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Organ~phosphorus compounds of type (C2HsO)2P(O)SX (I), with e lec t ronega t ive  subst i tuents  X = 
+ 

(CH2)nSC2H 5 and (CH2)nS(CH3)C2H 5 in the c leaved port ion,  a re  of in te res t  as i r r e v e r s i b l e  inhibi tors  of 
se r ine  e s t e r a s e s  for  studying the s t ruc tu re  of the act ive sur face  and the m e c h a n i s m  of the act ion of these 
enzymes .  In con t ra s t  to the prev ious ly  studied s e r i e s  (C2H50)(CH3)P(O)SX {II), with the s a m e  X groups 
[1], the diethyl phosphonates  do not contain a s y m m e t r i c  phosphorus.  This  c i r cums tance  s impl i f ies  the 
ana lys i s  and in te rpre ta t ion  of the kinetic data on the ant ienzymatic  action of (I) when compared  with (II), 
s ince the se:cine e s t e r a s e s  exhibit  va r i ab le  s t e reose lec t iv i ty  toward an a s y m m e t r i c  phosphorus a tom in 
the reac t ion  cen te r  [2--4]. 

The synthes is  and an t i ace ty lcho l ines te rase  act ivi ty  of the s e r i e s  {I) inhibi tors ,  with n = 1-3, were  
desc r ibed  in [5-9]. The s e r i e s  (I) inhibi tors  with n = 4-6 were  synthes ized in the p re sen t  paper ,  and the 
synthes is  of  the compounds,  where  n = 1-3,  was  also repeated.  The O,O--diethyl thiophosphates were  ob-  
tained by reac t ing  diethyl chlorophosphate  with the appropr ia te  sodium m e r c a p t i d e s  in benzene.  

(C.2H~O)~,P(O)C1 ~- Na$ (CH2),fiC2H 5 -+ (C2H50)2 P(O)S(CH2)~ ~ SC2I-I~ + NaC1 

According tc, [10], the thus obtained [nhibitors can contain highly act ive impur i t i es ,  which g rea t ly  d i s to r t  
the r e su l t s  c,f the kinet ic  m e a s u r e m e n t s  of thei r  ant ienzymat ic  act ivi ty ,  in pa r t i cu la r ,  in the reac t ion  with 
the aee ty lcho l ines t e rase  of bovine e ry th rocy te s .  In view of this ,  spec ia l  attention was given in the p resen t  
pape r  to the purif icat ion of the synthesized compounds.  Instead of vaeuum-dis t i I la t ion ,  we used the m o r e  
se lec t ive  method of liquid ch romatography  on si l ica gel [11] to isolate  the inhibi tors  f rom the reac t ion  
mix ture .  

The aIkylat ton of the O,O-diethyt  S- (w-e thy lmereap toa lky l )phospha tes  with d imethyl  sulfate  gave the 
cor responding  methyl  methosul fa tes .  

(C2H50)2 P(O)S(CH~),~ SCeH5 + (CH3)2S04-+ (C~H50)2 P(O)S(CH2)~S(CH3) C2H 5 ~- CH3SO~- 

Together  with the methyl  methosul fa tes ,  which have an a s y m m e t r i c  suffonium group, the atkylation 
of the inhibitors with diethyl sulfate a lso  gave a number  of ethyl ethosuLfates that tack a cen te r  of a sym-  
m e t r y  in the molecule .  

The m e r c a p t a n s  C2H5S(CH2)nSH, where  n = 2-6, were  obtained by alkylat ing the cor rsponding  0~, co- 
a!kyldi th iols  with ethyl bromide .  The compound C2HsSCH2SH was obtained f rom ch loromethyl  ethyl sulfide. 

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

Mercap tomethy l  Ethyl Sulfide. With s t i r r ing ,  to 27 g (0.35 mole)  of thiourea in 50 ml  of abs.  alcohol 
was added 37 g (0.33 mole)  of ch lo romethy l  ethyl sulfide [12], and the mix tu re  was heated a t  80 ~ for  3 h. 
The thiuronium sal t  that deposited on cooling was washed with abs.  e ther  and r ec rys t a i l i zed  f rom abs. 
alcohol.  The yield of the thiuronium sal t  was  36 g (0.19 mole).  With heating,  the obtained sa l t  was  dissolved 
in 50 ml  of wa te r ,  and to the s t i r r ed  solution was added 75 ml  of 3.0 M NaOH solution, a f t e r  which the 
mix tu re  was kept at 45 ~ for  i h. The hydro lys i s  of the thiuronium salt ,  as  well  as atl  of the subsequent  
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TABLE 1. O,O-Diethyl S-(w-Ethylmercaptoatkyl)  Thiophosphates 

(C2H50)2P(O)S (CH2)nSC2H5 

Found, % Empirical ~o 
~ formula 

P 

i I 53 ,50,31,, 0 13 2 21- ' 56 i,49851i,i333137,2 
3 37 1,49041,t128 39,8 
4 43 t,4842i,0890 41,8 
5 48 i,4770i,0723 44,0 
6 45 1,4740i,0590 45,7 

H O 

6,9 t9,6 
7,3 t8,6 
7,8 t7,5 
8,'1 t6,6 
8,3 i5,9 
8,5 15,i 

I 
t2,5 ] CvHi~OsPSe 
12,1 I CsH,903PS.2 
i t , i  I CgHeiO3PS2 
i0,6 1 Cio H~O~PS~ 
10,1 CiiH2~O~PS.z 
i0,0 C~2H-zvO~PS~. 

*Yield of product after chromatographic purification. 
tCompare with data given in [5, 7. 9]. 

Calculated, % 

C H 0 P 

I 

7,0  9,01 
39,7[ 7,8 t7,6[ tl,4 
41,9[ 8,1 16,8] t0,8 
44,0/ 8,4 t6,0} i0,3 
45,8| 8,7 t5,31 9,8 

TABLE 2. Alkyl Alkosulfates of O,O-Diethyl S - (~ -E thy lmereap to -  
+ 

alkyd Thiophosphates [(C2HsO)2P(O)S (CH2)nS (C2Hs)R] �9 RSO~" 

CH~ 
CH:~ 
Cl-h 
CH~ 
CH3 
CH~ 
C~H~ 
C.,.H5 
C~H~ 
C~H~ 

* cf. [5]. 

~oYield' " / 

82 
93 
87 
80 
85 
9i 
70 
65 
63 
72 

Found, % 

C H 

Empirical 
formula 

O 

Calculated, % 

t,5t80 
1,5i20 * 
t,5072 
t,5006 
t,4945 
t,4892 
1,5t00 
t,5035 
t,4907 
i,4792 

31,6 6,9 
31,2 6,7 
33,0 7,0 
34,7 6,9 
36,9 7,0 
38,6 8,0 
33,0 I 6,9 
35,2 7,0 
35,2 7,0 
40,9 8,t 

33,2 Cgit2aOTPSs 
29,3 C10H~O:PS3 
28,0 CuH270:PS3 
27,2 CI'.,H~,OTP-% 
26,3 C~aHaiO~PSa 
24,9 C~H~OTPSa 
27,8 CiiH2,07PS3 
27,0 Cl~H-.907P S~ 
25,0 CI~H~30,PS~ 
23,5 CI~H37OTPS3 

31,9 6,9 
31,2 6,6 
33,1 6,8 
34,9 7,t 
36.6 7,3 
38,2 7,6 
33,i 6,9 
34,9 7,1 
3S,1 7,~ 
41,0 8,0 

C II 0 

33,1 
29, i 
23,i 
27,2 
26,2 
25,4 
28,1 
27,2 
25,4 
23,9 

steps of the synthesis ,  was ca r r i ed  out in an argon atmosphere.  After cooling, the excess alkali was 
neutral ized with dilute H2SO 4 solution, 10 g of NaCI was added, and the product was extracted with ether. 
The ether  ext rac t  was washed with water ,  dried over Na2SO4, the ether  was evaporated, and the residue 
was vacuum-dist i l led.  The yield was 10 g (28%), bp 46 ~ 0-1 mm),  n~ 1.5348; d 2~ 1.0505. The purity of the 
compound was verified by TLC on Silufol UV-254 plates, Rf 0.61, and the eluent was 1 : 8 acetone -hexane .  

O,O-Dlethyl S-(w-Ethylmercaptoalkyl)  Thiophosphates. To a s t i r red  suspension of 2.3 g (0.1 mole) 
of sodium in 50 ml of benzene was carefully added a solution of 0.15 mole of the mercaptan  in 50 ml of 
benzene. After adding all of the mercaptan the mixture was refluxed until the test for the formation of 
sodium mercapt ide  was negative, af ter  which it was cooled to 5 ~ and 17.4 g (0.1 mole) of diethyl ch lo ro-  
phosphate was added in drops.  To complete the reaction the mixture was heated for 6 h at 45 ~ and then let 
stand overnight. The react ion mixture was treated several  t imes with water ,  dried over Na2SO4, arid the 
solvent was removed in vacuo. The obtained product was purified on a silica gel column [11]. 

The constants,  yields,  and analysis data for the obtained compounds are  given in Table 1; their 
purity was checked by TLC on Silufol UV-254 plates, using 1 : 1  a c e t o n e - h e p t a n e  as the eluent. 

Methyl Methosulfates arid Ethyl Ethosu[fates of O,O-Diethy[ S-(w-Ethyimercaptoalky[)  Thiophos-  
phates. To a s t i r red mixture of 0.03 mole of freshly distilled dialkyl sulfate and 0.025 mole of the O,O- 
diethy[ S-(w--ethylmercaptoa[kyl) thiophosphate was added 2 ml  of abs. ether,  and the mixture was kept 
at ~20 ~ until the mixture ceased to stratify.  The lower layer  was separated,  reprecipi ta ted severa l  t imes 
from abs. ethanol solution with abs. ether,  arid kept for  severa l  hours in vaeuo. The constants,  yields,  
and analysis data are  given in Table 2. 

C ON C LUSION S 

We synthesized a number of O,O-diethyl S-(~o-ethylmercaptoalkyl) thiophosphates, and their methyl 
methosul/ates and ethyl ethosulfates.  
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