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The reaction of ethyleneimine with sulfenyl chlorides RSC1 at --i0 ~ C 
in the presence of a hydrogen chloride acceptor (triethytamine) 

I 7 
leads to the formation of N-organylthioaziridines RSNCH2CH 2. Com- 
pounds with R = n-CsHn, CsHa, o-OzNCaqa, and C~6CH2 have been 

obtained by this method. (CHs)sSSNCH2CH2 and (C~HshNSNCH2CH,. 
have been synthesized analogously. 

The properties and IR spectra of these compounds have been studied. 
The action of methyl iodide on N-phenylthioaziridine leads to dispro- 
portionation of the molecule with the formation of diphenyl disulfide, 
8-iodoethyltrimethylammonium iodide, and free iodine. 

A z i r i d i n e  d e r i v a t i v e s  c o n t a i n i n g  an S - N  bond h a v e  
ye t  b e e n  l i t t l e  s t u d i e d .  D i - l - a z i r i d i n y l  su l f ide ,  d i s u l -  

f ide ,  su l fox ide ,  and su l fone  h a v e  b e e n  o b t a i n e d  by t h e  
r e a c t i o n  of  e t h y l e n e i m i n e  (I) w i th  s u l f u r  h a l i d e s  o r  h a l -  
i d e s  of  s u l f u r  a c i d s  [ 2 - 5 ] .  

H,C_ H2C\ ~CH2 2.:cl~Nu-~mo:+ ~(c~u, hn ~ I~n-m-n(I +2(C:%)3n..cl 
. ~ H7 C-  --CH 2 

M=S, S~,SO. SO 2 

The  r e a c t i o n  of  I w i th  t r i c h l o r o m e t h y l s u l f e n y l  c h l o r i d e  
i q 

l e a d s  to N - t r i c h l o r o m e t h y l t h i o a z i r i d i n e  ClzCSNCHzCI-I~, 

w h i c h  p o s s e s s e s  m a r k e d  i n s e c t i c i d a l  a c t i v i t y  [6]. P h a r -  
m a c o l o g i c a l l y  a c t i v e  c o m p o u n d s  of  t y p e  

",F-c,, ", ~c.~ 
g N - - S - - N / I  ~, = CH~, O or S 7 

" \CH  

are also known. 
We have studied the react ion of I with al iphat io,  

aromat ic ,  and aral iphat io sulfenyl chlor ides,  and also 
wi th  (C2H~)zNSC1 and (CH~)3CSSC1 [8] in o r d e r  to  ob t a in  
n e w  s u l f u r - c o n t a i n i n g  a z i r i d i n e  d e r i v a t i v e s  and to s tudy  

t h e i r  p r o p e r t i e s  and p h y s i o l o g i c a l  a c t i v i t y .  

T h e  r e a c t i o n  of  I w i th  RSC1 in t he  p r e s e n c e  of a h y -  

d r o g e n  c h l o r i d e  a c c e p t o r  ( t r i e t h y l a m i n e )  p e r f o r m e d  in 

an i n e r t  s o l v e n t  at - 1 0  ~ C t a k e s  p l a c e  in the f o l l o w i n g w a y :  

H2C I 7 I I  

R=n-CsHIt (111), C6H5 (IV), o-OsNC6H4 (V), 
C6HsCH2 (VI), (C2H~)2N (VII), (CH~)sCS (VIII). 

Al l  t he  c o m p o u n d s  II  so  f o r m e d  (y i e ld s  2 7 - 7 6 % ) ,  
a p a r t  f r o m  the  c r y s t a l l i n e  V w i t h  R = o-NOIC~H4,  c o n -  

s i s t  of c o l o r l e s s  l i q u i d s  wi th  a c h a r a c t e r i s t i c  u n p l e a s a n t  

s m e l l  wh ich  a r e  s o l u b l e  in t h e  u s u a l  o r g a n i c  s o l v e n t s .  

* F o r  c o m m u n i c a t i o n  VI,  s e e  [1]. 

Their yields, physical properties, and analytical data, 
are given in Table I. 

Compound VIII is a representative of previously un- 
i l 

known substances containing the--S--S--NCH2CH 2 group- 
ing. 

The IR spectra of III-VIII satisfactorily confirm 

their structure. In all cases, they have bands of C--H 
stretching vibrations (3070 cm -I) and of C--C deforma- 

tion vibrations (at 850-890 and 1225 cm -I) in the aziri- 
d ine  r i n g ,  and a l s o  o f  S - - N  s t r e t c h i n g  v i b r a t i o n s  at  780-  
795 c m  -1 ( see  f i g u r e ) .  As  was  to  be  e x p e c t e d ,  t h i s  
band  is  c o n s i d e r a b l y  s t r o n g e r  in t he  s p e c t r u m  of VIII  
t han  in the  c a s e  of t he  o t h e r  c o m p o u n d s  II. 

T h e  IR s p e c t r a  of  I V - V I  h a v e  a b s o r p t i o n  b a n d s  at  
abou t  7 0 0 - 7 3 0 ,  1030, 1095,  1450, 1580, and 3050 c m  -1 
tha t  a r e  c h a r a c t e r i s t i c  f o r  a r o m a t i c  c o m p o u n d s .  The  
IR s p e c t r u m  of V a l s o  has  two bands  c h a r a c t e r i s t i c  f o r  

a n i t r o  g r o u p  a t t a c h e d  to an a r o m a t i c  n u c l e u s  (1338 and 
1510 cm-1) .  In the  s p e c t r a  of III ,  VII ,  and VIII  t h e r e  i s  

s t r o n g  a b s o r p t i o n  at about  1 3 7 0 - 1 3 8 0  and 1450 c m  -1 
(6as of CH in  t he  C H f - C  g r o u p )  and at 2930 and 2970 
c m  -1 (v C - - H ) .  

N - P h e n y l t h i o a z i r i d i n e  {IV) is  d e c o m p o s e d  by  CH~I 

(cf. a l s o  [9]), b e i n g  c o n v e r t e d  i n t o / 3 - i o d o e t h y l t r i m e t h y l -  
a m m o n i u m  iod ide  (IX) and d ipheny l  d i s u l f i d e  (X) wi th  
the  l i b e r a t i o n  of  f r e e  iod ine .  

2 C6HsS--N<~ H2 +' CHsI - -  21ICtt ,CHsN(Ett~)SJI '~C, HsSSs ~I 2 
CH, IX X 

EXPERIIVIENTAL 

Starting materials. Commercial 97-98% ethyleneimine was dried 
over metallic sodium and distilled. Bp 56-57 ~ C; n~ 1.4120. The 
carbon tetrachloride was dried over anhydrous calcium chloride and re- 
distilled. The initial organylsulfenyl chlorides were obtained by the 
chlorination of the corresponding mercaptans or disulfides with chlorine 
in CC14 [10-12] and were purified by vacuum distillation. 

tert-Butylthiosulfenyl chloride (CHz)~CSSC1 was prepared by chlo- 
rinating (CHz)sCSH under analogous conditions [13] and o-nitrophenyl- 
sulfenyl chloride by the reaction of bis(o-nitrophenyl) disulfide with 
sulfuryl chloride [14]. 

The physical constants of the initial RSC1 are given in Table 2. 
The IR spectra of the II were taken on an IKS-14 or a UR-10 spec- 

trophotometer (III, IV, and VI-VIII as liquid films and V as a suspen- 
sion in Nujol). 

~-Toluenesulfenyl chloride. Gaseous chlorine was passed in a so- 
lution of 12.4 g (0.1 mole) of benzyl mercaptan [16] in 150 ml of CCla 
cooled to -10  ~ C until the increase in weight reached 7.5 g (0.106 mole). 
The solvent was driven off and the residue was distilled in vacuum. The 
yield of c~-toluenesulfenyl chloride with bp 52-55 ~ C (2 mm), n~ 
1.5427, was 5.3 g (33.5%). 

In the chlorination of dibenzyl disulfide under the same conditions, 
the yield of a -toluenesulfenyl chloride was about 10% (chlorine atoms 
simultaneously entered the CHz group). 
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t e r t - B u t y l t h i o s u l f e n y l  ch lo r ide .  A so lu t ion  of 21.8  g (0.24 m o l e )  of 

t e r t - b u t y l  m e r c a p t a n  was s lowly added  to  a so lu t ion  of 17.2 g (0 .24  
m o l e )  o f  c h l o r i n e  in 160 m l  o f  C C 1 4 e o o l e d  to  - 2 0  ~ C.  T h e  so lvent  
was  d is t i l led  off  a t  r educed  pressure,  and  the  residue was  d is t i l l ed  in 
v a c u u m .  T h e  y i e ld  of  t e r t - b u t y l t h i o s u l f e n y l  ch lo r ide  wi th  bp 78 -83*  C 
(10 mm) was  5.7 g (19.8%).  In add i t ion ,  10.1 g of a subs tance  wi th  

bp  1 0 5 - 1 1 2  ~ C (10 ram) ,  n ~  1.525,  not  fu r ther  inves t iga ted ,  was  o b -  
t a i ned .  

T a b l e  2 

P h y s i c a l  C o n s t a n t s  of  t he  In i t i a l  
RSCI*  

Bp, ~ i.120 
R (preHure, ram) Yield, % 

n-CsHl~ 
CsHs 
o-O2NC6H4 
CsHsCH2 
(C2Hs)~N 
l-C4H9S 

66--67 (6) 
61.5 (5) 
T. n~. 75 

52--55 (2) 
60--65 (13) 
78-80 (10) 

1.480 
1.612 

1~80 
1.499 
1,512 

26.6 
91.0 
63.0 
33.5 
70.1 
22.3 

*Literature data: n-CsHllSCI, bp 85 ~ (7 mm), 
n 20 1,482915; C6HsSCI, bp 61.5 ~ (5 turn), n 2~ 
1.612010; o-O2NC6H4SCI, mp 73-74.5 ~ 12: u 
(C2Hs)2NSC1, bp 62-64 ~ (13mm) 13. 

N-Phenykhioaziridine (IV). A solution of 20.0 g (0.14 mole) of 
benzenesulfenyl chloride in 100 ml of dry carbon tetrachloride was 
added dropwise to a solution of 5.83 g (0,14 mole) of I and 24.4 g 
(0.14 mole) of triethylamine in 200 ml of the same solvent cooled to 
-10  ~ C. After the end of the reaction, the mixture was stirred for 1 hr 
and the precipitate of triethylamine hydrochloride was filtered off 
(16.9 g, 96,5%). The solvent was distilled off under reduced pressure 
and the residue was distilled in vacuum. The yield of IV with bp 95- 
96 ~ C (2 mm), d~ ~ 1.1090, n~ 1.5965, was 15.8 g, or 76.3~o. 

Compounds III and VI-VIII were obtained similarly. 
o-Nitrophenylthioaziridine (V). Synthesized in the same way as 

IV. The residue from the distillation of the solvent (oil) was treated 
with ether. The crystalline mass formed was filtered off and washed 
with ether. Light yellow crystals with mp 146-147"C failed to reerys- 
tallize. 

Reaction of N-phenykhioaziridine with CHsl. 4.3 g (0.03 mole) of 
CH31 was gradually added to an ethereal solution of 1.5 g (0.01 mole) 
of IV. Lustrous brown crystals deposited from the light brown solution, 
and these were filtered off with suction and carefully washed with a 
large amount of ether (100 ml). Mp 150-160 ~ C. After recrystalliza- 
tion from aqueous ethanol, faintly yellowish crystals of IX melting with 
decomposition at 222-225 ~ C were obtained. A mixture with the/5- 
iodoethyltrimethylammonium iodide obtained from ethyleneimine [17] 
and having mp 228 ~ C melted without depression. Found, %: C 18.03; 
H 4.20; N 3.83; I 76.45. Calculated for C~,H13IzN, %: C 17.61; 
H4.75; N4.01; I 74.46. 

When the filtrate was evaporated, white crystals of X separated out 
with mp 58 ~ C. Found, %: C 68.70; H 4.27; S 27.56. Calculated for 
ClzH10S2, %: C 69.42; H 4.13; S 26.50. 

A mixture with diphenyl disulfide melted without depression. 
The ether used for washing the IX was found by titration with 

0.1 N sodium thiosulfate solution to contain 1.01 g (0.004 mole) of 
free iodine. 
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