen trioxide in ether. The conversion of the a-form to the 8-form was quanti-
tative. Wieland believed S-styrene nitrosite to be w-nitroacetophenone oxime,
since it gave w-nitroacetophenone with concentrated hydrochloric acid in the
cold (Sommer had postulated the nitroaldehyde) and benzonitrile, carbon di-
oxide, and hydroxylamine with hot concentrated hydrochloric acid. The a-styrene
nitrosite was postulated as a dimer which underwent the following reactions:

C¢H;CHCH,NO, + NO

/ I
CeHs(I)HCHzNog C:HNH,/ NHC¢H;

ll\TzOz
C¢H:; CHCH,NO, NaOH\
N.O0 + H.0 + C¢H;CHO + CH;NO,

The corresponding structures were given for the nitrosites from p-methoxystyrene
and nitrogen trioxide (778). In this case the a-nitrosite gave 8-nitro-p-methoxy-
styrene on heating with alcoholic potassium hydroxide.

a-Ethoxystyrene reacted instantly with nitrous acid (508).

In benzene solution styrene added NO,Cl in low yield (707).

CoH,CH=CH, + N0,C1 —%H , ¢, H,CHCH,CI

|
NO.
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In ether the pseudonitrosite was obtained. In ether solution phenylacetylene
gave B-chloro-a-nitrostyrene.

As early as 1839 Simon (673) obtained S-nitrostyrene in low yield by distill-
ing styrene with nitric acid. Kopp (411) and Blyth and Hofmann (87) repeated
the experiment shortly thereafter. Boiling styrene with concentrated nitric
acid gave nitrobenzoic acid (87, 411) as well as benzaldehyde and benzoic acid
(87). When Sommer (691) treated styrene with potassium nitrate in acetic acid,
a-styrene nitrosite and a variety of other nitration products were obtained. Treat-
ment of styrene with nitrogen pentoxide in ether gave a 28 per cent yield of §-
nitrostyrene (571).

Isopropylstyrene reacted vigorously with fuming nitric acid to give a tar (551).
Treatment of 3-bromostyrene with fuming nitric acid gave 37 per cent of 3,p-
dinitro-g-bromostyrene, 20 per cent of 3,0-dinitro-3-bromostyrene, and a little
p-nitrobenzoic acid (224).

CoHyCH=CHBr —lumine_ OZNQCHscmNOZ +

HNO;
©0H=CBrN02 + om@coorr

NO,

Early investigators reported the nitration of g-nitrostyrene with fuming nitric
acid as giving mostly 8,p-dinitrostyrene and some g,o-dinitrostyrene (571,
737). At —15° to —10°C. a 95.3 per cent yield of dinitro compounds was ob-
tained (46). By oxidation with potassium permanganate to the corresponding
nitrobenzoic acids, the mixture was shown to be 67 per cent para, 30 per cent
ortho, and <2 per cent meta.

When the 2-position in g-nitrostyrene is substituted by halogen, treatment
with fuming nitric acid places the second nitro group in the 5-position. This has
been shown to be true for 2-fluoro- (795), 2-chloro- (791, 794), 2-bromo- (794),
and 2-iodo-B-nitrostyrenes (793). Nitration of o-methoxy-B-nitrostyrene has

oN
QCH=CHN02 f}‘;f\i‘c‘;ah QCH=CHN02

been reported to give 2-methoxy-3,4-dinitrostyrene, and nitration of p-methoxy-
B-nitrostyrene gave 4-methoxy-3,2-dinitrostyrene (792).

Treatment of styrene with silver nitrate, pyridine, and chlorine in chloroform
gave a product containing 22.9 per cent chlorine (760). CINO; was believed to
be an intermediate in this reaction.

Treatment of m,B-dinitrostyrene (243) or p,S8-dinitrostyrene (244) with
concentrated sulfurie acid gave the corresponding aldoxime and carbon monoxide.

¢ yom=cHxo, -, QCH=NOH + 00
H,S04
OzN 021

4-Amino-3,2-dinitrostyrene gave off carbon monoxide on heating with con-
centrated sulfuric acid (243). When B-nitrostyrene was heated with more dilute
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sulfuric acid, benzaldehyde, hydroxylamine, and carbon monoxide were ob-
tained (571). With saturated hydrochloric acid S-nitrostyrene yielded a-chloro-
phenylacetic acid and hydroxylamine.

CeH,CH=CHNO, ¥, ¢, H,CHCICOOH + NH,0H

B-Nitrostyrene reacted with potassium cyanide to give a- and g-forms of a
dimeric product (306). Treatment of the a-form with hydrochloric acid at 145-
155°C. gave diphenylchlorosuccinic acid.
2KCN
2CH;CH=CHNO, —:L:0H
H.0

CN
C eHs CHCH=NO 2K

— 2 [CGH50H0H=N02K] —

|
CeHs(|?CH=N02K CH:COOH_|
ON
CeH;CHCH,NO, CeH;CHCOOH
CoHsCCH,NO; _EE}%_C’“ CsHséCICOOH

N
XII. PHOSPHORUS AND ARSENIC DERIVATIVES

Treatment of styrene with phosphorus pentachloride gave an addition prod-
uct which reacted with water to produce styrenephosphonic acid (66, 285, 736).

CsH,CH=CH, + PCL — CsH,CHCICH,PCL 29, C,H,CH=CHPO,H,

This general method has been used to synthesize the substituted 8-styrenephos-
phonic acids (412) listed in table 41. Under similar conditions a-chlorostyrene
gave a-chlorostyrenephosphonic acid as well as considerable benzoic acid (67).
a-Chlorostyrenephosphonic acid was obtained in 34 per cent yield by treating
phenylacetylene with phosphorus pentachloride, followed by hydrolysis of the
addition compound. Treatment with boiling aqueous potassium hydroxide gave
phenylacetylenephosphonic acid.

C eHsC Cl=CH2
PCl; KOH
>__> CGHECCI'—:CHPOst — CeHsCECPO;;Hg
C:H:C=CH

The following phenylacetylenes similarly were converted to a-chlorostyrene-
phosphonic acids; o-methoxy- (quantitative yield), p-methoxy- (64 per cent
yield), and o-chloro- (49 per cent yield). The last two named were converted to
the corresponding phenylacetylenephosphonic acids in 70 and 70 per cent yields,
respectively.

Phosphorus pentabromide reacted differently from phosphorus pentachloride
(68). With phenylacetylene 34 per cent of a,3-dibromostyrene was obtained, and
with g-bromostyrene no reaction occurred.
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Phenylacetylene reacted with arsenic trichloride to give 55 per cent of 8-
(e-chlorostyryl)dichloroarsine (350) as well as some bis-3-(a-chlorostyryl)chloro-
arsine (319). Treatment of the dichloroarsine with hot aqueous alcoholic sodium
hydroxide gave the arsenious oxide (350). With aqueous alcoholic hydrogen
peroxide an almost quantitative yield of the arsonic acid was obtained.

110°C.
CeH;C=CH + AsCl; C L, CeH;COl=CHASCI
NaOH/ H.0.
H,0-C.H:0H ~ H,0-C.H:0H
110-120°C. /
v !
CGH5CCI=CHASO CeHsCC].:CHASO(OH)z
TABLE 41
B-Styrenephosphonic acids
B-STYRENEPHOSPHONIC ACID YIELD
per cent
2,4-Dimethyl. ... ... 47
2,4,6-Trimethyl. .. ...... .. i 55
P-Ethyl. . 39
odert-Butyl. ... e 33
ptert-Butyl. .o 47

B-Bromostyrene served as a source of arsenic derivatives, as shown by the
following equations (153):

NaaHASOs ., OyH;CH=CHAsO,Na
C.H:0H
(20 per cent)
_ (CGHE,CH:CH);;AS
AsCl, lCHaI
Na Ce¢Hs
/CHaC 00C,H; [(CsHsCH=CH) 3ASCH3]+I—

Na,CeHe, CHaCOOCsz

CeHsCH=CHBr — 6H50H=CHAS(CH3)2

(CH.)AsBr
/
CeHiAsCly (Mg, (C:Ho):0 / CH.1

aqueous NaOHj (CHs).AsBr
l [CeHs CH=CHAs(CH;);]*'1~

Cl;in CCl;, then

l
©‘—H 185-190°C. j
N/ AN
As

As
éeHs éHs
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o-Vinylphenyldichloroarsine was cyclized by treatment with aluminum chlo-
ride in carbon disulfide (151, 152). The same product was obtained by treating
tristyrylarsine with arsenic trichloride at 180°C. (153).

AlCl,
CH=CH_ CS
ASClg
As
AsCl;
180°C.

(C eHs CH=CH2) 3AS

While 8-bromostyrene gave a color with antimony trichloride in chloroform,
styrene itself did not (646).

XIII. CHEMISTRY INVOLVING METALS
A. Alkali metals

When styrene was treated with ethyllithium in anhydrous ether followed by
carbonation, a 1.7 per cent yield of a-phenylvaleric acid was obtained (261).

CH;:CH=CH, + C,H;Li —2% . (H,(CH,),CHCOOH
then CO,
6H5

A metal adduct has been postulated as the intermediate in the reduction of
styrene by lithium or sodium and secondary amines in ether solution (806a).

CeHs(IJHCHgLi
Li

The reactions of B-chlorostyrene and B-bromostyrene with phenyllithium and
with butyllithium have been considered in connection with those compounds.

B-Styryllithium, from g-bromostyrene and lithium, has been discussed in the
section on B-bromostyrene chemistry.

In ether styrene was polymerized almost entirely by sodium (654). In liquid
ammonia about 50 per cent of ethylbenzene was isolated along with polystyrene
(787). The reactions of 8-bromostyrene, styrene dibromide, a-chlorostyrene, and
p-methyl-a-chlorostyrene with sodium in liquid ammonia have been discussed in
connection with those compounds. Carbonation of the reaction product between
a-bromostyrene and sodium gave a mixture of cinnamic and B-phenylpropionic
acids (722).
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Early investigators reported that sodiomalonic ester polymerized both styrene
(293, 767) and B-nitrostyrene (293). Later, an 80 per cent yield of addition prod-
uct was obtained with g-nitrostyrene (399).

C Hs;CH=CHNO, + NaCH(COOCH;), —25_, ¢,H,CHCH,NO,

HCI
CH(COOCH;).

B-Bromostyrene did not react with the sodium derivatives of ethyl malonate,
ethyl acetoacetate, or ethyl cyanoacetate (452).

Styrene reacted with potassium cumene to give the addition product shown
below (805). This in turn added more styrene, depending on the ratio of the
reactants in the reaction mixture.

CGH50H=CH2 + CeH5C(CH3)2K - CeH5?HCHzc(CH3)QCGH5
K

B. Magnesium

While it was reported originally that styrene reacted with phenylmagnesium
bromide (144), it has been shown since that no reaction occurs with this reagent
(536) even in boiling xylene (387). Ethylmagnesium iodide (536), methylmag-
nesium iodide (536), benzylmagnesium chloride (264), and triphenylmethyl-
magnesium chloride (264) likewise do not react with styrene.

The preparation and reactions of styrylmagnesium bromide have been dis-
cussed in detail in connection with the source material, 3-bromostyrene.

While styrene did not react with ethylstrontium, with ethylbarium there was
obtained upon carbonation a 0.6 per cent yield of a-phenylvaleric acid (261).

C. Mercury

The addition of mercuric acetate to styrene from aqueous solution was re-
ported long before the structure of the product was established (468, 731). The
compound proved to be B-hydroxy-3-phenethylmercuric acetate (534). With
sodium chloride or sodium bromide the acetate group was replaced by the halo-
gen in question, Treatment with sodium amalgam gave a-phenethyl alcohol.

CeH;CH=CH, —CH:CO0:He | o oy ~HOHCH,HgOCOCH,
/ .
NaX / \\NaHg
Ve N
C+H;CHOHCH,HgX C,H;CHOHCH,

In acetic acid solution styrene reacted with mercuric acetate to give g-acetoxy-
B-phenethylmercuric acetate (572). In methanol solution a 60 per cent yield of
B-methoxy-g-phenethylmercuric acetate was obtained (796). Some of the reac-
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tions of this compound are shown in the following equations:

C:H:COOH '
> CeHsCHCHgHgOCOCeHs

OCHj;
CsHsCHCH.HgOCOCH; — C¢HsCHCH,HgBr

I
OCH, OCH,
(Almost quantitative yield;
with BrCN, 50 per cent
yield)
> CeHsCHCHgBI‘

OCH;,
(70 per cent yield)

> C¢eH; CH=CH.

KBr, CH;0H, 0°C.

Br;, CH,0H, 0°C.

boiling (CH;CO):0, cold CH;COCl,
CHzMgBr, or Na28203

2,6-Dimethoxystyrene also added mercuric acetate from aqueous solution
(667). The product was converted to 3-(2,6-dimethoxyphenyl)-G-hydroxyethyl-
mercuric chloride by means of aqueous potassium chloride and then the latter
compound was reduced to a-(2,6-dimethoxyphenyl)ethyl alcohol by means of
sodium amalgam and water.

B-Ethoxystyrene added mercuric acetate from aqueous solution (467) to give
a compound of the following probable structure (534):

CsH; CHCH(OH)OC,H;

HgOCOCH;

Treatment with dilute hydrochloric acid gave phenylacetaldehyde (467).

p-Methoxystyrene reacted with mercuric oxide and iodine in moist ether to
give p-methoxyphenylacetaldehyde without the appearance of any intermediate
iodohydrin or mercury compound (473).

Styrylmercuric chloride has been prepared by treating zinc styrylsulfinate
with alcoholic mercuric chloride (373). The bromide was obtained in 36 per cent
yield from the reaction between styrylmagnesium bromide and mercuric bromide
in ether (797). The compound also was obtained, along with distyrylmercury,
from B-bromostyrene and sodium amalgam in a mixture of xylene and ethyl ace-
tate at 140°C. or from B-bromostyrene, mercuric chloride, and sodium in boiling
benzene (153). Styrylmercuric bromide reacted with bromine and with iodine in
chloroform to give 74 and 79 per cent yields of 8-bromostyrene and of $-iodo-
styrene, respectively (797).

D. Miscellaneous
Styrene formed an addition compound with aluminum chloride (255).
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Tristyrylbismuth (216), triphenylstyryllead (265), and styrylboric acid (504)
have been prepared from styrylmagnesium bromide. As usual, diphenylbuta-
diene also was isolated from the reaction mixture (216, 263).

BiCl; .
; (CGH5CH=CH)3B1
CsHs CH—=CHMgBr —((—’%}’1—3:’7"9& (CeHs)sPbCH=CHC H;

(28 per cent)
| G-cm0)B

Styrene reacted with the addition compound of benzonitrile and palladous
chloride in benzene to give a rather unstable compound (C¢H;CH=CH,-PdCl;),
(378). Treatment of styrene with platinum tetrachloride or tetrabromide in
glacial acetic acid gave similar compounds containing platinous chloride and
platinous bromide, respectively (368). It has been suggested that all three of
these products are a mixture of the two possible cyclic isomers (368, 378):

MX, MX,

7\ 2\
Ce¢H:CH CH, Ce¢H:CH CHCH;
(IJ and |
H.C HC¢H; H.C CH,
AN N, 7

MX2 MX2

The platinous chloride compound also has been prepared by treating the corre-
sponding ethylene adduct with styrene (23).

Styrene replaced ethylene, propylene, and butylene in their complexes with
ammonium chloroplatinite (258).

NH4(CgH4PtCls) + CsHs - NH4(CsHsPtC].3) + Cqu,

Styrene also reacted with metal chloroplatinites to give complexes (257) of the
type K(PtCl,CsHs) (23). Cis and trans forms of the compound PtCsH:NH;Cl,
have been reported (257). While the cis form is insoluble in hydrochloric acid,
the trans form dissolves to give the NH,(CsHsPtCl;) mentioned above. Thiourea
removed the styrene from either form. With ethylene adducts of metallic com-
pounds somewhat more complicated products were obtained (23).

h .
CeHe + K[PtOLCHIH,0 —gmro=— [PH(NH;)J[PtCLCsH)
2X15

XIV. REACTIONS WITH ACID CHLORIDES, ETC.

In the presence of aluminum chloride in toluene solution styrene reacted with
phosgene to give 3-chlorophenylpropionyl chloride (541).

C.H,CH=CH, + CoCl, —A_, ¢ H,CHCICH,COCI
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When refluxed for 24 hr. with oxalyl chloride, styrene yielded 9 per cent of
cinnamoyl! chloride (371).

Both acetyl chloride (432) and malonyl chloride (766) in the presence of
stannic chloride gave the same type of addition product as was obtained with
phosgene. Both adducts were dehydrohalogenated to the corresponding unsatu-
rated ketones by heating with diethylaniline.

SnCl,

2CGH50H=CH2 + CH2 (COC].) 2

C¢H:CHCICH,COCH,COCH,CHCIC¢H;
(not isolated)

CoHsII;IO(OCCsz)z C:H;CH=CHCOCH,COCH=CHC:H;

With such higher acid chlorides as stearoyl (89 per cent yield), lauroyl, oleoyl,
linoleoyl, and linolenoyl in the presence of aluminum chloride, the nucleus was
acylated without affecting the vinyl group (691, 592).

In the presence of mercuric chloride methyl a-chlorobenzyl ether added to
styrene, but the structure of the product was not determined (715).

3,5-Dimethyl-2-hydroxystyrene reacted with chloroacetic acid in the pres-
ence of sodium hydroxide to give a product of undetermined structure (6).

H:C CH=CH -
’ * + CH,CICO0H —XNeOH |
OH
CH;
CH,
H,C clvHCHs 1o \c|>H2
or
\.o/CHCOOH _CHCOOH
CH; CH; O

The reactions of a-methoxystyrene with acid chlorides and other halogen com-
pounds have been discussed in connection with the chemistry of a-alkoxystyrenes.

When a carbon tetrachloride solution of styrene and carbon tetrabromide was
irradiated with white light, a nearly quantitative yield of 1,1,1,3-tetrabromo-
3-phenylpropane was obtained (370).

CeHiCH=CH, + CBr, — o — C,H,CHBrCH.CBr

Styrene added bromotrichloromethane under similar conditions (369a).

At 295-305°C. and 33 atm. pressure in the presence of a zinc—copper—chro-
mium oxide catalyst styrene reacted with carbon dioxide to give 0.28 per cent
of cinnamic acid (388).



REACTIONS OF MONOMERIC STYRENES 319

XV. REACTIONS WITH ALDEHYDES

Prins (573, 574, 575, 576) first condensed styrene with formaldehyde by means
of a sulfuric acid catalyst in glacial acetic acid solution. The products were 40
per cent of 1-phenyltrimethylene glycol diacetate and some 4-phenyl-1,3-dioxane.
Prins and subsequent workers (514) formulated these compounds incorrectly as
derivatives of 2-phenyltrimethylene glycol. It was finally shown that the products

C.H,CH=CH, + HCHO + CH,COOH—250¢

CGH;,(I?HCHZCHgoCOCHs + C:HsCHCH.CH,
OCOCH; OCH.O

were really derivatives of 1-phenyltrimethylene glycol (230, 231), and the yields
were raised to 48 per cent for the glycol diacetate and 30 per cent for the dioxane.
The proof of structure consisted in preparing the dibenzoate of the glycol and

TABLE 42
Styrene and aldehydes
o1y CsHiCHCH:CHCHRR'
RENE | GLYCOL
ALDEEYDE USED R R’ rEcoy- | CHHSCH=CHCH=CRR/ CH~O MONO-
| ACETATE
ERED CHRR’
per cent Der cemt per cent Dder cent
Acetaldehyde. . ... H H 5 32 18 12 (di)
Propionaldehyde .| H CH, 18 8 10 26
n-Butyraldehyde .| H C.Hs; | 23 14 0 39
Isobutyraldehyde.| CH; | CH, 14 23 13 13

showing it to be identical with that of the glycol obtained by the reduction of
methylolacetophenone.

With higher aldehydes the products were the dioxane, the substituted tri-
methylene glycol monoacetate (with acetaldehyde mostly the diacetate), and
the substituted phenylbutadiene corresponding to the loss of two moles of water
from the glycol (190). These products are summarized in table 42.

In the presence of hydrochloric acid styrene reacted with formaldehyde to
give only 4-phenyl-1,3-dioxane (198). Styrene polymerized when an aldehyde
condensation was attempted in the presence of light or peroxides (369a).

XVI. ADDITION REACTIONS

When the vapors of styrene and ethylene or acetylene were passed through a
hot tube, benzene and naphthalene were produced (75, 79). Similarly from sty-
rene and benzene, anthracene and some naphthalene were obtained. With tetra-
fluoroethylene styrene yielded 85 per cent of 1-phenyl-2,2,3,3-tetrafluorocyclo-
butane (141a).
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Styrene added diphenylketene to give a 93 per cent yield (706) of a triphenyl-
cyclobutanone (65, 705).

CeHaCH‘—:CHz + (CGH5)20=CO -_— CGHE,(IjH—?Hz
(Ce¢H;).C—CO

The reaction was postulated originally as proceeding in the reverse fashion (706),
but subsequent work showed the phenyl groups to be on adjacent carbon atoms
(705). The addition of diphenylketene also was observed in the case of the follow-
ing styrenes: p-methyl- (81 per cent yield), p-chloro- (82 per cent yield), and
p-methoxy- (84 per cent yield) (706).

When exposed to sunlight in thiophene-free benzene solution, styrene added
phenanthrenequinone (659, 660).

0
7 P \CH,
+ CeHCH—CH, —— H I

\O CHC ¢Hs

Styrene reacted with methyl acetylenedicarboxylate to give a compound of
unknown structure (9). The product with ethyl azodicarboxylate was formu-
lated as a ring compound containing four nitrogen atoms (348).

NCOOCH;
Z N\
ceHscle Tcoocsz
H.,C NCOOC,H;
NCOOC,H;

With the methyl ester the product, obtained in quantitative yield, was formu-
lated as involving condensation with the benzene ring (162).

C¢H:CH=CH, 4+ CH;0CON=NCOOCH; ——

CeHsCH=CH2 + 2CszoCON=N00002H5 -

CH;OCONNHCOOCH;
CH H
4 \?HZ CH,0C0N=NCOOCH; _ A
NCOOCH; /NCOOCHs
NCOOCH;

JJOOCHs
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Styrene readily serves as the olefinic component in the Diels—Alder reaction.
Such diolefins were added as butadiene (33 per cent yield), 2,3-dimethylbuta-
diene (38 per cent yield), cyclopentadiene (10 per cent yield) (10), 2,5-diphenyl-
isobenzofuran, and 2,5-diphenyliso(3’,4’-dimethyl)benzofuran (16). In the case
of cyclopentadiene 12 per cent of the product containing two moles of cyclo-
pentadiene also was obtained.

HC—CH
CeHs;CH=CH, + Hy} y)H -
N L
CH.
CH CH CH
/ 1 N / J N S ‘ N
H.,C CH H,C CH CH
| CH, |+ é CH, | CH, |
CeH;sC ‘ CH CH;CH CH CH
A N ./ \(L /
CH CH H

With tetraphenylcyclopentadienone (1a) and 2,5-diphenyl-3,4-bis(3’,4’-methyl-
enedioxy)phenyleyclopentadienone (27) the carbonyl bridge was lost.

CeHsC CC¢H; CeH;
7
CGH50H=0H2 + CGHSC CCsHs el CeHs C6H5
\/ o,
| CoHs
0

Styrene did not react with quinone (751).
The diene addition reactions of 3-nitrostyrene are summarized in table 43.

XVII. CONDENSATION REACTIONS

In the presence of acid catalysts styrene reacts with aromatic compounds,
particularly with those possessing reactive nuclei, to give products of the type
CsHsCHRCHj;, where R is the aryl nucleus in question. These reactions are
summarized in table 44.

2,4-Dihydroxystyrene reacted with resorcinol to give 10 per cent of an adduct
which also had lost water (223).

0

OH OH 1o/ NN omn
HO©0H=CH2 + -
OH \cﬁ

i,



322 WILLIAM S. EMERSON

The reactions of a-methoxystyrene with various hydrocarbons have been dis-
cussed in connection with a-alkoxystyrenes.
XVIII. REACTIONS NOT INVOLVING THE VINYL GROUP

The preceding seventeen sections have been devoted to reactions occurring at
the double bonds in the various styrenes considered. Section XVIII isconcerned

TABLE 43
B-Nitrostyrene and dienes
DIENE ADDED YIELD REFERENCE
per cent

Butadiene............... ... ... ... 70 16)
Isoprene. . ......oooiirni 58 (18)
2,3-Dimethylbutadiene. . ................... 82 (15, 16)
2,3-Diphenylbutadiene. .. .................. 9 (15, 16)
1,4-Diphenylbutadiene. . . .................. 80 (18)
Cyclopentadiene. . ..................cc..ut. 95 (15, 16)
Cyclohexadiene. . .......................... 20-25 (15, 16)
Phellandrene. ... ...........cciiiiiuenenn .. 45 (15, 16)
1,1-Bicyelohexenyl. ... ... 95 (69)
Methyleneanthrone*. ...................... 3 (15, 16)
2,5-Diphenylisobenzofuran. ................ Quantitative (16)
2, 5-Diphenyliso(3’,4’-dimethyl)benzofuran . . Quantitative (16)
Furan. ........ .o 0 (16)
Sylvan. .. ... 0 (16)
2,5-Dimethylfuran. . ............... ... ... 0 (16)

* In this reaction the principal product (25 per cent yield) was that in which nitrous
acid had been lost:

o

)I

H CH: CC¢Hs
N Z
CH

Similarly with tetraphenyleyclopentadienone only pentaphenylbenzene was isolated (15,
16).

with reactions of other parts of the molecule during the course of which the
double bond remains intact.

Phenolic hydroxyl groups undergo a variety of reactions which do not affect
vinyl groups in the same molecule. The following styrenes have been acetylated
by means of acetic anhydride: 3-methoxy-4-hydroxy- (249), 2,4-dihydroxy-
(223), 2-hydroxy-3,5-dibromo- (248), 2-hydroxy-8,3,5-tribromo- (248), 4-hy-
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TABLE 44

Condensation reactions of styrene

323

AROMATIC COMPOUND CATALYST Tﬂg’fg‘ PRODUCT YIELD | REFERENCE
°C. 01;;’1
Benzene AlCI; 25 (CeH:),CHCH, 5| (533)
""""" 93% H,S0, 30-35 | (CeH:):CHCH, 25 | (702)
Toluene H.S0, Structure not given 46 | (417, 418)
UERE. v 93% H,S0, Structure not given (702)
H.80, H;C 66 | (417, 418)
o-Xylene........ { 939 H,S0, I CH, (702)
c,H50H©0H,
m-Xylene........ { 93% H,S0, ™ H,C (702)
C:H;CH CH;
H.S80, H,C (417, 418)
p-Xylene....... { 939 H:SO, ! I H,C (702)
C:H;CH
CH,
Pseudocumene....| H,80, Structure not given 65 | (417, 418)
Xylene........... H.S0, Structure not given (416)
Naphthalene...... Cerium meta-| 380 | Reddish oil (323)
phosphate
H.S0, H,C (114)
Tetralin ......... CeHsCH
93% H,S0, Structure not given (702)
Decalin........... 939 H,S0, | 30-35 52 | (702)
H,C
CeHaCHC>
Hydrindene....... 93% H.S0, Structure not given (702)
Anisole........... Bleaching Resin and oil (326)
earth
Glycol monopheny!' Bleaching Resin and oil (326)
ether ........... earth
Diphenyl ether ...| Retrol 270 | Monocondensation product| 26 | (685)

Polycondensation product
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TABLE 44—Continued

AROMATIC COMPOUND

TEMPER-

CATALYST ATURE PRODUCT YIELD REFERENCE
°C Der
o-Phenoxybi- ) cent
phenyl ......... Retrol 270 | Monocondensation product| 26 | (685)
Polycondensation product
H,S0, Mono-, di-, and poly-con- (769)
densation products
Bleaching 90 Resin and oil (326)
earth
H.80,, H.C 40 | (396, 397)
Phenol .......... CH,COOH 3
HCl CeHscHQOH 85 | (544)
HI (711)
H,C
0-Cresol......... HI C¢H50H©OH (397)
CH,
HI H,C 32 | (397)
I
CeHscHQOH
m-Cresol......... H,C
Bleaching Resin and oil (326)
earth
p-Cresol.......... H,S80,, None (397)
CH,COOH
a-Naphthol....... H.S0,, None (897)
CH,COOH
Hac / \
B-Naphthol ....... H.S0,,
CH,COOH CsH,CH (397)
HO
H.S0,, H,C HO (396)
Resorcinol. ...... CH,COOH
HC10,, CeH;CH OH 51 | (653)

CH,COOH
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TABLE 44—Concluded
AROMATIC COMPOTUND CATALYST Tfﬁg' PRODUCT YIELD | REFERENCE
°C. Dot
Aniline........... Aniline hydro-200-240 H;C H.N 8 | (299)
o 2
chloride
CeHsCH@
H;C
CeHsCH@NHz 18
CH;
C:H; CHNHC:H; 3
p-Toluidine....... p-Toluidine {260-270 H:C 14 | (299)
H.N
hydrochlo-
ride CGHSCHQ
CH;
HBCI
CsHsCHNHQCHs 3
2,4-Xylidine. ... .. 2,4-Xylidine |255-290
hydrochlo- H;C 41 (299)
. CH,
ride |
C:H:CH
H.N CH,;

droxy-2,3,5-tribromo- (816), 4-hydroxy-3,2,3,5-tetrabromo- (816), and 4-hy-
droxy-8,2,3,5,6-pentabromo- (816). 3-Methoxy-4-hydroxystyrene also yielded
a carbonate on treatment with phosgene (249, 610), a benzoate by the Schotten—
Baumann procedure (249, 610), a p-nitrobenzoate (610), and a 3,5-dinitro-
benzoate (561). m-Hydroxystyrene was benzoylated by the Schotten-Baumann
procedure (404).

Phenoxyacetic acids have been prepared from the following substituted sty-
renes by treatment with chloro- or bromo-acetic acids in the presence of alkali:
o-hydroxy- (686), 2-hydroxy-5-methyl- (6), and 3-methoxy-4-hydroxy- (249,
610).

CH2=CHQ0H + CH,ClcooH XKOH,
CH,
CH2=CH©OCH2000H

OCH;
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Treatment of 3-methoxy-4-hydroxystyrene with methyl iodide and sodium
hydroxide gave the methyl ether (249, 610).

The phenylurethan of 3-hydroxy-4-ethoxystyrene has been prepared (359).
Hydrolysis of p-vinylbenzyl acetate with alcoholic potassium hydroxide yielded
38 per cent of p-vinylbenzyl alcohol (197a).

The o-, m-, and p-aminostyrenes (404, 557) as well as o0-amino-g-chloro- (404,
405, 453, 504) and o-amino--bromo-styrenes (404) have all been prepared by
reducing the corresponding nitrostyrene with stannous chloride and hydrochloric
acid. m-Nitrostyrene was reduced to 3,3’-divinylazobenzene in 69 per cent yield
by means of sodium stannite and the latter compound converted to 2,2'-divinyl-
benzidine in 25 per cent yield by means of stannous chloride and hydrochloric
acid followed by concentrated hydrochloric acid (404).

©0H=CH2
SnClg /’

HCl H,N

©0H=CH2
02N NazSn&

then coned. HCI

CH,=CH CH=CH:

CH2=CH

CH=CH2

In a more recent investigation (778c) only polymer could be obtained when
m-nitrostyrene was treated with zinc and hydrochloric acid or with stannous
chloride. With sodium methoxide or zinc and ammonium chloride m-nitrostyrene
yielded 3,3'-divinylazoxybenzene. Reduction of m-nitrostyrene with zinc and
alcoholic sodium hydroxide gave 3,3'-divinylhydrazobenzene. This latter com-
pound was oxidized to 3,3'-divinylazobenzene by means of alcoholic ferric
chloride, sodium hypobromite, or air and sodium hydroxide. With concentrated
hydrochloric acid in ether 3,3’-divinylhydrazobenzene yielded 30 per cent of
2,2'-divinylbenzidine.

Acetamides have been prepared from the following styrenes by treatment with
acetic anhydride: o-amino- (404), m-amino- (75 per cent yield) (404), p-amino-
(404), and o-amino-8-chloro- (404, 405). Benzamides have been prepared from
the following styrenes by treatment with benzoyl chloride in the presence of
alkali: m-amino- (404, 758) and p-amino- (404). m-Aminostyrene also reacted
with potassium cyanate to give a substituted urea (404).

©0H=CH2 KOCN | ¢ N CH=CH,

H.N H,NCONH
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Treatment of a mixture of m- and p-aminostyrenes with phosgene in toluene
vielded 71 per cent of the corresponding isocyanates (419a). 2-Methyl-5-vinyl-
phenylisocyanate was prepared by the same method in 31 per cent yield.

CH=CH, CH=CH,
COCl;
—_——)
NH, —CeH:CH: NCO
CHs CHs

While the diazotization of o-aminostyrene gave impure o-hydroxystyrene (557),
a 39 per cent yield of o-hydroxy-g-chlorostyrene was obtained from the diazoti-
zation of o-amino-B-chlorostyrene (404, 405). The diazotization of p-aminostyrene
gave only tar (71, 404, 557). On the other hand m-aminostyrene gave a stable
diazonium salt (404). Treatment with steam gave a 69 per cent yield of m-hy-
droxystyrene, with cuprous cyanide m-cyanostyrene, and with aniline m-vinyl-
diazoaminobenzene. The m-cyanostyrene was hydrolyzed to m-carboxystyrene
by boiling with aleoholic potassium hydroxide.

©0H=CH2

2 HO
H.0/

[©0H=CH2T /CuCN CH—CH, - KOH
N ¢ don-ca
CGHSNﬂg\\ HOO

H,C=CH
N=NNHC 6H5

2,2 -Divinylbenzidine also has been diazotized and coupled.

Both o-dimethylaminomethyl- (109, 188) and o-(8-dimethylaminoethyl)-
styrenes (116) readily add methyl iodide to give quaternary salts. The iodide
from dimethylaminomethylstyrene was converted to the chloride with silver
chloride and this latter compound was reduced to o-methylstyrene by means of
sodium amalgam and water (188).

CH=CH. CH,l CH=CH., AgCl
— _—
CH.N(CH,), CH,N(CHII™
CH=CH2 Na—Hg_) CH=CH2

CH,N(CHyicm  H:O CH,
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Treatment of o-dimethylaminomethyl- (50 per cent yield) (110), o-piperidino-

methyl- (109), and o-pyrrolidinomethyl-styrenes (109) with cyanogen bromide
gave o-bromomethylstyrene and the corresponding cyanamide.

CH=@CHZCH2\\

CH,N CH, BN,
S~CH,CH,”
CH=CH,  OHCHa
H,C NCON
CH,Br \CH,CH,”

m-Cyano-g-nitrostyrene was converted to the imino methyl ether in 28 per
cent yield by means of hydrogen chloride and methanol in ether (682). This com-
pound was hydrolyzed with water to give a small amount of m-carboxy-8-nitro-
styrene.

©0H=CHN02 HC], CH;0H
NG ether

CH=CHNO, _H:0, ©0H=CHN02
CHsoﬁ HOOG

NH

p-Vinylbenzaldehyde formed a phenylhydrazone and was oxidized by means
of silver oxide to a 75 per cent yield of p-vinylbenzoic acid (778a).

o-Vinylphenylarsonic acid was converted to o-vinylphenyldichloroarsine by
treatment with sulfur dioxide and hydrogen chloride (151, 152).

O(0H):  go, sCl,
—_—
CH=CH, 14 CH=CH,
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