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types of oxygen. This is c o n k e d  in another 
group of data not recorded here, in which the vola- 
tile oxygen analyses were carried out on the same 
samples of black as those on which the Gripard 
analyses were run. We therefore seem to be jus- 
tified in concluding that the distribution of oxygen 
(other than hydroxyl) obtained from the andysis 
a t  1000’ is defined by the pyrolytic equilibrium 
obtaining at  the temperature at which the bulk of 
the gases come off. It has no relationship to the 
distribution of bonds prevailing naturally upon 
the black before it is heated, The observed ratio 
of CO:COz corresponds to an equilibrium tem- 
perature between 600 and 800’. Actually, the 
gases come off in differing ratios as the temperature 
is increased. Most of the carbon dioxide is evolved 
between 500 and 600’ and most of the monoxide 
comes off between 600 and 700’. This is in ac- 
cord with what one should expect from the equi- 

libria prevailing at  these different temperatures. 
Acknowledgment.-Thanks are expressed to 

Dr. Hugh M. Smallwood for helpful advice 
during the prosecution of this investigation. 
The author is also greatly indebted to  G. S. 
Buettner and R. R. Hampton for the proof that 
the gas liberated on addition of Grignard was 
actually methane. 

Abstract 
Different types of tightly bound oxygen on car- 

bon black have been distinguished by Grignard 
analysis. Carbonyl oxygen tends to be from 13 to 
30% greater in amount than hydroxyl oxygen for 
all blacks. About 26% of the total content of 
tightly bound oxygen is accounted for by Grig- 
nard analysis. The greater part of the oxygen on 
the black is thus more or less chemically inert. 

RECEIVED SEPTEMBER 26, 1947 

[CONTRIBUTION FROM THE CHEMICAL LABORATORY, UNIVERSITY OF TORONTO] 

The Reaction between Formaldehyde and Ammonia 
BY H. H. RICHMOND, Cr. S. MYERS AND GEORGE F WRIGHT 

Although it is accepted that the final condensa- 
tion product of formaldehyde and ammonia is 
hexamine, there have been several opinions con- 
cerning other substances which may form from 
these reagents and which may be intermediates in 
the hexamine synthesis. Thus Duden and Scharfl 
believed that formaldehyde and ammonia con- 
densed to methylolamine, I, or methyleneimine, 
then trimerized to cyclotrimethylenetriamine, 11. 
Further methylolation of this intermediate would 
then produce trimethylolcyclotrimethylenetriam- 
ine, 111, which on condensation with ammonia 
would form hexamine, IV. These opinions have 
been endorsed by Baur and Ruetschi2 who car- 
ried out kinetic studies on hexamine formation 
and designated it as a third order reaction. 

Duden and Scharf found that freshly-prepared 
formaldehydeammonia mixtures did not act like 
aqueous hexamine solution. Thus their (?qui- 
molar mixture of alkali-neutralized ammoiiium 
chloride and formaldehyde would not form 1,5- 
endomethylene-3,7-di- [m-nitrobenzenediazo] - 1 ,3,- 
5,7-tetrazacycloOctanel V, as does hexamine, by 
reaction with diazotized m-nitroaniline. Further- 
more this ammonia-formaldehyde solution gave, 
with benzoyl chloride, ll3,5-tribenzoyl- 1,3,5-tri- 
azacyclohexane, VI, and only a trace of the 1,3,5- 
tribenzoyl-1,3,btriazapentanel VII, which this 
acid chloride gave with hexamine. Both hexam- 
ine, IV, and the DudenScharf solution, 11, gave 
1,3,5 - trinitroso - 1,3,5 - triazacyclohexane, VIII, 
when treated with an excess of nitrous acid, but 

(1) P. Duden and M. ScharI, Ann., Me, 218 (1896). 
(I) E. Baur and W. Ruetrchi, Hslr. Chim. Acta, 14, 764 (1841). 

the yield3 from IV was only 24% and that from 
the solution assumed to contain I1 was 47% on the 
formaldehyde We found the work of 
Duden and Scharf to be completely reproducible, 
but we have increased their yield of VI from I1 to 
23% of theoretical, by a fortunate crystallization 
separation from the 12% of other product, methyl- 
ene dibenzamide, IX. 

Duden and Scharf believed formaldehydeam- 
monia solution to consist essentially of cyclotri- 
methylenetriamine 11. Henry,4 on the other hand, 
considered that the liquid he obtained by drying 
an equimolar solution of aqua ammonia and for- 
maldehyde with potassium carbonate was pure tri- 
methylolamine, X. We have found it impossible 
that he could have had a pure compound, since 
rigorous drying with potassium carbonate removes 
formaldehyde and ammonia as well as water, and 
hexamine, IV, eventually is formed. Actually 
Table I shows that his solutions varied from 20- 
50y0 in water. Indeed, we found, by analysis for 
formaldehyde and ammonia5 of what we shall for 
convenience call Henry solution, that, instead of 
an excess of formaldehyde, as predicted by for- 
mula X, the molar ratio of formaldehyde to ammo- 

(3) F. Mayer, Be?., ‘21, 2883 (1888). 
(3a) This latter contrast may not be entirely valid since Duden 

and Scharf, unlike Mayer, skimmed off the unstable trinitroso com- 
pound before it could decompose. The difference in manipulation 
doesnot, however, in our experience, account for the entire yield dif- 
ference. 

(4) L. Henry, Bull. acad. roy. mld. &la., 721 (1902). 
(6) Hans Meyer, “Nachweis und Butimmung organlscher 

Verbindungen,” Springer, Berlin, 1933, p. 61. We are indebted to 
Dra. Csrmack, Kuehl and Leavitt. University of Pennsylvania, for 
advice on applicability of thin method to our compounda. 
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3660 H. H. RICHMOND, G. S. MYERS AND GEORGE F WRIGHT VOl. 70 

H2 nia was 1:1 within 3%. Since 
- 3 ~ ~ 0  H-N/ C \N-H the potassium carbonate tends to 

H E ,  /CHz from solution and the 1 : l  ratio 
I force formaldehyde and ammonia 3CHpO -t 3"s ~(HO-CHZ-NHZ) I_. 1 I 

- \N/ may have been fortuitous we re- 
peated the preparation of Henry 
solution at  higher initial dilution; 
the ratio of CH20:NH3 still re- 
mained 1:l. Again, the same Hz final ratio (1 : 1) was obtained if C 

HOH~C--N/ 'N-CHPOH we started initially with 2"s: 
"I I I 1CH20. The data are included 

f------.--- H 2C\y/CH2 in Table I. These variations indi- 
cate strongly that Henry solu- 
tion is largely cyclotrimethylene- 
triamine, 11, rather than X which 

HP Henry solution may con- 
C tain methyleneimine, CHF 

ON-N/ \N-NO (CsH6COi'JH)zCHa N-H, or methylolamine, 
I I IX HOCH2NK2, in equilibrium 

I I 
N-C€I,-h" 

I I + with 11, but it probably H&\ /CHz 
N HpC-X-----CHz 

0 H2 0 contains no hexamine since 
ll c l l  i t will not form V with di- NO 

I 
NzCaHj IGOz 

CaHb-C--N/ \N-C-CsH6 azotized m-nitroaniline. X 
very concentrated solution I I v VI11 

€ 3 2 5  /CHZ 
N does, however, decompose 

I to give hexamine after sev- 
era1 weeks, and the ordinary c=o 
solution in long contact I 

CsHs 
with excess potassium car- 
bonate finally sets to a gela- 
tinous mass. 

It has been found that 
styphnic acid forms a useful 

I I monosalt with hexamine 
which is only 0.233 soluble 

H in the aqueous alcoholic 
I1 mother liquor and which, 

within limits, tends not to 
be contaminated with the 
more soluble ammonium 
styphnate, even when it is 
precipitated from an ammo- 
niacal solution. Henry so- 
lution does not form this 

CHzO styphnate when less than 
one equivalent of styphnic 
acid is added, even after 
several hours. An excess 
of styphnic acid (or simply 

acidification of the Henry-styphnic acid solution 
with nitric acid) does, however, produce hexamine 
styphnate immediately. Henry solution is evi- 
dently unstable in acidic media. 

Ratio ylenctri- Henry solution, like that of Duden and Scharf, 
reacts with an excess of nitrous acid to give a 52% 

Sampfe NH; C H ~ O  NHI C R ~ O  by wt. analysis solution yield of 1,3,5-trinitroso- 1,3,5-triazacyclohexane 
1 0.38 0.31 26.0 45.0 1.73 Sdays 45 rather than the 24% yield obtainable from hex- 
1 .38 .31 25.4 45.4 1.78 9days 45 amine. All three solutions, Duden-Scharf, Henry 
2 2.77 2.47 19.8 34.5 1.74 2days 24 and hexamine, give 1,5-endomethylene-3,7-di- 
3 0.26 0.123 31.3 53.0 1.71 3 hours 53.5 ~troso-l,3,5,7-tetrazacyclo~tane when an excess 

H 
I1 

t i  
x/cHp\N 

I 
AH2 CI-Iz CH, 

I \ CHz, ,CHz 1 

" I 
\.A/ 

I 
I11 

CHzOH 

Henry thought it to be. TzCaHsNOz 
I 

HZC-N--CHz 

I 

VI 

t 
Hz 

H--N/yN-H 

HzC\N/CHa 
- - 

t 
OH NH: 
I 
CHz t- H20 

IIL 
t 
i 

i 
I 

IV 

.1 
C6& 
c=o 
A 

HzC/ \CH2 I 
H-$ A-H HOCHI-N-CHaOH 
O=C C=O 

VI1 

x 
HsCs I cia, 

TABLE I 
ANALYSJS OF HENRY SOLUTION 

CYC~O- 
trimeth- 

Put in, mole Found ~. % btgc tzzz 
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Nov., 1948 THE REACTION BETWEEN FORMALDEHYDE AND AMMONIA 3661 

of nitrous acid is not used. A higher yield of the 
dinitroso compound is also obtained with Henry 
solution than with hexamine solution. These 
n i t ra t ion  data serve only to indicate that Henry 
solution is more labile with respect to fvmrzlde- 
hydeammonia availability than is hexamine. 

A further proof demonstrates that hexamine is 
not present in fresh Henry solution. When the 
latter is treated with benzoyl chloride, it yields 
13% of 1,3,5-t1-ibenzoyl-l,3,5-triazacyclohex ane, 
VI, 3.5% of methylenedibenzamide and none of 
the VI1 obtained from hexamine. These are the 
same products which Duden and Scharf obtained 
from their solution. It would seem that Henry’s 
solution is essentially the same as that of Duden 
and Scharf but difCers perhaps in relative amounts 
of several formaldehydeammonia condensation 
products. The difference in concentration could 
account for this. Neither of the solutions contain 
hexamine, however, when they are fresh. 

It may be significant that no methylenedibenza- 
mide IX is formed by benzoylation of hexamine. 
This might be interpreted as evidence that 
both DudenScharf and Henry solutions contain 
methylenediamine, XII, which might be in equil- 
ibrium with substances having other formalde- 
iiydeammonia ratios. Alternatively methylene- 
diamine might be a concomitant product if these 
solutions decompose to form hexamine. 

24 CHz=N-H 8 [CHz=N-H]s + 3 CeHlzNc 
I1 I v  

i- 
24 HO-CHp-NHn 6 NHn-CH2-NH2 

I XI I 
The formation of methylenedibenzamide, IX, 

can of course be explained without postulating 
the presence of methylenediamine. Thus a step- 
wise formation from methyleneimine, XI or 
methylolamine, I (perhaps in equilibrium with 11) 
is quite as reasonable if ammonia is present as an 
equilibrium component. The formation of IX 
from benzamide and formalin is known.6 

0 

fair analysis for the neutral sulfate while that 
prepared by us from methylenediformamide 
evidently contained a variable amount of the acid 
salt. Our analyses gave a ratio of methylenedi- 
aminemlfuric acid of 5:6, while Knudsen sug- 
gested the ratio 3:4. Neither Knudsen’s salt nor 
that from Henry solution gave styphnates under 
conditions where hexamine styphnate would have 
formed. 

When methylenediamine sulfate was filtered 
from the strongly acidified Henry solution, the 
filtrate gave no hexamine styphnate. This does 
not invalidate the reaction I1 IV + XI1 as im- 
possible in neutral or weakly acid solution, since 
it is known2 that hexamine is not formed from 
formaldehyde and ammonia in strongly acid aque- 
ous solution. It does indicate that cyclotrimethyl- 
enetriamine exhibits a tendency to decompose 
into methylenediamine and the elements of hexa- 
mine. Under strongly acid conditions these frag- 
ments are partially stabilized as the salts. In 
weakly acid or basic solution, the fragments com- 
bine to give hexamine. Decomposition of methyl- 
enediamine in the latter media probably also con- 
tributes to hexamine formation. 

Confirmation that our salt contained the same 
base as that of Rnudsen was established by the 
preparation of a compound which, on the basis of 
its analysis, should be 1,5-endomethylene-3,7- 
dinitro-1,3,5,7-tetrazacyclooctane (DPT). This 

CHiOH NH2 HO-CHz 
I + CHz + I 

SO*N 
I I I. 

N-NOz + I 

CHzOH NHz HO-CHs 
XI11 XI1 XI11 

HzC---N--CHz 

NOa-N CHz N-SOg 

HzC-K-CH* 

I l l  
I l l  

DPT 
compound can also be prepared by admixture of a 
solution of nitramide in aqueous formaldehyde 

- (shown as dirnethvlolnitramide. 
XIII) with a solutio; of formalde: 
hyde and ammonia. The base 

--jc. )CH% from Knudsen’s methylenediamine 
sulfate was shown to react in the 

CsH6-C-NHn U 0 H H  same manner with dimethylol- 
IX nitramide, but more rapidly. The 

slower reaction with formaldehyde 
Other evidence does, however, favor the equa- and ammonia would imply that methylenediamine 

tion series I 4 XI1 outlined above. For example, was available from this mixture. 
we have treated a 43y0 Henry solution with 60% The formation of DPT from our methylenedi- 
sulfuric acid and obtained a sulfate salt. This salt amine sulfate prepared from Henry solution is as 
had the same chemical properties as that desig- rapid as that from Knudsen’s compound. Precipi- 
nated methylenediamine sulfate by Knudsen7 tation is immediate, whereas about a minute 
(who reported his compound in 50% yield from elapses before it occurs from formaldehyde-am- 
methylenediformamide in 5w0 sulfuric acid) but monia at  10’. The yields from the two sulfates 
the salt from Henry solution (13% yield) gave a also are identical a t  95% of theoretical on the 

formaldehyde basis. Despite the discrepancy in 
the analyses, the two salts seem then to contain 

U 
I1 H 

Cas-C-N 

CcHr-C-N 
CsHrCOCl II 

I or XI + NHI -- CsHo-C-N=CHz + 
0 

(8)  A. Binhorn, el ai., Ami , S S ,  207 (1905). 
(7) P. Knud.cn, Bn., 4T. 26Yb blBl4). 
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3662 H. H. RICHMOND, G. S.   MYERS AND GEORGE F WRIGHT Vol. 70 

the same base with respect to the characterizing 
reaction leading to DPT. 

On the other hand, the addition of dimethylol- 
nitramide to Henry solution in neutral solution 
gives a 5570 yield of DPT, but precipitation does 
not occur before three to four minutes a t  10". The 
decomposition of Henry solution to methylenedi- 
amine would therefore seem to be slower than the 
formation of methylenediamine from formalde- 
hyde-ammonia. This could indicate that formal- 
dehyde-ammonia solution contained less trimer 
(cyclotrimethylenetriamine) than Henry solution. 
In neither case would there appear to be a signifi- 
cant amount of methylenediamine in the equilib- 
rium system. 

Finally hexamine, in contrast to Henry solution 
or formaldehyde-ammonia solution, will not re- 
act with dimethylolnitramide to give DPT. The 
formation of DPT therefore provides a useful test 
for completion of the reaction of formaldehyde 
and ammonia to hexamine, and this reaction oc- 
curs over a measurable time at  low temperatures. 

Both Duden-Scharf and Henry solutions are es- 
sentially identical in composition except that the 
former contains sodium chloride and is more di- 
lute. This high dilution evidently accelerates the 
conversion to hexamine, since the Duden-Scharf 
solution turns into hexamine solution morle rap- 
idly than Henry solution. In order to study this 
conversion, we diluted a Henry solution (nineteen 
hours old) five-fold with water. The PH of this 
diluted solution was 11.6 but it decreased on aging 
at  20' as shown 

Time, hours 0 1 2 4 6 
#H 11.6 11.3 10.9 10.7 10.4 
Time hours 17 20 26 31 43 60 
PH 10.1 10.0 9.9 9.8 9.5 9.1 

It may be seen that the decomposition is still 
very slow. Insofar as hexamine formation is con- 
cerned, this system is starved with respect to for- 
maldehyde and may be contrasted to a system con- 
taining sufficient formaldehyde to react completely 
in the 6:4 ratio required for hexamine. This con- 
trast was afforded by the following experiment. 

The pH of 0.2 mole of concd. ammonia in an 
equal volume (13.4 cc.) of water was found at  0' 
to be 12.5 according to the Coleman glass elec- 
trode. If this solution was chilled to -15' while 
0.3 mole of ice-cold 40% formalin was added over 
three minutes, the temperature did not rise above + 15' and then receded rapidly to 0' where it was 
maintained. It may be seen from the change in 
PH after this initial reaction 
Time, min. after mixing 0 3 6 8 
PH 11.0 10.4 10.1 9 . b  

Time, min. after mixing 11 62 274 532 
PH 9.5 9.0 7.3 7 . 3  

that most of the ammonia, as such, was used up 
immediately during the mixing process, since the 

PH had dropped to 11.0 by the time the first 
measurement could be taken. Conversion to hex- 
amine was, however, evidently slight a t  this initial 
pH because the solution would still enhance the 
yield of DPT when it  was treated with dimethyl- 
olnitramide, over the minimal 20% obtainable if 
the latter compound was treated with ammonia 
alone.8a Furthermore the pH (11) was much 
higher than that of a solution of hexamine at  the 
same concentration (pH 7.2). However, the pH 
decreased to approximately this value (7.3) over 
about four hours. The solution then did not en- 
hance the yield of DPT, so i t  evidently contained 
only hexamine. 

In consideration of these two experiments, we 
assume that the fast reaction which occurs during 
mixing is I 4 I1 as outlined in our fvst formula- 
tion. This c o n b a t i o n  of the Duden and Scharf 
opinion would imply that the resulting excess of 
formaldehyde would add more slowly to give IV 
by some path which might involve 111. In view of 
the considerable difference in rate between forma- 
tion of I1 and its subsequent conversion to IV, the 
third order kinetics of Baur and Ruetschi2 would 
not seem to fit the mechanism which they adopted 
from Duden and Scharf. 

It will be noted that all steps in the alkaline re- 
action series I & I1 & I11 + IV of the first formu- 
lation are represented as reversible except for the 
last step. This conforms with our observation 
that hexamine in aqueous solution is not in meas- 
urable equilibrium with the substances from which 
i t  is prepared. This has been demonstrated by 
repetition of another of Henry's experiments in 
which he obtained two phases by saturation of 
aqueous hexamine with potassium carbonate. 
The lighter phase would have been Henry solution 
(CH20: NHs, 1 : 1) if fresh aqueous formaldehyde 
and ammonia had been saturated with potassium 
carbonate. In the experiment with hexamine the 
lighter phase contained only hexamine, since it 
would not enhance the minimal yield of DPT from 
one mole of nitramide and one mole of formalde- 
hyde. 

The experiment was then elaborated by main- 
taining a solution of one mole of hexamine and 2 
moles of ammonia in 420 cc. of water a t  25' for 
thirty-five minutes, and then saturating it with 
16 g. of potassium carbonate for ten minutes. 
After filtration of the oily top layer it was ana- 
lyzed to discover a ratio CH20:NHs of 0.96. The 
ratio in the original solution was 1 : 1. The layer 
was, however, still hexamine-ammonia, (This 
invalidates Henry's claim that it is trihydroxy- 
methylamine.) Thus, it did not enhance the DPT 
yield from a 1 : 1 nitramide-formaldehyde solu- 
tion. Conditions for the condensation were cor- 
rect, since subsequent addition of Henry solution 
did furnish a 55y0 yield of DPT instead of the 
minimal 20%. Furthermore the oily upper layer 

(Sa) This 20% yield without added formaldehyde evidently ia 
formed because formPldehpde-nitrnmide in aqueou. rolution im not 
entirely dimethylolnitramide. 
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Nov., 1948 THE REACTION BE:TWEEN FORMALDEHYDE AND AMMONIA 3663 

yielded hexamine sulfate (identified as the styph- 
nate) when it was treated with 60% sulfuric acid. 
Under these conditions, a Henry solution (from 
formaldehyde-ammonia) would have yielded 
methylenediamine sulfate. In summary, there- 
fore, it would seem that hexamine formation is not 
measurably reversible in alkaline media, a t  least 
with respect to the final step (111 ---f IV) of the re- 
action. 

Experimentalsb 
Tribenzoylcyclotrimethylenetriamine .-To a solution of 

0.10 mole ammonium chloride (5.3 g.) in 25 cc. water was 
adde50.12 mole (4.8 g.) of sodium hydroxide with stirring 
at 10 . To this solution was added dropwise 0.06 niole of 
37% formalin (4.5 cc.) and finally 0.09 mole (12.6 9.) of 
benzoyl chloride was added dropwise a t  10' over ten min- 
utes. The granular precipitate turned to  a white sirup 
after fifteen minutes of stirring. This sirup was washed 
thrice with water by decantation and was then digested at 
60' with 25 cc. of ethanol, and filtered hot. The ethanol- 
insoluble material was further extracted with hot chloro- 
form to  l y v e  0.63 g. of chlorine-containing white solid, 
m. p. 205 . The hot chloroform-soluble fraction crystal- 
lized on cooling to  yield 1.8 g. (23% theory on formalde- 
hyde basis) of tribenzoylcyclotrimethylenetriamine, m. p. 
222 "; prisms after recrystallization from chloroform-ether. 

The ethanol extract on cooling yielded 1.8 g. (12% OF 
formaldehyde basis) of methylenedibenzamide, m. p. 221 , 
fine needles. A mixed melting point between the two ma- 
jor products was depressed. 

The preparation was repeated using the same molar 
quantities of Henry solution with respect to  formaldehyde 
content. A 13% yield of tribenzoylcyclotrimethylenetri- 
amine and a 3.5% yield of methylenedibenzamide were ob- 
tained. The Henry solution showed no test for hexamine 
when it was treated with diazotized m-nitroaniline. 

Preparation of Henry Solution (Sample I, Table I).- 
Into 25 g. (0.31 mole) of 37% formalin at 0" was passed 
6.5 g. (0.38 mole) of gaseous ammonia. T o  the cold solu- 
tion was added 8 g. of potassium carbonate with stirring 
at 10' until two layers separated. The top layer was de- 
canted after centrifuging, weight 14.5 g. To this was 
added 5 g. of potassium carbonate. The mixture was 
stirred thoroughly, cooled in the refrigerator , again centri- 
fuged and the top layer decanted. After repetition with 5 
g. more potassium carbonate, the top layer (wt. 4.8 g.) 
was much more viscous than a hexamine solution of the 
same formaldehyde content, nor did it freeze to  a crystal- 
line mass at -30°, as did a hexamine solution. Analyses 
carried out by the method of Carmack, Kuehl and Leavitt' 
checked within 3%. 

As Table I shows, the final CHzO: NHa ratio was approxi- 
mately the same when more dilute formalin, or more am- 
monia, was used in the preparation outlined above. If 
Henry solution is allowed to  stand too long over potassium 
carbonate it sets to  a gelatinous mass, and a clear, very 
concentrated solution finally deposits hexamine after sev- 
eral weeks. 

Decomposition of Henry Solution by Acid.-To 2 cc. of 
Henry solution (0.0101 mole of cyclotrimethylenetrianline) 
was added 55 cc. of a saturated aqueous styphnic acid solu- 
tion (0.00204 mole). 

On the other hand, a 5-cc. aliquot (containing 0.00087 
mole of cyclotrimethylenetriamine) was added to  0.00204 
mole of saturated aqueous styphnic acid. A precipitate of 
hexamine styphnate, weighing 0.17 g. and melting at 197' 
(dec.) was formed immediately. This represents a 98% 
yield if two moles of cyclotrimethylenetriamme give one 
mole of hexamine. 
In the same manner, acidification with nitric acid OF the 

basic solution of styphnic acid in Henry solution hime- 
diately gave hexamine styphnate. 

Preparation of Hexamine Styphnate.-One equivalent of 
hexamine was added to  a saturated aqueous solution of 
(8b) All melting points corrected apinmt reliable standards. 

No precipitate was formed. 

styphnic acid. The precipitate of hexamine monostyph- 
nate was quantitative; if the styphnic acid was saturated 
into ethanol instead of water the loss by solubility in 1: 1 
water-ethanol was only 0.25 g. per 100 cc. solution. The 
melting point was 196" (6' per minute rise). If the ma- 
terial was impure, i t  could be crystallized from nitrometh- 
ane (90' to  25O), m. p. 196" or 197-198' by fast heating 
of the m. p. bath. 

Anal. Calcd. for C~HI~N,OS:  C, 37.5; H, 3.90; N, 
25.4. Found: C, 37.7; H, 3.98; N. 25.9. 

This styphnate is much more useful than the picrate as a 
hexamine derivative largely because ammonium styphnate 
is soluble in water or water-ethanol. Thus a solution con- 
taining one mole hexamine as a 50% solution plus 2 moles 
of ammonia gave a 98% yield of hexamine styphnate, m. p. 
196". 

Preparation of Methylenediamine Sulfate.-To 8 cc. of 
60% sulfuric acid cooled to  5"  was added 5.0 cc. (0.025 
mole) of Henry solution (analyzed as 43% cyclotrimethyl- 
enetriamine) over a five-minute period. The temperature 
was maintained a t  10" to  15". A crystalline product, 
which formed at once, was filtered after one hour at Oo,  
washed with 20 cc. each of ether, ethanol and ether. The 
product dried at 50°, weighed 0.47 g. (13%) and melted at 
183-193" (dec.. soft at 158"). 

A d .  Calcd. for CHsNpSO4: C, 8.34; H, 5.62; N, 
19.4; SO,, 66.6. Found: C, 8.22; H,  5.57; N, 19.4; 
so&, 68.7. 

1,5-Endomethylene-3,7-dinitro-l,3,5,7-tetrazacyclo- 
octane (DPT) .-The use of DPT formation as a test for 
presence of formaldehyde-ammonia, cyclotrimethylenetri- 
amine or methylenediamine was carried out by adding to 
0.48 ce. (0.006 mole) of 37% formalin at O " ,  0.43 g. (0.006 
mole) of nitramide (solution 1) After dilution with 2 cc. 
of water, or with 2 cc. of the solution to  be tested (solution 
2 )  the combination of solutions 1 and 2 was carefully ad- 
justed to  pH 7 either with ammonia or dilute hydrochloric 
acid. The beginning and duration of precipitation was 
noted. After forty minutes at 0' the precipitate was fil- 
tered off, water-washed and dried at 50 . The yield 
(m. p. 202-205", dec.) was 0.11 g. or 21% of theoretical 
(CHZO basis) when water was used as solution 2. 

When Henry reagent was used as solution 2 the yield was 
54% of theoretical (CH20 basis). Hexamine as solution 
2 gave a yield of only 11%; this is less than that obtained 
when pure water was used as solution 2, but might have 
been expected since the presence of hexamine in the com- 
bined solutions caused less addition of ammonia for neu- 
tralization than was necessary for the formation of DPT. 
This was shown by neutralization of a 1 : 1 molar mixture 
of nitramide and formaldehyde with hexamine instead of 
ammonia. No DPT was precipitated. Likewise, a solu- 
tion of 2 moles of ammonia to  3 moles of formaldehyde 
which had been aged fol: three hours at 25 ' gave no precipi- 
tate with 1 mole of nitramide plus 1 mole of formalin over a 
one-hour period. Subsequent addition of ammonia pre- 
cipitated a 29% yield of DPT (CH10 basis). 

1,3,5-Trinitroso-1,3,5-triazacyclohexane, VII1.-To a 
solution of 2.1 g. Henry solution containing 0.031 mole 
ammonia and 0.031 mole formaldehyde in 2.8 cc. ice-water 
was added a solution of 6.8 cc. (0.080 mole) concd. hydro- 
chloric acid in 20 cc. ice-water with stirring. To the result- 
ing solution was added 5.0 g. (0.072 mole) of sodium ni- 
trite in 8 cc. ice-water. After thirty minutes of stirring, 
a yield of 0.48 g. (52%, CHZO basis) was filtered and 
washed to  melt at 105" after drying in vacuo. 

1,5-Endomethylene-3,7-1iinitroso-l,3,5,7-tetrazacyclo- 
octane.-To a fresh Henry solution containing 0.031 mole 
ammonia and 0.031 mole formaldehyde in 20 cc. ice-water 
was added at 0' with stirring a solution of 2.5 g. (0.036 
mole) sodium nitrite, 2.92 cc. (0.036 mole) concd. hydro- 
chloric acid in 12 cc. ice-water. The product weighed 
0.34 g. when filtered and dried. This 36% yield (CHzO 
basis) melted at 198'. 

(8) H. S. Booth, "Inorganic Syntheses." Vol. I, 1st cd., McGraw- 
Hill Book Co., Inc., New York, N. Y., 1989, p. 72. 
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When alternatively the Henry solution was added to the 
nitrous acid solution, the yield was decreased to 22%, 
m. p. 202". 

Summary 
1. The system formaldehydeammonia has 

been re-examined. The results agree with those 
of Duden and Scharf, and designate cyclotri- 
methvlenetriamine as the intermediate in the 

2. The formaldehyde-ammonia solution pre- 
pared by Henry is found essentially to behave as 
cyclotrimethylenetriamine and not as trimethyl- 
olamine, which he suggested. 

3. The final stages of the hexamine synthesis 
from cyclotrimethylenetriamine are non-reversible 
in alkaline solution. 

eventual formation of hexamine. TORONTO, CANADA RECEIVED AUGUST 22, 1947 

~ ~~- 

[ CONTRIFWTION PROM THE NAVAL RESEARCH LABORATORY] 

Hydrogenolysis of Alkyl Halides by Lithium Aluminum Hydride' 
BY J. ENOCH JOHNSON, RONALD H. BLIZZARD AND HOMER W. CARHART 

Lithium aluminum hydride is an excellent re- 
ducing agent for many types of organic com- 
p o u n d ~ . ~ ~ ~  It has also been used successfully for 
the determination of active hydr~gen.~ The re- 
actions using this reagent are ordinarily carried 
out conveniently in ethyl ether solution and iisu- 
ally proceed rapidly and to completion. The re- 
action of lithium aluminum hydride with alkyl 
halides is more sluggish and in some instances does 
not occur in a reasonable time in refluxing ethyl 
ether. This difliculty may be overcome by the 
use of solvents such as tetrahydrofuran which per- 
mit the employment of higher temperatures. 
The reactions have been further accelerated and 
yields improved by a new procedure using lithium 
hydride which also greatly decreases the amount 
of lithium aluminum hydride necessary to com- 
plete the reaction. 

Experimental results indicate that not all four 
hydrogen atoms show the same reactivity toward 
alkyl halides, and that the reaction probably pro- 
ceeds in a t  least two steps, as represented by the 
equations 

LiAlHh + RX + RH + LiX + AlHI 

Of these steps, the first is presumed to be much 
more rapid than the second. 

' 

As may be seen from the data in Table I, when 
the molar ratio of reagent to the more active hal- 
ides was greater than one the reactions proceeded 
rapidly and to completion. When the ratio was 
approximately 0.25 (the calculated value to replace 
all four hydrogens), the reactions were sluggish. 
The stepwise course of the reaction would account 
for the fact that more than one hydrogen per mole 
of reagent is consumed and that all four hydro- 
gens are not replaced in a reasonable time. 

Since aluminum hydride reacts with lithium hy- 
dride in ether to produce lithium aluminum hy- 

hlHg + 3RX + AlXa + 3RH 

(1) The opinions contained herein are the authors' and are not to  
be construed as o5cial or reflecting the views of the Department of 
the Nary. 

(2) Flnholt. Bond and Schlesinger, THIS JOURNAL, 69, 1199 
(1947). 

(3) Nystrom and Brown, ibid. ,  69, 1197, 2548 (1947). 
(4) Krynitskr, Johnmon and Carhart, $bid., 70, 486 (1948). 

d~-ide,~ i t  was considered reasonable that alkyl 
halides could be hydrogenated by means of lith- 
ium hydride with only a small amount of lith- 
ium aluminum hydride present. This hydro- 
genolysis was found to proceed rapidly and to com- 
pletion. Under these conditions the reaction may 
be represented as 

RX + LiH LiAIH: RH + LiX 

It is evident that lithium aluminum hydride acts 
as a hydrogen carrier, as shown by the fact that no 
reaction was found to occur with lithium hydride 
alone. The use of lithium hydride greatly re- 
duces the amount of lithium aluminum hydride 
necessary and minimizes the possibility of the 
formation of aluminum halide. 

In general, it was found that alkyl bromides 
react more readily than alkyl chlorides with lith- 
ium aluminum hydride. Primary halides react 
more readily than secondary halides which in turn 
are more reactive than tertiary halides. Alicyclic 
and aromatic halides proved very unreactive. 

The reaction of 1,2-dibromoijctane with lithium 
aluminum hydride to give a moderate amount of 
o l e h  was surprising, since, with the exception of a 
trace of olefin in the reaction product of bromo- 
cyclohexane, olefins were not observed in the re- 
action products of the other alkyl halides. No at- 
tempt was made to identify this olefin. 

Experimental 
In order to accelerate the reaction of lithium aluminum 

hydride with alkyl halides, it was necessary to use tem- 
peratures higher than that of refluxing ethyl ether. This 
temperature should be kept below 100 O,  the incipient de- 
composition point of the reagent. Tetrahydrofuran was 
found to be an excellent reaction medium because it is a 
good solvent for the reagmt,Z it is miscible with water and 
has a desirable boiling point. Diisopropyl ether, although 
having the proper boiling point, was found to be a poor sol- 
vent for the reagent. Di-n-butyl ether, in which the re- 
agent is suitably soluble, requires an externally controlled 
temperature for the reaction, and in one instance of its use, 
there was a sudden rise in temperature of the reaction mix- 
ture with consequent decomposition of reagent. 

The following serves as an example of the method used. 
(5) €I. I. Schlesinger, from an unpublished report to the Naval 

Research Laboratory. 
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