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V Organophosphorus compounds of type (C,H;0),P(O)SX (I), with electronegative substituents X =
+

(CHy)nSCoH; and (CH,)nS(CH;)C,H; in the cleaved portion, are of interest as irreversible inhibitors of
serine esterases for studying the structure of the active surface and the mechanism of the action of these
enzymes. In contrast to the previously studied series (C,H;0)(CH,)P(O)SX (II), with the same X groups
[1], the diethyl phosphonates do not contain asymmetric phosphorus. This circumstance simplifies the
analysis and interpretation of the kinetic data on the antienzymatic action of (I) when compared with (II),
since the serine esterases exhibit variable stereoselectivity toward an asymmetric phosphorus atom in
the reaction center [2-4].

The synthesis and antiacetylcholinesterase activity of the series (I) inhibitors, with n = 1-3, were
described in [5-9]. The serles (I) inhibitors with n = 4-8 were synthesized in the present paper, and the
synthesis of the compounds, where n = 1-3, was also repeated. The O,0O-diethyl thiophosphates were ob-
tained by reacting diethyl chlorophosphate with the appropriate sodium mercaptides in benzene.

(C,H,0),P(0)Cl + NaS (CH,),SC,H, — (C,H,0), P(0)S(CH,),, SC,H, -+ NaCl

According to [10], the thus obtained inhibitors can contain highly active impurities, which greatly distort
the results of the kinetic measuremeunts of their antienzymatic activity, in particular, in the reaction with
the acetylcholinesterase of bovine erythrocytes. In view of this, special attention was given in the present
paper to the purification of the synthesized compounds. Instead of vacuum-distillation, we used the more
selective method of liquid chromatography on silica gel [11] to isolate the inhibitors from the reaction
mixture.

The algylation of the O,0-diethyl S-(w-ethylmercaptoalkyl)phosphates with dimethyl sulfate gave the
corresponding methyl methosulfates.

(CaH;0), P(0)S(CH,),, SC.H, -+ (CH )80, — (CoH,0), P(0)S(CH,),S(CH,) C,H, + CH,SO0,

Together with the methyl methosulfates, which have an asymmetric sulfonium group, the alkylation
of the inhibitors with diethyl sulfate also gave a number of ethyl ethosulfates that lack a center of asym-
metry in the molecule.

The mercaptans C,H;S(CH,),SH, where n = 2-6, were obtained by alkylating the corrsponding «, w-
alkyldithiols with ethyl bromide. The compound C,H;SCH,SH was obtained from chloromethyl ethyl sulfide.

EXPERIMENTAL METHOD

Mercaptomethyl Ethyl Sulfide. With stirring, to 27 g (0.35 mole) of thiourea in 50 ml of abs. alcohol
was added 37 g (0.33 mole) of chioromethyl ethyl sulfide [12], and the mixture was heated at 80° for 3 h.
The thinronium salt that deposited on cooling was washed with abs. ether and recrystallized from abs.
alcohol. The yield of the thiuronium salt was 36 g (0.19 mole). With heating, the obtained salt was dissolved
in 50 ml of water, and to the stirred solution was added 75 ml of 3.0 M NaOH solution, after which the
mixture was kept at 45° for 1 h. The hydrolysis of the thiuronium salt, as well as all of the subsequent
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TABLE 1. O,0-Diethy! S-(w~-Ethylmercaptoalkyl) Thiophosphates
(CoH; 0) P(O)S{CH,),SCoH;

| Found, % ss Calculated, %
o [ield] a0 |0 : Empirical :
%o *l el ual o] p |formula clul|loler

1 53 {1,5043|1,1508|34,2| 6,9 [19,6{12,5] C:Hw»OsPS: |34,4| 7,0 |19,6] 12,6
29| 56 [1,4985[1,1333/37,2| 7,3 |18,6{12,1| CeH1s0sPS: |37,2] 7,4 |18,6] 12,0
3 37 [1,490411,1128)39,8] 7,8 |17,5[14,1| CoHaOsPSe |39,7| 7,8 [17,6( 11,4
4 43 |1,484211,0890|41,8( 8,1 116,6]10,6| Ci,Hes0sPS: 41,91 8,1 {16,8] 10,8
5 48 11,477011,0723[44,0] 8,3 45,9110,1| CiHas0sPS: |44,0| 8,4 |46,0} 10,3
6 45 |1,47401,0500{ 45,71 8,5 {15,1110,0] CuH20sPS: 145,81 8,7 {15,31 9,8

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

TABLE 2. Alkyl Alkosulfates of O,0-Diethyl S-(w-Ethylmercapto-
+
alkyl) Thiophosphates [(C,H50);P(O)S (CH,)S(C,H;)R] - RSOf

vield Found, % k Empirical Calculated, %
£ 20 U —
R . n —_— :
& To D o , o o I formula c ° o
1 |CH; 82 41,5180 | 31,6 | 6,9 | 33,2 | Coil2s0+PSs 31,91 6,9 § 33,1
2 |CHs 93 1,5120%| 31,2 | 6,7 | 29,3 | CioH%0-PSs 31,21 8,6 | 28,1
3 | CHs 87 1,5072 (33,0 7,0 | 28,0 { CnH20:P33 33,41 6,8 | 28,1
4 {CHs 80 14,5006 | 34,71 6,9 | 27,2 | Ci2Fx0/P3s 34,9 7,3 27,2
5 |CHs 85 1,4945 36,91 7,0 | 26,3 | CisHaOPSs 36,61 7,3 | 26,2
6 | CHs 91 1,4892 | 38,6 | 8,0 | 24,9 | CuuHsOP3; 38,21 7,6 23,4
11CH; 70 41,5100 | 33,01! 6,9 | 27,8 | CuH2:0:P3; 33,41 6,9 23,1
2 | CaHs 85 1,50306 35,21 7,0 1 27,0 | CpH0P3s 34,94 7.4 2’3 V2
4 | CoHs 63 14,4907 35,21 7,0 | 25,0 | C11Hs30:P33 38,1 7.6 29,4
6 | CaHs 72 1,4792 140,91 8,1 | 23,5 | Cis5Hs70:P33 4,01 8,0 123,9
*cf. [5).

steps of the synthesis, was carried out in an argon atmosphere. After cooling, the excess alkali was
neutralized with dilute H,SO, solution, 10 g of NaCl was added, and the product was extracted with ether.
The ether extract was washed with water, dried over Na,S0Q,, the ether was evaporated, and the residue
was vacuum-distilled. The yield was 10 g (28%), bp 46° (11 mm), nzlg 1.5348; dﬁ(’ 1.0505. The purity of the
compound was verified by TLC on Silufol UV-254 plates, R¢ 0.61, and the eluent was 1:8 acetone ~hexane.

0Q,0-Diethyl S-(w~Ethylmercaptoalkyl) Thiophosphates. To a stirred 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 mercaptide was negative, after which it was cooled to 5° and 17.4 g (0.1 mole) of diethyl chloro-
phosphate was added in drops. To complete the reaction the mixture was heated for 6 h at 45° and then let
stand overnight. The reaction mixture was treated several times with water, dried over Na,SQ,, and 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 acetone —heptane as the eluent,

Methyl Methosulfates and Ethyl Ethosulfates of O,0-Diethyl S-(w~Ethylmercaptoalkyl) Thiophos-
phates. To a stirred mixture of 0,03 mole of freshly distilled dialkyl sulfate and 0.025 mole of the O,0-
diethyl S-(w-ethylmercaptoalkyl) 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, reprecipitated several times
from abs. ethanol solution with abs. ether, and kept for several hours in vacuo. The constants, yields,
and analysis data are given in Table 2.

CONCLUSIONS

We synthesized a number of 0,0-diethyl S~(w-ethylmercaptoalkyl) thiophosphates, and their methyl
methosulfates and ethyl ethosulfates.
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