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CONCERNING THE FORMATION, HYDROLYSIS AND THERMOLYSIS OF ACYCLIC 

PHOSPHORANES 

NICHOLAS LOWTHER, POLLY CROOK AND DENNIS HALL 
D e p t .  of C h e m i s t r y ,  K i n g ' s  C o l l e g e ,  U n i v e r s i t y  of London,  S t r a n d ,  

London WC2R 2LS. 

A b s t r a c t  K i n e t i c  d a t a  on t h e  f o r m a t i o n ,  h y d r o l y s i s  a n d  t h e r m o l y -  

s is  of a c y c l i c  p h o s p h o r a n e s  is r e p o r t e d  and  t h e  mechanism of e a c h  

r e a c t i o n  i s  d i s c u s s e d .  

INTRODUCTION 

The r eac t ion  of t r i co -o rd ina te  phosphorus compounds (1) wi th  su l -  

phenate  esters ( 2 )  is now a wel l -es tab l i shed  rou te  t o  a wide range 

of phosphoranes (3  and 4 ) l .  

q u a n t i t a t i v e  d a t a  t o  support  t h e  proposed mechanism of b i p h i l i c  

There i s  however, r e l a t i v e l y  l i t t l e  

ArnP + A r ' S O R  Arn(R0)4-nPSAr' (1) 

(l), R = CH2CF3 ( 2 )  (3)  

(3) + ( 2 )  - ArnP(OR)5-n + Ar;S2 ( 2 )  

n = 0-3 

(4 1 
i n s e r t i o n  of (1) i n t o  the  S-0 l i n k  of (2) ' .  This  paper  r e p o r t s  

k i n e t i c  s t u d i e s  of each s t e p  of t h e  r e a c t i o n  i n  an at tempt  t o  

r e f i n e  t h e  mechanis t ic  p i c t u r e .  

The mechanism of hydro lys is  of phosphoranes i s  a t o p i c  which 

has  a l s o  a t t r a c t e d  cons iderable  a t t e n t i o n 3  9 4  and the  ready ava i l -  

a b i l i t y  of a range of  a c y c l i c  oxyphosphoranes by t h e  su lphenate  

ester rou te  prompted a mechanis t ic  s tudy i n  an e f f o r t  t o  extend 

the  r e s u l t s  obtained by Westheimer and Janzen. 

F i n a l l y ,  r e l a t i v e l y  l i t t l e  informat ion  has  been publ ished on 

the  thermal  s t a b i l i t y  of phosphoranes and hence a mechanis t ic  

s tudy of t h e  thermal decomposition of a c y c l i c  phosphoranes w a s  
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i n i t i a t e d .  

RESULTS AND DISCUSSION 

Formation of Acyclic Phosphoranes 

The r eac t ions  of (1) wi th  (2 )  were c a r r i e d  out  i n  to luene  wi th  

the  i n i t i a l  mixing a t  -78OC. 

(Ar = A r '  = Ph, R = CH2CF3) and n = 0, t h e  thiophosphorane was 

found t o  be s t a b l e  a t  room temperature .  Under t h e  same condi t ions,  

with n = 1, the  thiophosphorane (3 )  was s t a b l e  a t  -78' bu t  dispro-  

por t iona ted  t o  (1, n = 1) and ( 4 ,  n = 1) at 30 C. With n = 2 ,  the  

thiophosphorane was de tec t ab le  a t  -78' but  d i spropor t iona ted  rap- 

i d l y  t o  (1) and ( 4 )  and wi th  n = 3 only t h e  oxyphosphorane ( 4 )  was 

observed by 31P nmr. 

was r e s t r i c t e d  t o  n = 0 and n = 1. 

With a 1:l molar r a t i o  of r e a c t a n t s  

0 

Thus a k i n e t i c  study of t h e  formation of (3)  

For n = 0, A r ,  A r m  = Ph and R = CH CF as  followed by 31P nmr, 2 3  
t he  r eac t ion  was f i r s t  o rder  i n  both (1) and (2 )  and t h e  a c t i v a t i o n  

parameters (E = + 7.4 k c a l  mol-l and AS* = -38 cal  K-l mol-l) were 

e n t i r e l y  cons i s t en t  wi th  a bimolecular  t r a n s i t i o n  state. Vary- 

ing t h e  s u b s t i t u e n t s  i n  A r '  ( f o r  n = 0) and i n  both A r m  and A r  

( fo r  n = 1) gave H a m m e t t  p-values of + 1.5, + 1 . 3  and - 1 . 8  res- 

pec t ive ly .  These r e s u l t s  a r e  cons i s t en t  wi th  only a moderate 

degree of charge developing on sulphur  and phosphorus d e s p i t e  t h e  

impl ica t ion  from t h e  a c t i v a t i o n  parameters of h ighly  ordered t ran-  

s i t i o n  states. 

donation from sulphur  t o  phosphorus equiva len t  t o  a b i p h i l i c  t r an -  

s i t i o n  s ta te  (5) with  some i o n i c  cha rac t e r .  

A 

The paradox may be expla ined  by a degree of back 

The d ispropor t iona t ion  of ( 3 ,  n = 1) t o  ( 4 )  i n  to luene  at  5OoC 

was shown t o  be f irst  order  i n  (3 )  implying r a t e - l imi t ing  ion iza-  
t i o n  of t h e  thiophosphorane (eqn. 3 ) .  
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+ 
(CF CH 0) PPh - - - -  S A r  (3 1 r.1.s (CF CH 0) PhPSAr' 

Likewise,  wi th  n = 0, t h e  r e a c t i o n  of (3)  w i th  (2)  t o  form 

3 2 3  3 2 3  

(4) as def ined  by eqn. (2) was f i r s t - o r d e r  i n  (3) bu t  zero-order  

i n  (2) .  The H a m m e t t  p value  vary ing  A r '  i n  (3)  i n  to luene  at  

3OoC was + 2 . 1  ( 2  0.2)  c o n s i s t e n t  wi th  t h e  development of nega t ive  

charge on su lphur  i n  t h e  T . S .  whereas v a r i a t i o n  of A r '  i n  (2)  had 

v i r t u a l l y  no e f f e c t  on t h e  rate as requi red  by r a t e - l i m i t i n g  ion-  

i z a t i o n .  The r e l a t i v e  rates of r e a c t i o n  f o r  PhP(0CH CF ) SPh: 

P(0CH CF ) SPh of - ca 1OO:l are a r e f l e c t i o n  of t h e  a n t i c i p a t e d  

s t a b i l i t i e s  of t h e  r e s p e c t i v e  phosphonium i o n s  which a l s o  sugges t s  

r a t e - l imi t ing  i o n i z a t i o n .  

Hydrolysis  of a c y c l i c  phosphoranes 

The hydro lys i s  of t he  oxyphosphoranes (eqn. 4) w a s  fol lowed i n  

to luene  19% a c e t o n i t r i l e  a t  31°C by 31P nmr. 

H , l 8 0  t he  l a b e l l e d  oxygen appeared i n  the  phosphoryl group as 

2 3 3  

2 3 4  

I n  a l l  cases us ing  

L 

ArnP (OR) 5-n 

n = 0-3 

+ H2l80 - 
determined by i so tope  s h i f t s  on 

ArnP (OR) 3-n + 2 ROH (4) 

t h e  31P nmr s i g n a l  of t h e  oxide 

wi th  no l80 de tec t ed  i n  t h e  a l coho l  (by gc/m.s.) .  

hydro lys i s  must involve  e i t h e r  an a s s o c i a t i v e ,  S 2 P ,  o r  d i s s o c i -  N 
a t i v e ,  S l P ,  mechanism. The r e l a t i v e  rates (Table 1 )  suggested 

a change i n  mechanism ac ross  t h e  series and t h i s  w a s  confirmed by 

s ter ic  r e t a r d a t i o n  f o r  n = 0 (SN2P) and s te r ic  a c c e l e r a t i o n  f o r  

TABLE 1. Re la t ive  rates of hydro lys i s  of PnnP(OCH CF ) 

Hence t h e  

N 

at  3loC 2 3 5-n 

n 0 1 2 3 

Re la t ive  rate 23 1 2 16 

n.b. For n = 1, k = 1 . 2  x s - l [ f i r s t - o r d e r  i n  PhP(0CH CF ) ] obs 2 3 4  

n = 1-3 (SNIP).  

a l s o  denoted d i s s o c i a t i v e  mechanisms f o r  t h e s e  phosphoranes and 

hence a d u a l i t y  of mechanism was es t ab l i shed '  e n t i r e l y  analogous 

Hammett p va lues  of -1.0 ( f o r  n=3) and -1.3 (n= l )  
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t o  the  d u a l i t y  of mechanism es t ab l i shed  some f i f t y  years  ago f o r  

the  hydrolysis  of a l k y l  ha l ides6 .  

Thermolysis of acyc l i c  phosphoranes 

The thermal decomposition of t h e  oxyphosphoranes (4) w a s  followed 

i n  deca l in  o r  mesi tylene by 31P nmr and gave t h e  corresponding 

oxides as the  major (and sometimes exc lus ive)  phosphorus products  

(eqn. 5 ) .  The disappearance of (4) was f i r s t - o r d e r  and the  acti-  
A R 

ArnP (OCH2CF3)5,n - ArnP (OCH2CF3)3,n . . . . . . 
(4) n = 0 - 3 

(5) 

va t ion  parameters supported t h e  concept of r a t e - l imi t ing  ionizat ion 

with r e l a t i v e  rates corresponding t o  t h e  s t a b i l i t i e s  of t h e  res- 

pec t ive  phosphonium ions .  

ArnP(OCD2CF3)5-n a l s o  ind ica t ed  r a t e - l imi t ing  ion iza t ion .  

Hammett p l o t s  gave p values  ( a t  180OC) of -0.67 ( f o r  n = 1) 

and -0.3 ( f o r  n = 2 )  which denotes only a low degree of p o s i t i v e  

charge developing on phosphorus and suggests  d i s soc ia t ion  t o  ion- 

p a i r s  r a t h e r  than solvent-separated ions  p r i o r  t o  the  formation of 

oxide. This hypothesis  is supported by t h e  observat ion of a weak 

so lvent  e f f e c t  wi th  increas ing  p o l a r i t y .  The r eac t ion  pathway f o r  

co l lapse  of t he  ion-pairs  w i l l  be discussed.  

Deuterium i so tope  e f f e c t s  using 
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