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sodium salt of hydroxymethylene methyl iso- point of condensation of ethyl formate with an 
butyl ketone was degraded to 2-isobutylpyridine. unsymmetrical ketone. 
There seems to be no simple rule to predict the EVANSTON, ILLINOIS RECEIVED MAY 23, 1947 
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The Synthesis of Amino Mercaptans from Olefin Sulfides1 

BY H. R. SNYDER, JOHN M. STEWART2" AND J. B. ZIEGI.ER21' 

The need for large quantities of mercaptans in 
the synthetic rubber industry has prompted the 
investigation of various reactions of possible use 
in the large-scale production of these substances. 
The present report concerns a study of the prepa
ration of amino mercaptans by the reaction of 
olefin sulfides and amines in accordance with 
equation 1. 
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The reaction has been used previously for the 
preparation of certain amino mercaptans from 
ethylene sulfide or propylene sulfide-and primary 
or secondary amines.3 A number of new amino 
thiols now have been prepared from these olefin 
sulfides and others have been obtained from iso-
butylene sulfide and cyclohexene sulfide. 

The cyclic sulfides were prepared by the reaction 
of the oxides with potassium thiocyanate in 
aqueous or dilute alcoholic solutions.4 The spon
taneous polymerization of ethylene sulfide, noted 
by previous investigators5 to occur even at 0° was 
found to be effectively inhibited by the addition of 
a small amount of an aliphatic mercaptan.6 

Cyclohexene sulfide could be stored in the re
frigerator for periods of several days without poly
merization, and samples of isobutylene sulfide 
have undergone no significant change on storage 
at room temperature for about three months. 

Reactions of the cyclic sulfides with secondary 
amines were carried out without catalyst or sol
vent at temperatures near 100°, the period of re
action being ten to twenty hours. The yields 
were not improved by the addition of phenol,3 

aluminum chloride or the sodium derivative of the 
amine. The yields of amino mercaptans were 
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adversely affected by the presence of bulky sub-
stituents on the nitrogen atom and by increasing 
degree of substitution in the sulfide ring. The 
product from ethylene sulfide and di-n-butylamine 
was obtained in 70-80% yields, whereas that from 
the same sulfide and di-«Theptylamine was ob
tained in only 40 to 55% yields. Only negative 
results were obtained from ethylene sulfide and 
diphenylamine or dicyclohexylamine. Isobutyl
ene sulfide reacted with secondary amines such as 
di-w-butylamine only to the extent of 15 to 25%, 
but the yields from this sulfide and primary amines 
or cyclic secondary amines Such as piperidine and 
morpholine were in the range of 55 to 75%. Pro
pylene sulfide was treated with only one amine, di-
n-amylamine, with which it reacted to the extent 
of 50 to 60%. From the one trial made with it, 
cyclohexene sulfide appears to be less reactive 
than isobutylene sulfide; only a 35% yield of the 
amino mercaptan was obtained from cyclohexene 
sulfide and piperidine. In most of the reactions 
small amounts of the products formed by reaction 
of the amino mercaptan with more of the sulfide 
were produced (equation 2).3 The presence of 
an excess of the amine repressed this side reaction. 

>XCH2CH2SH -I- CH2CH2 —>-

R \ 
>XCH2CH2SCH2CH2SH (2) 

R ' / 
Unsymmetrically substituted olefin sulfides 

might be expected to yield one or both of two iso
meric products in the reaction with secondary 
amines. For example, the possible products from 
isobutylene sulfide are a primary and a tertiary 
mercaptan (equation 3). The Rheinboldt color 
test7 indicates the products to be tertiary mer-

CH3 

R2XH + C H 3 - C - -CH2 

- S 7 

CH3 CH, 

R 2 XC-CH 2 SH and/or R 2 XCH 2 C-SH Ci; 

CH3 CH3 

captans. These amino mercaptans react with 
iodine to give sulfenyl iodides (equation 4) in 
good yields, indicating that the substances con-

(7) Rhe inbo ld t , Her., 60, 184 (1927). 
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TABLE I 

AMINO MERCAPTANS FROM AMINES AND OLEFIN SULFIDES 

A. F r o m E t h y l e n e Sulfide 

Amine 
B-C7H11NH1 

( M - C J H . ) I N H 

( n - C t H n ) j N H 

(B-C 7 HiI ) 1 NH 
(«-C«Hi7) iNH 
P ipe r id ine 

C I H I N H : 

S t r u c t u r e of a m i n o m e r c a p t a n 

C H j ( C H i ) ( N H C H i C H 2 S H 
Acetyl de r iva t ive 
(n -C<Hi ) :NCHiCH:SH 
Hydroch lo r ide 
( B - C i H n ) 2 N C H i C H 2 S H 
Hydroch lo r ide 
(M-C 1 Hu)JNCHiCH 1 SH 
(B-CiHiT) 2NCHiCHiSH 
C i H m N C H a C H i S H 

C j H i N H C H i C H s S H 
Acetyl de r iva t ive 
C i H i N ( C H i C H i S H ) S 6 

B . p . or m. p . , 
0 C . (mm.) 

7 0 - 7 1 (2 .5 ) 
1 «0-162 (4) 

74 -75 (2) 
M . p . 112-113 

86-90 (2 .5 ) 
M. p . 85-86 
127-128 (2) 
146-148 (2) 
70-72 (9) 
56-57 (4) 
95-97 (2 .5 ) 

M. p. 65-66 
138-140 (2) 

M20D 

1.4703 

1.4635 

1.4643 

1.466(1 
1.4658 
1,5015 

1 6040 

1.6248 

r-
Car 

Calcd . 

6 1 . 6 5 

5 3 . 1 9 

57 .87 

6 2 . 7 0 
6 1 . 5 0 
5 6 . 2 9 

bon 
F o u n d 

6 1 . 9 3 

5 3 . 1 9 

5 7 . 6 3 

6 2 . 4 9 
6 1 . 4 8 
5 7 . 0 2 

—Analyses, % — 
H y d r o g e n 

Calcd. 

12 .08 

10 .71 

10.41 

7 . 2 4 
6 .71 
7 . 0 9 

F o u n d 

11 .87 

10.57 

10 .53 

7 .31 
6 . 9 6 
7 . 4 0 

-^ 
Sulfur 

Calcd . F o u n d 

17 .29 16 .86a 

14 .75 1 4 . 9 1 " 

11 .72 1 1 . 1 7 " 
10.63 9 . 8 0 " 

2 0 . 9 2 2 0 . 8 8 ° 

Yield , 

% 

70-80 

7 3 . 8 

4 0 - 5 5 
2 3 - 3 3 
77 

52 

3 

( n - C i H n ) i N H ( B - C i H i O j C H s C r K C H i l S H " (?) 

B - C 1 H u N H i H-CTHiINHCHsC(CHj) 2 SH' ' 
Acetyl de r iva t ive 
Sulfenyl iodide 

n - C i i H i i N H i n - C u H u N HCH!C(CH: )»SH 
Sulfenyl iodide 

( C i H i ) i N H ( C i H i ) 1 N C H i C ( C H j ) 2 S H 
Sulfenyl iodide 

( i t - C H i ) i N H («-C<H>)iNCHiC(CH!) iSH 
Sulfenyl iodide 

( n - C i H i O i N H ( B - C i H i O i N C H i C ( C H I b S H 
Hydroch lo r ide 
Sulfenyl iodide 

( I J O - C J H . I ) I N H ( l>o-CiHu)>NCHiC(CHi) iSH 

Sulfenyl iodide 

C i H s O N C H i C ( C H j ) . S H 
CiHiI )NCHiC(CHj) ISH 
Hydroch lo r ide 

C H n N C H i C ( C H j ) 2 S H 

C 7 H n N C H i C ( C H a ) i S H 
H S ( C H j h C C H i N C . H . N C H i C ( C H i ) 2 S H ' 

B . F r o m Propy lene Sulfide 

8 6 - 8 7 ( 2 ) 1.4634 6 7 . 4 6 6 7 . 5 8 12 .63 1 2 . 4 8 

C. F r o m I sobu ty lene Sulfide 

83-86 (2) 1.4630" 

1 3 . 8 5 1 3 . 7 7 " 65 

15 .76 1 5 . 8 2 " 51-54 

Morpho l ine 
Piper id ine 

3 -Methy l -
piper id ine 

4 -E thy l -
piper id ine 

P iperaz ine 

S H ' ' 

C iHinN/ 

128-131 (2 .5 ) 
Dec. 200-225° 
138-141 (3) 
Dec. 210-230° 
94 -95 (52) 

M. p . 175-177 
(dec.) 

89 90 (2) 
M. p. 17S-178 

(dec.) 
8o-90( 2) 

M. p . 85-86 
M . p . 147-148 

83-86 (2) 
M. p. 205-206 

(dec.) 
81-82 (6 .5 ) 
47 (2 .5 ) 

M. p. 198-199 

51-53 (2) 

74-76 (2 .5 ) 
Hb M . p. 127-131 

1.4800* 

1 .4597 ' 

1.4748" 

1 .4653 ' 

1.4677 

1.4886 
1.4840 

1.4782 

J .4894 

4 0 , 1 2 

4 8 . 1 1 
5 9 . 5 6 
3 3 . 4 5 

4 1 . «8 

4 5 . 2 8 

4 5 . 2 8 

6 2 . 3 7 
5 1 . 5 3 

6 5 . 6 1 
54 .91 

D, F r o m Cyclohexene ,Sulfide 

97-99 (1) 1.5190 

4 0 . 0 9 

4 7 . 9 5 
6 0 . 0 8 
3 3 . 5 8 

4 1 . 8 2 

4 5 . 1 5 

4 4 . 9 9 

6 2 . 7 0 
51 .82 

6 5 . 8 0 
5 4 . 7 5 

7 .35 

8 . 5 8 
.11.87 

6 .32 

7 . 6 3 

8.14 

8 .14 

11 .05 
9 Bl 

11 .51 
9 . 9 9 

7 .61 

8 .93 
11 .78 
6 . 5 3 

8 .30 

8 .52 

8 31 

11 .15 
9 ,75 

11 .62 
9 .85 

18 

15 

17 

1«. 

.29 

. 28 

.11 

08 

17 

14 

16 

15 . 

. 6 3 " 

. 7 2 " 

. 67" 

4 0 " 

52 

43 

15-: 

26 

13 

50 
61 

6« 

77 
50 

35 Piper idine 

" Mercaptan sulfur, by method of Kolthoff and Harris." * Prepared from two moles of sulfide per mole of amine. 
* Prepared from 1.25 moles of amine per mole of sulfide. 4 Used two moles of amine per mole of sulfide. • B15D. 

sist largely, if not solely, of the tertiary mercaptan 
isomers. The structure of the product from 
propylene sulfide and di-w-amylamine was not 

CHj CH3 

R2XCH2C-VSI + HI (4i 
I 

CHS 

R 8 NCH 2 C-SH + I2 

CH, 

investigated. By analogy with the products from 
isobutylene sulfide it would be expected to consist 
largely of the secondary mercaptan; however, the 
product from w-butylamine and two molecules of 
propylene sulfide has been described3 as the pri
mary dimercaptan (C4H9N[CH(CH3)CH2SH]2). 

The primary mercaptans prepared from ethyl

ene sulfide and secondary amines are less stable 
in the atmosphere than simple unsubstituted mer
captans, but they can be stored under nitrogen. 
Most of the compounds were analyzed by the 
Kolthoff amperometric titration8 of mercaptan 
groups. Samples which had been allowed to 
stand in alcohol solutions without protection from 
the atmosphere had low mercaptan sulfur con
tents; treatment of such solutions with zinc 

(8) T h e a u t h o r s are indeb ted to Dr. H . A. I .ai t inen and M r . W. P . 
Jenn ings for t he m e r c a p t a n ana lyses ; mix tu res of p r imary a n d ter
t i a ry m e r c a p t a n s were ana lyzed by an a rgen t ime t r i c - iod ime t r i c 
t i t r a t ion a n d to t a l m e r c a p t a n sulfur by an a m p e r o m e t r i c t i t r a t ion , 
both devised by Professor I. M. Kolthoff of the Univers i ty of Minne 
sota (Kolthoff, p r iva t e communica t i on ; Kolthoff and Harr i s , lnd. 
Ens. Chem., Anal Ed., 18, 161 (1940)1 
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amalgam increased the mercaptan sulfur content. 
The higher-boiling amino mercaptans derived 
from either ethylene sulfide or isobutylene sulfide 
could not be obtained in the pure state by distilla
tion under pressures as low as 2 mm. Successive 
redistillations of such substances gave distillates 
of successively lower mercaptan sulfur content, 
indicating that the amino mercaptans undergo 
thermal decomposition probably according to 
either or both of the reactions shown in equations 
5 and 6. 

R2NCH2CH2SH >• R 2 NCH=CH 2 + H2S (5) 

R2NCH2CH2SH — > R2NH + CH. . -CH 2 (6) 

\ S / 
Experimental 

I. Preparation of the Sulfides 
A. Isobutylene Sulfide.—To a vigorously stirred solu

tion of 97 g. (1 mole) of potassium thiocyanate in 100 ml. 
of water was added dropwise 72 g. of isobutylene oxide. 
The addition required five hours. The top layer was then 
separated from the aqueous layer and stirred with a fresh 
solution of 50 g. of potassium thiocyanate in 100 ml. of 
water for an additional five-hour period. The temperature 
of the reaction mixture was kept below 40°. The crude 
sulfide was dried over calcium chloride and fractionally dis
tilled. The yield was 64 g. (73%) of clear, colorless liquid 
boiling at 84-86°, M»D 1.4641. 

Anal. Calcd. for C4H8S: C, 54.49; H, 9.14. Found: 
C, 54.49; H, 9.45. 

B. Cyclohexene Sulfide.—To a solution of 130 g. of 
potassium thiocyanate in 100 ml. of water was added 70 
ml. of ethanol and then 60 g. of cyclohexene oxide. This 
mixture was stirred vigorously for four hours. During this 
period the temperature rose to 45°. A 40-g. portion of 
cyclohexene oxide was added, the mixture was cooled to 
20°, and stirred vigorously for an additional twenty hours. 
The mixture was then saturated with salt and the top layer 
was separated. The crude sulfide was washed twice with 
100-ml. portions of water and dried over magnesium sul
fate, and distilled under reduced pressure. The yield was 
70 g. (60%, based on the oxide) of clear, colorless liquid 
boiling at 83-87° at 46 mm.; nwD 1.5292. 

Anal. Calcd. for C6H10S: C, 63.0; H, 8.8. Found: 
C, 62.2; H, 8.6. 

C. Ethylene Sulfide.—Ethylene sulfide was prepared 
in about 5 0 c

r yield by a slight modification of the procedure 
given in French Patent 797,621.* About five drops of n-
butyl mercaptan ordinarily was added to 50-g. portions as 
a stabilizer. The stabilized sulfide was stored at about 0°. 

D. Propylene Sulfide.—Propylene sulfide, prepared by 
the same method, was stored at about 0° without the 
addition of a stabilizer. 

II. Preparation of the Amino Mercaptans 

A. From Ethylene Sulfide.—A mixture of equimolar 
amounts of the amine and olefin sulfide in a glass-lined 
bomb was heated for sixteen to eighteen hours at 90-100°. 
The reaction mixture was then fractionated in vacuo in a 
flask of the modified Claisen type. A current of nitrogen 
was admitted at a slow rate through the capillary ebulliator 
during the distillation. 

B. From Isobutylene and Cyclohexene Sulfides.—A 
mixture of equimolar amounts of the amine and olefin 
sulfide was heated under reflux oti the steam cone for six
teen to eighteen hours. The products were isolated by 
fractionation as described in (A) above. 

III. Derivatives of Amino Thiols 

A. Hydrochlorides.—These compounds were made in 
most cases by saturating a solution of the base in alcohol 
with dry hydrogen' chloride gas. Addition of ether pre
cipitated the salt which was recrystallized from alcohol-
ether or alcohol-acetone. Some hydrochlorides were pre
pared by direct addition of concentrated aqueous hydro
chloric acid to the base. 

B. SuIfenyl Iodides.—The amine-isobutylene sulfide 
addition product was dissolved in alcohol and an alcoholic 
solution of iodine was added dropwise with shaking until a 
faint yellow color persisted. The derivative was precipi
tated by the addition of ether and recrystallized by dis
solving in warm absolute ethanol and chilling, or by pre
cipitating from a saturated solution in absolute ethanol by 
the addition of ether. Some decomposition with the 
formation of a yellow color was occasionally caused by 
heating the solution too strongly during recrystallization. 

C. Acetyl Derivatives.—An excess of acetic anhydride 
was added to the primary amine-olefin sulfide addition 
product and the mixture was allowed to stand for about one 
hour. It was then poured into water and if the resulting 
oil solidified, the material was recrystallized from high-
boiling petroleum ether. If the oil did not solidify, it was 
taken up in ether, washed with water and dried over anhy
drous sodium sulfate. It was then purified by distillation 
in vacuo. 

Summary 

The preparation of a number of amino mercap
tans by the reaction of amines with olefin sulfides 
is described. The effects of variations in the 
structures of the reactants upon the yields of the 
products are reported. During the course of the 
work two apparently hitherto undescribed olefin 
sulfides, cyclohexene sulfide and isobutylene sul
fide, and a number of new amino mercaptans have 
been prepared. 
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