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P r e v i o u s l y  it was  shown [1-5] that  the a n t i c h o l i n e s t e r a s e  ac t iv i ty  of the O-a lky l  S-a lkyl  me thy l th io -  
phosphona tes  i n c r e a s e s  s t rong ly  with i n c r e a s e  in the length and deg ree  of b ranch ing  of the O- and S-a lkyl  
r a d i c a l s .  

However, the effect of an alkyl radical, attached to the phosphorus atom, on the physiological activ- 
ity of these compounds has not been studied. For this purpose we synthesized in the present paper some 
O-ethyl S-b~tyl alkylthiophosphonates (I), O-ethyl S-(p-ethylmereaptoethyl) alkylthiophosphonates (II), and 
O-ethyl S- (l~-ethylmercaptoethyl) alkylthiophosphonate methyl methosulfonates (III). 
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The s:arting compounds for the synthesis of the above-indicated compounds were diethyl phosphite 
[6, 7] and the O,O-diethyl alkylphosphonates [8]. Reaction of the latter with PC15 gave the acid chlorides 
of the O-ethylalkylphosphinic acids (IV), which when reacted with butyl mercaptan and/3-mercaptoethyl 
ethyl sulfide respectively gave (1) and (If) 
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The reaction of dimethyl sulfate with (l-I) gave the methyl methosulfonates (III). The constants and yields 
of the obtained compounds are given in Tables 1 and 2. 

EXPERIMENTAL METHOD 

The O O-diethyl alkylphosphonates were obtained by the previously described procedure [6-8]. 

InstituLe of Heteroorganic Compounds, Academy of Sciences of the USSR. V. I. Lenin Tashkent State 
University. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 7, pp. 1659-1661, 
July, 1973. Original article submitted September 19, 1972. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g%st 17th Street, New York, N, Y. }O01I. 
No part o]" 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 of the publisher. A 
copy of this article is available from the publisher for $15.00. 

1611 



TABLE 1. O-Ethyl S-Alkyl Alkylthiophosphonates 

R R 1 

C2H~ C4Hs 
CsH 5 C~H 5SC2H4 
CsH7 C4Hs 
C~H7 C~H sSC~H~ 
C4H9 C4H9 
Call9 C2H 5SC~H4 

Yield 

66 
46,4 
54 
40 
40,7 

Bp,~ (p, mmofHg) 

72--73 (t) 
1t2 (5. l0 -1) 
82--87 (3,5.10 -1) 
110--tt2 (3,5-10 -1 ) 
91,5.92,5 (3,5.10 -~) 
126 (4. i0 -1) 

n \ p / o  
C9H50 / \ S R  I 

R/ 

0,56 
0,50 
0,66 
0,41 
0,54 
0,43 

Found, % 

57,47 57,00 45,94! 
64,491 65,011 39,76 
61,93[ 6t,851 48,84 
69,331 69,631 42,tl I 
66,73 66,46 
73,75 44,28 74,24 50'201 

Empirical 
formula 

CsH19P02S 
CsHIsP02S~ 
CsH~P0sS 
CgH21P02S2 
C10H2aPOsS 
C10HsaPOsS~ 

1,4729 1,0005 
t,5032 1,t051 
t,47t5 t,0t09 
1,5005 t,0861 
1,4760 1,000 
1,49t9 1,0692 

Calcuiated, % 

9,40 14,49. 
8,12 12,32 I 
9,38 13,69 
8,75 12,34 I 
9,65 1t2,741 
9,14 112,001 

TABLE 2. O-Ethyl S-(fi-Ethylmercaptoethyl) Alkylthiophosphonate 
[ R\p/o ~ q 

Methyl Methosulfonates tc,gsO/ \SC~H4~C2Hs/CH3SO ,- 
L CH~ A 

i Found Empirical I P~ Yield, % n~ p, % formula Calc. P, % 

n-C3H7 t, 5090 7,80 C12H27PO6Sa 8,06 
n-C4H9 90 t, 5050 7,4t C13H29P0sSa 7,82 

45,68 9,04 
39,661 7,85 
48,2t I 9,37 
42,t81 8,20 
50,421 9,66 
44,44[ 8,5t 

P 
J 

i4,78 
12,8t 
i3,84 
12,f0 
13,02 
1t,5 

Ac id  C h l o r i d e  of O - E t h y l e t h y l p h o s p h o n i c  Ac id .  To a so lu t ion  of 14.5 g of  C2HsPO(C2HsO)2 in 33 m l  of 
a b s o l u t e  CC14 was  s lowly  added  15.3 g of PC15 (mole  r a t i o  1.19 : 1) and then the m i x t u r e  was  a l l ow e d  to s t and  
ove rn igh t .  The  m i x t u r e  was  e v a p o r a t e d ,  and  the r e s i d u e  was  v a c u u m - d i s t i l l e d .  We ob ta ined  11.8 g (90%) 
of  the  a c i d  c h l o r i d e  of O - e t h y l e t h y l p h o s p h o n i c  ac id ,  bp  82-84 ~ (11 ram) ;  n ~  1.4374. 

Ac id  C h l o r i d e  of O - E t h y l p r o p y l p h o s p h o n i c  Ac id .  To 49 g of PC15, con ta ined  in a t h r e e - n e c k e d  f l a s k  
equ ipped  wi th  a r e f l u x  c o n d e n s e r ,  wi th  v i g o r o u s  s t i r r i n g ,  was  added  43 g of O , O - d i e t h y l p r o p y l p h o s p h o n a t e .  
M a r k e d  w a r m i n g  up of the  r e a c t i o n  m i x t u r e  was  o b s e r v e d .  The  m i x t u r e  was  h e a t e d  at  90-95 ~ fo r  4 h and 
then  a l l owed  to s t and  ove rn igh t .  F r a c t i o n a l  d i s t i l l a t i o n  in vacuo  gave 36 g (87.5%) of the  a c i d  c h l o r i d e  of 
O - e t h y l p r o p y l p h o s p h i n i c  ac id ,  bp 58 ~ (1 ram);  n ~  1.4440. 

The  a c i d  c h l o r i d e  of O - e t h y l b u t y l p h o s p h i n i c  a c i d  was  ob t a ined  in s i m i l a r  m a n n e r  in 84% y i e l d ;  bp 
69-70 ~ (1 mm) ;  n ~  1.4430; d~ ~ 1.1373. Found:  C 38.77; H 8.75; P 17.13%; MR 42.99. C6H14PO2C1. 
C a l c u l a t e d :  C 39.04; H 7.61; P 16.81%; MR 43.36. 

O - E t h y l  S - ( f i - E t h y l m e r c a p t o e t h y l )  E t h y l t h i o p h o s p h o n a t e s .  To a s u s p e n s i o n  of 1.14 g of Na in 30 m l  
of  a b s o l u t e  b e n z e n e  was  added  6.1 g of C2HsSC2H4SH, a f t e r  which  the m i x t u r e  was  h e a t e d  a t  80-85 ~ fo r  3 h 
To the coo l ed  m i x t u r e  was  a d d e d  7.8 g of the  ac id  c h l o r i d e  of O - e t h y l e t h y l p h o s p h i n i c  a c i d  in s m a l l  p o r t i o n s ,  
a f t e r  which the  m i x t u r e  was  h e a t e d  at  85 o fo r  8 h. The  m i x t u r e  was  d i s s o l v e d  in a l i t t l e  w a t e r  and then 
r e p e a t e d l y  e x t r a c t e d  with b e n z e n e ,  a f t e r  which the e x t r a c t  was  d r i e d  o v e r  Na2SO 4, the  b e n z e n e  was  r e -  
m o v e d  by  d i s t i l l a t i o n ,  and the  r e s i d u e  was  v a c u u m - d i s t i l l e d .  

The  O - e t h y l  S - n - b u t y l  a l k y l t h i o p h o s p h o n a t e s  and O - e t h y l  S - ( f i - e t h y l m e r c a p t o e t h y l )  a l k y l t h i o p h o s -  
p h o n a t e s  w e r e  ob t a ined  in a s i m i l a r  m a n n e r .  

O - E t h y l  S - ( ~ - E t h y l m e r c a p t o e t h y l )  A l k y l t h i o p h o s p h o n a t e  Methyl  M e t h o s u l f o n a t e s .  To 0.05 M of the  
O - e t h y l  S- ( /3 -e thy lmercap toe thyD a lky l th iopho  sphona te ,  d i s  so lved  in a l i t t l e  b e n z e n e ,  was  a d d e d  0.0 5 M 
of  d i m e t h y l  su l fa t e ,  a f t e r  which  the m i x t u r e  was  r e f l u x e d  in a f l a s k  equ ipped  with  a r e f l u x  c o n d e n s e r  and a 
c a l c i u m  c h l o r i d e  tube .  Then  the  so lven t  was  d i s t i l l e d  off, and the r e s i d u e  was  shaken  with  a l i t t l e  e t h e r  
and a l l owed  to s t and  ove rn igh t .  The  e t h e r  so lu t ion  was  s e p a r a t e d ,  whi le  the  r e s i d u a l  v i s c o u s  m a s s  was  
d r i e d  in vacuo  (1 ram) fo r  2 h a t  60 ~ 

C O N C L U S I O N S  

A n u m b e r  of new O - e t h y l  S - a l k y l  a l k y l t h i o p h o s p h o n a t e s  w e r e  s y n t h e s i z e d .  
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