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When studying the aaaticholinesterase activity of some S-alkyl diphenylthiophosphinates and O-ethyl 
S-alkyl phenylthiophosphonates it was shown that they exhibit a combined inhibition of the catalytic activity 
of the enzyme [1-3]. This effect is apparently associated with the presence of either one or two bulky hy- 
drophobic phenyl groups, which facilitates the formation of an enzyme-inhibi tor  complex that is incapable 
of being converted to the phosphorylated enzyme. 

To study the character  of the inhibition of cholinesterase by thiolphosphates that contain hydrophobic 
butoxyl groups in place of the phenyl groups we synthesized a number of O,O-dibutyl S-alkyl thiophosphates 
and studied their inhibiting activities toward acetylcholinesterase (ACE) and butyrylcholinesterase (BuCE). 

The O,O-dibutyl S-alkyl thiophosphates were obtained by the following scheme: 

o 

(C,H90)2 -k t/Br ---, (CaHgO)P -t- KBr 

" \SR 

R = C H a - - C 6 H I a  

EXPERIMENTAL M E T H O D  

The K salt of dibutylthiophosphoric acid was obtained as described in [4]. The purity of the esters 
was checked by TLC [5], using KSK silica gel, a 2 : 1 hexane-acetone mixture as the ehant, and a solu- 
tion of KMnO 4 in H2SO 4 for detection. The constants, yields, and analysis data for the obtained compounds 

are given in Table i. 

As BuCE we used the purified preparation of horse blood serum (acylhydrolase of acylcholines, EC 
3.1.1.8) produced by the I. I. Mechnikov Institute of Vaccines and Serums, while as ACE we used the par- 
tially purified preparation from human blood erythroeytes (aeetylcholine acetylhydrolase, EC 3.1.1.7). 
Analytieal grade aeetyleholine chloride served as the substrate. 

TABLE 1. Proper t ies  of O,O-Dibutyl Thiophosphates 

CH3 15 
G2H~ 75 
C,H, 7~ 
C,H, 76 
CiHu 80 
C,H,s 73 

19: tl--82 (1,5) 1,0506 
75--76 (1) I i,O3~ 
98--99 (1) [ t,0222 

i09 (1) I t,0098 
1t9 (1) t,O00t 
129 (i) 1,9932 

MR 

1,4591 [ 62,50 62,96 
m 

1,~566 I 67,17 67,57 I 

i,~583 [ 71,68 72,19 
i,457i [ 76,26 76,81 
1,4581 [ 80,89 8i,43 
I,~588 I 85,~3 85,05 

Found, % 
Empir:eal 
(orm ilia 

C H i' 

~t,7 8,8 12,9 I C,It,IOaPS 
/~6,6 9,0 II,9 1 CioH,aO~PS I 

48,9 9,/~ 11,5[ C,,H~OaPS 
51,2 9,7 10,9[ C,2H270~PS 
52,4 9,9 10,6[ C,aH z,OaPS 
53,9 10,0 9,8[ CuHaxO3PS 

! 

Calculated, 

c I[ P 

45,0 8.7 12.9 
47,3 9,0 i2,2 
49,2 9,3 11,5 
51,0 9,~ li,0 
52,7 9.8 i0.5 
54,2 iO,0 I0,0 
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TABLE 2. Kinetic Parameters for Imhibition of Cholines~erase by 

O,O-Dibutyl Thiophosphates (C4H90)2P (O)SR 

ACE BuCE 

I~ ka, mo!e-t. K1,r ' KI,s ' k a, mole-1. Ki,p Ki,s ' 
l i ter '  rain -1 mole / l i t e r  mole / l i t e r  l i t e r ' m m  -1 mole / l i t e r  mole / l i t e r  

CH3 
C~H5 
C~H: 
C4H~ 
C5H1: 
C~H:3 

7,46.i03 
1,2.i0~ 
8,5.t03 

1, i6 .  lOt 
2 , i . lO 4 

2.22. iO 4 

3 ,35. i0  -s 
t ,9.10-5 
3, t . tO-Z 
4,5. t0-6 
i ,7 . i0 -5  
7,5.i0-6 

i ,08.10-~ 
3,05. iO-~ 
2,37- iO -s 

9,9.10-6 
4,4-i0-~ 
3,38. i0 -6 

1,22.t0a 
1,28.10~ 
8,62.i0~ 
3,22.i0~ 
7,7.t0~ 

6, i4. t06 

2,75. iO -6 
1,56. i0 -~ 
3,27.10-6 

7,l.lO-V 
1,95- iO -v 

i .  tO -8 

i,13,10 -~ 
3,05.10 -~ 
1,44.10-6 
5,5.10-~ 

I. 88, I0 -v 
2 ,6 . t0  -8 

L 9 ka 

670 

5~g 

/ 
/ 

I I i ] f I 

z f 2 ~ 5 fn 

Fig. i. Constants for the ir- 
reversible inhibition of ACE (i) 
and BuCE (2) by O,O-dibutyl 
thiophosphates (C 4H90)2 P (O) SR 
as a function of number of car- 
bon atoms in alkylthiol radical. 

The enzymatic hydrolysis rate of acetylcholine was determined 
by the method of measuring the initial rate of change in the pH [6] at 
25~ and the optimum pH values and substrate concentrations (pH 
7.55 and iS] = 5.10-3 M in the case of ACE, and pH 7.8 and iS] = 5"I0-2M 
in the case of BuCE). 

To calculate the constants of the combined type of inhibition 
k a , Ki,r, and Ki, s (Table 2) we used the equations given in [7]. 

DISCUSSION OF RESULTS 

The O,O-dibutyl thiophosphates are inhibitors of the combined 
type. This is evidenced by the fact that the k 2 values, obtained for 
various inhibitor concentrations, are not constant, and by the pres- 
ence of an intercept on the log (v0/vt) axis when plotted in the coor- 
dinates log (v0/vt) vs incubation time (t) of enzyme with inhibitor [7]. 

As can be seen from Table 2, the constants for the irreversible 
inhibition of both enzymes by dibutyl thiophosphates steadily increase 
with increase in the length of the alkylth[ol radical R and reach a 
maximum value for the hexyl derivative (Fig. I). This increase is 
slight in the case of ACE, and the k a values when going to the hexyl 
derivative increase a total of three times (see Fig. i). The equilib- 
rium constants Ki,r and Ki,s, which characterize the reversible in- 
hibition, also decrease slightly (Fig. 2). 

In the inhibition of BuC E an increase in the length of the R radical materially affects the change in 
the values of the irreversible inhibition rate constant k a (see Fig. I and Table 2). The transition from the 
methyl to the ethyl derivative is accompanied by a slight increase in k a , and then a sharp increase is ob- 
served in the irreversible inhibition rate. On the whole the k a constants increase by 500 times, i.e., the 
different dibutyl thiophosphates exhibit a selective action toward BuCE. These data testify to the greater 
tendency of BuCE to undergo hydrophobic interactions when compared with ACE. 

The change in the equilibrium constants Ki,r and Ki,s has a somewhat different character (Fig. 3). 
Thus, for the first three members of the series these constants remain practically constant, and then their 
sharp decrease is observed. The similarity of the change in the ka, Ki,r, and Ki, s values gives reason to 
assume that the ~effective sorption" of the inhibitor on the active surface of the enzyme, which leads to ir- 
reversible inhibition, and the "nonproductive sorption ,, both take place due to the hydrophobic interactions 
of the acyl radicals on the same hydrophobic sections of the active surface of the enzyme. However, in the 
first case the inhibitor molecule is fixed in such manner relative to the esterase center that the subsequent 
phosphorylation of the esterase center takes place. In the case of nnonproductive sorption" the inhibitor 
molecule is apparently fixed so that the next step of the process is either not realized or else it is strongly 
hindered. 

CONCLUSIONS 

i. A number of O,O-dibutyl S-alkyl thiophosphates were synthesized and their anticholh~esterase 
activities were studied. 
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Fig. 2. Constants for the revers ible  inhibition Ki, r (1) and Ki, s 
(2) of acetylcholinesterase by O,O-dibutyl S-alkyl thiophosphates 
as a function of number of carbon atoms in alkylthiol radical. 

Fig. 3. Constants for the revers ible  inhibition Ki,r (1) and Ki,s 
(2) of butyrylcholinesterase by O,O-dibutyl S-alkyl thiophosphates 
as a function of number of carbon atoms in alkylthiol radical.  

2. The presence of two butoxyl radicals in the tmeleavable portion of the inhibitor leads to the com- 
bined type of enzyme inhibition. 
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