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STEREOSPECIFIC INTERCONVERSION OF 

COMPOUNDS 
THO- AND SELENOPHOSPHORYL 
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Centre of Molecular and Macromolecular Studies, 
Polish Academy of Sciences, Department of Organic Sulphur Compounds, 

90-362 Eddi, Boczna S, Poland 

(Received July 5, 1982; in final form Nmember 12, 1982)  

The conversion of chiral methyl-n-propylphenylphosphine sulphide into the corresponding selenide and 
the reverse reaction are easily accomplished by treatment of the corresponding rnethylthio- and methyl- 
selenophosphonium salts with sodium hydrogen selenide and sodium hydrogen sulphide, respectively. 
Both reactions occur with retention of configuration at phosphorus and high stereospecificity. 

Although chiral phosphonium salts bearing an alkylthio group on phosphorus are 
known a long time,' their use in stereochemical studies was rather sparse and 
restricted to the investigation of the mechanism of nucleophilic displacement at 
phosphorus.2 The renewed interest in chiral alkylthio- and alkylselenophosphonium 
salts is undoubtedly caused by the fact that they were found to be convenient 
starting materials in the stereospecific synthesis of optically active trivalent phos- 
phorus acid esters and tertiary p h o s p h ~ n e s . ~ ~ ~  In this paper we would like to report a 
new type of the stereospecific l/P-S * 3P=Se interconversion based on the 
reaction between chiral phosphonium salts 1 and sodium hydrogen sulphide and 
sodium hydrogen selenide. 

R' R3 

R 2 / l '  XMe 

\;/ 
CF, SO; 

a, R' = Rz = R3 = Ph, X = S 
b, R' = R2 = R3 = Ph, X = Se 

c, R' = Me, Rz = n-Pr, R3 = Ph, X = S 
d, R' = Me, R2 = n-Pr, R3 = Ph, X = Se 

Preliminary experiments with triphenylphosphme sulphide (2) and triphenylphos- 
phine selenide (3) demonstrated that their interconversion may be easily accom- 
plished via the corresponding phosphonium salts la and l b  (Scheme 1). Thus, 
triphenylphosphine sulphide (2) was treated with methyl trifluoromethane-sulphonate 
in CH,Cl, solution at room temperature to give the salt l a  which, in turn, was 
added to a suspension of NaSeH in ether at 0". After two hours the reaction mixture 
was worked up affording triphenylphosphne selenide (3) in 59% yield. On the other 
hand, the salt Ib obtained from triphenylphosphine selenide (3) and methyl tri- 
fluoromethanesulphonate gave on addition to a suspension of NaSH in ether 
triphenylphosphne sulphide (2) in 57% yield. 

The progress of the latter reaction was monitored by the 31P NMR spectra which 
revealed that triphenylphosphne is the reaction intermediate. It was also found that 
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A a S H  

C F 3S0 3Me 
Ph3P=S [Ph3;- S M ~ J  C F ~ S O ;  

2 l a ,  6 3 1 p 45,%Pm 

1 NaSeH 

1 b , 6 3 i p  3 8 . 5  ppm 3 

4 5 1 . 2  H z )  ( '  Jp-Se 

SCHEME 1 

triphenylphosphine oxide, Ph,PO (&I,, 26.3 ppm), and methyltriphenylphos- 
phonium trifluoromethanesulphonate, Ph, P Me CF,SO; ( S X ~ ,  21.3 ppm), are 
formed as side-products.' 

In order to gain better insight into the mechanism of the +P=S e +P=Se 
convcrsion the experiments with optically active ( + )-(R)-methyl-n-pro- 
pylphenylphosphine sulphde (4)' and the corresponding ( + )-(R)-selenide (5)6 were 
carried out. In this case, however, slightly different experimental conditions were 
applied. The salt (+)-(R)-lc, prepared from (+)-(R)-4 in a standard way in CH,Cl, 
solution, was added dropwise to a suspension of NaSeH in ether at - 60". Then, the 
reaction mixture was slowly warmed to room temperature and left to stand over- 
night. After the usual work-up (+)-(R)-selenide (5) was isolated by column chro- 
matography (silica gel; hexane-benzene) in 41 % yield. Similarly, the salt ( + )-(R)-ld 
obtained from (+)-(R)-5 was added to a suspension of NaSH in ether at -70". 
After a short time the reaction mixture was warmed to room temperature and 
worked up. After column chromatography ( +)-(R)-sulphide (4) was obtained in 62% 
yield.' The experiments discussed above are summarized in Scheme 2. 

Since (+)-(R)-4 and (+)-(R)-5 are homochiral, it is evident that the conversion of 
(+)-(R)-lc into (+)-(R)-5 and (+)-(R)-ld into (+)-(R)-4 shown above occur with 
retention of configuration at phosphorus. The stereospecificity of both reactions is 
higher than 90%. 

Such a stereochemical result in combination with the 3'P NMR detection of 
triphenylphosphine as an intermediate in the reaction between l b  and NaSH 
strongly suggests the following course for the reaction of phosphonium salts 1 with 
the HS- and HSe- anions (Scheme 3). 

The first step of the reaction involves the nucleophlic attack of the HY ~ anion on 
the heteroatom X in 1 leading to the formation of phosphine 6 with retention of 
configuration and the MeXYH molecule. In the second stage phosphine 6 behaves as 
a nucleophile and reacts with the terminal heteroatom Y of MeXYH to give 
phosphonium salt 7.* The latter is stabilized to the final reaction product by proton 
removal. Since the second reaction step is undoubtedly connected with retention of 
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SM€2 Se 
a3so3* I NaseH II 

MO'.p\Ph CH2C12 Me' #fi ph a3soi Et20,-60' M d p P h  

P P  Pr" Pr" 
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(+)-(R)- 5 

[a]589+1 7.2'(84%e.e.) 

sek S 
ccF3s03Me I+ NaSH II cF3so; 

MI?*;P\P~ CH2C12 Me--j%h Et20,-78 M k ; p \ P h  
PP Prn Prn 

(+I- (R) - 5 (+I- (R)-4 

[a]589+20.4'(100%e .e .) [a] 58y+31 .8O [a] 58y+18.10(83%e.e.) 

(+) - (R) - Id 

SCHEME 2 

CF3S03Me 1 
6 

R' 
SCHEME 3 

7 

+Optical rotation values of 4 and 5 refer to methanol solution while those of lc and Id to methylene 
chloride solution. 
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1 8 

SCHEME 4 

configuration at phosphorus, the overall stereochemistry of this process is retention 
at phosphorus. 

An alternative mechanism involving the nucleophdic attack of the HY- anion at 
phosphorus in 1 seems to be less probable for two reasons. The first is that the apical 
attack of HY should result in the formation of the intermediate phosphorane 8 
which should decompose to the final reaction product with inversion of configura- 
tion at phosphorus as shown in Scheme 4. 

In this context it should be noted that the closely related reaction of the alkaline 
hydrolysis of 1 (X=S) leading to phosphne oxide proceeds with predominant 
inversion of configuration at phosphorus.' Secondly, the eventual pseudorotations of 
8 should give the starting material as well as the final reaction product highly or 
completely racemized. This is, however, not the case. 

Se SeMe Se 
CF 3S03Me I +  NaSeH I 

CF SO- - 
C H 2 C l Z C  M e * p P h  Et20,-70' Me,'jP\ph 

P rn P rn 

( + I -  (RJ-  5 (+ )  - ( R )  - Id 

[ a ]  58 ,+20 .7 '  (1001e.e) [a] ,+27.4' 

( + J  - ( R I -  5 

[ a )  5 8 ,+17 .Z0 (79%e . e )  

( + ) - ( R ) - 4  ( + )  - ( R )  - lc ( + I -  ( R )  - 4  

[a] 51(9+21.70(1CO%e.e) [ a ]  5 a 9  +X).8O [ a ]  5 9+2 .go( 138e . e )  

SCHEME 5 

?Optical rotation values of 4 and 5 refer to methanol solution while those of l c  and Id to methylene 
chloride solution. 
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Finally, it is interesting to note that the reaction between (+)-(R)-ld and NaSeH 
leading to (+)-(R)-5 is highly stereospecific in contrast to the analogous reaction 
between ( + )-(R)-lc and NaSH whch gave highly racemized phosphine sulphide 
(+)-(R)-4 (see Scheme 5). 

The results presented in Scheme 2 and 4 strongly suggest that the presence of 
selenium is quite important from the point of view of the attack of thophilic 
reagents at sulphur and selenium and not at phosphorus in phosphonium salts 1. 
This point is under current study in t h s  laboratory. 
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