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ALKYLATION OF HYDROTHIOPHOSPHORYL COMPOUNDS 
UNDER PHASE TRANSFER CATALYSIS CONDITIONS 

TATYANA A.MASTRYUKOVA 
A. N. Nemeyanov I n s t i  t u t e  o f  Organoel ement Compounds, 28 Vavi 1 ov 
S t r . ,  117813, Moscow, Russia 

Abstract  The PTC method was app l i ed  t o  Michael is  - Becker 
a1 kyl a t i  on o f  hydroth i  ophosphoryl compounds, a f f o r d i  ng products 
i n  h igh y ie lds.  The s ide  products were s tud ied  and t h e  
format i  on mechani sms o f  major and s ide  products were suggested. 

INTRODUCTION 

I n  t h e  past 15 years, r a d i c a l  improvements have been in t roduced  i n t o  
t h e  M i  chael i s- Becker r e a c t i o n  as appl i ed t o  oxygen-contai n i  ng 
hydrophosphoryl compounds. Procedures f o r  c a r r i  ng out  t h i  s r e a c t i  on 
under phase t r a n s f e r  c a t a l y s i s  (PTC) condi ti ons have been developed. 
The p ioneer ing work o f  us ing  t h i s  technique f o r  t h e  synthes is  o f  PO- 

anions was t h a t  b y  Makosza e t  a1.2 publ ished i n  1978. I n  1981, 
several  pub1 i c a t i  ons o f  ameri can3 and sovi  et47 authors have appeared 
s i  mu1 taneousl y. As t o  the  a1 kyl a t i  on o f  hydroth i  ophosphoryl 
compounds, t h e  PTC technique has no t  been used f o r  t h i s  purpose. 

THE CONDI T I  ONS OF PHASE TRANSFER REACT1 ON 

We have s tud ied  the  use o f  t he  PTC technique as app l i ed  t o  
hydroth i  ophosphoryl compounds i n th ree  systems: organi c phase/aqueous 
NaOH (50%), organic phase/K2COg ( d r y  powder), and organi c phase/KOH 
( d r y  powder). Benzene, methyl ene ch l  o r i  de, acetoni tri 1 e, THF and DMSO 
were used as organic phase. The hydroth i  ophosphoryl compounds 
i ntroduced i n t o  the  r e a c t i  on as subst rates i nc luded  R' R"P( S) H w i  t h  
R' = R" = EtO,  BuO, Bu and Ph and a l so  R' = Me, R" = BuO and i - BuO. 
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164 T. A. MASTRYUKOVA 

Reacti ons were c a r r i  ed out  w i  t h  a1 kyl a t i  ng agents whi ch 

s i  gni f i  cant1 y d i  f f e r e d  i n e l  ect rophi  1 i c i  ty Me1 , EtBr, E t I ,  BuBr, 

PhCH2C1 , C1 CH2COOEt, C1 CH2C0NH2, C1 CH2CONEt2. O f  c a t a l  ysts, 

t e t r a a l  kyl ammoni um sal  t s  and crown es te rs  were appl i ed i n t h e  

ammounts o f  0.5 mol% I n  these react ions,  t h e  a l k y l a t i o n  products 

were obtained i n  r a t h e r  h igh  y i e l d s  (85% and above). 

CH2C12/KOH (dry)  
R 'R"P(S)H + RX > R'R"P(S)R  + KX 

Experiments on a l k y l a t i o n  w i t h  Me1 of d i f f e r e n t  

hydroth i  ophosphoryl compounds i n the  three systems have revealed t h a t  

t h e  s t ronger  t h e  hydrothiophosphoryl compound as a PH-acid i s ,  t h e  

eas ie r  i s  i t s  a l k y l a t i o n  under PTC condi t ions.  On a l k y l a t i o n  o f  
Ph2P( S)H w i th  vary ing a l k y l a t i  ng agents, i t  has been es tab l i shed  t h a t  

t h e  a1 k y l  a t i  on r a t e  i s d i  r e c t l  y c o r r e l a t e d  w i  t h  e l  ect rophi  1 i c i  t y  o f  

t h e  reagent. 

Experi ments w i  t h  t h e  organi c phase/sol i d s t a t e  systems have 

revealed i n  some cases t h e  advantages over the  organic  phase/aqueous 

NaOH systems. A l k y l a t i o n  w i t h  KOH i s  so v igorous i n  some cases t h a t  

a p p l i c a t i o n  o f  a c a t a l y s t  i s  not  necessary. 

E f f e c t  o f  t he  organic phase i s  n o t  unambigous and i t  depends on 
t h e  substrate, t he  base app l i ed  and cond i t i ons  o f  t h e  react ion;  C6H6, 
CH2C12 and MeCN a f f o r d  the  best resu l t s .  The data obta ined g i ve  

evidence t h a t  each system should be opt imized towards t h e  subst rate 

and a1 k y l  a t i  ng agent. 

THE SIDE PRODUCTS AND MECHANISM 

I n  some cases a small amount o f  s ide  products was formed. They were 
i s o l a t e d  and i d e n t i f i e d .  Thus along w i t h  the  major product, R2P(S)R'  
(a)  ( Scheme), t he  f o l l  owi ng compounds are formed: monothi oester  
R2P( 0) SR' (b) ,  d i  t h i  oester  R*P( S) SR' ( c ) ,  phosphoni um sal  t R2R2' P'X- 
(d)  and phosphoryl compound R2P(O)R' (e) .  The y i e l d s  r a t i o  f o r  s ide  
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p roduc ts  depends on t h e  r e l a t i v e  r a t e s  o f  t h e  ox ida t i on ,  
d i  s p r o p o r t i  o n a t i  on and a1 k y l  a t i  on r e a c t i  ons o f  i ntermedi ates. 

l o  
Scheme 

I n  t h i s  case, a s i g n i f i c a n t  dependence on t h e  c h a r a c t e r  o f  t h e  
o rgan ic  phase and t h e  base i s  observed. The h i g h e s t  amount o f  s i d e  
produc ts  i s  ob ta ined  on employing K2C03 i n  DMSO. 

Consi d e r a t i  on o f  t h e  mechani sm o f  phase t r a n s f e r  a1 k y l  a t i  on o f  

h y d r o t h i  ophosphoryl compounds may re1  y on t h e  scheme suggested b y  Kem 

e t  a l .  f o r  t h e  oxygen analogs. C e r t i  an c o r r e c t i  ons should, however, 

be i n t r o d u c e d  i n t o  t h i s  scheme t o  account f o r  d i f f e r e n c e s  i n  t h e  

p r o p e r t i  es o f  h y d r o t h i  ophosphoryl compounds and t h e i  r oxygen analogs. 

Hydro th i  ophosphoryl compounds are  more 1 i pophi 1 i c, 1 ess so l  ub l  e i n 

water, and have h i g h e r  a c i d i t i e s  than  t h e  oxygen analogs. 

Consequently, t h e y  a re  e a s i e r  depro tonated  i n  c o n t a c t  w i t h  a b a s i c  

phase, and t h e  appear ing i o n - p a i r s  e a s i e r  pass i n t o  t h e  o rgan ic  

phase. Therefore, i n  our  case, t h e  phase t r a n s f e r  a l k y l a t i o n  may b y  

represented  as fo l l ows :  f i r s t  stage - r e a c t i o n  o f  hydro th iophosphory l  

compounds occu r i  ng on t h e  i n t e r f a c e  t o  fo rm i on-pai  r R2PS-Nat. Second 
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stage - the  i o n - p a i r  i s  a t tacked b y  ca ta l ys t ,  f o r  example Q'X-, 

format ion o f  a new i o n - p a i r  R2PS-Qt, which i s  more l i p o p h i l i c  and, a t  

t h e  t h i r d  stage, e a s i l y  passes i n t o  t h e  organic  phase, and a t  t h e  

f o u r t h  stage, i t  i s  e a s i l y  a l k y l a t e d  w i th  t h e  regenerat ion o f  t he  

ca ta l ys t .  But hydroth i  ophosphoryl compounds i n some cases a re  easi 1 y 

a l k y l a t e d  wi thout  ca ta l ys t .  I t  i s  probably  brougbt about b y  t h e  h igh 

l i p o p h i l i c i t y ,  when t h e  i o n - p a i r  R2PS-Kt, formed i n  t h e  f i r s t  stage 

a t  t he  i n t e r f a c e  can go i n t o  the  organic phase where i t  i s  a lky la ted.  

However, i t  can no t  be excluded, t h a t  i n t e r f a c e  a l k y l a t i o n  occurs. 

No doubt, t he  M i  chael i s-Becker r e a c t i  on, c a r r i  ed out  under the  

phase t r a n s f e r  condi t ions,  represents a wonderful path f o r  synthesis 

o f  d i f f e r e n t  t h i  ophosphoryl compounds. 

The present work has been done w i th  p a r t i c i p a t i o n  o f  senior  

researchers I . M .  Aladzheva and I . L .  Odinets. The author wishes t o  

express her s incere thanks t o  them. 
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