
T H I O H Y D R O X I M I C  E S T E R S  

[. S-DIETHYLAMINOETHYL ESTERS OF THIOHYDROXIMIC 

ACIDS AND THEIR DERIVATIVES 

V. E .  K r i v e n c h u k  a n d  V. E .  P e t r u n ' k i n  UDC 615.31 : 547.497.6 

Thiohydroximic es te r s  constitute a relatively l i t t le-studied group of organic compounds. In par t icu-  
lar ,  aminoalkyl e s t e r s  of thiohydroximic acids have not been descr ibed in the l i tera ture .  Meanwhile, such 
compounds may present  interest  as physiologically active substances,  especially as chol ines terase  reac t i -  
vators  where chol ines terase  has been inactivated by organic phosphorus insecticides.  While hydroxamic 
acids and oximes have been widely studied as chol ines terase  reac t iva tors  [1], the es te r s  of hydroximic 
acids have not at tracted the attention of investigators.  There  are  data f rom a study of ethyl benzhydroxy-  
mate,  C6H~C(=NOH)OC2Hs, but its activity was very  slight, even by compar i son  with benzhydroxamic acid 
[2]. We have not found data in the l i te ra ture  with respec t  to S-es te r s  of thiohydroximic acids as cholin-  
es te rase  reac t iva tors .  However, we think that this type of compound presents  considerable  interest ,  since 
reac t iva tors  of type I,, which is s t ructural ly  s imi lar  to acetylcholine (H), can be obtained in this ser ies .  
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Effective reac t iva tors  which have found pract ica l  use, for example, 2-pyridoxal methochloride (2- 
PAM) (III), contain a quaternary nitrogen atom separated from the oxime group by a chain of two carbon 
atoms as the acetylcholine s t ructure  fragment.  React ivators  of type IV, which are obtained in the ser ies  
of es te r s  and amides of oxim[noacetic acid [3, 4], have a g rea te r  s imilar i ty  to acetyleholine. 

However, among the chol ines terase  reac t iva tors  which have been described,  those which are s t r uc -  
turally c loses t  to acetylcholine a r e  the S-es te r s  of thiohydroximic acids of type I which we f i rs t  prepared  
[5]. Prec ise ly  this s t ructura l  s imi lar i ty  of the reac t iva tor  to aeetylcholine may ensure optimum conditions 
for fixing the react ivator  on the active surface of the chol ines terase  and effecting the react ivat ion process .  

The thiohydroximic es te r s  were prepared  by the react ion of hydroximyl chlor ides* with 2-diethyl-  
am inoethanethiol. 

NOH NOH 
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The star t ing hydroximyl chlorides were  prepared  by chlorinating the aldoximes [7, 8] dissolved in 
chloroform,  methanol, o r  a mixture of chloroform and ether.  Thereupon the oximes of anisic and salicylic 

�9 This name is given in conformity with the nomenclature of [6] for organic compounds. In many works,  
compounds of this type are  mistakenly called hydroxamyl chlorides.  
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a l d e h y d e s  w e r e  c h l o r i n a t e d  to f o r m  5 . - c h l o r o - 4 - m e t h o x y b e n z h y d r o x i m y l  c h l o r i d e  and 3 , 5 - d i c h l o r o - 2 - h y d r o x -  
y b e n z h y d r o x i m y  lchlo r i d e  [9]. 

The  h y d r o x i m y l  c h l o r i d e s  r e a c t e d  v e r y  e a s i l y  wi th  2 - d i e t h y l a m i n o e t h a n e t h [ o l  to f o r m  the c o r r e s p o n d -  
ing t h i o h y d r o x i m i c  e s t e r s  in the f o r m  of the  h y d r o c h l o r i d e s .  A p r o p o s  the m e c h a n i s m  of th is  r e a c t i o n ,  the  
s u g g e s t i o n  has  been  m a d e  in the  l i t e r a t u r e  tha t  a n i t r i l e  oxide  is  f o r m e d  f r o m  the h y d r o x i m y l  c h l o r i d e  in 
the f i r s t  s t age  u n d e r  the ac t i on  of the  b a s e ,  and tha t  t he  th io l  then  adds  to th i s  compound  [10-12] .  In the  
e a s e  of the  c o m p o u n d s  which  we have  s y n t h e s i z e d  th i s  c a n  b e  r e p r e s e n t e d  by s c h e m e  A. 

R-O-=Y,f ~ O 4- HSCHzCHz~I(OzH ~ ~. HC] 1 

INOH LI 
[~[-O-Ol q'- HSCHzOHtN (GzHs) z t~,-O- SCHzOHzJ'I-(GZI-15) z "HOt 

Along wi th  th i s  m e c h a n i s m ,  i t  m a y  a l s o  be  s u g g e s t e d  tha t  in the  f i r s t  s t a g e  of the r e a c t i o n  a q u a t e r -  
n a r y  h y d r o x i m y l a m m o n i u m  d e r i v a t i v e  is  f o r m e d  ( s c h e m e  B ) , w h i e h t h e n  r e a r r a n g e s  to the t h i o h y d r o x i m t c  
e s t e r  h y d r o e h l o r i d e .  In the  e a s e  of r e a c t i o n  of an  a m i n o t h i o l  wi th  a h y d r o x i m y l  c h l o r i d e ,  tha t  i s ,  when  the 
b a s i c  g roup  and the th io l  g roup  a r e  p r e s e n t  in the  s a m e  m o l e c u l e ,  o c c u r r e n c e  of r e a c t i o n  by rou te  B s e e m s  
m o r e  p r o b a b l e  to us .  

The  t h i o h y d r o x i m i c  e s t e r  h y d r o e h l o r i d e s  a r e  c r y s t a l l i n e  s u b s t a n c e s  which  a r e  u s u a l l y  r e a d i l y  so lub l e  
in w a t e r .  Upon the  ac t i on  of one e q u i v a l e n t  of  a l k a l i  on aqueous  s o l u t i o n s  of  the  h y d r o e h l o r i d e s ,  the b a s e s  
a r e  l i b e r a t e d ;  t h e s e  a r e  i n s o l u b l e  in w a t e r  and have  l i m i t e d  s o l u b i l i t y  in o r g a n i c  s o l v e n t s .  The  q u a t e r n a r y  
d e r i v a t i v e s  w e r e  p r e p a r e d  by a l k y l a t i n g  the  b a s e s  d i s s o l v e d  in a l coho l ,  n i t r o m e t h a n e ,  o r  d i m e t h y l f o r m -  
a m i d e  ( see  T a b l e  1). 
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A c c o r d i n g  to da t a  ob ta ined  by  [13], the  h y d r o c h l o r i d e s  of S - d i e t h y l a m i n o e t h y l  e s t e r s  of t h i o h y d r o x i m i c  
a c i d s  e x e r t  a de f in i t e  m e d i c i n a l  e f fec t  in i n t o x i c a t i o n  of a n i m a l s  by  O , O - d i m e t h y l - O - ( 2 , 2 - d i c h l o r o v i n y l )  
p h o s p h a t e  (DDVP) and r e a c t i v a t e  the c h o l i n e s t e r a s e  of  v a r i o u s  o r g a n s .  

E X P E R I M E N T A L  

H y d r o c h l o r i d e  of S - d i e t h y l a m i n o e t h y l  B e n z t h t o h y d r o x i m a t e  (Xa) .  B e n z a l d o x i m e  (6 g) was  d i s s o l v e d  
in 20 ml  of  c h l o r o f o r m ,  the  m i x t u r e  was  c o o l e d  in i ce  and s a l t ,  and c h l o r i n e  was  p a s s e d  in un t i l  the  ga in  
in we igh t  w a s  3.5 g. The r e a c t i o n  m i x t u r e  w a s  a l l o w e d t o  s t a n d  fo r  30-40  ra in  i n t h e  coo l ing  m i x t u r e .  Dry  a i r  
was  p a s s e d  th rough  the so lu t i on  fo r  40 ra in  to r e m o v e  h y d r o g e n  c h l o r i d e .  A s o l u t i o n  of 5.6 g of d i e t h y l -  
a m i n o e t h a n e t h i o l  [14] in 30 ml  of e t h e r  was  a d d e d  in 2 to 5 m l  p o r t i o n s  to the  b e n z h y d r o x i m y l  c h l o r i d e  s o -  
lu t ion ,  wi th  c o o l i n g  and s t i r r i n g .  A p r e c i p i t a t e  s e p a r a t e d  in the  f o r m  of a v i s c o u s  m a s s  which  c r y s t a l l i z e d  
o v e r  the  c o u r s e  of 20-.30 ra in .  The  r e a c t i o n  m i x t u r e  was  a l l owed  to s i t  in a r e f r i g e r a t o r  unt i l  the  fo l lowing 
day .  The  p r e c i p i t a t e  was  f i l t e r e d  off, w a s h e d  with  c h l o r o f o r m ,  and d r i e d  in a v a c u u m  d e s i c c a t o r .  The  
y i e l d  was  8.5 g, m p  132-134 ~ A f t e r  r e c r y s t a l l i z a t i o n  f r o m  a b s o l u t e  a l coho l ,  the m p  was  134-135 ~ 

Compounds  Va-XVIa  w e r e  p r e p a r e d  u n d e r  ana logous  c o n d i t i o n s .  
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S-Diethylaminoethyl  Benzthiohydroximate  (Xb). Method I. Compound Xa (2.88 g) was dissolved in 
10 ml of wate r ,  and a solution of 0.6 g of po tass ium hydroxide in 3 ml  of wa te r  was added. The prec ip i ta te  
which s epa ra t ed  was f i l te red  off, washed with water ,  and dr ied  in a vacuum des icca to r .  The yield was 2 
g, a white powder  which was difficultly soluble in alcohol or  ch loroform,  mp 129-130 ~ (from chloroform) .  

Compounds Vb-XIVb were  p r e p a r e d  s imi la r ly .  

Method II. Sodium hydroxide (2 g) was dissolved in 40 ml  of alcohol, the solution was cooled in ice, 
and 6.5 g of 2-diethylaminoethanethiol  was added; to this solution was added by drops  a solution of benz-  
hydroximyl  chlor ide which had been p r epa red  by chlor inat ing 6 g of benzaldoxime.  The prec ip i ta te  was 
f i l te red  off, washed with alcohol and then with wate r ,  and was dr ied in a vacuum des icca tor .  The yie ld  was 
7.2 g (57%), awhi te ,  finely c rys ta l l ine  powder,  mp 131-132 ~ identical to the substance obtained by method I. 

S-Diethylaminoethyl  Benzthiohydroximate  Methiodide (Xc). Compound Xb (0.5 g) was dissolved by 
warming  (to about 40 ~ in a mix tu re  of 10 ml of absolute ethanol and 7 ml  of n i t romethane,  methyl  iodide 
(0.91 g) was added, and the mix tu re  was allowed to stand for  24 h at room t e m p e r a t u r e  in a dark  place .  
Dry pe t ro l eum e ther  (3 ml) was added to the reac t ion  mixture ,  and it was cooled to - 1 0  t o - 1 5  ~ T h e p r e -  
c ipi ta te  was f i l t e red  off, washed with a mix ture  of absolute alcohol and pe t ro leum e ther  (1 : 2), and dr ied 
in a vacuum des i cca to r .  The yie ld  was 0.7 g, cons is t ing  of thin, t r anspa ren t ,  r ec tangula r  p la tes ,  mp 178- 
179.5 ~ (dec.). 

Compounds Vc-XVc were  p r e p a r e d  under s i m i l a r  conditions. To p r e p a r e  XVIc, the s ta r t ing  base  was 
dissolved in d ime thy l fo rmamide .  
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