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A series  of fl-(S-acetylmercapto)ethylamides of a-amino acids and raft-unsaturated acids 
and bis[fl- (S-acetylmercapto)ethyl]amides of dicarboxylic acids were obtained by cleavage 
of N-acylethyleneimines with thioacetic acid. The reaction of ethyleneimides of N-acyl- 
amino acids with hydrogen sulfide leads to the corresponding/3-(N-acylamino)ethylmer- 
captans. Bis(ethyleneimides) of azelaic and sebacic acids react with hydrogen sulfide to 
form cyclic sulfides along with the corresponding bis[(fi-mercaptoethyl)amides]. 

Ethyleneimides of carboxylic acids react vigorously with ring opening with both electrophilic and 
nucleophilic reagents [1]. We have shown that the ethyleneimides of N-acylated s-amino acids [2] and~,fl- 
unsaturated acids [3] and the bis (ethyleneimides) of dicarboxylic acids [4] on reaction with thioacetic acid 
readily open the ethyleneimine rings and form the corresponding f~- (S-acetylmercapto)ethylamides (I-XV) 
(Table 1). 
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The ethyleneimides of N-phthalylglycine, N-phthalylalanine, N-phthalytvaline, N-carbobenzoxyvaline. 
and N-acetylvaline were isolated in the reaction with hydrogen sulfide. The corresponding N-acyl-fl-mer- 
captoethylamines (XVI-XX) are formed in yields up to 80%, judging from the amount of free mercapto groups. 
However, only N-(N-acetylvalyl)-fl-mercaptoethylamine (XX, Table 2) could be isolated by repeated re-  
crystall ization of the reaction products. In this case, /3-mercaptoethylamides XVI-XIX are gradually oxi- 
dized completely to the corresponding symmetrical  disulfides (XXI~XXW). 

The reaction of bis(ethyleneimides) of azelaic and sebacic acids with a considerable excess of hydro- 
gen sulfide leads to bis[(fl-mercaptoethylamides)] X'XV and XXVI (Table 2) and cyclic sulfides XXVII and 
XXVIII. Compounds XXVH and XXVHI are apparently products of intramolecular opening of the ethylene- 
imine ring by the mercapto group in the intermediate N,N-ethylene~N'-(/%mercaptoethyl)diamides ofazelaic 
and sebacic acids. Cyclic sulfide XXVII are also synthesized from the bis(fl-chloroethylamide) of azelaic 
acid (XIX) and sodium sulfide. 

,CO ~.,,~ / -'CON H CH2CH~.S H /CONHCHeCHa\ 

+ H2S ~ (CH2)nXCONHCH2CH2SH ~ (CH2)n( ` S (CH2)a~CO d aCON HCH2Ctt2/ 

n = 7 , 8  XXV, XXVI XXVII, XXVIII 

Alkali-resistant fi-mercaptoethylamides XIX, X-X, XXV, and XXVI were purified through their sodium 
thiolates (Table 2). 

Institute of Biochemistry, Academy of Sciences of the Lithuanian SSR, Vilnius. Translated from 
Khimiya Geterotsiklicheskikh Soedinenii, No. 4. pp. 510-514, April. 1974. Original article submittedMareh 
26, 1973. 

�9 1975PlenumPublishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

443 



TABLE 1. f l - (S-Acety lmercapto)e thylamides  RNHCH2CH2SCOCH ~ 
6-XV) 

I N-Phthalylglycyl i52--I~ b CmH2~N~O4S ~I 
II N-Phthalyl- Oil, c CmHlsN20~S 56 

alanyl 
Ill N-Phthalylvalyl 1'20--1~1 b CIzH2~N~O~S 78, 
IV N-Phthalyl- - [28--129 d C21H28N~O~S 57 

phenylalanyl 
V N-CarOoDenz- 111--II,2 e ClTH24N204S ~0 

oxyvalyl 
VI .N-Acety'lyalyl 124---126, d C.H~oN~O~S 86 

VII N-~enzoyneucyx" 197--19~~ C~TH~N~OzS 62 

VIII Acrylolyl f C~HnNO~S 50 
IX Methacryloyl g C~H~NO~S 52 
X 3,8-Dimethyl- 44--45 h C~H~sNOaS 55 

acryloyl 
XI Cinnamoyl 83--85 i C,~H~gWO~S 68 

XII B -Carbofneth- J C~H~sNO~S 90, 
oxypropionyl 

XIII N-[l~-(S-acetyl-39--140 k C~,H~,N20~Sz 75. 
mercapto)- 
erhyl]-adipyl �9 

XIV N-[~-:(S-2a)etyl- I09--,111 k C,THsoN~O,Ss 55 
mercapto)- ] 
ethyl]-. 
aze'layx 

XV N-[B-(S-acetyl- 31--133k CmH~N~O4S~ 73 
rnercapto)- 
ethyl]- 
sebacyl 

aAmino acids of the D,L s e r i e s ,  b F r o m  ethanol.  Cpurified b y c h r o -  
matography with a column filled with activity II a luminum oxide; the 
eluent was b e n z e n e - e t h e r  (1 : 1). d F r o m  b e n z e n e - p e t r o l e u m  e ther .  
e F r o m  a c e t o n e - p e t r o l e u m  e ther ,  fBp 93-94 ~ {3 ram), n~  1.5104, d 2~ 
1.1492. g.Bp 152-153 ~ (4 ram), n~  .1.5069, d~ ~ 1.1305. h F r o m  ethyl 
aceta te ,  l F r o m  pe t ro l eum e ther .  JBp 172-174 ~ (3 ram), n~  1.5113, 
d~ ~ 1.2132. k F r o m  acetone.  

TABLE 2. N-Aeylated f l -Mercaptoethylamines  RNHCH2CH2SH 

] 

_XV_ l.l_ N-Phthalylalanyl 
. _XV.!I.I I N -Phth alylv alyl 
XIX iN-Carbobenzoxy- 

valyl 
XX IN- Ace tylvalyl 

XXV JN-(/~-Mercapto- 
| ethyl)azelayl 

XXVI IN-(15-Mercapto- 
ethyl)sebacyl 

mp,*C 

1,24--125g 
122--123a 
152--153a,b 

151--153c,d 
131--132a,e 

I 141--14~,g 

Empirical Found. ~ i Calc','a]~ i~" 
formula 

s I a 

CI3HI4NgO3S 
CIsHIsN203S 
CIsH22N~O3S 

CgHIsN~OzS 
CI3H~N20~S~ 

C.H2sN202S2 

i C H! S i C {H 

5~,0 4,71 11,7 ~,i 5,1 
58,9 5,9J I0,5]58,9 5,~ 
~,1 7,0 t 9,7j58,0 7,1 

49,3 8,4114,3149,5 8,3 
51,0 9,0 20,8 50,9 8,6 

52,8 8,8] 19,2[ 52,51 8,9 
i 

11;5 ~d5 
9,916I 

1"0,3 70 

14,7 73 
~0,9 65 

20,0 75 

a F r o m  aqueous methanol ,  b2,4-Dini trophenyl  thioether :  mp 197- 
198 ~ (from acetone).  Found: C 53.1; H 5.5; S 6.3~. C21H24N4OTS. 
Calculated:  C 52.9; H 5.1; S 6.7%. CFrom e ther ,  d2,4-Dini t rophe-  
nyl thioether:  mp 215-216 ~ (from methanol) .  Found: C 47.2; H5.4; 
S 8.1%. C15H20N406S. Calculated:  C 46.9; H 5.2; S 8.3%. e2 ,4-Di-  
ni trophenyl thioether :  mp 126-128 ~ (from methanol).  Found: C 
47.0; H 5.0; S 9.9%. C25H30N6010S 2. Calculated:  C 46.6; H 4.7; S 
10.4%. f F r o m  benzene,  g2,4-Dini trophenyl  thioether:  mp 141-142 ~ 
{from methanol).  Found: C 47.7; H 5.4; S 9.5~. C26Ha2N6010S 2. Cal-  
culated: C 47.8; H 4.9; S 9.8%. 
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Since the synthesis of N-acylated f i -mercaptoethylamines  f rom ethyleneimides of acids and hydrogen 
sulfide proved to be complicated by difficulties involved in purif icat ion and side react ions,  to p repare  them 
S-acetyl thioethers  II, III, and V were subjected to alcoholysis  under the influence of HC1, while VI, XIV, and 
XV were subjected to alkaline hydrolysis .  The synthesized aminothiols (XVII-XX, XXV, and XXVI) (Table 2) 
required a lmost  no fur ther  purification. 

E X P E R I M E  NTA L 

The star t ing ethyleneimides of N-acylamino acids and a,f l-unsaturated acids were obtained by the 
method in [2, 3]. The previously known ethyleneimides of succinic acid monoethyl e s t e r  [5] and phthalyl- 
glycine [6] were also obtained by the method in [2]. The bis(ethyleneimides) of dicarboxylic acids were 
obtained f rom dicarboxylic acid chlor ides  and ethylene[mine [4]. 

fl ,fl-Dimethylacrylic Acid Ethyleneimide.  This compound was obtained in 80~ yield imp 143-144 ~ 
(from ethylacetate)] f rom 0.03 mole of fl ,fl-dimethylacrylic acid, 0.03 mole of ethylene[mine, and 0.03 mole 
of 1,3-dicyclohexylcarbodiimide in ch loroform by the method in [3]. Found: N 10.8%. CTH~NO. Calcu- 
lated: N 11.2%. 

Cinnamic Acid Ethyleneimide. This compound was s imi lar ly  obtained as a mass ,  which was extracted 
with pe t ro leum ether .  Cooling of the ext rac t  gave 66% of ethyleneimide with mp 57-58 ~ (from b e n z e n e -  
pet ro leum ether).  Found: C 76.0; H 6.3%. CliHllNO. Calculated: C 76.3; H 6.4%. 

f i - (S-Acetylmercapto)ethylamides of N-Acylamino Acids (I-VII) and a,f l-Unsaturated (VHI-XI) and 
Dicarboxylic (XII-XV) (Table 1) Acids.  A 0.02-mole sample of the ethyleneimide of the appropriate mono- 
carboxylic  acid or 0.01 mole of the bis (ethyleneimide) of a dicarboxylic acid was added i~ port ions with 
s t i r r ing  at 5 ~ to a solution of 0.02 mole of thioacetic acid in 15 ml of dry benzene or  methanol; the reac-  
tion mixture was prevented f rom warming above 10 ~ The mixture was s t i r red  for  15 min, af ter  which the 
tempera ture  was slowly brought up to room tempera ture  (in the synthesis of VIII-X-V) or  to ~60 ~ and s t i r red  
at this t empera ture  for  1.5-3 h. Compounds VIII-XI were synthesized in a nitrogen a tmosphere .  The end 
of the react ion was monitored with respec t  to Congo red or  by means of th in - layer  chromatography (TLC). 
The solvent was then vacuum evaporated,  and the S-acetyl thioethers  were recrys ta l l i zed  or  vacuum dis- 
tilled. Compound H was purified by chromatography with a column filled with activity II aluminum oxide 
with elution by chloroform.  Thin- layer  chromatography on activity II aluminum oxide in b e n z e n e - e t h e r  
(1: 1) was used to identify unsaturated S-acetyl th ioethers  VIII-XI. IR spect ra  of amides VIII-XI:  3050-  
3070 (=CH-),  950-975 (=CH2) , 655 a m  -1 (thiol sulfur); the LR spec t ra  of I -Xu have absorption bands at 
1695-1700 (C = 0  in thiol es te rs )  and 1660-1670 cm -1 (amide I). 

Reaction of Ethyleneimides of N-acylamino Acids with Hydrogen Sulfide. A solution of 0.01 mole of 
N-acylamino acid ethyleneimide in 50 ml of dry methanol was added dropwise to 150 ml of dry methanol 
saturated at - 1 0  ~ with hydrogen sulfide (~2 g) by bubbling hydrogen sulfide into the mixture with vigorous 
s t i r r ing  and cooling on an ice bath. The tempera ture  of the mixture was raised slowly to room temperature ,  
and the mixture was allowed to stand in a tightly sealed flask for 20 h. This procedure  gave crude c r y s -  
talline N-acylaminothiols  XVI-XX, the percentage of free SH groups in which was 70-80% (determinediodo- 
metr ical ly) .  Thin- layer  chromatography on activity II aluminum oxide in b e n z e n e - e t h e r - m e t h a n o l  (4 : 1 : 1) 
was used to identify and prepara t ive ly  purify X-VII and XVIII (Table 2). For  purification, crude aminothiols 
XIX and XX were dissolved with shaking in 20 ml of 5% sodium hydroxide solution; the solutions were acid- 
ified with concentrated hydrochloric  acid, saturated with NaC1, and the result ing aminothiol was separated.  
The fi l trate was extracted severa l  t imes with ether,  the e ther  ext rac ts  were combined with the individual 
aminothiol, and the mixture was washed with water  and dried with magnesium sulfate. The solvent was 
evaporated,  and the residue was recrys ta l l i zed  one to two t imes to give 30-40% of pure products  (Table 2). 
Repeated crys ta l l iza t ion  of crude N-acyl-f l -aminothiols  XVI-XIX f rom methanol gave bis (N-acyl-~-amino-  
ethyl) disulfides XXI-XXIV (Table 3). 

Reaction of Ethyleneimides of Azelaie and Sebacic Acids with Hydrogen Sulfide. This react ion was 
ca r r i ed  out s imi lar ly .  The percentage of free SH groups in the crude products  was ~40%. Bis(f l -mercapto-  
ethylamides) XXV and XXVI (Table 2) were also purified through the thiolates. Fract ional  crysta l l izat ion 
of the crude react ion products  gave XXVII and XX-VIII. Azelaic acid N,N'-(3-thiapentamethylene)diamide 
(XXVII) was obtained in 42% yield and had mp 156-157 ~ (from methanol). Found: C 56.8; H 9.3; S 12.3%. 
Mol. wt. (Rast method) 276. C13H24N202S. Calculated: C 57.2; H 8.9; S 11.8%; Mol. wt. 272. Sebacic acid 
N,N'-(3-thiapentamethylene)diamide (XXVIII) was obtained in 35% yield and had mp 131-132 o (from ethanol). 
Found: C 58.4; H 9.0; S 11.5%,- Mol. wt. 284. C14H26N2C)2S. Calculated: C 58.7; H 9.2; Sll .2}b,  Mol. wt. 286, 
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TABLE 3. Bis (N-aeyl - f l -aminoethyl )  Disulfides (RNHCH2CH2S)2 

Corn -t 
pound R rap, ~C i 

i 
Empirical Found,% Calc., a] o 

S C H 
formula 

c lH 

12,3 54,7 42 
11,3 56,3 4,7 
10,5 59,0 5,6 
9,6 58,2 6,8 

XXI N-Phthalylglycyl 222--22~'a C24HmN406S2 54,4 4,3 
XXII N-Phthalylalanyl 218--219~ I C26H26N4OsS2 56,1 14,8 

XXIII N-Phthalylvalyl 130--131~,1 C~oH34N40~S2 58,6 [ 5,6 
XX1V N-CarboSenzoxy- 188--189b~ C~0H42N406S2 58,4 7,0 
\ [ valyl [ 
a F r o m  ethyl acetate  (nap 137-138 ~ [6]). b F r o m  methanol .  
aqueous methanol .  

I 0 s ~  

12,2 ] 40 
11,51 45 
10,5 ] 51 
10,3 50 

c 
F r o m  

Compound XXVII was obtained by the method in [7] f r o m  bis  (B-chloroethylamide) XXIX and Na2S in 
the f o r m  of an oil (in 40% yield).  It was purif ied by TLC on activity II a luminum oxide in b e n z e n e - e t h e r -  
methanol (6 : 15:4) and had mp 155-156 ~ The compound obtained was chromatograph ica l ly  identical  to the 
sample  descr ibed  above and did not depress  its mel t ing point. 

N-Acetylval ine f l -Mercaptoethylamide (XX) and Azelaic  and Sebacic Acid Bis ( f l -mercaptoethylamides)  
(?C~V and XXVI). A 0.01-mole sample  of S-acety l th ioe ther  VI, XIV, or  XV was shaken with 40 ml of 5% 
sodium hydroxide solution. The mix tu res  were  then worked up as descr ibed  above. The yields of amides  
XX, XXV, and XXVI were  ~70% (Table 2). 

N-Phthalylalanine,  N-Phthalylval ine,  and N-Carbobenzoxyval ine  f i -Mercaptoe thylamides  (XVII-X-IX). 
A 0.01-mole sample  of S-ace ty l th ioe ther  II, III, and V and 20 ml of a 1% HC1 solution in absolute methanol 
were  refluxed for  2 h. The solvent was evapora ted  to dryness ,  and the residue was washed with wa te r  and 
rec rys ta l l i zed .  The yields  were  ~ 60% (Table 2). 

Azelaic  Acid Bis(f l -chloroethylamide (XXIX). E ther  sa tura ted  with the calculated amount of hydrogen 
chloride was added to a solution of 0.015 mole of azelaic  acid bis (ethyleneimide) in 50 ml of absolute e ther .  
Amide XXIX separa ted .  The yield of product  with mp 128-129 ~ (from ethanol) was 85%. Found: C 50.6; 
H 7.5%. C13H24C12N20. Calculated: C 50.4; H 7.7%. 
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