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with B-butylamine reagent. The reactions in nitrobenzene 
and diphenylmethane were carried out with 0.995 M solu­
tions at 153*. 

The results are summarized in Tables VH and VIII. In 
both decalin and diphenylmethane, the reaction darkened 
appreciably, making end-points in the titrations difficult 
to observe. This factor and the sampling errors resulting 
from the insolubility of the substrate at room temperature 
probably are responsible for the erratic results from the 
decalin experiment. 

Iaotnorixation of Glutamyl ThJocranate is the Pretence of 
Tti-N-batrtamine.—A solution of 2.17 g. of cinnamyl thio­
cyanate in enough nitrobenzene to make 25.0 ml. was kept 
at 144° for 5.5 hr. A 5-ral. aliquot was extracted with 25 

The liquid phase reaction of ethylene oxide with 
carbon disulfide proceeds at 150° in the presence 
of amine catalyst to form 2-thio-l,3-dithiolane 
(II) (also known as ethylene trithiocarbonate) 
in 77% yield. No ethylene sulfide (I) could be 
isolated from the reaction mixture although the 
episulfide is undoubtedly a precursor of the ethyl­
ene trithiocarbonate. Infrared studies, analyses 
and mixed melting point determination confirmed 
that the product was ethylene trithiocarbonate. 
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Culvenor has shown that alkali xanthates react 
with alkylene oxides to give the corresponding 
trithiocarbonates in good to moderate yields. '•* 
Elkington has reported that alkylene trithio­
carbonates are formed by the reaction of alkali 
metal xanthates with either alkylene glycols, di-
halides, halohydrins or oxides.* 

(1) C. C. J. Culvtaor, W. Davies and K. H. Pausacker, J. Chim. 
Soc., 1060 (1940). 

(3) C. C. J. Culvenor and W. Davie*, Autiralian J. Set. Rts., Str. A, 
t, 230 (1948). 

(3) H. D. Blkinctoa, Brltlih Patent 490.200, May 29, 1937. 
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1 SOKKHItATION OF ClNNAMYL TlOOCYANATS IN DtPWINYI,-
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ml. of water, 10 ml. of which then required 0.91 ml. of 0.1028 
N silver nitrate solution in a Volhard titration. This repre­
sents 9.4% of the original thiocyanate, or 16% of the amount 
of isothiocyanate which would have been formed in the ab­
sence of tri-*-buty]amine, estimated from the foregoing ex­
periment. 

Iaomerimktfi of 1-Naphthrlmtthyl Thioeyanate.—A 
mixture of 4.0 g. of l-naphthylmethyl thiocyanate, 6.0 g. 
of nitrobenzene and 0.2 g. of anhydrous sine chloride was 
heated at 50°, at which temperature it was liquid; samples 
withdrawn at times of 0,6 and 20 hr. assayed 0,51 and 62% 
isothiocyanate, respectively, 
ANN ARBOR, MICH. 

In order to determine optimum conditions for 
the amine-eatalyzed reaction of ethylene oxide 
with carbon disulfide, several experiments were 
conducted in which one or more variables were 
changed. The results show that optimum yields 
were obtained with an initial nitrogen pressure of 
34 atm. at 0°, a CSi/oxide molar ratio of 2.5, 
0.56 weight per cent, of trimethylamine and a 
reaction temperature of 150° for thirty minutes. 
When the ratio of carbon disulfide to ethylene ox­
ide was reduced to unity, the yield of ethylene 
trithiocarbonate decreased considerably. 

An investigation of the gases evolved from a run 
conducted under optimum conditions indicated 
the presence of carbonyl sulfide in an amount 
approximately equivalent to the ethylene trithio­
carbonate formed and a lesser amount of carbon 
dioxide. When the ratio of carbon disulfide to 
ethylene oxide was decreased to unity, the amount 
of carbon dioxide in the off-gases increased at the 
expense of the carbonyl sulfide. 

Examination of several materials as potential 
catalysts (Table I) showed that strongly basic 
tertiary amines were most active. Of these, 
trimethylamine was most effective. It is interest­
ing to note that acidic substances actually inhibited 
the reaction. Rationalization of the catalytic 
activity of the materials in terms of either pK» or 
structure is difficult. Perhaps the most effective 
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TABLE I 

EVALUATION OF POTENTIAL CATALYSTS IN THE PREPARATION 
OF ETHYLENE TRITHIOCARBONATE" 

Yield, 
Run Compound pKa % 

1 Triethylamine 10.72 50 
2 Triethylenediamine . . . 52 
3 Trimethylamine6 9.80 77 
4 Pyridine 5.19 5 
5 X-Methylmorpholine <10.72° 2 
6 Di-re-butyltin diacetate Acid 0 
7 Ammonium chloride Acid 0 

" Evaluation carried out in a stainless steel bomb contain­
ing 2.5 moles of carbon disulfide, one mole of ethylene oxide 
and 2 % by weight of the desired catalyst (under an initial 
nitrogen pressure of 34 atm. at 0°) at 150° for 30 minutes. 
b 0.56% by weight. c B. A. Dombrow, "Polyurethanes," 
Reinhold Publishing Corp., New York, N. Y., 1957, p . 19. 

catalyst, tr imethylamine, combines the opt imum 
in pKa. and steric requirements. 

The following mechanism is proposed. 
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This mechanism is consistent with the observa­
tions: (1) The reaction is base-catalyzed. (2) 
Two moles of carbon disulfide is required for the 
production of one mole of ethylene trithiocarbonate. 
(3) Carbonyl sulfide is a by-product of the reaction 
along with some carbon dioxide. (4) The amount 
of carbonyl sulfide decreases and the amount of 
carbon dioxide increases as the ratio of carbon 
disulfide to ethylene oxide is lowered from 2.5 
to 1.0. 

Fur ther observations which support the above 
mechanism are the pyrolysis of ethylene monothio-
carbonate (IV) in the presence of base to ethylene 
sulfide (I)4 and the reaction of cyclohexene sulfide 
with potassium methyl xanthate to yield cyclo­
hexene trithiocarbonate.1 

Four substi tuted ethylene oxides each reacted 
with carbon disulfide to form the corresponding 
trithiocarbonates These experiments are sum­
marized in Table II . I t is noteworthy tha t 
Culvenor reports a 9 5 % yield of cyclohexene tri­
thiocarbonate using potassium hydroxide, carbon 
disulfide and cyclohexene oxide in methanol. By 
the present method only a 3 .5% yield was obtained 
with the balance of the oxide being recovered un­
changed. 

An explanation of the differences in yield ob­
served in these two methods may be in the fact 
tha t Culvenor's work was carried out in a polar 
solvent which assisted in the ring opening of the 
expoxide while in the present work no such solvent 
was employed. This difference in reaction condi­
tions was particularly noticeable in the relatively 
hindered cyclohexene oxide. 

The enhanced yield obtained from 3,4-epoxy-
cyclohexanecarbonitrile as compared with cyclo­
hexene oxide may be rationalized as follows. 
Rate enhancement in the solvolysis of transA-
methoxycyclohexyl tosylate over tha t of cyclo-
hexyl tosylate has been explained on the basis 
of the formation of an intermediate oxonium ion 
(IX). 5 In a similar manner an intermediate similar 
to X may be operative in assisting in ring opening in 
this reaction. 

CH3 
/N 

IX .o: 
We also wish to report the results of a few pre­

liminary experiments on the reaction of ethylene 
trithiocarbonate with amines. Delaby, et al.,6 

have reported tha t ethylene tr i thiocarbonate 
reacts at room temperature with various second­
ary amines to yield N,N-disubst i tuted 2-mer-
captoethyldithiocarbamates (XI) . Repeating this 
work using morpholine and piperidine gave, as 
the only isolable crystalline material, products 
which possessed melting points similar to those 
reported by Delaby. Although elemental analysis 

R-
NCSCH2CH,SH 

XI 

NCSCH2CHoS-

XIIa, R2N = piperidyl 
b, R2N = morpholinyl 

could not distinguish between the reported thiol 
X I and the disulfide X I I , molecular weight de­
termination and infrared studies indicated tha t 
the actual product in each case was the disulfide. 
This is not surprising since the oxidation of mer-

(4) D. D. Reynolds, T H I S JOURNAL, 79, 4951 (1957). 
(5) D. S. Noyce and B. R. Thomas, ibid., 79, 755 (1957). 
(6) R. Delaby, P. Piganiol and C. Warolin, Compt. rend., 230, 1671 

(1950); C. A., 44, 8870b (1950). 
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XD. Starting oxide 

V 3,4-Epoxycyelohexanecarbonitrile 
VI Propylene 
VII Cyclohexene 
VIII Stvrene 

TABLE II 

ALKYLENE TRITHIOCARBONATES 
Reae 
tion 

temp., 
0C. 

" Anal. Calcd. 
Ref. 1. c Ref. 2 

for C8H9XS3: C, 44.65; 

Product, trithiocarbonate 

4-Cyanocyclohexene" 
Propylene6 

Cyclohexene5 

Styrene" 
H, 4.20; N, 6.50; S, 

Wt. 6X 
(CHs)I-

N : 

M.p., crystallized from ethyl acetate. 

captans to disulfides proceeds readily in basic 
solution. 

When ethylene tr i thiocarbonate was heated 
with two moles of w-butylamine in refluxing eth-
anol, 1,3-dibutylthiourea (XII I ) was obtained as 
the only crystalline product. This was identi­
fied by mixed melting point and infrared compari­
son with an authentic sample. At tempts to pre­
pare the corresponding piperidine- and morpholine-
substituted thioureas gave only the disulfides 

S 
! 

S C 

C1H11NHCNHC4H3 

XII I 

H N N H 

C H 2 - C H 2 

XIV 

X I I . Thioureas do not appear to have been 
prepared previously by reaction of amines with 
ethylene trithiocarbonate.7 

Equimolar mixtures of ethylenediamine and 
ethylene tr i thiocarbonate reacted spontaneously 
and exothermically to give a white crystalline 
solid which was identified by analyses, infrared 
studies and melting point as ethylenethiourea 
(XIV).8 

Experimental 
Preparation of Trithiocarbonates.'—The general procedure 

for the preparation of the trithiocarbonates is outlined. 
The conditions of each reaction are outlined in Table I I . 
A mixture of oxide, carbon disulfide and amine was placed in 
a 3-liter stainless steel bomb at 0°, sparged with nitrogen, 
and nitrogen added to give 34 atm. pressure at 0° . The 
mixture then was heated at the appropriate temperature 
for the desired time with shaking. At the end of the reac­
tion period the mixture was cooled by an air stream to room 
temperature and the contents of the bomb were discharged. 
The crude product was either crystallized or distilled. 

(7) D. C. Schroeder, Chem. Revs., 55, 181 (1955). 
(8) T. B. Johnson and C. O. Edens, THIS JOURNAL, 64, 2700 (1942). 
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l,10-Di-(piperidino)-l,10-dithioxo-2,5,6,9-tetrathiodecane 
(XIIa).—A mixture of 40.8 g. (0.3 mole) of ethylene trithio­
carbonate (II) and 25.5 g. (0.3 mole) of piperidine was 
heated at 40° for 2.5 hours and then left at room tempera­
ture overnight. The reaction mixture had solidified the 
next morning. This crude product was triturated with dil­
ute hydrochloric acid, washed with water, and then recrys-
tallized from acetone with charcoal treatment to give 14 g. 
( 2 1 % yield) of a white powder, m.p . 104-105°. Infrared 
studies showed no -SH group to be present. 

Anal. Calcd. for Ci6H25N2S6: C, 43.60; H, 6.36; N, 
6.36; S, 43.64; mol .wt . ,440 . Found: C, 43.78; H, 6.36; 
N, 6.56; S, 43.99; mol. wt. (boiling point), 425 ± 5 % . 

1,10-Di-( 4-morpholino)-1,10-dithioxo-2,5,6, Q-tetrathiodec-
ane XIIb).—The procedure was identical to that for XI Ia 
except that morpholine was used in place of piperidine. 
Upon working up there was obtained 27 g. (40% yield) of 
oft-white solid, m.p. 102-103°. No molecular weight deter­
mination or analysis was carried out on this material since 
it was shown by infrared studies that the material was anal­
ogous to XIIa . 

1,3-Di-M-butylthiourea (XIII).—A mixture of 13.6 g. (0.1 
mole) of ethylene trithiocarbonate and 14.6 g. (0.2 mole) of 
n-butylamine was heated at reflux in 20 ml. of ethanol for 4 
hours and then left at room temperature overnight. The 
volume of the reaction mixture was reduced under vacuum 
on the steam-bath and the residue was recrystallized from 
ethanol to give 12 g. (32% yield) of white crystalline ma­
terial, m.p. 61-62°. Mixed m.p. with known 1,3-di-re-
butylthiourea gave no depression and direct infrared com­
parison showed them to be identical. 

Ethylenethiourea (XIV).—Treatment of 27.2 g. (0.2 mole) 
of ethylene trithiocarbonate with 12 g. (0.2 mole) of ethyl­
enediamine at room temperature resulted in an immediate 
exothermic reaction followed by solidification. Filtration of 
the reaction mixture gave 17 g. (84% vield) of white, shinv 
crystals, m.p. 198-200°.' 
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