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SYNTHESIS AND PROPERTIES OF PHOSPHORYLATED AND 
S ILY LATED q-MERCAPTOCARBONYL COMPOUNDS 

MICHAEL A. PUDOVI K, ALEXANDER R. BURILOV, IRINA L. 

A.E.ArbuxovInstitute of Organic and Physical Chemistry 
Kazan Branch Academy of Sciences, Arbusov Str., 8 
Kaaan 420083, USSR 

NIKOLAEVA, YANA A. DROZDOVA, DNIITRIY V. CHEREPASHKIN, 
ALEXEI A. BARULIN, ARKADIY N o  PUDOVIK 

Abstract Phosphorylation and silylation of o( -me??- 
captooarbonyl compounds have been investigated. A 
novel type of 1.4 S-0 migration trimethylsilyl and 
P(II1) groups has been discovered. The thiophosphite- 
thiophosphonate rearrangement when exposed to oxygen 
as well as heterocyclization with the formation of 
1,3,2-oxathiaphospholenes and 1,3,2-oxathiasilalenes 
were also  found. Some regularities of these processes 
and the properties of heterocycles synthesized have 
also been brought out. 

INTRODUCTION 

The chemical behaviour of phosphorylated W - o q  and 
M-aminocarbonyl compounds has been investigated in detail. 
The latter have proved to be convenient semiproducts for 
the synthesis of new heterocyclic systems, which exhibit 
high biological activity in a number of cases! 1 2  At the 
same time O( -functionally substituted mercaptans have 
not been investigated as yet. The investigations of these 
problems open up new possibilities for the synthesis of 
unsaturated linear and cyclic P,Si,S-containing substan- 
ces, f o r  prospecting new rearrangements for obtaining 
biologically aotive compounds. 

RESULTS AND DISCUSSION 
The phosphorylation of some M-mercaptoketones by dialkyl- 
chlorophosphites in the presence of a base has been car- 
ried out for the preparation of functionally substituted 
thioesters of the acids of P(II1). Though instead of the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



220 M.A.PUDOVIK ET AL. 

expected products corresponding thionphosphonates 
have been isolated. B 

(R0)2PC1 + HSCHRIC(0)Me - (R0)2PSCHR1C(0)Me ---c 

--c (RO) 2P( S CHR’ C ( 0 )Me 
1 

(R0I2PC1 + Me3Si-SR1 4 (R0)2PSR1 + Me3SiC1 
2 

0,O-Malkyl-S-alkylthiophosphites have also been found to 
manifest the tendency towards isomerization. Since our  
attempt to obtain them in the individual form with tradi- 
tional methods had failed, another route was worked out 
with silylated mercaptans. Special experiments on the 
thiophosphite-thiophosphonate rearrangment showed it to be 
catalized by the oxygen of the air, the simplicity of the 
reaction depending upon the nature of the substituents 
attached to sulfur. The above method was extended to the 
synthesis of functionally substituted thiophosphites. The 
necessary S-silyl esters of W-mercsptoketones were ob- 
tained by silylatian mercaptans with various silylating 
agents. The silylated mercaptoacetone 2 formed proved to 
be rather unstable and was converted to vinylmercaptan 2 
within several hours due to the S 4  migration of the 
trimethylsilyl group. The 2 polymerizes rapidly. 
MeC(0)CH2SH + Me Si-X + Me SiSCH2C(0)Me + 

3 3 2  - 

Me SIX 
ee3SiOC(Me)=CHSH L Me3SiOC(Me)=CHSSiMe3 

3 4 
Trimethylsilyl group, attached to sulfur contributes to 
the stsbilization of unsaturated siloxyvinylmercaptan. 
The - 4 is stable, it represents the mixture of E and 2 
isomers and is a convenient semiproduct f o r  the insertion 
of the functionally substituted vinylthiofragment, inclu- 
ding the phosphorus atom. The product of ailylation of 
2-mercaptobutanone-3 2 appeared to be more stable than 
silylated mercaptoacetone. The phosphorylation of the 
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compound 2 by dialkylchlorophosphites or ethylenglykole- 
chlorophosphite results in the quantitative formation of 
thiophosphites 5, f3, which rearranges to thiophosphonates 
7,  10 even on slight contact with the environment. 

B 
Me3SiC1 + HSCHMeC(0)Me - Me3SiSCHMeC(0)Me - -  

5 
0 

(RO) 2PSCHNIeC (0)Me A ( ROI2P( S )CHMeC( 0)Me 
- 6 - 7 

0 
PSCHMeC(0)Me -& f$P(S)CHMeC(O)Me r,3 - 10 2 1  

(o>POC(Me)=C(Me)SH + Me)roJPO( Me \S CH2) 11 2SH 
Q 

Me 

Me 
12 

C12PSCHMeC(0)Me - ClP( - 0- Me 

’[Me S- 

The compound 2 when staied for 2-3 days in the absence of 
oxygen turns to 2, 5. The phosphorylation of the 2 by 
pyrochatecholchlorophosphite and phosphorus trichloride 
gives rise to the l2, 2 - the fir& representatives of 
a new class of P,O,S-containing unsaturated heterocycles. 
Anologous results have been obtained from the investiga- 
tion of  the interaction of phosphorus trichloride and 
alkyldichlorophosphites with M-mercaptoketones in the 
presence of a base. Without the latter the 0,s-containing 
bicyclic product is mainly formed. 2 
ROPC12 + HSCHR’ C ( O)R2 2 B  ~ - R O P ’ o T ~ l  

‘S 
Some mono-, di- and triamidophosphites were introduced 
into the reaction with o(-mercaptoketones in order to 
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extend the number of phosphorylating reagents. Depending 
on the temperature conditions two trends can be observed 
giving rise to oxathiaphospholenes, dithiophosphates and 
thiophosphonates. We have investigated reactions of 
1,3,2-oxathiaphospholenes with various nucleophilic and 
electrophilic agents, leading to the formation of a new 
heterocyclic tetra- and pentacoordinated phosphorus atom. 
The P-S bond in 1,3,2-oxathiaphospholenee has been shown 
to break easily when exposed to protondonor and halogen- 
containing agents. 
Unlike a(-mercaptoketones the ethers of thioglykol acid 
when heated react with phosphorus trichloride with the 
formation of dichlorothiophosphite. While passing dry 
hydrogen chloride through dichlorothiophoephite the latter 
decomposes exothermally into the initial agents, but at 
180-1 90 OC undergoes heterocyclization with the formation 
of 2-chloro-5-oxa-1,3,2-oxathiaphospholane. The phosphory- 
lated derivatives of thioglykol acid have been prepared by 
the interaction of di-, triamides and chloranhydrides of 
the trivalent phosphorus acids with unsubstituted and 
eilylated ethers of thioglykol acid. When dry oxygen is 
passed through the synthesieed compounds the latter iao- 
meriae to corresponding thiophosphonacetic ethers, which 
are isolated in the good yields. The common regularities 
of the iaomerization of phosphorylated a( -mercaptocarbo- 
nyl compounds when exposed to oxygen have been investiga- 
t ed. 
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