SYNTHESIS OF w-SUBSTITUTED BUTYNYL ESTERS
OF PHOSPHORUS THIOACIDS
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The anticholinesterase activity of the thioesters of pentavalent phosphorus acids is guite dependent on the
structure of the "cleavable" portion of the inhibitor molecule and, in particular, on the presence of polar sub~
stituents in it, such as sulfide, sulfonium, amino, ammonium, and other groups {1]. The synthesis of P(V)
acids, containing in the alkthiol radical, besides the indicated groupings, also an acetylene linkage, is of defi-
nite interest. The presence of such a "hard" fragment in the thioester radical can facilitate the manifestation
of selectivity in the effect of organophosphorus inhibitors toward cholinesterases of different origin.

The synthesis of such compounds was accomplished as follows {2, 3]. First the reaction of the Na or X
salts of the appropriate phosphorus monothioacids with excess 1,4-dichloro-2-butyne gave the w-chlorcbutynyl
esters of phosphorus thioacids (I) (Table 1).

R o R
N A N
: P M+ + CICH,C=CCH,Cl — PSCH,C=CCH,Cl
VAR /|
R’ 38 R O
M==Na, K. (I

Then the (I) compounds were reacted with various nucleophilic reagents to give the corresponding w-sub-
stituted butynyl esters of phosphorus monothioacids (Table 2). As the nucleophilic reagents we used dimethyl
sulfide, sodium alkyl mercaptides, trimethylamine, dimethylamine, triphenylphosphine, and potassium dialkyl
thiophosphates.

R”“8Na
RR'P(0)SCH,C==CCH,SR"
(ITc, 1-5)
S(CHs): +
RR/P(0)SCH,C=CCH,S(CH,),Cl-
(11a, f-h)
N{CH,)s +
RR’P{0)SCH,C=CCH,N(CHy),Cl-
H— (CH:):NH (I1b, d, )
RR‘P(0)SCH,C=CCH,N(CHj),
(Iley -
(GeH ),P +
- RR'P(0)SCH,C=CCH,P(C,H,),C1-
(-GS H,0):P($)0K (g

(i-C5H,0),P(0)SCHyC=CCH,S P(0) (OCH,-i)s
(I11)

The structure of the obtained compounds was confirmed by the IR and Raman speciral data. Thus, in
all cases the IR spectra have bands in the vicinity of 1280 cm~! (P=0) and, depending on the substituents, in
the vicinity of 2220-2240 cm™! (C=C). The Raman spectra of these compounds have intense bands in the vici~
nity of 2220-2240 em~! (C=0C).

The structure of some of the synthesized () compounds was proved by counter synthesis. Thus, the
alkylation of sodium O-alkyl methylthiophosphonate with (w-chloro-2-butynyl) ethyl sulfide (IID) gives O-alkyl
S-(w-ethylmercapto-2-butynyl) methylthiophosphonates. The starting sulfide (OI) was obtained by reacting
sodium ethyl mercaptide with a fivefold excess of 1,4~-dichloro-2~butyne.
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C,HgSNa -+ CICH,C = CCH,Cl - C,H,SCH,C = CCH,Cl
(I11)

(ILI) - CH,P(S) (OR)O-Nat — CHsfl’(O)SCHZCECCHgSCzHS

OR
(ITi-s)

It is interesting to mention that the alkylation of the S-(w-~ethylmercapto-2-butynyl) esters of methylthio-
phosphonic acid in excess CH;I is accompanied by their cleavage. In all cases dimethylethylsuifonium iodide,
probably formed by the scheme

CH;P(0) (OR)SCH,C=CCH,SC,H, - CH,I ~ CH,P((?) (OR)SCH,C=CCH,SC,H,.1-
|

{ CH,
R ,
CH,),8C,H, 11 - S5 €, H,8CH, -+ CH,P(0) (OR)SCH,C=CCH,I

was isolated from the cleavage products in nearly quantitative yield. The cleavage apparently proceeds in the
same manner as the reaction of CHyI with sulfides that contain either bulky orunsaturated radicals. Thus, it
is known that the dibenzoyl and diallyl sulfides in excess CHjl give trimethylsulfonium iodide {4].

EXPERIMENTAL

w-Chlorobutynyl Esters of Phosphorus Thioacids (I). To 0.5 mole of 1,4-dichloro-2-butyne at ~ 20°C
was added 0.1 mole of the K or Na salt of the appropriate phosphorus monothioacid in 200 m! of abs. alcohol.
The mixture was refluxed for 2 h, the precipitate was filtered, the excess dichlorobutyne was vacuum-distilled
and the residue was purified either by vacuum-distillation or by extraction with hexane. The constants, yields,
and analysis data for the obtained compounds are given in Table 1.

Reaction of w-Chlorobutynyl Esters of Phosphorus Thioacids with Sodium Alkyl Mercaptides. To 0.1
mole of O~-O-diethyl S (w—chloro-2-butynyl) thiophosphate in 50 ml of abs. alcohol at ~ 20° was added in 2 h
0.1 mole of EtSNa in 100 m! of alcohol. The mixture was refluxed for 2 h, the precipitate was separated, the
solvent was evaporated, and the residue was purified either by vacuum-distillation or by extraction with hex-
ane to give (Ilc). Compounds (IIl-s) were obtained in a similar manner.

Reaction of w-Chlorobutynyl Esters of Phosphorus Thioacids with Dimethyl Sulfide. A mixture of 0.02
mole of O-ethyl S-(w-chloro-2-butynyl) methylthiophosphonate and a 10-fold excess of dimethyl sulfide was
kept in the dark for 2 weeks at 20°. The excess dimethyl sulfide was distilled off and the residue was dried in
vacuo to give (Ila). Compounds (IIf, h) were obtained in a similar manner.

0, O-Diethyl S-(w-Dimethylamino-2-butynyl) Thiophosphate. To 0.22 mole of dimethylamine in 100 ml
of ether at 20° was added 0.1 mole of (Ib). After 4 h the precipitate was filtered, the solvent was evaporated,
and the residue was vacuum-distilled to give (lle).

Reaction of w-Chlorobutynyl Esters of Phosphorus Thioacids with Trimethylamine. A mixture of 0.02
mole of (I), 0.1 mole of Me;N, and 50 ml of ether was left standing for 2 days at ~ 20°. The obtained precipi-
tate was filtered, washed in succession with THF and ether, and dried in vacuo to give (IIb). Compounds (IId-
k) were obtained in a similar manner.

Bis-[l,4~(S,S-diisopropylthiophosphoryl)]-2 -bu/tyne‘ To 0.2 mole of the K salt of diisopropyl thiophos-
phate in 100 ml of alcohol was added 0.1 mole of the dichlorobutyne. The mixture was refluxed for 2 h, the
precipitate was filtered, the residue was extracted with hexane, and the latter was distilled off. We obtained
(11i).

0, O-Diethyl-w-2-butynylthiophosphinyltriphenyl phosphonium Chloride. To 0.0055 mole of O, O-diethyl
S-{w-chloro-2-butynyl) thiophosphate in 10 ml of benzene was added 0.0055 mole of Ph;P, the mixture was
kept for 24 h at ~ 20°, and the obtained crystals were separated, washed with benzene, and dried in vacuo to
give (11g).

(w-Chloro-2-butynyl) Ethyl Sulfide (Iil). To 1 mole of 1,4~dichloro-2-butyne at 20° was added 0.2 mole
of EtSNa in 100 ml of alcohol. The mixture was refluxed for 2 h, the NaCl was filtered, the solvent was eva-
porated, the dichlorobutyne was distilled off at 20 mm, and the residue was distilled to give 19.8 g (66.7%) of
(II), bp 67-71° (2 mm), d42° 1.1140, n%% 1.5306. Found: C 48.42; H 5.99; S 21.46; Cl 24.29%. CgHyClS. Cal-
culated: C 48.48; H 6.06; S 21.55; C1 23.91%.
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0-Alkyl S-(w-Ethylmercapto-2-butynyl) Methylthiophosphonates. To 0.1 mole of the Na salt of the O-
alkylmethylthiophosphoric acid in 100 ml of alcchol at 20° was added 0.1 mole of (ITI). The mixture was re-
fluxed for 2 h, the NaCl was filtered, the alcohol was distilled off, and the residue was vacuum-~distilled.
Compounds (IIp-s) were obtained. Infrared spectrum: 2230 (C=C), 1280 cm~! (P=0).

Reaction of O-Alkyl S~(w-Ethylmercapto-2-butynyl) Methylthiophosphonates with Methyl Iodide. To 9.01
mole of the O-alkyl S-(w-ethylmercapto-2-butynyl) methylthiophosphonate in 70 ml of abs. ether was added a
fivefold excess of Mel. After 20 days the obtained precipitate was filtered and washed with ether to give di-
methylethylsulfonium iodide as a hygroscopic powder in 90-95% yield. Found: C 21.70; H 5.05; I 57.68; S 15.16%.
C4H,1S. Calculated: C 22.02; H 5.04; I 58.15; S 14.68%.

CONCLUSIONS
1. A number of w-chlorobutynyl esters of phosphorus monothioacids were synthesized.

2. The reaction of the w-chlorobutynyl esters of phosphorus monothioacids with nucleophilic reagents
gave a number of «-substituted S-butynyl esters of phosphorus monothiocacids.
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ISOMERIZATION OF S8S-2-HYDROXYALKYL ESTERS
OF CYCLIC PHOSPHORUS THIOACIDS

O. N. Nuretdinova and F. F. Guseva UDC 542.91:547.1'118

Previously it was shown that most S-2-hydroxyalkyl esters of dialkylthiophosphoric acids undergo re-
arrangement to give 2-mercapto derivatives [1]. An exception were the S-2-hydroxyalkyl esters of di-tert-
butylthiophosphoric acid, which, probably due to steric hindrance, do not rearrange [2].

In order to establish if rearrangement can take place in the series of cyclic phosphorus thioacid deri~
vatives and the relation between its occurrence and the ring size of the starting thicacid we studied the iso-
merization of some S-2-hydroxyalkyl esters of cyclic phosphorus thioacids, which were obtained by reacting
these acids with alkylene a-oxides. The obtained S-2-hydroxyalkyl esters (I) were not isclated from the re-
action mixture, since they are unstable and are rapidly converted to the O-2-mercaptoalkyl esters (II).

0

/s /s 7N
R \PSOH 4 RICH—CHR? - R N PSCHCHOH — R POCHCHSH

i
\0/ \O/ \O/(g Rt Il"" \O/(g P't? 1‘%1

(la—m) (ITa—m)
R=(CHy);, R1=R2=H (a); R'=H, R2=CH; (b); Ri=R2=CH; (c); R=CH;CH(CHy)s.
Ri=H, R3=CHy(d); R=(CH;),CCH,CHCH;, Rl=H, R2=CH; (e); R=(CH,),
Ri=-H, R®=CH; (; R1=R2=CH; (g); R=CH,CH(CH,),—CHCH;, R'=H, R®=CHj (h);
R1=R?=CH; (i)y R=CHsCHCHCH;, Ri=H, R2=CH; (k); RI=R2=CH; (i);
R=(CH,;)eCC(CHy),, R1==H, R2=CH; (m).
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