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It is known that the t rans i t ion  f rom the O-e thy l -S- ( f l -a lky lmercap toe thy l )methyl th iophosphonates  to 
the sulfonium der iva t ives  is accompanied  by a sha rp  inc rease  in the an t ieho l ines te rase  act ivi ty  toward 
bu ty ry lcho l ines te rase  (BuCE) and ace ty lcho l ines t e rase  (ACE) [1]. One of the main r ea sons  for this effect  
is an improvemen t  in the conditions for sorpt ion of the inhibitor on the act ive sur face  of the enzyme due to 
the coulomb in terac t ion  of the onium group with the anionic cen te r .  It was  in te res t ing  to a s c e r t a i n  the ant i -  
eho l ines te rase  act ivi ty  of analogous compounds that  contain the sulfoxide grouping, which is a dipole, in the 
fl-position of the alkyl  r ad ica l s .  

The avai lable  data on the inhibition of cho l ines te rase  by the O,O-d imethy l -  and O,O-die thyl -S- ( f l -  
ethylsulfoxyethyl) thiophosphates [2, 3] a r e  cont rad ic tory  and do not p e r m i t  a sce r ta in ing  the ru les  for the 
effect  of the sulfoxide group on the an t ieho l ines te rase  act ivi ty .  In the p r e sen t  pape r  we r epo r t  the synthesis  
of some O-ethyl -S-( f l -a lkylsul foxyethyl )methyl th iophosphonates  (I) and the i r  an t icho l ines te rase  act ivi ty  
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The (I) compounds were  obtaindd by the oxidation of the corresponding O-e thy l -S - ( f l - a lky lmercap to -  
ethyl)methyl thiophosphonates  with H202 as desc r ibed  in [4]. The an t ieho l ines te rase  act ivi ty  of the (I} com-  
pounds was judged by the b imolecu la r  ra te  constants  when they a re  r eac ted  with cho l ines te rases .  

E X P E R I M E N T A L  M E T H O D  

The s t a r t ing  O-e thy l -S- ( f l -a lky lmercap toe thy l )methy l th iophosphona tes  were  obtained by the a lky la -  
tion of sodium O-ethyl  methyl thiophosphonate  with the appropr ia te  f i -chloroethyl  alkyl sulfides [5]. 
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Fig.  1. I r r e v e r s i b l e  in-  
hibition constant  (k2) for  
ace ty l cho l ines t e ra se  (a) 
and butyrylchol ine  s t e r a s e  
(b) as  a function of the 
length of the alkyl  r a d i c a l  
of the compounds:  1) CH 3- 
(C 2H50) P (O) SC H2C H 2 SC n- 

Il 
O 

H2n+I; 2) CH3(C2H50)P(O)- 
SC H 2CH 2 SC nH 2n+l. 
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TABLE 1. O-Ethyl-S-(f i-alkylsulfoxyethyl)methylthiophosphonates 

CH 3 (C2H50) P (O)SCH2CH2~ R 

O 

Yield, 

CH~ * 65 
C~Hs 73 
GsH7 67 
CaH~ 86 
CsHn 67 
CsHI~ 70 

t,2506 1,526t 
1,20t2 t,5242 
t,t830 t,5164 
t,t651 t,5t55 
t,143t t,5tt6 
t,t169 t,5990 

Pound, bmpmcal 

c H e formula 

3t,46 
35,08 
36,60 
39,53 
42,00 
43,70 

6,6t 
7,2t 
7,42 
7~99 
8,30 
8,60 

13,22 C6H15P03S~ 
t2,44 CTHlvPO~S~ 
fi ,67 ] CsH19P03S~ 
10,87 [ CgH~IP03S~ 
t0,80 / CIoH23PO3S~ 
9,80 ] CnH~PO~S~ 

Calculated % 

C H 

3t,31 6,56 
34,42 7,0t 
37,20 7,41 
39,70 7,77 
4t,90 8,t0 
44,00 8,40 

t3,21 
12,6g 
t2,00 
11,40 
10,7~ 
t0,36 

* Bp 165-167~ 

TABLE 2. Rate Constants for In- 
hibition of Chol inesterase  by O- 
Ethyl-S-  (fl-alkylsulfoxyethyl)- 
methylthiophosphonates CH3(C2HsO 7- 
P (O) SCHzCH~SR 

O 

L I~, mole "J- min -I 
g 

I ACE- I05 BuCE. 105 

CH3 
C~H~ 
C3H7 
C4H9 
CsHn 
C~H13 

(2,86• 
(1,51• 
(3,20+_0,20) 
(4,81• 
(7,24• 
(9,t3• 

(2,95• 
(2,97• 
(4,35• 
(13,0• 
(27,5• 
(34,3• 

Synthesis of O-Ethyl -S-  (fl-alkylsulfoxyethyl)methylthiophos- 
phonates. With stirring, to a solution of 0.015 mole of the appro- 

priate O-ethyl-S- (fi-alkylmercaptoethyl)methylthiophosphonate in 

8 ml of 50% aqueous MeOH at 40-45~C was added in drops 1.68 ml 

of 34% H202 solution. A drop of 50% H2SO 4 solution was added as 
the catalyst. The mixture was stirred at 40 ~ for 2 h, NaHSO 3 was 

added, the pH was adjusted to 7.5, K2CO 3 was added, and the mix- 

ture was extracted with CH2C!2. After removal of the solvent the 

residue was dried by distilling off the water with benzene and 

then kept in the vacuum of an oil pump for 1 h at 60-80% . 

The puri ty of the obtained compounds was checked by TLC 
on SiO 2 in the system: 1 : 1 hexane -  alcohol, with detection of the 
compounds employing iodine vapors. The results are given in 
Table i. 

Determination of Antichol inesterase Activity. As BuCE we 
used the purified prepara t ion of horse  blood serum (acylhydrolase 

of acylcholines,  KF 3.1.1.87 manufactured by the I. I. Mechnikov Institute of Vaccines and Serums,  and the 
par t ia l ly  purified ACE prepara t ion  of human blood e ry throeytes  (acetylhydrolase of acetylcholine KF 3.1.1.77. 

As the substrate  we used analytical grade acetylcholine iodide. The rate  of the enzymatic  hydrolysis  
of acetylcholine was determined by the method of measur ing  the initial rate of change in the pH [6] at 25 ~ 
and at the optimum values of the pH and substrate  concentrat ions (pH 7.55 and [S] = 5 �9 10 -4 M in the case 
of ACE and pH 7.8 and [S] = 1 �9 10 -2 M in the case of BuCE). All of the experiments  were run 3-4 t imes .  

The values of the bimolecular  constants (k2) were calculated using the equation: 

i In vo 
k~ -- t ling] v t 

where ling] is the inhibitor concentrat ion;  t is the incubation t ime; v 0 is the rate  of the enzymatic  hydrolys is  
of the substrate  in the absence of inhibitor; and v t is the same after  t minutes of incubating the enzyme with 
the inhibitor.  The obtained data are  given in Table 2. 

DISCUSSION OF RESULTS 

The O-ethyl-S-(fl-alkylsulfoxyethyl)methylthiophosphonates (17 are irreversible cholinesterase in- 

hibitors. In all cases a certain decrease in the calculated k 2 values is observed with increase in the con- 

centration ling], but the observed changes are extremely small and for this reason the components of the 

reversible inhibition [7] cannot be determined with sufficient reliability. 

From Table 2 it can be seen that the anticholinesterase activity of the studied compounds depends on 
the length of the alkyl radical that is attached to the sulfoxide sulfur atom, in which connection they are 
much more active toward ACE than toward BuCE (Fig. 17. In the case of BuCE the quantity k 2 practically 
does not change when going from the methyl to the ethyl derivative, while in the case of ACE a certain de- 

crease in it is even observed. For both enzymes an increase in the anticholinesterase aetivityis observed 
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with fur ther  i nc rease  in the length of the alkyl r ad ica l  a t tached to the sulfoxide sulfur a tom.  This  inc rease  
is e x p r e s s e d  m o r e  sharp ly  for  BuCE than for  ACE. Thus,  for the f i r s t  enzyme the inc rease  in k 2 is 12 
t imes  when going f rom the ethyl to the hexyl der iva t ive ,  and a total  of 3.5 t imes  for the second enzyme.  

This  di f ference in the effect  of the chain length of the hydrophobic alkyl  rad ica l  at tached to the sul-  
foxide sulfur a tom on the an t i cho l ines te rase  act ivi ty toward  ACE and BuCE is  apparent ly  assoc ia ted  both 
with a different  topography of the hydrophobic sect ions  in the vicinity of the anionic center  and with a dif-  
fe ren t  re la t ive  role  of these  sec t ions  in the fo rmat ion  of the enzyme - - inhibi tor  complex.  

The (I) inhibi tors ,  which contain a po la r  sulfoxide group,  a re  apparent ly  m o r e  specif ic  toward ACE, 
since in ACE the anionic center  is  e x p r e s s e d  quite dis t inct ly  and the hydrophobic sect ions  have a sma l l e r  
effect  on the sorpt ion of the inhibi tor  than in BuCE. 

In both enzymes  the values  of k 2 for  the O-e thy l -S- ( f i -a lky lmercap toe thy l )methy l th iophosphona tes  
inc rease  m o r e  sharp ly  than for the (I) compounds with inc rease  in the chain length of the alkyl rad ica l  (see 
Fig.  1). This  indicates  that the hydrophobic r ad ica l s  play a m o r e  impor tan t  ro le  in the reac t ion  of the in-  
hibi tor  with the enzyme for compounds that  do not contain a dipole grouping.  

As was to be expected,  the an t i cho l ines te rase  act ivi ty  of the (I) inhibi tors ,  which have a polar  su l -  
foxide grouping, toward ACE is  cons iderably  g r e a t e r  than that  of the cor responding  O-e thy l -S - ( f l - a lky l -  
mercaptoe thyl )methyl th iophosphonates .  However ,  the opposite re la t ion  is  observed  toward BuCE. Only for 
the methyl  de r iva t ives  of both s e r i e s  of inhibi tors  a r e  the k 2 values  near ly  the s ame .  For  the higher homol -  
ogs the k 2 values a re  noticeably higher  for  the sulfide type of compounds.  The (I) inhibi tors ,  which con-  
tain a polar  sulfoxide group,  a r e  apparen t ly  sorbed  m o r e  eas i ly  on the act ive sur face  of ACE than that of 
BuCE, since for  the f i r s t  enzyme the anionic point is e x p r e s s e d  m o r e  dis t inct ly.  It is  poss ib le  to a s s u m e  
that in ACE the dipole in terac t ion  of the sulfoxy group with the anionic point leads to an improvemen t  of 
the conditions for sorpt ion of the inhibitor on the act ive sur face  of the enzyme.  It is probable  that in BuCE, 
for  which s t ronger  hydrophobie in te rac t ions  a r e  c h a r a c t e r i s t i c ,  the polar  sulfoxide groupings p reven t  to a 
ce r ta in  degree  the hydrophobic sorpt ion  of the inhibitor on the act ive  sur face  of the enzyme.  In view of 
this  the sulfoxy der iva t ives  a re  even l e s s  act ive  than the sulfide inhibi tors  cor responding  to them.  

C O N C L U S I O N S  

1. A number  of O-e thyl -S-( f l -a lkylsu l foxyethyl )methyl th iophosphonates  was synthesized.  

2. The synthesized compounds a r e  m o r e  act ive inhibi tors  than the cor responding  O-e thy l -S - ( f l - a lky l -  
mercaptoe thyl )methyl th iophosphonates  for  ace ty l cho l ines t e ra se ,  and l e s s  act ive for bu ty ry lcho l ines t e rase .  
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