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Summary

R ev iew s  a r e  g i v e n  on  t h e  p r e p a r a t i o n  and 

p r o p e r t i e s  o f  a r y l p h o s p h o r u s  compounds and a l i p h a t i c  

p h o s p h o ru s  compounds c o n t a i n i n g  s i l i c o n ;  on t h e  c l e a v a g e  

o f  t h e  a r y l - 3 1 1 1  con  bond i n  a c i d  m e d i a ;  and on  t h e  

c l e a v a g e  o f  t h e  b e n z y l - s i l l c o n  bond I n  a l k a l i n e  m e d i a .

D e t a i l e d  I n f o r m a t i o n  h a s  b e e n  o b t a i n e d  on t h e  

e f f e c t  o f  a  v a r i e t y  o f  p h o s p h o r u s - c o n t a i n i n g  n u c l e a r  

s u b s t i t u e n t s  on  t h e  r a t e s  o f  c l e a v a g e  o f  t h e  a r y l -  

s l l l c o n  bond I n  c o n c e n t r a t e d  s u l p h u r i c  a c l d - g l a c l a l  

a c e t i c  a c i d , a n d  o f  t h e  b e n z y l - s i l l c o n  bond I n  a q u e o u s  

m e t h a n o l l c - s o d i u m  h y d r o x i d e  s o l u t i o n .  The s u b s t i t u e n t s  

were  f o u n d ,  I n  most  c a s e s ,  t o  be  s t r o n g l y  e l e c t r o n -  

w i t h d r a w i n g  and  t h e  r e s u l t s  c l e a r l y  I n d i c a t e  t h a t  t h e  

T T - e le c t ro n s  o f  t h e  b e n z e n e  r i n g  ca n  e n t e r  t h e  d - o r b l t a l s  

o f  p h o s p h o r u s .

The p r o t o n a t i o n .  I n  s t r o n g l y  a c i d i c  m e d ia ,  o f  

t h e  p h o s p h o r y l - o x y g e n .  I n  t r l p h e n y l p h o s p h l n e  o x i d e ,  

was s t u d i e d  s p e c t r o p h o t o m e t r l c a l l y , I t  i s  a p p a r e n t  

t h a t  t r l p h e n y l p h o s p h l n e  o x i d e  d o e s  n o t  b eh a v e  as  a  t 

t r u e  Hammett b a s e .

S e v e r a l  s i l i c o n - s u b s t i t u t e d  d e r i v a t i v e s  o f



e t h y l p h o s p h o n i c  a c i d  and  d i m e t h y l  e t h y l p h o s p h o n a t e  

w e re  p r e p a r e d  and t h e  p r o p e r t i e s  o f  t h e s e  I n v e s t i g a t e d ,  

w i t h  s p e c i a l  r e f e r e n c e  t o  p y r o l y t i c  and  s o l v o l y t i c  

r e a c t i o n s .
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The P r e p a r a t i o n  and  P r o p e r t i e s  o f  A r o m a t i c  P h o s p h o r u s

Compounds

A r o m a t ic  p h o s p h o r u s  compounds h av e  b e e n  

known s i n c e  t h e  1 8 9 0 ’ s .  However ,  I t  I s  o n l y  d u r i n g  

t h e  l a s t  f i f t e e n  y e a r s ,  when more s o p h i s t i c a t e d  

t e c h n i q u e s  f o r  t h e i r  p r e p a r a t i o n  h a v e  b e e n  

d i s c o v e r e d ,  t h a t  a r o m a t i c  p h o s p h o r u s  compounds h av e  

become more w i d e l y  s t u d i e d .

The N o m e n c l a t u r e  o f  O r g a n o p h o s p h o r u s  Compounds

B ecau se  o f  t h e  d i f f i c u l t i e s  I n  p r o v i d i n g  

u n am b ig u o u s  names f o r  o r g a n o p h o s p h o r u s  compounds 

a  s t a n d a r d  s y s t e m  was a d o p t e d  I n  1 9 5 2 , ^  T h i s  

s y s t e m  u s e s ,  a s  p a r e n t  s t r u c t u r e s ,  a  number  o f  

h y d r i d e s  and o x y a c l d s  o f  p h o s p h o r u s ,  some o f  w h ic h  

a r e  h y p o t h e t i c a l .  The p a r e n t  s t r u c t u r e s  most  

f r e q u e n t l y  met w i t h  a r e :  H^P, p h o s p h l n e ;  H^PO, 

p h o s p h l n e  o x i d e ;  HPO(OH)g, p h o s p h o n l c  a c i d ;

HgPOfOH) , p h o s p h l n l c  a c i d ;  POfOH)^, p h o s p h o r i c  

a c i d ,

V/hen h y d r o g e n ,  a t t a c h e d  t o  p h o s p h o r u s .

I s  r e p l a c e d  by a n  a l k y l  o r  a r y l  g r o u p  t h e  p a r e n t  

compound h a s  t h e  name o f  t h e  g r o u p  p r e f i x e d  t o  I t
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( e . g .  PhgP,  t r l p h e n y l p h o s p h l n e ;  PhMegPO, d l m e t h y l -  

p h e n y l p h o s p h i n e  o x i d e ;  PhPO(OH)g, p h e n y l p h o s p h o n i c  

a c i d ) , E s t e r s  o f  p h o s p h o r u s  a c i d s  a r e  named I n  

t h e  s t a n d a r d  way ( e . g .  PhP 0 ( 0 E t ) 2 , d i e t h y l  p h e n y l ­

phos  p h o n a t e  ) .  . F o r  C-P c o n t a i n i n g  a c i d s ,  when a 

h y d r o x y  g r o u p  I s  r e p l a c e d  by h a l i d e ,  t h e  compound 

t a k e s  t h e  name o f  t h e  a c i d  f o l l o w e d  by t h e  name 

o f  t h e  h a l i d e  ( e . g .  P h P ü C lg ,  p h e n y l p h o s p h o n i c  

d l c h l o r l d e ) .  A c id  c h l o r i d e s  o f  p h o s p h a t e s  a r e  

named I n  t h e  f o l l o w i n g  way;  e . g .  (E tO jgPO C l ,  

d l e t h y l p h o s p h o r o c h l o r l d a t e ,

*
The P r e p a r a t i o n  o f  A r o m a t i c  P h o s p h o r u s  Compounds

(a )  P h o s p h o n l c  a c i d s  and p h o s p h o n a t e s

(1 )  D i r e c t  p h o s p h o n a t I o n  o f  a r o m a t i c  h y d r o c a r b o n s  

P h e n y l p h o s p h o n o u s  d l c h l o r l d e  may be 

p r e p a r e d  by p a s s i n g  t h e  m ixed  v a p o u r s  o f  b e n z e n e
2

and  p h o s p h o r u s  t r i c h l o r i d e  t h r o u g h  a r e d - h o t  t u b e ,

P C I 3  + CgHg ---- > CgHgPClg t  HCl

R e a c t i o n  o f  p h e n y l p h o s p h o n o u s  d l c h l o r l d e  w i t h  

c h l o r i n e .  I n  t h e  p r e s e n c e  o f  p h o s p h o r u s  p e n t o x l d e ,  

l e a d s  t o  t h e  f o r m a t i o n  o f  p h e n y l p h o s p h o n i c  d l c h l o r l d e , ^  

w h i c h  may t h e n  be h y d r o l y s e d  t o  p h e n y l p h o s p h o n l c  a c i d .
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The r e a c t i o n  I s  o f  l i t t l e  v a l u e  w i t h  s u b s t i t u t e d  

a r o m a t i c  h y d r o c a r b o n s .

The P r i e d e l - C r a f t s  r e a c t i o n  b e tw e e n  

p h o s p h o r u s  t r i c h l o r i d e  and s u b s t i t u t e d  a r o m a t l c s ,  

i n  t h e  p r e s e n c e  o f  a l u m i n i u m  c h l o r i d e ,  h a s  b e e n  

u s e d  f o r  n e a r l y  one h i in d re d  y e a r s  f o r  t h e  p r o d u c t i o n
4

o f  a r y l p h o s p h o n o u s  d l c h l o r i d e s .  The p r o d u c t  i s  

I s o l a t e d  f ro m  t h e  r e a c t i o n  m i x t u r e  by t h e  a d d i t i o n  

o f  p h o s p h o r u s  o x y c h l o r l d e ,  t o  b r e a k  down t h e  c om plex  

b e tw e e n  a lu m in iu m  c h l o r i d e  and  t h e  c h l o r o p h o s p h l n e , ^ 

An a l t e r n a t i v e  m e thod  o f  I s o l a t i o n ,  g i v i n g  t h e  

p h o s p h o n l c  a c i d  o r  p h o s p h o n a t e  d i r e c t l y ,  h a s  b e e n  

d e v e l o p e d  by K o s o l a p o f f , ^  The r e a c t i o n  m i x t u r e  I s  

t r e a t e d  w i t h  c h l o r i n e ,  f o l l o w e d  by h y d r o l y s i s  w i t h  

w a t e r  t o  g i v e  t h e  p h o s p h o n l c  a c i d ,  o r  t r e a t e d  w i t h  

a n  a l c o h o l  and  d i s t i l l e d ,  t o  g i v e  t h e  p h o s p h o n a t e .

The r e a c t i o n  h a s ,  h o w e v e r ,  a  s e r i o u s  

d r aw b ack  I n  t h a t  t h e  p o s i t i o n  o f  s u b s t l t l o n  I s  

u n c e r t a i n ,  and I n  many c a s e s ,  d i v e r s e .  Thus
7

K o s o l a p o f f  h a s  I s o l a t e d ,  f ro m  t h e  r e a c t i o n  o f  

t o l u e n e  w i t h  p h o s p h o r u s  t r i c h l o r i d e ,  a m i x t u r e  

o f  o - t o l y l ,  m - t o l y l  and  p - t o l y l - p h o s p h o n l c  a c i d s ,

I n  t h e  r a t i o  1 0 : 2 7 : 6 3  r e s p e c t i v e l y .



The d i r e c t  p h o s p h o n a t l o n  o f  a r o m a t i c
o

h y d r o c a r b o n s  was f i r s t  r e p o r t e d  i n  1 9 5 4 .  I t  was 

found  t h a t  b e n z e n e ,  c h l o r o b e n z e n e ,  o - x y l e n e  and  

n a p h t h a l e n e  c o u l d  be p h o s p h o n a t e d  by h e a t i n g  w i t h  

p h o s p h o r u s  p e n t o x l d e  a t  27 5 - 3 2 5 ° ,  The p h o s p h o n l c  

a c i d  was I s o l a t e d  by h y d r o l y s i s  o f  t h e  r e s u l t a n t  

t a r .  T h u s ,  by h e a t i n g  b e n z e n e  (20 mole)  and 

p h o s p h o r u s  p e n t o x l d e  ( 1  m o l e ) ,  t h e  y i e l d  o f  p h e n y l ­

p h o s p h o n l c  a c i d  I s o l a t e d  was 75^  o f  t h e  t h e o r e t i c a l ,  

C h l o r o b e n z e n e  g av e  m a i n l y  p - c h l o r o p h e n y l p h o s p h o n l c  

a c i d ,  a l t h o u g h  some o f  t h e  o r t h o - l s o m e r  was I s o l a t e d ,

The f i r s t  h o m o l y t l c  s u b s t i t u t i o n  o f  a n  

a r o m a t i c  compound was r e p o r t e d  by J a s o n  and  F i e l d s  

I n  1 9 6 0 , ^  T hus ,  when a  m i x t u r e  o f  m e t h y l  b e n z o a t e  

and  d i e t h y l  p h o s p h o n a t e  was t r e a t e d  w i t h  a  m o l a r  

e q u i v a l e n t  o f  d l - t - b u t y l  p e r o x i d e ,  an  o i l  was 

o b t a i n e d ,  w h ic h ,  when h y d r o l y s e d  w i t h  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d ,  g a v e  g - c a r b m e t h o x y p h e n y l p h o s -  

p h o n l c  a c i d .  I n  65^  y i e l d .  The f o l l o w i n g  m echan ism  

was s u g g e s t e d  f o r  t h e  r e a c t i o n : -

(Bu^O)g  >  t-BuO*

t-BuO* + HPO(OEt)g  >  t-BuOH + 'P O (O E t)g
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COOKe

+ •PO(OEt)g

PO(OEt)

COOMe

yt-BuO*
r  TO (OEt)

COOMe

S u b s e q u e n t l y ,  t h e  same a u t h o r s  h a v e  d e s c r i b e d  t h e  

s u c c e s s f u l  p h o s p h o n a t l o n  o f  t h e  p o l y c y c l l c  a r o m a t i c  

h y d r o c a r b o n s :  n a p h t h a l e n e ,  a n t h r a c e n e ,  p h e n a n t h r e n e ,  

d i b e n z f u r a n  and  c a r b a z o l . ^ ^

( i i )  The r e a c t i o n  o f  d i a z o n i u m  s a l t s  w i t h  h a l i d e s  

o f  t e r v a l e n t  p h o s p h o r u s

A m ost  u s e f u l  g e n e r a l  r e a c t i o n  f o r  t h e  

p r e p a r a t i o n  o f  a r y l p h o s p h o n i c  a c i d s  h a s  b e e n  

d e v e l o p e d  by Doak and F r e e d m a n . I t  c o n s i s t s  o f  

a d d i n g  p h o s p h o r u s  t r i c h l o r i d e  t o  a n  a r y l d i a z o n l u m  

f l u o r o b o r a t e  i n  a d r y  s o l v e n t  ( d i o x a n  o r  e t h y l  

a c e t a t e ) ,  i n  t h e  p r e s e n c e  o f  c u p r o u s  c h l o r i d e .
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The r e a c t i o n  m i x t u r e  i s  t h e n  t r e a t e d  w i t h  w a t e r  and  

s t e a m - d i s t i l l e d  t o  remove t h e  s o l v e n t .

A r'N g BF4 + PCI3 ------ ?  N2+ A r»P C l3 BF4

HgO 

ArPO(OH)g

A l t h o u g h  y i e l d s  v a r y  f ro m  1 0 - 7 0 ^ ,  d e p e n d i n g  

on  t h e  s u b s t i t u t e d  a m in e ,  t h e  r e a c t i o n  i s  s u p e r i o r  t o  

t h o s e  d e s c r i b e d  above  i n  t h a t  t h e  o r i e n t a t i o n  o f  t h e  

p r o d u c t  i s  c e r t a i n .  A c o n s i d e r a b l e  q u a n t i t y  o f  

d i a r y l p h o s p h l n i c  a c i d  i s  o f t e n  o b t a i n e d ,  p r e s u m a b l y  

by t h e  r e a c t i o n s : -

A r . P C l J  BF4  + P C I 3  -------> A r .P C lg  + PCI 4  BF4

Ar*Ng BF4

HgO ,
A r g P ( 0 ) .0 H  <-------  ArgPClg  BF4  + Ng

(111)  The r e a c t i o n  o f  o rg an o m et a 111c r e a g e n t s  w i t h  

p h o s p h o n y l  c h l o r i d e  and  i t s  d e r i v a t i v e s

The r e a c t i o n  o f  a n  a r y l - l i t h i u m  r e a g e n t  

w i t h  p h o s p h o n o p i p e r i d i c  c h l o r i d e ,  and  s u b s e q u e n t  

h y d r o l y s e s ,  g i v e s  a good y i e l d  o f  t h e  a r y l p h o s p h o n i c  

a c i d .
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e . g .  PhLi -H (C^HjLQNjgPOCl ------->  PhPOCNCsHiQjg

I
I HCl
V

PhP 0 ( 0 H ) 2

I n  1951,  B u r g e r  and  Dawson showed t h a t  t h e

a d d i t i o n  o f  d i e t h y l p h o s p h o r o c h l o r i d a t e  t o  o r t h o -

s u b s t i t u t e d  a r y l - G r ig n a rd ,  r e a g e n t s  gave  d i e t h y l  a r y l -

p h o s p h o n a t e s , w h e r e a s  s t e r i c a l l y  u n h i n d e r e d  G r i g n a r d
13r e a g e n t s  gave  t r i a r y l p h o s p h i n e  o x i d e s ,

e . g .  o-MeCgH^MgBr + ( E t O g P O C l  ------ ^  p-MeCgH^PO(OEt) g
i  ■

However ,  " r e v e r s e  a d d i t i o n "  o f  an  u n h i n d e r e d  

r e a g e n t  t o  d i e t h y l p h o s p h o r o c h l o r i d a t e ,  gav e  t h e  

d i e t h y l  a r y l p h o s p h o n a t e  i n  good y i e l d ,

e . g .  p-CHgCgH^MgBr + ( E t O g P O C l  — > p-CH^CgH^PO(OEt)g

(b )  P h o s p h i n e  o x i d e s

A r y l p h o s p h i n e  o x i d e s  a r e  b e a t  p r e p a r e d  by 

t h e  r e a c t i o n  o f  a r y l m a g n e s i u m  h a l i d e s  o r  a r y l - l i t h i u m  

r e a g e n t s  w i t h  p h o s p h o r y l  c h l o r i d e ,  o r  s u b s t i t u t e d  

p h o s p h o n i c  d i c h l o r i d e s  o r  p h o s p h i n i c  c h l o r i d e s .  The 

- r e a c t i o n  u s u a l l y  g i v e s  good  y i e l d  and  t h e  p r o d u c t s  

a r e  r e a d i l y  i s o l a t e d .
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13B u r g e r  and  Dawson h av e  i n v e s t i g a t e d  t h e  

r e a c t i o n  o f  a r y l m a g n e s i u m  h a l i d e s  w i t h  d i e t h y l ­

p h o s p h o r o c h l o r i d a t e  and h a v e  shown t h a t  i t  i s  

p o s s i b l e  t o  r e p l a c e  b o t h  c h l o r o -  and e t h o x y -  g r o u p s .  

K o s o l a p o f f ,  h o w e v e r ,  h a s  shown t h a t  d i e t h y l  p h e n y l -

p h o s p h o n a t e  w i l l  n o t  r e a c t  w i t h  p h e n y lm a g n e s iu m
14b ro m id e  t o  g i v e  t r l p h e n y l p h o s p h l n e  o x i d e .  T h i s  

a p p a r e n t  anom aly  h a s  b e e n  e x p l a i n e d  by B u r g e r  and  

D a w s o n , w h o  f o u n d  t h a t  f o r  e t h o x y -  g r o u p s  a t t a c h e d  

t o  p h o s p h o r u s  t o  be r e p l a c e d ,  t h e  p r e s e n c e  o f  a 

m agnes ium h a l i d e  i s  n e c e s s a r y .  They p o s t u l a t e  t h e  

f o l l o w i n g  r e a c t i o n  s e r i e s :

OMgBrg

PbPO(OEt)g  P h P (O E t)g  FhgPO

T h u s ,  by c o o r d i n a t i o n  o f  p h o s p h o n y l  g r o u p s  w i t h  

m agnes ium  b r o m i d e ,  t h e  p h o s p h o r u s  a tom  becomes more 

s u s c e p t a b l e  t o  n u c l e o p h i l i c  a t t a c k .

I t  h a s  s i n c e  b e e n  shown t h a t  a  G r i g n a r d  

r e a g e n t  w i l l  r e a c t  w i t h  d i e t h y l  p h e n y l p h o s p h o n a t e ,  

t o  g i v e  t h e  p h o s p h i n e  o x i d e ,  when f o r c i n g  c o n d i t i o n s  

a r e  u s e d  ( i . e .  a h i g h - b o i l i n g  s o l v e n t  and  a n  e x c e s s  

o f  t h e  G r i g n a r d  r e a g e n t ) .
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( c )  A r y l p h o s p h a t e a

When an  e x c e s s  o f  a p h e n o l  i s  h e a t e d  w i t h  

p h o s p h o r y l  c h l o r i d e ,  t h e  c o r r e s p o n d i n g  t r i a r y l  

p h o s p h a t e  i s  o b t a i n e d  i n  r e a s o n a b l e  y i e l d ,

3ArOH + POClg ------- >  (ArOj^Pü

The r e a c t i o n  h a s  b e e n  t h e  s u b j e c t  o f  a 

number  o f  p a t e n t s  i n  w h ic h  i t  i s  c l a i m e d  t h a t  

r e a c t i o n  i s  f a c i l i t a t e d  by a d d i n g  v a r i o u s  r e a g e n t s  

( e . g .  m agnesium c h l o r i d e , a l u m i n i u m  c h l o r i d e ,

and  i o d i n e  
*

An a l t e r n a t i v e ,  and  p e r h a p s  more s u i t a b l e

r e a c t i o n  f o r  l a b o r a t o r y  s c a l e  p r e p a r a t i o n s ,  i s  t h e

r e a c t i o n  o f  a  so d iu m  p h e n o x i d e  w i t h  p h o s p h o r y l
20 21c h l o r i d e  i n  a n  i n e r t  s o l v e n t ,  *

3ArONa +  POCl^ ------- > (A rO ^P O  i- 3NaCl

Canavan a n d  E a b o r n  h a v e  s u c c e s s f u l l y

a p p l i e d  t h i s  method t o  t h e  p r e p a r a t i o n  o f  t r i s -
2 2

( p - t r i m e t h y l s i l y l p h e n y l ) p h o s p h a t e , A m o d i f i c a t i o n  

o f  t h i s  m e th o d ,  u s i n g  one m o l ,  e a c h  o f  s o d iu m  p - t r i ­

m e t h y l s  i l y l p h e n o x i d e  a n d  d i m e t h y l p h o s p h o r o c h l o r i d a t e ,
23gave  d i m e t h y l - p - t r i m e t h y l s i l y l p h e n y l p h o s p h a t e .
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( d) A ry lp h o s p h o n lu m  s a l t s

T r i a l k y l a r y l p h o s p h o n i u m  h a l i d e s  may be 

p r e p a r e d  s i m p l y  by m i x i n g  a  s o l u t i o n  o f  t h e
24a p p r o p r i a t e  p h o s p h i n e  w i t h  a n  a l k y l  h a l i d e ,

PhPMeg + Mel ------- > (PhPW e^)^!"

The r e a c t i o n  o c c u r s  much more r e a d i l y  t h a n  t h e

q u a r t e r n i s a t i o n  o f  t h e  c o r r e s p o n d i n g  amine o r
25a r s i n e ,

A r y l p h o s p h i n e s  c o n t a i n i n g  n u c l e a r
25s u b s t i t u e n t s  show a m arked  s u b s t i t u e n t  e f f e c t .

T h u s ,  i n  t h e  r e a c t i o n  o f  d i e t h y l a r y I p h o s p h i n e s  w i t h  

e t h y l  b r o m i d e ,  t h e  r e a c t i v i t y  o f  t h e  a r y l p h o s p h i n e  

d e c r e a s e s  i n  t h e  f o l l o w i n g  way:

p - E t  )  p-MeO ^  p-CHg H p - C l  ^ p - B r  ^ p - I  } 

m-NOg )  p-NOg

The r e a c t i o n  a l s o  shows a  m arked  d e p e n d e n c e

on  s t e r i c  e f f e c t s ,  as  i s  d e m o n s t r a t e d  by t h e  e x t r e m e l y

s lo w  r a t e  o f  q u a r t e r n i s a t i o n  o f  a  s u b s t i t u t e d
26p h o s p h i n e  w i t h  n e o p e n t y l  h a l i d e s .

Te t r a p h e n y I p h o s p h o n i u m  compounds c a n n o t  

be p r e p a r e d  by s t r a i g h t f o r w a r d  q u a r t e r n i s a t i o n .



T ab le I

Compound
P r i m a r y  band 

^ max ^

S e c o n d a r  

^ max

y band
e

C6 % 6
2 5 4 . 5 180

W ° ( O H ) g 2 6 3 . 5 524

2 6 3 . 0 383

GeHefOs 2 5 8 . 0 239

(CgHsigPütOH) 224 1 3 , 1 0 0 2 6 5 . 0 1 , 2 0 0

(CG%5)3P0 224 2 1 , 3 0 0 2 6 5 . 0 2 , 4 2 0

(C6H5)3f  , 2 6 1 . 0 1 1 , 0 0 0
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The t r i a r y l p h o s p h i n e  an d  t h e  a r y l  h a l i d e  m us t  be

h e a t e d  w i t h  a l u m in iu m  t r i c h l o r i d e  b e f o r e  r e a c t i o n  
27

w i l l  o c c u r ,  p r e s u m a b l y  v i a  t h e  p h o s p h i n e / a l u m i n i u m  

t r i c h l o r i d e  a d d u c t .

The P r o p e r t i e s  o f  A r y l p h o s p h o r u s  Compounds

A b s o r p t i o n  s p e c t r a

The u l t r a v i o l e t  s p e c t r a  o f  a  num ber  o f
28 31a r y l p h o s p h o r u s  compounds h a v e  b e e n  r e c o r d e d ,  *

I n  g e n e r a l ,  q u a d r u p l y  c o n n e c t e d  p h o s p h o r u s  c a u s e s  

no l a r g e  change  i n  t h e  g e n e r a l  a p p e a r a n c e  o f  t h e  

b e n z e n e  s p e c t r u m .  The a b s o r p t i o n  maxima i s  s h i f t e d  

t o w a r d s  t h e  v i s i b l e  by a b o u t  1 0  m^ and  t h i s  s h i f t  

i s  u s u a l l y  a c c o m p a n ie d  by a  s l i g h t  i n c r e a s e  i n  

i n t e n s i t y  o f  a b s o r p t i o n ,

J a f f a  and  F re e d m a n  h a v e  d e t e r m i n e d  t h e  

u l t r a v i o l e t  s p e c t r a  o f  some compounds c o n t a i n i n g

t h e  p h o s p h o r y l  bond (P=0)  and  t h e i r  r e s u l t s  a r e
28

g i v e n  i n  T a b le  I .

PQ
S k l a r  h a s  p o i n t e d  o u t  t h a t  t h e  s p e c t r a  

o f  s u b s t i t u t e d  a r o m a t i c  compounds,  i n  w h ic h  

r e s o n a n c e  c a n  o c c u r  b e t w e e n  t h e  r i n g  and  t h e
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s u b s t i t u e n t ,  d i f f e r  m a r k e d l y  f ro m  t h e  s p e c t r a  o f  

t h e  p a r e n t  compounds,  w h i l e  p u r e l y  i n d u c t i v e  

s u b s t i t u e n t s  c a u s e  l i t t l e  ch an g e  i n  Xmax o r  

I n t e n s i t y ,  T h u s ,  t h e  r e l a t i v e l y  s m a l l  e f f e c t  o f  

t h e  p h o s p h o n o - g r o u p  i n d i c a t e s  t h a t  l i t t l e  r e s o n a n c e  

i n t e r a c t i o n  i s  o c c u r r i n g  b e t w e e n  t h e  r i n g  and  t h e  

v a c a n t  d - o r b i t a l s  o f  p h o s p h o r u s .

I t  h a s  b e e n  shown t h a t  t h e  d i f f e r e n c e  

b e tw e e n  t h e  u l t r a v i o l e t  s p e c t r a  o f  compounds o f
V

t h e  t y p e  PhgX an d  PhX i s  a  m e a s u re  o f  c o n j u g a t i o n
30b e tw e e n  t h e  p h e n y l  g r o u p s  i n  t h e  f o r m e r .  The. 

a b s e n c e  o f  an y  m arked  d i f f e r e n c e  i n  t h e  s p e c t r a  

o f  p h e n y l p h o s p h o n l c  a c i d ,  d i p h e n y l p h o s p h l n i c  a c i d  

a n d  t r l p h e n y l p h o s p h l n e  o x i d e  ( a p a r t  f rom  t h e  

i n c r e a s e  i n  a b s o r p t i o n  due t o  t h e  i n c r e a s i n g  number  

o f  p h e n y l  g r o u p s )  i m p l i e s  t h a t  t h e  p h e n y l  g r o u p s  

a r e  n o t  f o r m i n g  a  c o n j u g a t e d  s y s t e m  w i t h  t h e  

c e n t r a l  a to m .

I n c l u d e d  i n  T a b l e  I  a r e  t h e  X max and 

e x t i n c t i o n  c o e f f i c i e n t  f o r  t r l p h e n y l p h o s p h l n e .

H ere  t h e  l a r g e  i n t e n s i f i c a t i o n  may be a s c r i b e d  

t o  t h e  I n t e r a c t i o n  o f  t h e  l o n e  p a i r  on p h o s p h o r u s  

w i t h  t h e  T T - e l e c t r o n s  o f  t h e  b e n z e n e  r i n g .
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31Bowden and  B rau d e  h av e  ex a m in e d  t h e

e f f e c t s  o f  t h e  g r o u p s ;  NMe^, PMe^, AsMe^ and SbMeg;

t o g e t h e r  w i t h  t h e  c o r r e s p o n d i n g  q u a r t e r n a r y  i o d i d e s

(NMe^; PMe^; AsMe^ and S b M e ^) • W i th  t h e  t r i v a l e n t

s u b s t i t u e n t s  a  l a r g e  b a t h o c h r o m i c  s h i f t  and

i n t e n s i f i c a t i o n ,  a s s o c i a t e d  w i t h  t h e  l o n e  p a i r

i n t e r a c t i o n  w i t h  t h e  b e n z e n e  r i n g ,  was o b s e r v e d .

The e f f e c t  was g r e a t e s t  w i t h  t h e  am ine  and  d e c r e a s e d

down t h e  s e r i e s ,  p r e s u m a b l y  b e c a u s e  o f  i n c r e a s i n g

i n e r t n e s s  o f  t h e  l o n e  p a i r .  The q u a r t e r n a r y  "onium"
*

i o d i d e s  showed,  i n  t h e  n - n  r e g i o n  a t  l e a s t  

( a b s o r p t i o n  be low  2 5 5  mp was* masked by t h e  s t r o n g  

i o d i d e  a b s o r p t i o n ) ,  v e r y  l i t t l e  d i f f e r e n c e  i n  

s p e c t r a  f rom  t h a t  o f  b e n z e n e .  The b a t h o c h r o m i c  

s h i f t  d e c r e a s e d  f ro m  b e t w e e n  ç a ,  1 5 - 2  mp i n  t h e  

f o l l o w i n g  o r d e r :

PMeg )  As MBj  ) SbMSg ) NMeg.

The s l i g h t  i n c r e a s e  i n  i n t e n s i t y ,  com pared  w i t h  

t h a t  o f  b e n z e n e ,  v a r i e d  s i m i l a r l y .

T hus ,  i t  a p p e a r s  t h a t  t h e r e  i s  o n l y  weak 

r e s o n a n c e  i n t e r a c t i o n  b e t w e e n  t h e  v a c a n t  p h o s p h o r u s  

d - o r b i t a l s  and  t h e  n - e l e c t r o n s  o f  t h e  b e n z e n e  r i n g .
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I t  h a s  b e e n  p r o p o s e d ,  h o w e v e r ,  t h a t  d n - p n  b o n d i n g

m ig h t  o c c u r  b e t w e e n  p h o s p h o r u s  and a r o m a t i c  s y s t e m s

i f  a s t r o n g  e l e c t i o n  d o n o r  i s  p r e s e n t  i n  t h e
32a r o m a t i c  s y s t e m .  T h i s  was c o n f i r m e d  by G r i f f i n  

33and P o l s k y ,  who f o u n d  t h a t  t r i - 2 - p y r y l p h o s p h i n e  

o x i d e  h a s  an  i n t e n s e  band  a t  2 3 7 , 5  mp ( l o g é ,  4 , 0 6 ) ,  

w h ic h  i s  a b s e n t  i n  p y r o l .  T h i s  h a s  b e e n  i n t e r p r e t e d  

a s  e v i d e n c e  f o r  s t r o n g  d ^ - p / r  b o n d i n g  b e t w e e n  t h e  

a r o m a t i c  r i n g  an d  t h e  p h o s p h o r u s  a to m .

The c l e a v a g e  o f  t h e  a r y l - p h o s p h o r u s  bond

The a r y l - p h o s p h o r u s  bond d i s p l a y s  a  h i g h  

o r ^ e r  o f  c h e m i c a l  and  t h e r m a l  s t a b i l i t y ,  a s  i s  

c o n f i r m e d  by t h e  C-P bond e n e r g y  o f  62 k c a l ,

( o f ,  C-C, 64 k c a l , ) , ^ ^  C i r c u m s t a n c e s  i n  w h ic h  

p h o s p h o r u s  i s  c l e a v e d  f ro m  a n  a r o m a t i c  n u c l e u s  a r e  

r e m a r k a b l y  few a n d  q u i t e  d r a s t i c  c o n d i t i o n s  a r e  

r e q u i r e d .  T h u s ,  t h e  c l e a v a g e  o f  a  p h e n y l  g r o u p  

f rom  t r i p h e n y l p h o s p h i n e  o x i d e  o c c u r s  when t h i s  I s  

f u s e d  w i t h  s o d iu m  h y d r o x i d e  a t  2 5 0 - 2 3 0 ° , ^ ^

PhgPO + NaOH --------> C q E q  -t Ph2 P ( 0 ) 0 Na

F u r t h e r  c l e a v a g e  d o e s  n o t  t a k e  p l a c e  and  t h e  

s o d iu m  s a l t  o f  d i p h e n y l p h o s p h i n i c  a c i d  i s  i s o l a t e d
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i n  h i g h  y i e l d .

I n  m os t  c a s e s  t h e  a r y l - p h o s p h o r u s  bond 

c a n  w i t h s t a n d  t r e a t m e n t  by s t r o n g  a c i d s ,  P h e n y l -  

p h o s p h o n i c  a c i d  and  t r l p h e n y l p h o s p h i n e  o x i d e  h a v e  

b o t h  b e e n  n i t r a t e d  i n  fu m in g  n i t r i c  a c i d  and 

d l a l k y l  a r y l p h o s p h o n a t e s  c a n  be s u c c e s s f u l l y  

h y d r o l y s e d  u s i n g  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  

a t  r e f l u x  t e m p e r a t u r e .  However ,  t h e  p r e s e n c e  o f  

a s t r o n g l y  e l e c t r o n - d o n a t i n g  s u b s t i t u e n t ,  o r t h o  

o r  p a r a  t o  t h e  a r y l - p h o s p h o r u s  bond ,  c a u s e s  a 

marked  d e c r e a s e  I n  I t s  s t a b i l i t y  t o  e l e c t r o p h i l i c  

r e a g e n t s ,

The I n s t a b i l i t y  o f  p - d i m e t h y l a m i n o p h e n y l -  

p h o s p h o n i c  a c i d  was n o t e d  by K l c h a e l l s  and  S c h e n k  

i n  1888 ,  They o b s e r v e d  t h a t  t h e  compound was 

decom posed  t o  d i m e t h y l a n l l i n e  and p h o s p h o r i c  a c i d  

by warming i t s  a q u e o u s  s o l u t i o n  and  t h a t  t h e  r e a c t i o n  

o c c u r r e d  much more q u i c k l y  i n  a c i d  s o l u t i o n .

S u b s e q u e n t l y  o t h e r  s u c h  c l e a v a g e  r e a c t i o n s

h av e  b e e n  o b s e r v e d ,  p - M e t h o x y p h e n y l p h o s p h o n l c  a c i d

was c l e a v e d  t o  a n l s o l e  and  p h o s p h o r i c  a c i d  by
37h y d r o b r o m i c  a c i d ,  and  2 - m e t h o x y - 4 - n i t r o p h e n y l -
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p h o s p h o n l c  a c i d  was c l e a v e d  by 48^ h y d r o c h l o r i c  

a c i d . ^ G

The c l e a v a g e  o f  p - m e t h o x y p h e n y l p h o s p h o n i c

a c i d  h a s  b e e n  s t u d i e d  k i n e t i c a l l y  and  shown t o  be

f i r s t  o r d e r  i n  p h o s p h o n i c  a c i d  b u t  more complex
39i n  h y d r o g e n  i o n  c o n c e n t r a t i o n .  The r e a c t i o n  was 

s t u d i e d  s p e c t r o p h o t o m e t r l c a l l y ,  u s i n g  s u l p h u r i c  

a c i d  o f  v a r i o u s  c o n c e n t r a t i o n s  ( 9 - 6 0 ^ ) .  Over t h e  

a c i d  c o n c e n t r a t i o n  r a n g e  9 - 3 0 ^  t h e  r a t e  o f  c l e a v a g e  

was shown t o  i n c r e a s e  r a p i d l y ,  w i t h  i n c r e a s e  i n  

a c i d  c o n c e n t r a t i o n ,  b u t  a s  t h e  a c i d  c o n c e n t r a t i o n  

a p p r o a c h e d  60% t h e  r a t e  o f  i n c r e a s e  i n  r a t e  became 

s l o w e r .  No e x p l a n a t i o n  h a s  b e e n  p r o p o s e d  f o r  t h i s  

b e h a v i o u r ,

E l e c t r o p h i l i c  s u b s t i t u t i o n  i n  a r y I p h o s p h o r u s  compounds

A ry I p h o s p h o n i c  a c i d s  and  a r y l p h o s p h o n a t e s

For  many y e a r s ,  n i t r a t i o n  o f  p h e n y l -

p h o s p h o n i c  a c i d  was t h o u g h t  t o  g i v e  m - n i t r o p h e n y l -

p h o s p h o n i c  a c i d  e x c l u s i v e l y t ^ ' ^ ^ H o w e v e r ,  i n  1955

Doak and  Freedm an d e t e c t e d  13% o f  t h e  o r t h o - i s o m e r

I n  a r e a c t i o n  m i x t u r e  w h ic h  gave  m a i n l y  m - n l t r o -
42p h e n y I p h o s p h o n i c  a c i d .  S i m i l a r l y ,  n i t r a t i o n  o f  

d i e t h y l  p h e n y I p h o s p h o n a t e  was fo u n d  t o  g i v e  m a i n l y
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d i e t h y l  m - n i t r o p h e n y I p h o s p h o n a t e ,  t o g e t h e r  w i t h  a

s m a l l  amount o f  t h e  o r t h o - i s o m e r . ^ ^  The r e a c t i o n

a p p e a r s  t o  p r o c e e d  more s l o w l y  t h a n  t h e  n i t r a t i o n
44o f  d i b u t y l  b e n z y l p h o s p h o n a t e ,  w h ic h  n i t r a t e s  

t o  g i v e  t h e  p a r a - i s o m e r  e x c l u s i v e l y ,  d i e t h y l  

p h e n y l p h o s p h o n a t e  r e q u i r i n g  s l i g h t l y  e l e v a t e d  

t e m p e r a t u r e s ,  w h i l e  t h e  b e n z y l p h o s p h o n a t e  r e a c t s  

i n  t h e  c o l d .

These  o b s e r v a t i o n s  show t h a t  t h e

d i h y d r o x y p h o s p h o n y l  and  d i e t h o x y p h o s p h o n y l

s u b s t i t u e n t s  a r e  e l e c t r o n - w i t h d r a w i n g .  F u r t h e r ,

t h e  i s o l a t i o n  o f  t h e  o r t h o - i s o m e r  a s  a b y - p r o d u c t

i n d i c a t e s  t h a t  t h e  s u b s t i t u e n t  i s  c o n j u g a t e d  w i t h

t h e  r i n g ,  s i n c e  w i t h  p u r e l y  i n d u c t i v e l y  w i t h d r a w i n g

s u b s t i t u e n t s  t h e  c r t h o  i s  d e a c t i v a t e d  more s t r o n g l y
45t h a n  t h e  p a r a - p o s i t i o n .

R e p o r t s  o f  n i t r a t i o n s  o f  2 , 4 -  and  2 , 5 -  

d i m e t h y l p h e n y l p h o s p h o n i c  a c i d , ^ ^  o -  and  g - t o l y l -  

p h o s p h o n i c  a c i d , ^ ^  p - b r o m o p h e n y l p h o s p h o n i c  a c i d ^ ^  

and  p - c h l o r o p h e n y l p h o s p h o n i c  a c i d ^ ^  h a v e  a p p e a r e d  

i n  t h e  l i t e r a t u r e .  I n  e a c h  c a s e  i t  i s  a ssum ed  

t h a t  t h e  n l t r o - g r o u p  g o e s  c o m p l e t e l y  i n t o  t h e  

p o s i t i o n  m eta  t o  t h e  p h o s p h o r u s  g r o u p .
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30J a f f e ,  Doak an d  Freedm an  h a v e  o b t a i n e d  

c r - c o n s t a n t s  f o r  m- and  p-PO^H” and  m- and p - P O j  

( T a b l e  I I ) .

T a b le  I I ,  S u b s t i t u e n t  c o n s t a n t s  f o r  p h o s p h o n o - a n i o n s

S u b s t i t u e n t  o'p

POgli” 0 . 2 5 * ,  0 . 2 4  0 . 1 7 * ,  0 . 2 9

POg - 0 . 0 2 ° - 0 . 1 6 °

( a )  From t h e  i o n i s a t i o n  c o n s t a n t  o f  t h e  -CCOH

g r o u p  i n  w a t e r ,

(b)  From t h e  i o n i s a t i o n  c o n s t a n t  o f  t h e  -COOH

g r o u p  i n  a q u e o u s  e t h a n o l  (50%),

( c )  From t h e  i o n i s a t i o n  c o n s t a n t  o f  p h e n o l i c

-OH i n  w a t e r .

T h e i r  r e s u l t s  c a n  be c o n s i d e r e d  as  o n l y  

r o u g h  e s t i m a t e s  o f  t h e  s u b s t i t u e n t  c o n s t a n t s .

However ,  i t  may be c o n c l u d e d  t h a t  t h e  -PO^H 

g r o u p  i s  w e a k ly  e l e c t r o n - a t t r a c t i n g  f ro m  b o t h  t h e  

m e ta  and  p a r a  p o s i t i o n s  and t h a t  t h e  -PO^ g r o u p  

i s  e l e c t r o n - r e p e l l i n g  f ro m  b o t h  p o s i t i o n s .

I t  h a s  b e e n  s u g g e s t e d  t h a t ,  f o r  a g i v e n  

p o s i t i o n ,  a  s i n g l e  c r - c o n s t a n t  s h o u l d  be a p p l i c a b l e
51

t o  t h e  f r e e  c a r b o x y  and  t h e  c a r b e t h o x y  s u b s t i t u e n t s .
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and  i t  i s  l o g i c a l  t o  assum e t h a t  s i m i l a r  r e a s o n i n g

may be a p p l i e d  t o  t h e  -Pü tO H )^  and  -P O fO E t jg

s u b s t i t u e n t s ,  J a f f e  and  F reedm an  d e t e r m i n e d  t h e

c r - c o n s t a n t s  f o r  m- an d  f o r  p -P O (O E t )g ,  by m e a su re m e n t

o f  t h e  i o n i s a t i o n  c o n s t a n t s  o f  a number  o f  s u i t a b l y
52s u b s t i t u t e d  a c i d s .  T a b le  I I I  s u m m a r i s e s  t h e i r  

r e s u l t s ,

T a b le  I I I ,  S u b s t i t u e n t  c o n s t a n t s  f o r  t h e  d i e t h o x y -  

p h o s p h o n o - g r o u p

R

[ i n  (EtO)gOPC 6^4^]
P%a cr f

p-COOH 3 , 6 0 0 , 6 0 1 . 0 0 0

P-1®3 2 . 2 2 0 , 8 4 2 . 7 6 7

p-OH 8 . 2 8 0 , 7 3 2 , 1 1 3

m-COOH 3 . 6 5 0 , 5 5 1 , 0 0 0

m-NHt3
3 . 0 9 0 , 5 3 2 ,7 6 7

m-OH 8 . 6 6 0 . 5 6 2 , 1 1 3

The v a l u e f o r  o'jp̂  i s c o n s t a n t w i t h i n  t t

l i m i t s  o f  t h e method an d  t h e mean v a l u e o f  0 , 5 5

h a s  b e e n  a s s i g n e d  t o  i t .  However ,  cTp v a r i e s ,  

d e p e n d i n g  on t h e  r e a c t i o n ,  and  b e l o n g s  t o  t h e  c l a s s
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o f  s u b s t i t u e n t s  r e q u i r i n g  a n  e x a l t e d  c r - c o n s t a n t  

(o ^ )  f o r  r e a c t i o n s  i n  w h i c h  d i r e c t  r e s o n a n c e  c an  

o c c u r  b e tw e e n  t h e  s u b s t i t u e n t  and  t h e  r e a c t i o n  

s i t e . ^ ^

P h o s p h i ne  o x i d e s

The n i t r a t i o n  o f  t r i p h e n y l p h o s p h l n e

o x i d e , b u t  y Id  i p h e n y l p h o s p h i n e  o x i d e  and  b i s -

55( c h l o r o m e t h y l ) p h e n y l p h o s p h i n e  o x i d e  h a v e  b e e n  

r e p o r t e d  and  i n  e a c h  c a s e  t h e  m e ta - i s o m e r  o n l y  was 

i s o l a t e d .  The r e s u l t s  s u g g e s t  t h a t  t h e  p h o s p h o r y l  

f u n c t i o n  i s  a s t r o n g l y  e l e c t r o n - a t t r a c t i n g  g r o u p ,  

s i m i l a r  t o  t h e  c a r b o n y l  g r o u p .

When t r i b e n z y l p h o s p h i n e  o x i d e  was n i t r a t e d  

t h e  p a r a - i s o m e r  was i s o l a t e d  i n  good  y i e l d  b u t  i t  

p r o b a b l y  c o n t a i n e d  a t r a c e  o f  t h e  o r t h o - i s o m e r .

P h o s p h a t e s

The n i t r a t i o n  o f  anumber  o f  a r y l p h o s p h a t e s  

i n d i c a t e s  t h a t  t h e  - O .P û tO R jg  g r o u p  ( R = a l k y l  o r  

a r y l )  i s  o / p - d i r e c t i n g .  T h u s ,  t h e  n i t r a t i o n  o f  

d i e t h y l p h e n y l p h o s p h a t e ,  w i t h  fu m in g  n i t r i c  a c i d ,  

a t  0 ° ,  gave  a m i x t u r e  o f  i t s  o r t h o - a n d  p a r a - n i t r o
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d e r l v a t l v e s . ^ ^ * ^ ^  T r l p h e n y l p h o s p h a t e ,  when n i t r a t e d  

I n  fum ing  n i t r i c  a c i d ,  a t  0 ^, g av e  a  m i x t u r e  o f

t r i s - ( o - n i t r o p h e n y l ) p h o s p h a t e  an d  t r i s - ( p - n i t r o -
59p h e n y l ) p h o s p h a t e , N i t r a t i o n  i n  mixed a c i d ,  a t

8 0 ° ,  gave  t r i s - ( 2 , 4 - d i n i t r o p h e n y l ) p h o s p h a t e

A r y lp h o s p h o n iu m  s a l t s

A c o m p a r a t i v e  s t u d y  o f  t h e  n i t r a t i o n  o f  

t h e  g r o u p  V p h e n y l ,  and  b e n z y l  "onium" p i c r a t e s ,  

was made by I n g o l d ,  Shaw and  W i l s o n  ( T a b l e  I V ) .

T a b l e  IV, The p e r c e n t a g e  o f  m - c u b s t i t u t i o n  i n  t h e

n i t r a t i o n  o f  p h e n y l and  b e n z y l "onium" p i c r a t e s

S u b s t i t u e n t
P h e n y l B e n z y l

% m-NOg % m—NOg

-NMej 1 0 0 % 8 8 %

-PMeg 1 0 0 % 1 0 %

—AsMe^ 98% 4%

—SbMe^ 8 6 % -

The p o s i t i v e l y  c h a r g e d  s u b s t i t u e n t s  show 

a  s t r o n g  m - o r i e n t i n g  e f f e c t  w h i c h  f a l l s  o f f  a s  t h e  

p e r i o d i c  g r o u p  i s  d e s c e n d e d .  T h i s  phenomena i s  /  

p a r t i c u l a r l y  n o t i c e a b l e  i n  t h e  b e n z y l  d e r i v a t i v e s .
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I n g o l d  e x p l a i n e d  t h i s  f a l l - o f f  i n  t e r m s  o f  d e c r e a s i n g  

e l e c t r o n e g a t i v i t y  o f  t h e  c e n t r a l  a to m ,  a n d  a l s o  

i n c r e a s i n g  s h i e l d i n g  o f  t h e  n u c l e u s  by s u r r o u n d i n g  

e l e c t r o n s ,

The P h o s p h o r y l  Bond

The e x a c t  n a t u r e  o f  t h e  p h o s p h o r y l  bond i n

compounds o f  t h e  t y p e  R^PO was f o r  a  l o n g  t im e  a

m a t t e r  o f  c o n t r o v e r s y ,  s i n c e  i t  c a n  be r e p r e s e n t e d

as a  d o u b l e  c o v a l e n t  bond ,  R̂ ^P =  0 , r e q u i r i n g

e x p a n s i o n  o f  t h e  p h o s p h o r u s  o c t e t  o r  a l t e r n a t i v e l y ,

i n  a c c o r d a n c e  w i t h  t h e  o c t e t  t h e o r y ,  a s  a s e m i - p o l a r  
+ -

b o n d ,  R^P-C,  I t  i s  now g e n e r a l l y  a c c e p t e d  t h a t  t h e  

p h o s p h o r y l  bond i s  s e m i - p o l a r ,  b u t  m o d i f i e d  by some

b a c k  c o o r d i n a t i o n  f ro m  t h e  f i l l e d  2 p - o r b i t a l s  o f
62t h e  o x y g e n  a to m .

The e x t e n t  o f  t h e  ^ - b o n d i n g  i s  v e r y  much 

d e p e n d a n t  on  t h e  n a t u r e  o f  t h e  a t t a c h e d  g r o u p s  ( R ) ,  

a s  i s  i n d i c a t e d  by t h e  l a r g e  v a r i a t i o n  i n  t h e  

p h o s p h o r y l  s t r e t c h i n g  f r e q u e n c y  (1 2 1 0 -1 4 3 0  c m ," ^ )  

o b s e r v e d  i n  a w id e  r a n g e  o f  v a r i o u s l y  s u b s t i t u t e d  

p h o s p h o r y l  com pounds ,  (A v a r i a t i o n  i n  s t r e t c h i n g  

f r e q u e n c y  (v )  r e p r e s e n t s  a ch an g e  i n  f o r c e  c o n s t a n t ,  

w h i c h  i m p l i e s  a chan g e  i n  bond o r d e r s , )  S u b s t i t u e n t s
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w h ic h  a r e  s t r o n g l y  e l e c t r o n - w i t h d r a w i n g  c a u s e  an  

i n c r e a s e  o f  u ,  w h i l e  w i t h  e l e c t r o n - r e p e l l i n g  g r o u p s  

t h e  r e v e r s e  o b t a i n s .  B e l l  e t  a l , ^ ^  h a v e  shown 

t h a t  t h e r e  i s  a n  e x c e l l e n t  c o r r e l a t i o n  b e tw e e n  t h e  

w a v e l e n g t h  o f  t h e  p h o s p h o r y l  a b s o r p t i o n  and t h e  

e l e c t r o n e g a t i v i t i e s  o f  t h e  a t t a c h e d  g r o u p s .  More 

r e c e n t l y ,  m o l e c u l a r  o r b i t a l  c a l c u l a t i o n s  h a v e  

shown t h a t  t h e  p h o s p h o r y l  bond  v a r i e s  f rom  an  

a l m o s t  p u r e  s i n g l e  bond i n  Me^PO t o  n e a r l y  a  t r i p l e  

bond i n  F^PO,^^ The c a l c u l a t e d  t t - b o n d  o r d e r s  f o r  

a number  o f  compounds gave  a s t r a i g h t  l i n e  

c o r r e l a t i o n  w i t h  o b s e r v e d  s t r e t c h i n g  f r e q u e n c i e s .

The o b s e r v e d  d i p o l a r  c h a r a c t e r  o f  t h e  

p h o s p h o r y l  bond a r i s e s  m a i n l y  as  a r e s u l t  o f
+ -

c o n t r i b u t i o n  f ro m  t h e  s e m i - p o l a r  s t r u c t u r e ,  = P - 0 ,  

and a l s o  b e c a u s e  t h e  m a in  r e g i o n  o f  o v e r l a p  i n  

t h e  dA-piv bond i s  i n  t h e  v i c i n i t y  o f  t h e  ox y g en  

a t o m . ^ 5

The h i g h  p o l a r i t y  o f  p h o s p h o r y l  compounds 

m a n i f e s t s  i t s e l f  i n  a  num ber  o f  c h e m i c a l  p r o p e r t i e s .  

Thus ,  t r i a l k y l p h o s p h i n e  o x i d e s  a r e  e x t r e m e l y  

h y g r o s c o p i c . ^ ^  T r i p h e n y l p h o s p h i n e  o x i d e  h a s  b e e n  

shown t o  fo rm  h y d r o x y p h o s p h o n i u m  s a l t s  w i t h  s t r o n g
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+ _67
a c i d s ;  t h e  n i t r a t e ,  Ph^POH NO^ and t h e  h y d r o -  

+ _68
c h l o r i d e ,  Ph^POH Cl  h a v e  b e e n  c h a r a c t e r i s e d .

The d o n o r  p r o p e r t i e s  o f  t h e  p h o s p h o r y l  o x y g en  i n

t r i p h e n y l p h o s p h i n e  o x i d e  a r e  w e l l - k n o w n ,  and  a

num ber  o f  c o m p le x e s  w i t h  compounds s u c h  as  s t a n n i c

c h l o r i d e , a n t i m o n y  p e n t a c h l o r i d e ^ ^  and t h e  
71i n t e r h a l o g e n s  h a v e  b e e n  i s o l a t e d .



CHAPTER I I

The C le a v a g e  o f  t h e  A r y l - s l l l c o n  Bond I n  A c id  Media
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The C le a v a g e  o f  t h e  A r y l - s l l l c o n  Bond ^  A c id  Media

The f i r s t  r e p o r t  o f  t h e  a r y l - s i l i c o n  bond
72

was made by K i p p i n g  a n d  L lo y d ,  who o b s e r v e d  t h a t  

t e t r a p h e n y l s i l a n e  was  s l o w l y  decom posed  i n  g l a c i a l  

a c e t i c  a c i d ,  a t  1 3 0 ° :

F h ^ S l  + HgO ------- > PhjSlO H  + CgHg

7 3
G i lm a n  and M a r s h a l l  s t u d i e d  t h e  c l e a v a g e  

o f  a  number  o f  s u b s t i t u t e d  a r y l t r i m e t h y l s i l a n e s  by 

p a s s i n g  d r y  h y d r o g e n  c h l o r i d e  t h r o u g h  a  s o l u t i o n  o f  

t h e  s i l a n e  i n  r e f l u x l n g  g l a c i a l  a c e t i c  a c i d .  The 

t r i m o t h y l c h l o r o s i l a n e  e v o l v e d  was c o l l e c t e d  i n  a 

c o l d - t r a p ,  an d  t h e  r a t e  o f  i t s  f o r m a t i o n  was t a k e n  

a s  a m ea su re  o f  t h e  e a s e  o f  c l e a v a g e .  The f o l l o w i n g  

s e r i e s  o f  r e l a t i v e  r e a c t i v i t y  was o b t a i n e d ;

2 - t h i e n y l  ) p - m e t h o x y p h e n y l  and p - d i m e t h y l a m i n o p h e n y l )  

p - t o l y l  ) p h e n y l  ) p - c h l o r o p h e n y l  b e n z y l

The r e a c t i o n  was a l s o  s t u d i e d  by B e n k e s e r  
74

a n d  K r y s i a k  i n  t h i s  way, and  t h e y  e s t a b l i s h e d  

t h e  f o l l o w i n g  s e r i e s  o f  r e a c t i v i t y :

p —MeO and p —NMog ^ p—CHg  ̂ m—MeO ^ m—CH^ ^ H y p—Cl 

m-Cl  ̂ m-NMog
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S u b s e q u e n t l y ,  an  e x t e n s i v e  s t u d y  o f  t h e  

a c i d  c l e a v a g e  o f  t h e  t r i m e t h y l s i l y l  g r o u p ,  f ro m  a 

w ide  r a n g e  o f  s u b s t i t u t e d  a r y l t r i m e t h y l s i l a n e s ,  h a s  

b e e n  made by E a b o r n  and h i s  c o w o r k e r s , I t  was 

shown t h a t  t h e  r e a c t i o n  c o u l d  be r e a d i l y  s t u d i e d  

s p e c t r o p h o t o m e t r i c a l l y ,  s i n c e  t h e  p r e s e n c e  o f  a 

t r i m e t h y l s i l y l  g r o u p  s h i f t s  t h e  u l t r a v i o l e t  b e n z e n e  

s p e c t r u m  2 - 1 5  mp to w a r d s  t h e  v i s i b l e ,  and  a l s o  c a u s e s  

a n  i n t e n s i f i c a t i o n  o f  a b s o r p t i o n .

The r e s u l t s  o f  a  p r e l i m i n a r y  i n v e s t i g a t i o n

on p - m e t h o x y p h e n y l t r i m e t h y l s i l a n e ,  i n  m e t h a n o l -

p e r c h l o r i c  a c i d  and  i n  h y d r o c h l o r i c  a c i d ,  showed
7 5t h a t  t h e  r e a c t i o n  was f i r s t  o r d e r  i n  s i l a n e .  The

r a t e  o f  c l e a v a g e  was a l s o  shown t o  e x h i b i t  a  l i n e a r

d e p e n d e n c e  on t h e  a c i d i t y  f u n c t i o n ,  ( i , e ,  a m e asu re

o f  t h e  a b i l i t y  o f  a  medium t o  d o n a t e  a  p r o t o n  t o  a

n e u t r a l  b a s e ) .  S u c h  a  l i n e a r  d e p e n d e n c e  i s  t h o u g h t

t o  i n d i c a t e  t h a t  a  f a s t ,  r e v e r s i b l e  p r o t o n  t r a n s f e r ,

f ro m  s o l v e n t  t o  r e a c t a n t ,  i s  t a k i n g  p l a c e  b e f o r e  t h e
76 77

r a t e - d e t e r m i n i n g  s t e p ,  * The r e a c t i o n  m echan ism  

p r o p o s e d  w as :

+ f a s t  +
p-Me^SiCgH^OMe 4- H —— ^ p-Me^S iCgHgOMe

( I )



T a b l e  V. The c l e a v a g e  o f  s u b s t i t u t e d  p h e n y l t r i m e t h y l -  

s I l a n e s .

S u b s t i t u e n t
k  k
~ r e 1  " r e 1

(HClO^-MeOH-HgO) (HgSO^-CHjCOOK-HgO)

7
p-NMeg c , a ,  3 , 0  X 1 0

p-OH 1 0 , 7 0 0

p-OMe 1 , 5 1 0  1 , 1 1 0

p-Me^SiCHg 3 1 5  200

p-Me 21

p - E t  1 9 . 5

p - P r ^  1 7 . 2

p-Bu*  1 5 . 6

in—Me^SiCHg 6 , 2

p - P h  3 . 5  2 , 8

m-Me 2 , 3

p -M e^S i  1 , 2 5

H 1 . 0  1 , 0

p - F  0 , 7 5  0 . 9 5

m-OMe 0 . 3 8

m-Ph 0 . 3 3

p - C l  0 . 1 3  0 . 1 9

p - B r  0 . 1 0  0 . 1 0

p - I  0 . 1 0



Table V (co n t in u e d )

S u b s t i t u e n t - r e l - r e l

(HClO^-MeOH-HgO) (H2SO4-CH3COOH-H2O)

m—Cl

ra-COOMe

m-COOH

p-COOMe

m—CFg

m-SOjH

p-COOH

P-SO3H

p-NMeg

m-NOg

P-NO2

0 .0 1 2

0 .0 1 1 1

0 . 0 5 7 8

0 . 0 0 2 0 8

0 .0 0 2 0 6

0 .0 0 1 5 9

0 .0 0 1 4 0

0 .0 0 0 9 9

0 .0 0 0 4 0

0 . 0 0 0 2 8

0 . 0 0 0 1 2
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4" s low 4"
p -M e ^ S lC g H g O M e  4- HOH — -  > M e^ S lO H g  4- C^H^OMe

4- f a s t  4-
Me^SiOHg ------- > Me^SlOH 4- H

The r e a c t i o n  i n t e r m e d i a t e  ( I )  i s  t h o u g h t  t o  be

s i m i l a r  t o  t h o s e  p o s t u l a t e d  f o r  o t h e r  e l e c t r o -
78p h i l i c  a r o m a t i c  s u b s t i t u t i o n  r e a c t i o n s :

H SiMeg

79  80
F u r t h e r  c l e a v a g e  s t u d i e s  ( i n  MeOH-HClO^ '  

and  i n  CH^COOH-HgO-HgSO^^^^^ ) on  a  w ide  r a n g e  o f

s u b s t i t u t e d  a r y l t r i m e t h y l s i l a n e s  showed t h a t  t h e  

r e a c t i o n  f o l l o w s  t h e  u s u a l  p a t t e r n  o f  e l e c t r o ­

p h i l i c  a r o m a t i c  s u b s t i t u t i o n ,  e l e c t r o n - s u p p l y i n g  

s u b s t i t u e n t s  f a c i l i t a t i n g  i t ,  a n d  e l e c t r o n - w i t h ­

d r a w in g  s u b s t i t u e n t s  r e t a r d i n g  i t .

T a b l e  V shows t h e  e f f e c t  o f  n u c l e a r  

s u b s t i t u e n t s  on t h e  r a t e  o f  c l e a v a g e  o f  a t r i m e t h y l -  

s i l y l - g r o u p  f rom  s u b s t i t u t e d  a r y l t r i m e t h y l s i l a n e s ,

The r e l a t i v e  r a t e  c o n s t a n t s  ( k _ ^ i ) o b t a i n e d-reJL

c o r r e l a t e  w e l l  w i t h  o t h e r  e l e c t r o p h i l i c  a r o m a t i c
82s u b s t i t u t i o n  r e a c t i o n s ,  A p l o t  o f  l o g  v e r s u s
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+ 8 3O' ( t h e  s u b s t i t u e n t  c o n s t a n t  o f  Brown ) g i v e  p o i n t s

l y i n g  w e l l  a b o u t  a s t r a i g h t  l i n e ,  A b e t t e r  p l o t  i s
84

o b t a i n e d  i f  t h e  r e l a t i o n s h i p  o f  Yukawa a n d  Tsuno 

i s  u s e d ,  w h ere  l o g  k ^ Q i  i s  p l o t t e d  v e r s u s  a  -t r ( c r ^ -  d)  : 

w here  r  i s  t h e  p a r a m e t e r  i n t r o d u c e d  t o  a c c o u n t  f o r  

t h e  v a r i a t i o n  i n  e l e c t r o n  demand on  r e s o n a n c e  e f f e c t s  

f rom  r e a c t i o n  t o  r e a c t i o n . ( r  = 0 , 6 7  f o r  p r o t o d e s i l y l a t i o n ) ,

T hus ,  t h e  r e a c t i o n  p r o v i d e s  a  u s e f u l  

m e a su re  o f  t h e  e f f e c t  o f  n u c l e a r  s u b s t i t u e n t s  i n  

e l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n ,  i n  a  way f a r  

s u p e r i o r  t o  t h e  u s u a l  s u b s t i t u t i o n  r e a c t i o n s  s t u d i e d  

( e , g ,  n i t r a t i o n ,  c h l o r i n a t i o n ,  e t c . )  s i n c e  t h e  

p o s i t i o n  o f  a t t a c k  i s  c e r t a i n .
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The C l e a v a g e  o f  t h e  B e n z y l - a l l l c o n  Bond ^  A l k a l i n e

Media

The c l e a v a g e  o f  t h e  b e n z y l - a l l l c o n  bond 

I n  t r i a l k y l -  o r  t r i a r y l - b e n z y l s i l a n e s , g i v i n g  t h e  

c o r r e s p o n d i n g  t o l y l  d e r i v a t i v e s  and  h e x a - a l k y l -  

o r  h e x a - a r y l - d i s i l o x a n e s , h a s  b e e n  d e m o n s t r a t e d  by 

a  num ber  o f  w o r k e r s

oh '
RgSiCHgCgH^X + HOH ------- > CH^C^H^X 4- R^SiOH

g R g S iO H  -------- > R g S i O S i R ^  4- HgO

The f i r s t  k i n e t i c  s t u d y  o f  t h e  c l e a v a g e s ,

o f  a number  o f  s u b s t i t u t e d  b e n z y l t r i m e t h y l s i l a n e s ,
8 8was made by E a b o r n  and  P a r k e r .  The r e a c t i o n  was 

c a r r i e d  o u t  i n  a q u e o u s  m e t h a n o l  (39  wt.% and  5 wt.%) 

and was f o l l o w e d  s p e c t r o p h o t o m e t r i c a l l y .  The 

c l e a v a g e  p r o v e d  t o  be f i r s t  o r d e r  i n  s i l a n e  and i t  

was a l s o  f o u n d  t h a t  t h e  s p e c i f i c  r a t e  c o n s t a n t  

(k^ =  ^ / [ N a O n ]  ) was i n d e p e n d e n t  o f  t h e  a l k a l i  

c o n c e n t r a t i o n ,  a t  l e a s t  f o r  u n c h a r g e d  s u b s t i t u e n t s .

The r e s u l t s  i n d i c a t e  a m arked  d e p e n d e n c e  

on  s u b s t i t u e n t  e f f e c t s ,  t h e  r e a c t i o n  b e i n g  

f a c i l i t a t e d  by e l e c t r o n - w i t h d r a w a l .  When l o g  kg



T a b le  V I ,  The c l e a v a g e  o f  s u b s t i t u t e d  b e n z y l t r i m e t h y l -  

s i l a n e s  I n  39 w t .%  aq u e o u s  m e t h a n o l

IS t i  t u e n t - r e l S u b s t i t u e n t

p-NOg 18 X 1 0 ^ m-Br 63

o —NOg 50 X 1 0 ^ m—Cl 63

p-COPh 15 X 1 0 ^ 0 -SO 3 40

p-SOgPh 14 X 1 0 ^ m-F 37

p —COCH3 1 0 X 1 0 " m—SO 3 35

p-CONHPh 70 X 1 0 ^ p - I 35

p-CONHg 63 X 1 0 ^ m-CONHPh 31

P-SO 3 62 X 1 0 p - B r 19

o-CONHg 53 X 1 0 q - F 15

P-COg 32 X 1 0 p —Cl 14

o - I 13 X 1 0 p-M e^Si 9 . 6

m—CF3 94 0 —COg 4 . 8

o - B r 92 m—COg 2 . 1

0 —Cl 80 H 1

m-I 6 5 p-MeO c a .  0 . 0 2
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was p l o t t e d  a g a i n s t  or ( t h e  Hammett s u b s t i t u e n t

c o n s t a n t )  a n  e x c e l l e n t  s t r a i g h t  l i n e ,  o f  s l o p e  4 , 8 8 ,  
89was o b t a i n e d .  However ,  t h e  p-NOg s u b s t i t u e n t  

r e q u i r e s  u s e  o f  t h e  cr c o n s t a n t  f o r  t h e  p o i n t  t o  

l i e  on t h e  l i n e .  (The cr c o n s t a n t  i s  u s e d  when 

t h e r e  i s  d i r e c t  r e s o n a n c e  i n t e r a c t i o n  b e tw e e n  

s u b s t i t u e n t  and  r e a c t i o n  s i t e  ( e . g ,  i n  t h e  i o n i s a t i o n  

o f  p h e n o l s ) ,

The r a n g e  o f  s u b s t i t u t e d  b e n z y l t r i m e t h y l -

s I l a n e s  s t u d i e d ,  h a s  b e e n  e x t e n d e d  by A l l c o c k a n d
91l a t e r  by R u s h t o n ,  The r e s u l t s  o f  a l l  o f  t h e s e  

s t u d i e s  a r e  s u m m a r i s e d  i n  t a b l e  V I .

88The m echan ism  w h ic h  P a r k e r  and  E a b o rn  

s u g g e s t  f o r  t h e  r e a c t i o n  i s  one o f  t h e  s y n c h r o n o u s  

b i m o l e c u l a r  (S^2 ) t y p e :

S —  6 —
yO~ +  MegSiCHgCgH^X --------> Y Û • • ‘ S i M e ^ * • * CHgCgH^X

YOSlMe^ t- CHgCgH^X

CHgCgH^Y 4- HOY  > CHgCgH^X 4- GY

(0Y“ =  OH” o r  OMe")

E l e c t r o n  w i t h d r a w a l  i n  t h e  s u b s t i t u e n t  f a c i l i t a t e s
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t h e  r e a c t i o n  by  a l l o w i n g  t h e  n u c l e o p h i l e  t o  a p p r o a c h  

more  r e a d i l y ,  a n d  a l s o  i n c r e a s e s  t h e  e a s e  o f  

s e p a r a t i o n  o f  t h e  b e n z y l  g r o u p  w i t h  t h e  e l e c t r o n s  

o f  t h e  c a r b o n - s i l i c o n  b o n d .  T h i s  e x p l a i n s  t h e  

o u t s t a n d i n g  e f f e c t  o f  t h e  p-NOg s u b s t i t u e n t ,  w h ic h  

c a n  s t a b i l i z e  t h e  s e p a r a t i n g  a n i o n  by i n d u c t i v e  

w i t h d r a w a l  an d  a l s o  by r e s o n a n c e :

I t  was f o u n d  t h a t  i n  a q u eo u s  m e t h a n o l

s o l u t i o n  t h e  r a t e  o f  c l e a v a g e  i n c r e a s e d  w i t h

i n c r e a s i n g  w a t e r  c o n c e n t r a t i o n  i n  t h e  medium.

T h i s  o b s e r v a t i o n  i s  i n c o n s i s t a n t  w i t h  t h e  p r o p o s e d
92m e ch an ism ,  w h ic h  i n v o l v e s  a d i s p e r s i o n  o f  c h a r g e ,

88
H ow ever ,  E a b o r n  and  P a r k e r  r a t i o n a l i s e  t h i s  

a p p a r e n t  a n o m a ly  by s u g g e s t i n g  t h a t  t h e  e q u i l i b r i u m ,

HgO + MeO" MeOH + Ho"

i s  moved f u r t h e r  t o  t h e  r i g h t  when t h e  w a t e r  c o n t e n t  

o f  t h e  medium i s  i n c r e a s e d ,  and  t h a t  0H~ i o n s  h a v e  

a  g r e a t e r  n u c l e o p h i l l c  a c t i v i t y  t o w a r d s  s i l i c o n  

t h a n  h a v e  MeO“* i o n s ,



— 32—

A l t h o u g h  t h e  f i r s t  o r d e r  s p e c i f i c  r a t e

c o n s t a n t  was f o u n d  t o  be i n d e p e n d e n t  o f  t h e  a l k a l i

c o n c e n t r a t i o n  f o r  m ost  o f  t h e  compounds s t u d i e d ;

f o r  t h e  a n i o n s  MegSiCHgCgH^COg i t  i n c r e a s e d  m a r k e d l y
88w i t h  i n c r e a s e  i n  a l k a l i  c o n c e n t r a t i o n .  T h i s  r i s e

was a t t r i b u t e d  t o  t h e  e f f e c t  o f  an  I n c r e a s e  i n

i o n i c  s t r e n g t h  o f  t h e  medium. I t  was shown t h a t

t h e  a d d i t i o n  o f  s o d iu m  c h l o r i d e  t o  t h e  r e a c t i o n

a l s o  c a u s e d  an  i n c r e a s e  i n  s p e c i f i c  r a t e  c o n s t a n t ,
93i n d i c a t i n g  t h a t  t h i s  a s s u m p t i o n  i s  c o r r e c t .



CHAPTER IV

D i s c u s s i o n  o f  E x p e r i m e n t a l  R e s u l t s
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D i s c u s s i o n  o f  E x p e r i m e n t a l  R e s u l t s  

1 ,  P r e p a r a t i v e  Methods

(a )  S i l l  c o n - s u b s t i t u t e d  p h e n y I p h o s p h o n l c  a c i d s  and 

p h e n y l p h o s p h o n a t e s

The p r e p a r a t i o n  o f  s t r u c t u r e s  o f  t h e  ty p e  

Me2 SlCgH ^P( 0 ) (O R )g ,  (R =  H o r  E t )  I s  c o m p l i c a t e d  

by t h e  f a c t  t h a t  t h e  a r y l - s l l l c o n  bond I s  e a s i l y  

c l e a v e d  by e l e c t r o p h l l l c  r e a g e n t s .  T h i s  p r e c l u d e s  

t h e  u s e  o f  t h e  F r l e d e l - C r a f t s  r e a c t i o n  b e tw e e n  

p h e n y l t r l m e t h y l s l l a n e  and p h o s p h o r u s  t r i c h l o r i d e ,  t o  

g i v e  a t r l m e t h y l s l l y l - s u b s t l t u t e d  p h e n y I p h o s p h o n o u s  

d l c h l o r l d e  (w h ic h  c o u l d  t h e n  be c o n v e r t e d  t o  e i t h e r  

t h e  c o r r e s p o n d i n g  p h o s p h o n l c  a c i d  o r  p h o s p h o n a t e ) ,  

s i n c e  t h e  a lu m in iu m  c h l o r i d e  c a t a l y s t  w o u ld  c l e a v e  

o f f  t h e  t r l m e t h y l s l l y l - g r o u p .  S i m i l a r l y ,  m- and 

p - t r l m e t h y l s l l y l p h e n y l p h o s p h o n l c  a c i d s  c o u l d  n o t  

be p r e p a r e d  by t h e  m e thod  o f  Doak and F reedm an ;

( t h e  r e a c t i o n  o f  a r y l d l a z o n l u m  f l u o r o b o r a t e s  w i t h  

p h o s p h o r u s  t r i c h l o r i d e ) ,  a s  t h e  s i 1 1 c o n - a r y l  bond 

w o u ld  c e r t a i n l y  be c l e a v e d  a t  t h e  d l a z o t l s a t l o n  

s t a g e .

An a t t e m p t e d  h o m o l y t l c  p h o s p h o n a t l o n  o f
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p h e n y l  t r i m e  t h y  I s  l l a n e ,  w i t h  d i m e t h y I p h o s p h o n a t e ,  

u s i n g  d l - t - b u t y l  p e r o x i d e  a s  c a t a l y s t ,  a c c o r d i n g
g

t o  t h e  m ethod  d e s c r i b e d  by J a s o n  a n d  F i e l d s ,

gave  a v e r y  low y i e l d  o f  a compound,  t h e  I n f r a r e d

s p e c t r u m  o f  w h ic h  was c o n s i s t a n t  w i t h  I t s  b e i n g

d i m e t h y l  p - t r l m e t h y l s l l y l p h e n y l p h o s p h o n a t e ,

H y d r o l y s i s  o f  t h i s  compound w i t h  c o n c e n t r a t e d

h y d r o c h l o r i c  a c i d ,  g a v e  p h e n y l p h o s p h o n i c  a c i d .

The r e m a i n d e r  o f  t h e  p r o d u c t s  f ro m  t h e  r e a c t i o n

m i x t u r e  c o n s i s t e d  o f  a n  u n i d e n t i f i e d ,  l o w - b o l l l n g

s i l i c o n - c o n t a i n i n g  compound, t o g e t h e r  w i t h  a

l a r g e  amount o f  a p o l y m e r i c  r e s i n .  The f a i l u r e

o f  t h e  r e a c t i o n  t o  p r o d u c e  t h e  d e s i r e d  p r o d u c t  I n

h i g h  y i e l d  was p r o b a b l y  due t o  t h e  h o m o l y t l c

c l e a v a g e  o f  t h e  a r y l - s l l l c o n  b o n d .  The low y i e l d

was n o t  e x p e c t e d  I n  t h e  l i g h t  o f  t h e  o b s e r v a t i o n s
94o f  R o n d e s v e d t  and B l a n c h a r d ,  who r e p o r t  t h e  

s u c c e s s f u l  p h é n y l a t i o n  o f  p h e n y l t r l m e t h y l s l l a n e ,  

u s i n g  b e n z o y l  p e r o x i d e  ( s e e  a l s o  r e f .  9 5 ,  p . 3 8 8 ) .

D i e t h y l  p - t r l m e t h y l s l l y l p h e n y l p h o s p h o n a t e  

was p r e p a r e d  by t h e  " r e v e r s e  a d d i t i o n "  o f  t h e  

G r i g n a r d  r e a g e n t  f ro m  p - c h l o r o p h e n y l t r l m e t h y l s l l a n e ,  

t o  a c o o l e d  s o l u t i o n  o f  d l e t h y l p h o s p h o r o c h l o r l d a t e :
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p-Me SIC H MgCl + (Etc) P O C l— »p-Me SIC H P ( 0 ) (O E t)
3 o 4 2 3 o 4 2

( 6 0 ^ )

The m e t a - compound was p r e p a r e d  s i m i l a r l y ,  a l s o  I n  

60^  y i e l d .

B e c a u se  o f  t h e  c o n v e n i e n c e  o f  t h i s  method 

I t  was u s e d  I n  t h e  p r e p a r a t i o n  o f  t h e  c o r r e s p o n d i n g  

b e n z y l - c o m p o u n d s ,  d i e t h y l  p - t r l m e t h y l s l l y l m e t h y l -  

p h e n y l p h o s p h o n a t e  and d i e t h y l  m - t r l m e t h y l s l l y l -  

m e t h y l p h e n y l p h o s p h o n a t e ;  t h e s e  were o b t a i n e d  I n  

and 56^ y i e l d  r e s p e c t i v e l y .

The p h o s p h o n l c  a c i d s ,  m- and  p -  

Me^SlCgH^P(C) (OH)g c o u l d  n o t  be p r e p a r e d  f ro m  t h e  

e s t e r s  by t h e  u s u a l  t r e a t m e n t  w i t h  r e f l u x l n g  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  s i n c e  t h e  t r i m e t h y l -  

s l l y l  g r o u p  w o u ld  c e r t a i n l y  be c l e a v e d  u n d e r  t h e  

c o n d i t i o n s  o f  t h e  r e a c t i o n .  I t  was f o u n d ,  h o w e v e r ,  

t h a t  t h e s e  a c i d s  w ere  r e a d i l y  o b t a i n a b l e ,  by f i r s t  

c o n v e r t i n g  t h e  p h o s p h o n a t e s  t o  t h e  c o r r e s p o n d i n g  

p h o s p h o n l c  d l c h l o r i d e s ,  m- and p-Me^SlC^H^POClg 

(by  r e f l u x i n g  t h e  e s t e r s  w i t h  p h o s p h o r u s  p e n t a -  

c h l o r l d e ) ,  w h ic h  w ere  t h e n  r e a d i l y  h y d r o l y s a b l e  

t o  t h e  a c i d s ,  u s i n g  d i l u t e  a q u e o u s  s o d iu m  h y d r o x i d e
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s o l u t i o n .  The c o r r e s p o n d i n g  t r l m e t h y l s l l y l m e t h y l -  

s u b s t l t u t e d  compounds w ere  s i m i l a r l y  o b t a i n e d .

(b)  S i l i c o n - s u b s t i t u t e d  t e r t i a r y  p h o s p h l n e  o x i d e s

The s i l i c o n - s u b s t i t u t e d  p h o s p h l n e  o x i d e s ,  

m- and  p-RCgH^P( 0 )R^, (R -  M e^Sl-  and Me^SlCHg-;

R* — Me and P h ) ,  w ere  p r e p a r e d  by t h e  r e a c t i o n  o f  

t h e  p h o s p h o n l c  d l c h l o r l d e s ,  RC^H^POClg, w i t h  e i t h e r  

p h e n y lm a g n e s iu m  b ro m id e  o r  m é th y lm a g n é s iu m  I o d i d e .

I t  I s  I n t e r e s t i n g  t o  n o t e  t h a t  I n  e a c h  c a s e  t h e  

met a - I s o m e r  c o u l d  n o t  be c r y s t a l l i s e d  and  h a d  t o  

be p u r i f i e d  by d i s t i l l a t i o n  a t  r e d u c e d  p r e s s u r e .

The p a r a -compuonds  a l l  h a d  m e l t i n g - p o i n t s  g r e a t e r  

t h a n  9 0 ° .

( c)  S i l i c o n - s u b s t i t u t e d  a r y l - p h o s p h a t e s

D l e t h y l - p - t r l m e t h y l s l l y l p h e n y l p h o s p h a t e  

was p r e p a r e d  by r e a c t i n g  d l e t h y l p h o s p h o r o c h l o r l d a t e  

w i t h  s o d iu m  p - t r l m e t h y l s l l y l p h e n o x l d e :

p-MegSlCgH^ONa t  (EtO gPO C l —> p-Me^SlCgH^OPCO) (OEt)g

U 5 % )

The c o r r e s p o n d i n g  m e t a - I s o m e r  was s i m i l a r l y  p r e p a r e d  

and  was I s o l a t e d  I n  50^  y i e l d .



(d )  S i l i c o n - s u b s t i t u t e d  a r y l p h o s p h o n l u m  I o d i d e s

The p h o s p h l n e s ,  RCgH^PMeg (R -  Me^Sl o r  

Me^SlCHg), w ere  p r e p a r e d  by r e d u c i n g  t h e  c o r r e s p o n d i n g  

p h o s p h l n e  o x i d e s ,  w i t h  l i t h i u m  a lu m in iu m  h y d r i d e ,  

a c c o r d i n g  t o  t h e  m ethod o f  H o r n e r  and H o f fm an ,

I n  e a c h  c a s e  no  a t t e m p t  was made t o  I s o l a t e  t h e  

p h o s p h l n e  I n  a p u r e  s t a t e ,  b u t  I t  was I m m e d i a t e l y  

d i s s o l v e d  I n  b e n z e n e  and e x c e s s  m e t h y l  I o d i d e  a d d e d .  

The q u a r t e r n l s a t l o n  r e a c t i o n  was I n  a l l  c a s e s  

I n s t a n t a n e o u s  and t h e  p h o s p h o n iu m  I o d i d e s ,

[RC^H^PMe^] I "  w e re  I s o l a t e d  I n  h i g h  y i e l d ,  T r l m e t h y l -  

p - t r l m e t h y l s l l y l p h e n y l p h o s p h o n l u m  I o d i d e  was 

c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  h y d r o x i d e ,  by b o i l i n g  

w i t h  s i l v e r  o x i d e  I n  a q u e o u s  s o l u t i o n .  A s i m i l a r  

a t t e m p t  t o  p r e p a r e  t h e  c o r r e s p o n d i n g  me t a - -phosphonium 

h y d r o x i d e  l e d  t o  c o m p l e t e  l o s s  o f  t h e  s t a r t i n g  

m a t e r i a l  and  n o n e  o f  t h e  d e s i r e d  p r o d u c t  was I s o l a t e d ,



T a b le  V I I ,  C l e a v a g e  o f  p h o s p h o r u s - s u b s t i t u t e d  p h e n y l -  

t r i m e t h y l s i l a n e s  (RCgH^SiMe^)

S u b s t i t u e n t A c id
^ 1 - r e l

(R) (M) ( 1 0 - 3 m i n , - l )

p - P ( 0 ) P h g 1 8 .4 6 , 3 5 0 . 0 0 0 0 4 0 5

p - P (0 )M eg 1 8 . 4 9 , 4 4 0 . 0 0 0 0 6 0 2

p —P Mq g 1 8 . 4 1 1 , 0 3 0 ,0 0 0 0 7 1 0

p-NOg 1 8 .4 1 3 , 8

p - P ( 0 ) ( 0 E t ) g 1 8 . 4 1 8 , 4 0 , 0 0 0 1 1 7

p -P (O ) (O H )g 1 8 . 4 3 3 , 0 0 . 0 0 0 2 1 1

P-Nlfeg 1 8 . 4 3 3 , 2 0 . 0 0 0 2 1 2

m -P (0 )P h g 1 8 .4 4 4 , 0 0 .0 0 0 2 7 1

m -P ( O ) (O E t )g 1 8 .4 9 0 , 0 0 . 0 0 0 5 7 4

m - P ( 0 ) ( 0 H ) g 1 8 . 4 1 5 1 , 0 0 , 0 0 0 9 6 3

p-NOg 1 6 . 3 2 , 8 8 0 . 0 0 0 0 8 8

m -P ( O ) (O E t )g 1 6 . 3 3 2 . 7 0 . 0 0 0 9 9 4

m - P ( 0 ) ( 0 H ) g 1 6 . 3 4 3 . 9 0 . 0 0 1 3 2

CFj 1 6 . 3 8 3 , 6

Dl—CPg 1 1 . 7 1 , 7 5 0 , 0 0 2 4 5

m -O -P (O )(O E t)g 1 1 . 7 7 , 9 6 0 , 0 1 0 9

Dl- Cl 1 1 . 7 9 , 6 8

D l-01 9 . 9 2 . 4 5 0 . 0 1 4 1

m -C H 2 P (0 ) (O E t)g 9 . 9 3 6 , 6 0 . 2 1 1



T a b le  V I I ,  ( c o n t i n u e d )

S u b s t i t u e n t  A c id  ^ r e l

(R) (M) ( I Q - S m l n . - l )

m-CHgPCO)(0H)2 9 . 9  5 4 . 7  , 0 . 3 1 5

p - O - P ( O ) ( O E t ) g  9 . 9  6 1 . 4  0 . 3 5 3

p-CH P ( 0 ) ( O E t ) g  9 . 9  1 2 1 .2  0 . 6 9 5

p-CH P ( 0 ) ( 0 H )  9 . 9  1 3 4 . 1  0 . 7 7 1

H 9 . 9  1 7 3 .4  1 . 0 0
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2 ,  The A c id  C l e a v a g e  o f  some P h o s p h o r u s - s u b s t i t u t e d  

P h e n y l t r l m e t h y l s i l a n e s

I t  i s  known t h a t  a  q u a n t i t a t i v e  m e a s u re  o f

t h e  e f f e c t s  o f  n u c l e a r  s u b s t i t u e n t s  i n  a r o m a t i c

e l e c t r o p h l l l c  s u b s t i t u t i o n  may be o b t a i n e d  by

d e t e r m i n a t i o n  o f  t h e  r a t e  o f  a c i d  c l e a v a g e  o f  t h e

a r y l - s i l i c o n  bond i n  s u b s t i t u t e d  p h e n y I t r i m e t h y l -  
79s i l a n e s .  T h i s  t e c h n i q u e  h a s  now b e e n  u s e d  t o  

d e t e r m i n e  t h e  i n f l u e n c e  o f  v a r i o u s  p h o s p h o r u s -  

c o n t a i n i n g  s u b s t i t u e n t s  i n  s u c h  r e a c t i o n s .

The r e s u l t s  o f  t h i s  s t u d y  a r e  s u m m a r i s e d  i n  

t a b l e  V I I ,  C e r t a i n  n o n - p h o s p h o r u s  s u b s t i t u e n t s  w ere  

i n c l u d e d  f o r  c o m p a r i s o n  and  f o r  u s e  as  " o v e r l a p "  

compounds so  t h a t  r e l a t i v e  r a t e s  may be o b t a i n e d  

d e s p i t e  t h e  f a c t  t h a t  f o u r  d i f f e r e n t  a c i d  c o n c e n t r a t i o n s  

w e re  u s e d .  Thus ,  t h e  k ^ ^ ^  o b t a i n e d  f o r  m-Cl i n  9 , 9 g  

s u l p h u r i c  a c i d  was u s e d  t o  c a l c u l a t e  r e l a t i v e  r a t e s  

f o r  a l l  compounds c l e a v e d  i n  1 1 , 3 M s u l p h u r i c  a c i d .  

S i m i l a r l y ,  t h e  f i g u r e s  f o r  ra-CF^ and p-NOg w e re  u s e d  

f o r  compounds c l e a v e d  i n  1 6 , 3M and 18,4M s u l p h u r i c  

a c i d  s o l u t i o n s  r e s p e c t i v e l y ,  ( I t  s h o u l d  be n o t e d  t h a t  

t h e  q u o t e d  s u l p h u r i c  a c i d  m o l a r i t y  r e f e r s  t o  t h e  

c o n c e n t r a t i o n  o f  t h e  ad d ed  a q u e o u s  s u l p h u r i c  a c i d
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and n o t  t o  t h e  f i n a l  c o n c e n t r a t i o n  i n  t h e  r e a c t i o n  

m i x t u r e . )

An e x a m i n a t i o n  o f  s u b s t i t u e n t  e f f e c t s

( a )  T r i m e t h y l p h o s p h o n i u m  g r o u p

The -PMeJ s u b s t i t u e n t  p r o v e d  t o  be s t r o n g l y  

e l e c t r o n - w i t h d r a w i n g  f ro m  t h e  p a r a - p o s i t i o n ,  d e a c t i v ­

a t i n g  i t  a p p r o x i m a t e l y  1 , 2 5  t i m e s  more t h a n  d o e s  t h e  

p-NOg s u b s t i t u e n t .  U n f o r t u n a t e l y ,  t h e  f i g u r e  f o r  t h e  

m-PMe^ g r o u p  i s  n o t  a v a i l a b l e  a s  t r l m e t h y l - m - t r i m e t h y l -  

s i l y l p h e n y l p h o s p h o n i u m  h y d r o x i d e  c o u l d  n o t  be p r e p a r e d  

f ro m  t h e  c o r r e s p o n d i n g  i o d i d e ,  ( I t  was f o u n d  n e c e s s a r y  

t o  u s e  t h e  p h o sp h o n iu m  h y d r o x i d e s  i n  t h i s  s t u d y ,  s i n c e  

t h e  i o d i d e s ,  i n  s t r o n g  a c i d  s o l u t i o n ,  l i b e r a t e d  i o d i n e  

and  a l s o  gav e  s o l u t i o n s  w h ic h  a b s o r b e d  s t r o n g l y  i n  t h e  

r e g i o n  o f  t h e  u l t r a v i o l e t  s p e c t r u m  a t  w h ic h  t h e  

r e a c t i o n  was f o l l o w e d . )

N i t r a t i o n  s t u d i e s  by I n g o l d ,  Shaw and 

W i l s o n  i n d i c a t e d  t h a t  t h e  -PMe3  s u b s t i t u e n t  was 

s t r o n g l y  d e a c t i v a t i n g  and m e t a - d i r e c t i n g .  T h e i r  

r e s u l t s  a l s o  i n d i c a t e d  t h a t  t h e  -NMe^ s u b s t i t u e n t  

e x e r t s  a f a r  s t r o n g e r  e l e c t r o n - w i t h d r a w a l  t h a n  t h e  

-PMeg s u b s t i t u e n t  b e c a u s e ,  a l t h o u g h  t h e  n i t r a t i o n s
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o f  t r l m e t h y l p h e n y l a m m o n i u m  p i c r a t e  and t r i m e t h y l -  

p h e n y I p h o s p h o n lu r n  p i c r a t e  b o t h  l e d  t o  t h e  i s o l a t i o n  

o f  1 0 0 ^  m e t a - i s o m e r ,  t h e  c o r r e s p o n d i n g  b e n z y l  

compounds,  t r i m e t h y l b e n z y l a m m o n i u m  p i c r a t e  and  

t r i m e t h y l b e n z y l p h o s p h o n i u m  p i c r a t e ,  g a v e  8 8 ^  m e ta -  

i s o m e r  and 10^  m e ta - i s o m e r  r e s p e c t i v e l y ,  ( s e e  t a b l e  IV, 

p . 2 1 ) ,  I n g o l d  e x p l a i n s  t h i s  f a l l - o f f  i n  - I  e f f e c t  i n  

t e r m s  o f  t h e  l o w e r  " i n t r i n s i c  e l e c t r o n e g a t i v i t y "  o f  

p h o s p h o r u s ,  and  an  i n c r e a s e d  s c r e e n i n g  o f  t h e  n u c l e u s  

by i t s  s u b - v a l e n c e  s h e l l  e l e c t r o n s .

I n  p r o t o d e s i l i y l a t i o n  t h e  r e s u l t s  show t h a t
+

-PMe^ i s  more d e a c t i v a t i n g  t h a n  -NMe^ f ro m  t h e  p a r a -  

p o s i t i o n  by a f a c t o r  o f  3 .  T h i s  e x t r a  e l e c t r o n -  

w i t h d r a w a l  i s  c e r t a i n l y  a s s o c i a t e d  w i t h  d ^ - p ^  b o n d i n g  

b e t w e e n  t h e  v a c a n t  d - o r b i t a l s  on  p h o s p h o r u s  and t h e  

A - e l e c t r o n s  o f  t h e  b e n z e n e  r i n g :

I n  t h e  c a s e  o f  t h e  n i t r a t i o n  o f  t r i m e t h y l ­

benzylam m onium  and t r i m e t h y l b e n z y l p h o s p h o n i u m
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p l c r a t e s  t h e  I n d u c t i v e  o r d e r  i s  o b s e r v e d ,  s i n c e  

r e s o n a n c e  e f f e c t s  c a n n o t  o p e r a t e  t h r o u g h  t h e  

s a t u r a t e d  c a r b o n  atom i n t e r p o s e d  b e tw e e n  t h e  r i n g  

and t h e  p h o s p h o r u s  a to m .

The i s o - e l e c t r o n i c  -S iM e^  g r o u p  h a s  a l s o

b e e n  shown t o  e x h i b i t  s i m i l a r  i n t e r a c t i o n  b e t w e e n  t h e

r i n g  and i t s  d - o r b i t a l s .  T h u s ,  t h e  a c i d ,  Me^SiCHgCOOH

i s  m a r k e d l y  w e a k e r  t h a n  i t s  c a r b o n  a n a l o g u e  Me CCH COOH

i n d i c a t i n g  t h a t  t h e  t r i m e t h y l s i l y l  g r o u p  h a s  a s t r o n g  
97+ I  e f f e c t .  However ,  p - t r i m e t h y l s i l y l b e n z o i c  a c i d

i s  o n l y  s l i g h t l y  w e a k e r  t h a n  b e n z o i c  a c i d ,  s h o w in g

t h a t  any  + I  e f f e c t  i s  o p p o s e d  by some e l e c t r o n -

w i t h d r a w i n g  i n f l u e n c e .  The o n l y  i n t e r a c t i o n  p o s s i b l e

i s  a -T  e f f e c t ,  o p e r a t i n g  t h r o u g h  t h e  v a c a n t  d - o r b i t a l s
98on s i l i c o n  and t h e  ^ - e l e c t r o n s  o f  t h e  b e n z e n e  r i n g ,

(b )  D i e t h o x y p h o s p h o r o - g r o u p

The p - C P ( O ) ( O E t ) g  g r o u p  h a s  an  o v e r a l l  

e l e c t r o n - w i t h d r a w i n g  i n f l u e n c e  t h a t  may be a t t r i b u t e d  

t o  a - I  e f f e c t  b u t  t h e  l o n e - p a i r  on  t h e  o x y g e n  a to m ,  

b e tw e e n  t h e  p h o s p h o r u s  a tom and t h e  a r o m a t i c  r i n g ,  c a n  

e n t e r  i n t o  r e s o n a n c e  w i t h  t h e  r i n g ,  h e n c e  a c t i v a t i n g  

t h e  p a r a - p o s i t i o n  by +T e f f e c t :
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P ( 0 ) ( 0 E t ) g  P ( 0 ) ( 0 E t ) g

0^  0 +

C

With the  m-OP(O)(OEt)2 group t h i s  a c t i v a t i o n  cannot  

occu r ,  thus e x p l a i n i n g  why the  r e a c t i v i t i e s  o f  the  

two p o s i t i o n s  d i f f e r  by a f a c t o r  o f  approx im ate ly  32 .

T h i s  r e s u l t  i s  i n  a c c o r d a n c e  w i t h  n i t r a t i o n  

d a t a ,  when  t h e  g r o u p  was f o u n d  t o  be e / p  d i r e c t i n g .

No a t t e m p t  was made t o  ex am in e  t h e  e f f e c t  o f  t h i s  

s u b s t i t u e n t  f ro m  t h e  o r t h o - p o s i t i o n ,  s i n c e  t h e  r e s u l t  

w ou ld  be c o m p l i c a t e d  by s t e r i c  f a c t o r s .

The b e h a v i o u r  o f  t h i s  s u b s t i t u e n t  i s

a n a l o g o u s  t o  t h a t  o f  t h e  c h l o r o - g r o u p .  By v i r t u e

o f  i t s  e l e c t r o n e g a t i v i t y  t h i s  s u b s t i t u e n t  i s  f o u n d

t o  d e a c t i v a t e ,  b u t  i t s  l o n e - p a i r  e l e c t r o n s  may

c o n j u g a t e  w i t h  t h e  p a r a - p o s i t i o n .  I n  p r o t o d e s l l y l -

a t i o n  t h e  p a r a - p o s l t i o n  i s  16 t i m e s  more r e a c t i v e
81t h a n  t h e  m e t a - p o s i t i o n s .

(o )  S u b s t i t u e n t s  c o n t a i n i n g  t h e  p h o s p h o r y 1 bond

S u b s t i t u e n t s  c o n t a i n i n g  t h e  p h o s p h o r y l  

bond  - P ( 0 ) R g - ( R  — P h ,  Me, OEt,  OH) w i l l  be
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cons i d e r e d  as  a g r o u p .  E a c h  o f  t h e s e  was fo u n d  t o  be 

s t r o n g l y  e l e c t r o n - w i t h d r a w i n g  f ro m  b o t h  t h e  p a r a -  and  

m e t a - p o s l t l o n s . H ow ever ,  f o r  a n  i n d i v i d u a l  s u b s t i t u e n t ,  

t h e  p a r a - p o s i t i o n  was fo u n d  t o  be l e s s  r e a c t i v e  t h a n  

t h e  m e ta - p o s i t i o n .

The o b s e r v e d  o r d e r  o f  r e a c t i v i t y  w as :  

p - P ( 0 ) P h g  < p-P(C)M eg < p - P { 0 ) ( 0 E t ) g  < p - P ( 0 ) ( 0 H)g 

(m -P (O )P h g  < m - P ( 0 ) ( 0 E t ) g  (  m-P( 0 ) ( 0 H)g 

The s t r o n g  d e a c t i v a t i n g  i n f l u e n c e  and  h i g h e r  r e a c t i v i t y  

o f  t h e  m e ta - p o s i t i o n  w i t h  t h e s e  s u b s t i t u e n t s  i s  i n  

a g r e e m e n t  w i t h  r e p o r t e d  n i t r a t i o n  d a t a .

The r e s u l t s ,  h o w e v e r ,  a r e  c o m p l i c a t e d  by a n  

a p p a r e n t  d e p e n d e n c e  on t h e  a c i d  c o n c e n t r a t i o n  o f  t h e  

medium. T h u s ,  t h e  r e l a t i v e  r a t e s  o b t a i n e d  f o r  

m-PO(OEt)g  and m-POCOHjg w ere  h i g h e r  i n  1 6 , 3 J  s u l p h u r i c  

a c i d  t h a n  i n  18,4M s u l p h u r i c  a c i d  ( t a b l e  V I I I ) ,

T a b le  V I I I ,  V a r i a t i o n  o f  w i t h  s u l p h u r i c  a c i d

c o n c e n t r a t i o n

1 0 ^ k r e l
S u b s t i t u e n t

(18 .4M HgSO^) ( 1 6 . 3M HgSO^)

m-P0 (0 E t ) 2  5 . 7 4  9 . 9 4

m-PO(OH)g 9 . 6 3  1 3 .2
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A s i m i l a r  v a r i a t i o n  i n  k„  , f o r  t h e  m e ta -- r e l  -------

and  p a r a - c a r b m e t h o x y  and c a r b o x y  s u b s t i t u e n t s ,  w i t h

i n c r e a s e  i n  a c i d  c o n c e n t r a t i o n ,  h a s  b e e n  r e p o r t e d  by 
80G r e a s l e y ,  The d e c r e a s e  i n  k ^ ^ ^  was t h o u g h t  t o  be 

due t o  p r o t o n a t i o n  o f  t h e  w e a k ly  b a s i c  c a r b o n y l  g r o u p ,  

r e s u l t i n g  i n  t h e  s t r o n g l y  d e a c t i v a t i n g  s p e c i e s :

^ O R  

(R =  Me o r  H ) ,

I t  was p r o p o s e d  t h a t  t h e  e x t e n t  o f  t h e  

p r o t o n a t i o n  i n c r e a s e d  i n  g o i n g  f ro m  t h e  w e a k e r  t o  

t h e  s t r o n g e r  a c i d  medium, c a u s i n g  a d e c r e a s e  i n  

However ,  i t  was n o t  e s t a b l i s h e d  t h a t  p r o t o n a t i o n  was 

o c c u r r i n g ,  o r ,  i f  i t  w as ,  t o  w h a t  e x t e n t .

I n  t h e  p r e s e n t  k i n e t i c  s t u d i e s  on  t h e  

c l e a v a g e  o f  a r y l t r i m e t h y l s i l a n e s  c o n t a i n i n g  p h o s p h o r y l -  

s u b s t i t u e n t s , i t  was fo u n d  t h a t  t h e  o b s e r v e d  o p t i c a l  

d e n s i t i e s ,  a t  t —oo,  w e re  f a r  h i g h e r  t h a n  t h e  c a l c u l a t e d  

v a l u e s  o b t a i n e d  f ro m  t h e  s p e c t r u m  o f  t h e  p r o d u c t  i n  

g l a c i a l  a c e t i c  a c i d .  T h i s  p r o m p te d  an  i n v e s t i g a t i o n  

o f  t h e  u l t r a v i o l e t  s p e c t r u m  o f  t r i p h e n y l p h o s p h i n e
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o x i d e  I n  g l a c i a l  a c e t i c  a c i d  s o l u t i o n ,  t o  w h ic h  

v a r i o u s  am ounts  o f  18,4M s u l p h u r i c  a c i d  h a d  b e e n  

a d d e d .  The o b s e r v e d  s p e c t r a  a r e  g i v e n  i n  f i g .  VI,  

p .  118, I t  h a s  b e e n  p o i n t e d  o u t  t h a t  t h e  p h o s p h o r y l
QQ

bond i s  h i g h l y  p o l a r  and i t  i s  r e a s o n a b l e  t o  

assume t h a t  t h e  i n c r e a s e d  a b s o r p t i o n  i s  due t o  t h e  

p r e s e n c e  o f  t h e  s p e c i e s ,  Ph^POH, A l s o ,  a s  t h e  

i n t e n s i f i c a t i o n  i n  t h e  s p e c t r u m  a p p e a r s  t o  be a t  a  

maximum a t  2 8 , 1 ^  s u l p h u r i c  a c i d ,  i t  i s  a s sum ed  t h a t  

t r i p h e n y l p h o s p h i n e  o x i d e  i s  f u l l y  p r o t o n a t e d  i n  t h i s  

medium.

S p e c t r u m  c h a n g e s  u p o n  p r o t o n a t i o n  a r e  w e l l -  

known f o r  a r o m a t i c  s y s t e m s  c o n t a i n i n g  p o l a r  g r o u p s ,  

and  h a v e  b e e n  u s e d  i n  c o n j u n c t i o n  w i t h  a c i d i t y  

f u n c t i o n  d a t a  t o  g i v e  a q u a n t i t a t i v e  m e a s u re m e n t  

o f  t h e  b a s i c i t y  o f  b e n z o p h e n o n e s ^ ^ ^  ,  b e n z o i c  

a c i d s ^ ^ ^  , b e n z a m id e s ^ ^ ^  , e t c ,  A more d e t a i l e d  

d i s c u s s i o n  o f  t h e  p r o t o n a t i o n  o f  p o l a r  g r o u p s  w i l l  

be g i v e n  l a t e r  ( p .  5 9 ) .

As m ost  o f  t h e  p h o s p h o r y l - c o n t a i n i n g  

s u b s t i t u e n t s  were  c l e a v e d  i n  a p p r o x i m a t e l y  60 w t , ^  

s u l p h u r i c  a c i d - g l a c i a l  a c e t i c  a c i d  s o l u t i o n s ,  i t  

i s  c e r t a i n  t h a t  t h e y  w ere  p r e s e n t  as  t h e  f u l l y
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p r o t o n a t e d  s p e c i e s ,  s i n c e * t h e  b a s i c i t y  o f  t h e  

p h o s p h o r y l  bond  i s  n o t  e x p e c t e d  t o  v a r y  a g r e a t  

d e a l  u p o n  v a r i a t i o n  o f  t h e  R g r o u p s  i n  - P ( 0 ) R g ,

The o n l y  r e p o r t e d  q u a n t i t a t i v e  e s t i m a t e

o f  t h e  e f f e c t  o f  a p h o s p h o r y l - c o n t a i n i n g  s u b s t i t u e n t
52

i s  t h a t  made by  J a f f e  and  F re ed m a n  ,  who h a v e  

d e t e r m i n e d  d - c o n s t a n t s  f o r  t h e  m- and p - P ( 0 ) ( 0 E t ) g  

g r o u p s  ( t a b l e  I I I ,  p . 1 9 ) .  U s i n g  t h e i r  f i g u r e s  f o r  

m-P(O) (OEt ) g .  O' =  0 . 5 5  and  t h e  p - v a l u e  o f  - 4 , 6 9  f o r  

p r o t o d e s i l y l a t i o n  i n  s u l p h u r i c  a c i d - g l a c i a l  a c e t i c  

a c i d ,  o b t a i n e d  when l o g  i s  p l o t t e d  a g a i n s t  $

a o f  2 , 6 3  x  10“ ^ i s  p r e d i c t e d , ( T h i s

t r e a t m e n t  i s  r e a s o n a b l e  s i n c e  i t  h a s  b e e n  fo u n d  

e x p e r i m e n t a l l y  t h a t  6 = 0 ^  f o r  m e t a - s u b s t i t u e n t s  

The o b s e r v e d  i n  18,4M s u l p h u r i c  a c i d - g l a c i a l

a c e t i c  a c i d  was 5 , 7 4  x 1 0 " ^ ,  i . e .  p r o t o n a t i o n  

a p p a r e n t l y  b r i n g s  a b o u t  a f i v e - f o l d  r e d u c t i o n  i n  

r a t e .

Owing t o  t h e  s i m i l a r i t y  o f  t h e  s t r u c t u r e s  

o f  t h e  s u b s t i t u e n t s  i t  d o es  n o t  seem  u n r e a s o n a b l e  

t o  a ssum e t h a t  f o r  a l l  o f  t h e  s u b s t i t u e n t s  e x a m in e d  

t h e  i n c r e a s e  i n  d e a c t i v a t i o n  i s  o f  t h e  same o r d e r .

I t  i s  t o  be  n o t e d  t h a t  r e s o n a n c e  i s  s t i l l
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i m p o r t a n t  I n  t h e s e  s u b s t i t u e n t s  s i n c e  t h e  m e ta -  

p o s i t i o n  i s  l e s s  d e a c t i v a t e d  t h a n  i s  t h e  p a r a -  

p o s i t i o n .  T h i s  i s  n o t  s u r p r i s i n g  s i n c e  u p o n  

p r o t o n a t i o n  p h o s p h o r y l - c o n t a i n i n g  s u b s t i t u e n t s  

become h y d r o x y p h o s p h o n i u m  c a t i o n s  and  r e s o n a n c e  

c a n  o c c u r  i n  t h e s e ,  a s  i t  d o e s  w i t h  t h e  -PMe^ 

s u b s t i t u e n t .

When t h e  s u b s t i t u e n t s  - P ( 0 ) ( 0 E t ) g  and 

- P ( 0 ) ( 0 H ) g  w e re  removed f ro m  t h e  b e n z e n e  r i n g ,  by 

one s a t u r a t e d  c a r b o n  a to m ,  t h e  e x p e c t e d  i n d u c t i v e  

o r d e r  o f  w i t h d r a w a l  was o b s e r v e d ,  t h e  m e ta - p o s i t i o n  

b e i n g  more d e a c t i v a t e d  t h a n  t h e  p a r a - p o s i t i o n .  I t  

i s  n o t  e x p e c t e d  t h a t  p r o t o n a t i o n  i s  a f f e c t i n g  t h e  

r e s u l t ,  s i n c e  t h e  s u l p h u r i c  a c i d  c o n c e n t r a t i o n  i s  

q u i t e  low .
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3 .  The C le a v a g e  o f  some P h o s p h o r u s - s u b s t i t u t e d  

B e n z y l t r l m e t h y I s I l a n e s  I n  A q u e o u s -m e th a n o 11c Sodium 

H y d r o x i d e  S o l u t i o n

I n  o r d e r  t o  o b t a i n  m e a s u re m e n t s  o f  

s u b s t i t u e n t  e f f e c t s  f r e e  f ro m  t h e  e f f e c t s  o f  

p r o t o n a t i o n ,  t h e  a l k a l i n e  c l e a v a g e  o f  t h e  b e n z y l -  

s i l i c o n  bond i n  a num ber  o f  p h o s p h o r u s - s u b s t i t u t e d  

b e n z y l t r i m e t h y I s i l a n e s  was i n v e s t i g a t e d .

The r e a c t i o n  was c a r r i e d  o u t  u n d e r  

c o n d i t i o n s  s i m i l a r  t o  t h o s e  d e s c r i b e d  by o t h e r  

w o r k e r s  so  t h a t  s e n s i b l e  c o m p a r i s o n s  c o u l d  be made 

b e t w e e n  t h e i r  r e s u l t s  and  t h e  r e s u l t s  o b t a i n e d  f o r  

p h o s p h o r u s - c o n t a i n i n g  s u b s t i t u e n t s .  The r e s u l t s  o f  

t h i s  s t u d y  a r e  s u m m a r i s e d  i n  t a b l e  IX,

R e l a t i v e  r a t e  c o n s t a n t s  w ere  c a l c u l a t e d  

f ro m  d a t a  k i n d l y  s u p p l i e d  by Mr, B. M. R u s h t o n ,  

v i s . kyg^  f o r  t h e  m-CF^ compound, c l e a v e d  u n d e r  

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

S u b s t l t u e n t  e f f e c t s

88
P a r k e r  and E a b o r n  showed t h a t  t h e  

c l e a v a g e  o f  b e n z y l t r i m e t h y l s i l a n e s  e x h i b i t e d  a



T a b l e  X, S u b s t i t u e n t  c o n s t a n t s  f o r  p h o s p h o r u s -  

c o n t a i n i n g  g r o u p s

P h o s p h o r u s  g r o u p
S u b s t i t u e n t  c o n s t a n t  

p a r a  (o'") . m e ta  (cr)

-PMsg + 1 , 1 3  + 0 , 7  3

.PfOjPhg + 0 . 8 4  + 0 . 4 8

. P ( 0 ) ( 0 E t ) 2  + 0 . 8 2

.P(0)Me2 + 0 , 7 2  + 0 . 4 2
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m arked  d e p e n d e n c e  on  s u b s t i t u e n t  e f f e c t s ,  e l e c t r o n -  

w i t h d r a w i n g  s u b s t i t u e n t s  c a u s i n g  a l a r g e  i n c r e a s e  

i n  r e a c t i v i t y .  F u r t h e r  t o  t h i s  t h e y  d e m o n s t r a t e d  

t h a t  an  e x c e l l e n t  c o r r e l a t i o n  e x i s t e d  b e t w e e n  t h e  

o b s e r v e d  r a t e  o f  c l e a v a g e  and c r - c o n s t a n t s ,  p r o v i d e d  

t h a t  c r - c o n s t a n t s  w ere  u s e d  w h ere  a p p l i c a b l e .  T h u s ,  

t h e  r e a c t i o n  i s  e x t r e m e l y  s e n s i t i v e  t o  t a u t o m e r i c  

e l e  c t r o n - w i t h d r a w a l ,

The o b s e r v e d  o r d e r  o f  r e a c t i v i t y  f o r  t h e  

s u b s t i t u e n t s  c o n s i d e r e d  w a s :suus bi. bueiiu!3 uuiis j.uei’tîu waa .

p-PMeg )  p - P ( 0 )P h 2  )  p -P O (O E t)g  )  m-PMsg ) p -P  

)  m-POPhg )  m -P ( 0 )M6 2  )  m-CP,  )  m-Cl ) ))  m-POg

P (0)1462 

and  p-POg

Us i n g  p =  4 , 8 9 ,  t h e  r e a c t i o n  c o n s t a n t  d e t e r m i n e d  by 
88P a r k e r  and E a b o r n  , s u b s t i t u e n t  c o n s t a n t s  (cr) f o r  

t h e s e  g r o u p s  h a v e  b e e n  c a l c u l a t e d  ( t a b l e  X ) .  I n  t h e  

c a s e  o f  p a r a - s u b s t i t u e n t s  t h e  s u b s t i t u e n t  c o n s t a n t  

i s  cr“ ,  and f o r  me t a -  i t  i s  cr.

I t  was n o t  p o s s i b l e  t o  ex am in e  t h e  e f f e c t  

o f  t h e  m-P0 ( 0 E t ) 2  s u b s t i t u e n t ,  s i n c e  t h e  a l k a l i  

c o n c e n t r a t i o n  r e q u i r e d  f o r  t h e  c l e a v a g e  r e a c t i o n s  

w ou ld  a l s o  c a u s e  h y d r o l y s i s  o f  t h e  e s t e r  g r o u p i n g s .  

T h i s  was d e m o n s t r a t e d  by t h e  o b s e r v a t i o n  t h a t  t h e
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s p e c t r u m  o f  d i e t h y l  p h e n y l p h o s p h o n a t e  i n  3 9  w t . ^  

a q u e o u s  m e t h a n o l ,  t o  w h ic h  1.Q27N s o d iu m  h y d r o x i d e  

h ad  b e e n  a d d e d ,  ch anged  c o n s i d e r a b l y  o v e r  t e n  h o u r s  

( t h e  t i m e  e s t i m a t e d  f o r  c o m p l e t i o n  o f  t h e  c l e a v a g e  

r e a c t i o n ) , I t  i s  r e a s o n a b l e  t o  a ssum e t h a t  d i e t h y l  

m - t r i m e t h y l s i l y l m e t h y l p h e n y l p h o s p h o n a t e  would  

h y d r o l y s e  a t  a s i m i l a r  r a t e .  'vVhen a sa m p le  o f  

d i e t h y l  p h e n y l p h o s p h o n a t e ,  i n  39 w t . ^  a queous  

m e t h a n o l ,  was t r e a t e d  w i t h  0 .1027N  s o d iu m  h y d r o x i d e  

an  e x t r e m e l y  s m a l l  d r o p  i n  o p t i c a l  d e n s i t y  o c c u r r e d  

o v e r  t e n  h o u r s ,  i n d i c a t i n g  t h a t  h y d r o l y s i s  w o u ld  

n o t  a f f e c t  t h e  r a t e  m e a s u re d  f o r  t h e  c l e a v a g e  o f  

t h e  p a r a - c o m p o u n d .

( a )  T r i m e t h y l p h o s p h o n i u m  g r o u p

The o r d e r  o f  r e a c t i v i t y  o b s e r v e d  f o r  t h e  

-PMe^ s u b s t i t u e n t  was p ^ m, t h e  r e l a t i v e  r a t e  

c o n s t a n t s  b e i n g  3 . 5 6  x 10^ and 3 . 7 6  x  1 0 ^ .  T h u s ,  

when t h e  s u b s t i t u e n t  i s  i n  t h e  p a r a - p o s i t i o n  i t  i s  

s t r o n g l y  a c t i v a t i n g ,  b e i n g  o n l y  f i v e  t i m e s  l e s s  

e f f e c t i v e  t h a n  t h e  p-NOg g r o u p .  The l a r g e  d i f f e r e n c e  

i n  r e a c t i v i t y  b e tw e e n  t h e  met a -  and p a r a - p o s i t i o n s  

i s  a c l e a r  I n d i c a t i o n  o f  t h e  i m p o r t a n c e  o f  r e s o n a n c e  

e f f e c t s .  Thus t h r o u g h  i t s  v a c a n t  d - o r b i t a l s  t h e



— 51—

p-PMog g r o u p  c a n  s t a b i l i s e  t h e  s e p a r a t i n g  a n i o n

i n  t h e  f o l l o w i n g  way:

Such  r e s o n a n c e  c a n n o t  o p e r a t e  f ro m  t h e  m e ta - p o s i t i o n ,  

w h ic h  a c c o u n t s  f o r  t h e  l a r g e  d i f f e r e n c e  i n  r e a c t i v i t y

A l t h o u g h  i t  i s  t h e  f i r s t  t im e  t h a t  t h i s  

phenomenon h a s  b e e n  d e m o n s t r a t e d  f o r  p h o s p h o n iu m  

i o n s  i n  a r o m a t i c  s y s t e m s ,  s i m i l a r  r e s o n a n c e  was 

o b s e r v e d  w i t h  t h e  -SMeg s u b s t i t u e n t I t  was 

fo u n d  t h a t  t h i s  s u b s t i t u e n t  b e l o n g s  t o  t h e  c l a s s  

w h ic h  r e q u i r e s  c r - c o n s t a n t s  t o  d e s c r i b e  i t s  e f f e c t  

on t h e  i o n i s a t i o n  o f  p h e n o l i c  -OH. The p - d i m e t h y l  

s u l p h o n i u m  i o n  c o n j u g a t e s  w i t h  t h e  r e a c t i o n  s i t e  i n  

t h e  f o l l o w i n g  m a n n e r :

P h o s p h o r u s  d - o r b i t a l  r e s o n a n c e  h a s ,  

h o w e v e r ,  b e e n  shown t o  o c c u r  i n  n o n - a r o m a t i c  s y s t e m s .
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105D o e r i n g  and Hoffm an  f o u n d  t h a t  I n  t h e  d e u t e r o x i d e  

c a t a l y s e d  e x c h a n g e  r e a c t i o n  o f  t e t r a m e t h y l  "onium" 

i o d i d e s ,  t e t r a m e t h y l p h o s p h o n i u m  i o d i d e  e x c h a n g e d  

7 3 , 9 ^  o f  i t s  h y d r o g e n  a tom s  a f t e r  3 h r .  a t  6 2 ^ .

U nder  s i m i l a r  c o n d i t i o n s ,  t é t r a m é th y la m m o n iu m  i o d i d e  

gav e  no o b s e r v a b l e  chan g e  a f t e r  504 h r .  The f o l l o w i n g  

m echan ism  f o r  t h e  r e a c t i o n  was p o s t u l a t e d :

H 
+ I

Me C—H
H

OD” + —
Me^P-CHg

DgO

MegPCHgD

Me^P—CHg

I n  t h e  c a s e  o f  t é t r a m é th y l a m m o n i u m  i o d i d e ,  r e s o n a n c e  

s t a b i l i s a t i o n  o f  t h e  t r a n s i t i o n  s t a t e  c a n n o t  o c c u r  

s i n c e  n i t r o g e n  c a n n o t  e x p a n d  i t s  o c t e t .

(b )  S u b s t i t u e n t s  c o n t a i n i n g  t h e  p h o s p h o r y l  bond

S u b s t i t u e n t s  c o n t a i n i n g  t h e  p h o s p h o r y l  

bond w ere  f o u n d  t o  be s t r o n g l y  a c t i v a t i n g  f rom  b o t h  

t h e  met a  and p a r a - p o s i t i o n s .

52
J a f f e  an d  F reed m an  h a v e  d e t e r m i n e d  

t h e  cr-cons t a n t  f o r  p - P O lO E t jg  ( t a b l e  I I I ,  p . 19)
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T h e i r  v a l u e  o f  + 0 ,8 4  p r e d i c t s  a r e l a t i v e  r a t e
4

c o n s t a n t  o f  1 .2 8  x  1 0  , w h i c h  a g r e e s  r e a s o n a b l y

w e l l  w i t h  t h e  o b s e r v e d  k  - o f  1 . 0 4  x  1 0 ^ .- r e l

The s t r o n g  a c t i v a t i n g  i n f l u e n c e  o f  t h e s e

s u b s t i t u e n t s  i s  i n t i m a t e l y  r e l a t e d  t o  t h e  c h a r a c t e r

o f  t h e  p h o s p h o r y l  b o n d .  I t  h a s  b e e n  p r o p o s e d  t h a t

t h e  p h o s p h o r u s - o x y g e n  bond i s  s e m i - p o l a r ,  m o d i f i e d

by b a c k  c o o r d i n a t i o n  f ro m  o x y g e n  t o  p h o s p h o r u s ,
62g i v i n g  i t  some m u l t i p l e  bond c h a r a c t e r ,  and  as  

a  c o n s e q u e n c e  may be c o n s i d e r e d  as  a  r e s o n a n c e  

h y b r i d  o f  s t r u c t u r e s  w h ic h  i n c l u d e  t h e  f o l l o w i n g :

+  —
R P - O  <---- > R_P--U3 3

Thus ,  much o f  t h e  e l e c t r o n - w i t h d r a w i n g  

i n f l u e n c e  o f  s u b s t i t u e n t s  c o n t a i n i n g  t h e  p h o s p h o r y l  

g ro u p  i s  d e r i v e d  f ro m  t h i s  f o r m a l  p o s i t i v e  c h a r g e  

on p h o s p h o r u s ,  g i v i n g  r i s e  t o  a  s t r o n g  - I  e f f e c t .  

However ,  e v e n  i f  t h e  p o s i t i v e  c h a r g e  w ere  a f u l l  

o n e ,  t h e  s u b s t i t u e n t s  w ou ld  n o t  h a v e  t h e  s t r o n g  

a c t i v a t i n g  i n f l u e n c e  o f  t h e  -PMe^ s u b s t i t u e n t  due 

t o  t h e  n e g a t i v e  end  o f  t h e  p h o s p h o r y l  d i p o l e .

V a r i a t i o n  i n  r e a c t i v i t y  w i t h i n  t h e  s e r i e s  

- P ( 0 )R2  may be c o n v e n i e n t l y  e x p l a i n e d  i n  t e r m s  o f
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e l e c t r o n  s u p p l y  and w i t h d r a w a l  by t h e  s u b s t i t u e n t  R. 

The o b s e r v e d  o r d e r  o f  a c t i v a t i o n  f ro m  t h e  p a r a -  

p o s i t i o n  was :

-P (0)Ph2  )  - P 0 ( 0 E t ) 2 )  -P(0)Me2

The p h e n y l  g r o u p  and t h e  e t h o x y  g r o u p  

may i n c r e a s e  e l e c t r o n  d e n s i t y  on p h o s p h o r u s  by +T 

e f f e c t .  The f o r m e r ,  by o v e r l a p  b e t w e e n  p h o s p h o r u s  

d - o r b i t a l s  and t h e  c l o u d  o f  t h e  a r o m a t i c  n u c l e u s ,  

and  t h e  l a t t e r ,  by o v e r l a p  b e tw e e n  n o n - b o n d i n g  

e l e c t r o n s  on  o x y g e n  and  p h o s p h o r u s  d - o r b i t a l s .  

H ow ever ,  i n  b o t h  t h e s e  c a s e s  t h e  +T e f f e c t  i s  o p p o s e d  

by a - I  w i t h d r a w a l  o f  e l e c t r o n s .  E l e c t r o n  s u p p l y  i n  

R w o u ld  c a u s e  a d e c r e a s e  i n  t h e  f o r m a l  p o s i t i v e  

c h a r g e  on o x y g e n ,  and c o n s e q u e n t l y  a  d e c r e a s e  i n  

a c t i v a t i o n .  I n  t h e  c a s e  when R = Me, t h i s  g r o u p  

c a n  o n l y  s u p p l y  e l e c t r o n s  i n d u c t i v e l y  by a m o d e r a t e  

+ I  e f f e c t .

( c )  The p h o sp h o n o  a n i o n s

No c l e a v a g e  o f  b e n z y l t r i m e t h y l s i l a n e s  

c o n t a i n i n g  t h e  -PO^ s u b s t i t u e n t  i n  e i t h e r  t h e  m e t a -  

o r  t h e  p a r a - p o s i t i o n  c o u l d  be d e t e c t e d  s p e c t r o p h o t o -  

m e t r i c a l l y .  The cr-cons t a n t  f o r  t h e  p - P ü ^  s u b s t i t u e n t
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( - 0 , 1 6 )  p r e d i c t s  a h a l f - l i f e  f o r  t h e  c l e a v a g e  

r e a c t i o n  a t  50°  i n  l .ON s o d iu m  h y d r o x i d e  s o l u t i o n
3

o f  c a .  2 . 6  X 10 h r .  T h u s ,  i t  i s  n o t  s u r p r i s i n g  

t h a t  no c l e a v a g e  was d e t e c t e d  i n  96 h r .  The 

cr-cons t a n t  f o r  m-POg ( - 0 . 0 2 ) i n d i c a t e s  a  

r e a c t i v i t y  s l i g h t l y  l o w e r  t h a n  t h a t  o f  t h e  

u n s u b s t i t u t e d  b e n z y l t r i m e t h y l s i l a n e , The f a c t  t h a t  

no c l e a v a g e  was o b s e r v e d  i n  f o u r  days  i n d i c a t e s  

t h a t  t h e  s u b s t i t u e n t  i s  more d e a c t i v a t i n g  t h a n  t h e  

c r - c o n s t a n t  w ou ld  s u g g e s t .

The s t r o n g  d e a c t i v a t i n g  i n f l u e n c e  o f  t h i s  

s u b s t i t u e n t  i s  due t o  i t s  d o u b l e  n e g a t i v e  c h a r g e ,  

r e s u l t i n g  i n  an  e x t r e m e l y  h i g h  + I  e f f e c t .

The e f f e c t  o f  v a r i a t i o n  i n  a l k a l i  c o n c e n t r a t i o n  on 

t h e  c l e a v a g e  o f  compounds c o n t a i n i n g  c h a r g e d  

s u b s t i t u e n t s

E a b o r n  and Parker®® f o u n d  t h a t  t h e  s p e c i f i c  

r a t e  c o n s t a n t  f o r  u n c h a r g e d  s p e c i e s  was i n d e p e n d e n t  

o f  t h e  a l k a l i  c o n c e n t r a t i o n ,  w h i l e  f o r  b e n z y l t r i m e t h y l -  

s i l a n e s  c o n t a i n i n g  t h e  c a r b o x y l a t e  a n i o n ,  t h e r e  was 

a  r i s e  i n  s p e c i f i c  r a t e  c o n s t a n t  w i t h  i n c r e a s e  i n  

a l k a l i  c o n c e n t r a t i o n .  They d e m o n s t r a t e d  t h a t  t h i s
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r i s e  was due t o  an  i n c r e a s e  i n  i o n i c  s t r e n g t h  o f  

t h e  medium, and t h a t  a t  low i o n i c  s t r e n g t h s ,  t h e  

B r ^ n s t e d - B j e r r u m  r e l a t i o n s h i p ? * ^ ®  was o b e y e d ,

B r ^ n s t e d  and B j e r r u m  showed t h a t  t h e  r a t e  

o f  a r e a c t i o n  b e tw e e n  two i o n s  i s  r e l a t e d  t o  t h e  

i o n i c  s t r e n g t h  o f  t h e  medium, a c c o r d i n g  t o  t h e  

f o l l o w i n g  r e l a t i o n s h i p :

w h e re  i s  t h e  r a t e  c o n s t a n t  a t  i n f i n i t e  d i l u t i o n ,

A i s  t h e  c o n s t a n t  o f  t h e  D e b y e - H u c k e l  e q u a t i o n ,  

and  a r e  t h e  c h a r g e s  on t h e  r e a c t i n g  i o n s  and 

-jx i s  t h e  t o t a l  i o n i c  s t r e n g t h .

The r e l a t i o n s h i p  p r e d i c t s  an  i n c r e a s e  

i n  s p e c i f i c  r a t e  c o n s t a n t s  w i t h  i n c r e a s e  i n  i o n i c  

s t r e n g t h ,  f o r  a r e a c t i o n  b e t w e e n  i o n s  o f  t h e  same 

s i g n .  T h i s ,  i n  f a c t ,  was o b s e r v e d  by E a b o r n  and 

P a r k e r  i n  t h e  r e a c t i o n  o f  OH w i t h  t h e  t r i m e t h y l -  

b e n z o i c  a n i o n s

F o r  s p e c i e s  o f  o p p o s i t e  s i g n ,  i n c r e a s i n g  

i o n i c  s t r e n g t h  w ould  r e s u l t  i n  a d e c r e a s e  i n  s p e c i f i c  

r a t e  c o n s t a n t .  T h i s  was o b s e r v e d  i n  t h e  c l e a v a g e  o f
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o f  t h e  p o s i t i v e l y  c h a r g e d  t r i m e t h y l - m - t r i m e t h y l -  

s i l y l m e t h y l p h e n y l p h o s p h o n i u m  i o d i d e  by OY ( Y = H  

and Me) ( t a b l e  X I ) ,

T a b l e  X I .  The v a r i a t i o n  o f  s p e c i f i c  r a t e  c o n s t a n t  

f o r  t h e  c l e a v a g e  o f  [Me^SiCHgCgH^PMe^jl 

i n  s o l u t i o n s  o f  v a r y i n g  a l k a l i  c o n c e n t r a t i o n

[NaOH] 1 0 ^ 1  1 0 " ^ 3

N ( m i n . " ^ )  ( m i n , ’’^ m o le “ ^ l .  )

0 . 2 0 4  2 6 . 8  1 .345 '

0 . 4 0 9  5 1 . 8  1 . 3 0

0 . 5 3 5  6 6 . 5  1 . 2 8

0 . 7 7 5  9 5 . 5  1 .2 6

1 .0 2 7  1 2 8 . 9  1 2 3 . 5
\

A p h y s i c a l  i n t e r p r e t a t i o n  o f  t h e  B r ^ n s t e d -

B j e r r u m  r e l a t i o n s h i p  may be made as  f o l l o w s .

A c c o r d i n g  t o  t h e  q u a l i t a t i v e  t h e o r y  o f  s o l v e n t
92e f f e c t s ,  o f  Hughes  and  I n g o l d ,  " a n  i n c r e a s e  i n  

t h e  s o l v a t i n g  pow er  o f  t h e  medium w i l l  a c c e l e r a t e  

t h e  c r e a t i o n  and c o n c e n t r a t i o n  o f  c h a r g e s  and  

i n h i b i t  t h e i r  d e s t r u c t i o n  and d i f f u s i o n . "  I n  a 

r e a c t i o n  b e t w e e n  i o n s  o f  t h e  same s i g n  t h e r e  i s  

a  c o n c e n t r a t i o n  o f  c h a r g e  i n  t h e  t r a n s i t i o n  s t a t e
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and as  a c o n s e q u e n c e  t h e  r e a c t i o n  w i l l  go f a s t e r  

i n  a b e t t e r  i o n - s o l v a t i n g  medium. C o n v e r s e l y ,  i n  

a r e a c t i o n  b e t w e e n  i o n s  o f  o p p o s i t e  c h a r g e  t h e r e  

i s  a d e s t r u c t i o n  o f  c h a r g e  i n  t h e  t r a n s i t i o n  s t a t e  

and t h e  r e a c t i o n  w i l l  go more s l o w l y  when t h e  

p o l a r i t y  o f  t h e  medium i s  h i g h e r .

An i n c r e a s e  i n  i o n i c  s t r e n g t h  i s  e q u i v a l e n t  

t o  an  i n c r e a s e  i n  s o l v e n t  p o l a r i t y ,  s i n c e  i o n s  may, 

i n  e f f e c t ,  be s o l v a t e d  by  b e i n g  s u r r o u n d e d  by i o n s  

o f  t h e  o p p o s i t e  c h a r g e .
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4 ,  The P r o t o n a t i o n  o f  T r l p h e n y l p h o s p h l n e  O x ide  I n  

S t r o n g l y  A c i d i c  Media

As was p o i n t e d  o u t  a b o v e ,  t h e  u l t r a v i o l e t  

s p e c t r u m  o f  t r l p h e n y l p h o s p h l n e  o x i d e  ch an g ed  

c o n s i d e r a b l y  w i t h  v a r i a t i o n  I n  s u l p h u r i c  a c i d  

c o n c e n t r a t i o n  I n  a c e t i c  a c l d - s u l p h u r l c  a c i d  m i x t u r e s  

( f i g .  VI p . 1 1 8 ) .  S u ch  c h a n g e s  w e re  I n t e r p r e t e d  as  

b e i n g  due t o  p r o t o n a t i o n  o f  t h e  p h o s p h o r y l  bond I n  

t r l p h e n y l p h o s p h l n e  o x i d e .  E x a m i n a t i o n  o f  t h e  

c u r v e s  o b t a i n e d  w h e n A g g g  and ^ 2 7 4  p l o t t e d  

a g a i n s t  w t . #  s u l p h u r i c  a c i d  I n d i c a t e s  t h a t  

p r o t o n a t i o n  I s  c o m p l e t e  when 2 8 . 1  w t . ^  s u l p h u r i c  

a c i d  I s  r e a c h e d .

I n  o r d e r  t o  o b t a i n  q u a n t i t a t i v e  I n f o r m a t i o n  

on  t h e  b a s i c i t y  o f  t h e  p h o s p h o r y l  bond i n  t r i p h e n y l -  

p h o s p h i n e  o x i d e .  I t  was n e c e s s a r y  t o  ex am in e  t h e  

s p e c t r a l  c h a n g e s  I n  a  medium, t h e  a c i d i t y  f u n c t i o n  

(Hq ) o f  w h ic h  was known.

The a c i d i t y  f u n c t i o n  (Hq ) was p r o p o s e d  
vvby Hammett and D ey ru p  t o  d e s c r i b e  t h e  b e h a v i o u r  

o f  w eak ,  n e u t r a l  b a s e s  i n  aq u e o u s  s u l p h u r i c  a c i d  

s o l u t i o n s .
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Thus f o r  t h e  e q u i l i b r i u m ;

B + h "*" BH"*"

H I s  d e f i n e d  by t h e  f o l l o w i n g  r e l a t i o n s h i p ;o

[B]Ho =  pHbh^" -  l o g  ........................... ( 1 )

( I t  may be shown t h a t  H =  - l o g  —?— —

Where t h e  u l t r a v i o l e t  s p e c t r u m  o f  t h e  

b a s e  (B) m e a s u re d  i n  one a c i d  c o n c e n t r a t i o n  d i f f e r s  

f ro m  t h e  s p e c t r u m  o f  t h e  c o n j u g a t e  a c i d ,  m e a s u re d  

a t  a h i g h e r  c o n c e n t r a t i o n ,  d e t e r m i n a t i o n  o f  t h e  

s p e c t r u m  i n  a l l  i n t e r m e d i a t e  a c i d  c o n c e n t r a t i o n s  

g i v e s  a  d i r e c t  m e a s u re  o f  t h e  p e r c e n t a g e  p r o t o n a t i o n  

a t  t h e s e  c o n c e n t r a t i o n s .  The r a t i o  [bh"^J/ [b] may 

a l s o  be o b t a i n e d  f ro m  t h e s e  o b s e r v a t i o n s ,  s i n c e  i t

c a n  be  shown t h a t  [bH* Ĵ =  6  — Eg and  [b] ~  6  — 6  *

f o r  a p a r t i c u l a r  w a v e l e n g t h .

I n  t h e  p r e s e n t  s t u d i e s  t h e  s p e c t r u m  o f  

t r i p h e n y l p h o s p h i n e  o x i d e  was m e a s u re d  i n  a q u eo u s  

s u l p h u r i c  a c i d  s o l u t i o n s  c o v e r i n g  t h e  r a n g e  

- 1 . 0  -  - 7 . 1  Ho u n i t s  ( f i g . I V  P . 117 ) w h e n é g e g  

and  ^ 2 7 4  was p l o t t e d  v e r s u s  Hq,  t y p i c a l  s i g m o i d



T able  X I I .  The pK^ v a lu e s  o f  n e u t r a l  s u b s t r a t e s

m easured in  s u lp h u r ic  a c id

S u b s t r a t e  pK^

Benz amide - 2 , 1 6

A c e to p h e n o n e  - 6 , 1 5

B enzophenone  - 6 . 1 8

B e n z o ic  a c i d  - 7 . 2 6
lOR

p - N i t r o t o l u e n e  - 1 0 , 9 6
1 OQ

N i t r o b e n z e n e  - 1 1 . 2 6
108m -C h lo ro b e n z e n e  - 1 2 . 2 7
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n e u t r a l i s a t i o n  c u r v e s  w e re  o b t a i n e d  ( f i g .  V , p . l l 7 )  

The pKgjj+ ( i . e .  t h e  pKj^ o f  t h e  c o n j u g a t e  a c i d  

PhgPOH) i s  e q u a l  t o  t h e  v a l u e  o f  H a t  t h e  p o i n t

o f  i n f l e x i o n  on  t h e s e  c u r v e s ,  s i n c e  f ro m  t h e  

r e l a t i o n s h i p  ( 1 ) t h e  t e r m  l o g b e c o m e s  z e r o  

a t  t h i s  p o i n t  and Hq =  pKgg+. The mean o f  t h e

v a l u e s  o f  pK^gf  d e t e r m i n e d  a t  268 ny, and  274 ny  was

- 3 . 6 5  u n i t s .

T h i s  t e c h n i q u e  h a s  b e e n  u s e d  by s e v e r a l  

a u t h o r s  t o  d e t e r m i n e  pKg  ̂ v a l u e s  f o r  a  w id e  r a n g e  o f  

a r o m a t i c  com pounds .  The pK^ v a l u e s  o f  some n e u t r a l  

s u b s t r a t e s ,  m e a s u re d  s p e c t r o p h o t o m e t r i c a l l y ,  a r e  

g i v e n  i n  t a b l e  X I I .

From e q u a t i o n  (1)  d e f i n i n g  H^ i t  c a n  be
FbIs e e n  t h a t  a  p l o t  o f  l o g  v e r s u s  Hq s h o u l d  be  a

s t r a i g h t  l i n e  o f  u n i t  s l o p e .  When *

o b t a i n e d  f ro m  t h e  e x t i n c t i o n  c o e f f i c i e n t s  a t  268 mp

and 274  mp, was p l o t t e d  a g a i n s t  Hq ( s e e  f i g .  V I I I  and  

t a b l e  X I I I )  s t r a i g h t  l i n e s  w ere  o b t a i n e d ,  t h e  s l o p e s  

o f  w h i c h  w ere  0 . 6 8 5  ( a t  268 ro jx ) and  0 . 6 6 6  ( a t  274 u p ) .

P r e v i o u s  w o r k e r s  h a v e  a l s o  o b s e r v e d  

s i m i l a r  d e p a r t u r e s  f r o m  t h e  t h e o r e t i c a l  s l o p e  i n



T a b le  X I I I .  V alues  o f  l o g  and Hq f o r  t r l p h e n y l ­

p h o sp h ln e  o x id e  i n  s u l p h u r i c  a c id

A
Ho 268 myi 274  mji

- 5 . 5 2 . 4 7 1 3 2 . 7 7 0 9

- 4 . 7 5 Ï . 1 0 3 8 Ï . 3 0 3 2

- 4 . 1 7 1 . 5 5 5 1 1 .7 0 4 2

- 3 . 6 7 Ï . 9 4 5 5 0 . 7 7 5 5

- 3 . 5 0 0 . 0 7 1 9 0 . 1 9 8 7

- 3 . 2 7 0 . 1 9 5 9 0 . 3 3 2 4

- 2 . 9 5 0 . 3 8 2 0 0 . 5 0 9 2

- 2 . 6 0 0 . 5 9 2 2 0 . 7 4 1 9

- 1 . 7 0 1 . 1 5 2 3 1 .3 1 1 8
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s p e c t r o p h o t o m e t r i c  pK^ d e t e r m i n a t i o n s ,  and  t h e s e  

w ere  a t t r i b u t e d  t o  v a r i a t i o n s  i n  t h e  s p e c t r a  o f  

t h e  s u b s t r a t e s  due t o  s o l v e n t  e f f e c t ,  How ever ,  

K a t r i t z k y ,  W ar in g  and Y a te s^ ^ ^  h a v e  r e c e n t l y  shown 

t h a t  i n  t h e  0 - p r o t o n a t i o n  o f  b e n z a m i d e s ,  t h e  

r e l a t i o n s h i p  i s  n o t  o b e y e d ,  and  t h e y  c o n c l u d e  t h a t  

b e n z a m id e s  do n o t  b eh a v e  as  Hammett b a s e s  i n  aq u e o u s  

s u l p h u r i c  a c i d  ( i . e .  t h e y  do n o t  e x h i b i t  t h e  same 

a c t i v i t y  c o e f f i c i e n t  b e h a v i o u r  as  do t h e  n i t r o -  

a n i l i n e s ,  f ro m  w h ic h  t h e  H^ s c a l e  i s  d e r i v e d ) .

Thus ,  t h e  pK^ v a l u e  o b t a i n e d  f o r  t r i p h e n y l ­

p h o s p h i n e  o x i d e  may be f a r  r em oved  f ro m  t h e  t r u e  

v a l u e .  However ,  t h e  r e s u l t s  do show t h a t  t h e  

p h o s p h o r y l  g r o u p ,  i n  t r i p h e n y l p h o s p h i n e  o x i d e ,  i s  

much more b a s i c  t h a n  t h e  c a r b o n y l  g r o u p  i n  b e n z o i c  

a c i d s ,  e t c ,  and t h e  n i t r o - g r o u p  i n  a r o m a t i c  n i t r o ­

compounds ( s e e  t a b l e  X I I ) ,

The o b s e r v a t i o n  t h a t  t r i p h e n y l p h o s p h i n e

o x i d e  i s  f u l l y  p r o t o n a t e d  i n  2 8 . 1  w t . #  s u l p h u r i c

a c i d - g l a c i a l  a c e t i c  a c i d  i s  a c l e a r  i n d i c a t i o n  o f

t h e  h i g h  a c i d i t y  o f  t h i s  medium, s i n c e  i n  a q u eo u s

s u l p h u r i c  a c i d  8 0 , 1  w t . ^  s u l p h u r i c  a c i d  was r e q u i r e d
111

t o  e f f e c t  c o m p le t e  p r o t o n a t i o n .  H a l l  and  Spengeman



h a v e  d e t e r m i n e d  t h e  a c i d i t y  f u n c t i o n  (H^) f o r  

m i x t u r e s  o f  1 0 0 ^  s u l p h u r i c  a c i d  i n  a n h y d r o u s  a c e t i c  

a c i d  up  t o  8 M s u l p h u r i c  a c i d .  The v a l u e s  

o b t a i n e d  w ere  f a r  h i g h e r  t h a n  t h o s e  f o r  aq u eo u s  

s u l p h u r i c  a c i d  s o l u t i o n s  o f  e q u i v a l e n t  c o n c e n t r a t i o n  

( e . g .  Hq =  - 3 . 0 1  f o r  IM s u l p h u r i c  a c i d  i n  g l a c i a l

a c e t i c  a c i d  com pared  w i t h  H^ =  - 0 . 2 6  f o r  IM

a q u e o u s  s u l p h u r i c  a c i d ) .

S i n c e  t r i p h e n y l p h o s p h i n e  o x i d e  was f u l l y

p r o t o n a t e d  i n  2 8 . 1  w t . ^  s u l p h u r i c  a c i d - g l a c i a l

a c e t i c  a c i d ,  i t  i s  o b v i o u s  t h a t  t h i s  medium (w h ic h

c o n t a i n s  2 - 3 ^  w a t e r )  h a s  an  a c i d i t y  c o m p a r a b le  w i t h

t h a t  o f  t h e  a n h y d r o u s  m i x t u r e  u s e d  by H a l l  and 

111Spengem an .
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EXPERIMENTAL

1 .  G e n e r a l  T e c h n i q u e s ,

The p r e p a r a t i o n  o f  G r i g n a r d  r e a g e n t s  was 

c a r r i e d  o u t  i n  a t h r e e - n e c k e d  f l a s k  f i t t e d  w i t h  a 

r u b b e r  s e a l e d  s t i r r e r  ( l u b r i c a t e d  w i t h  s i l i c o n e  o i l  

o r  g r e a s e ) ,  a  d o u b l e  s u r f a c e  c o n d e n s e r  and a d r o p p i n g ,  

f u n n e l .  S u l p h u r i c  a c i d  b u b b l e r s  were  u s e d  t o  e x c l u d e  

m o i s t u r e  a n d ,  i n  t h e  c a s e  o f  G r i g n a r d  r e a g e n t s  

p r e p a r e d  i n  t e t r a h y d r o f u r a n ,  a  n i t r o g e n  i n l e t  t u b e  

was f i t t e d .  Anhydrous  e t h e r ,  s u p p l i e d  by M a c F a r l a n  

and  Co, L t d , ,  was d r i e d  o v e r  so d iu m  w i r e  b e f o r e  u s e .  

T e t r a h y d r o f u r a n  (THF) was d r i e d  and f r e e d  f rom 

p e r o x i d e s  by r e f l u x i n g  w i t h  l i t h i u m  a lu m in iu m  h y d r i d e ,  

f o l l o w e d  by d i s t i l l a t i o n  t h r o u g h  a 12 i n c h  D u f t o n  

c o lu m n .  To p r e v e n t  f u r t h e r  p e r o x i d a t i o n ,  THF, 

p u r i f i e d  i n  t h i s  way, was s t o r e d  u n d e r  n i t r o g e n ,

H opk in  an d  W i l l i a m s e s  "M agnesium t u r n i n g s  f o r  G r i g n a r d  

r e a g e n t s "  w ere  u s e d  a f t e r  d r y i n g  i n  a n  oven  a t  1 5 0 ° .  

I n i t i a t i o n  o f  t h e  r e a c t i o n  was e f f e c t e d  by a d d i t i o n  

o f  a few d r o p s  o f  e t h y l e n e  d i b r o m i d e ,  f o l l o w e d  by 

c a u t i o u s  w arm in g .  A f t e r  t h e  c o u p l i n g  r e a c t i o n  was 

c o m p le t e d  t h e  m i x t u r e  was p o u r e d  i n t o  a b e a k e r  

c o n t a i n i n g  i c e  and 2N s u l p h u r i c  a c i d ,  t o  h y d r o l y s e
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u n r e a c t e d  G r i g n a r d  r e a g e n t .  The o r g a n i c  l a y e r  was 

s e p a r a t e d  and  u s u a l l y  d r i e d  o v e r  a n h y d r o u s  sod ium  

s u l p h a t e ,

O r g a n o - l i t h i u m  r e a g e n t s  were  p r e p a r e d  i n  

a  s i m i l a r  a p p a r a t u s  t o  t h a t  d e s c r i b e d  f o r  G r i g n a r d  

r e a g e n t s .  L i t h i u m  m e t a l  was hammered i n t o  a f o i l  

1  mm, t h i c k  and  t h e n  c u t  i n t o  p i e c e s  a p p r o x i m a t e l y  

5x5 mm, i n  s i z e .  The r e a c t i o n  was a lw a y s  c a r r i e d  o u t  

u n d e r  a  s lo w  s t r e a m  o f  o x y g e n - f r e e  n i t r o g e n ,  d r i e d  by 

p a s s i n g  t h r o u g h  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  A f t e r  

f o r m a t i o n  o f  t h e  o r g a n o - l i t h i u m  r e a g e n t  i t s  e t h e r e a l  

s o l u t i o n  was f i l t e r e d  i n t o  a d r o p p i n g  f u n n e l  t h r o u g h  

a g l a s s  w oo l  p l u g .  H y d r o l y s i s  was a g a i n  e f f e c t e d  by 

p o u r i n g  t h e  r e a c t i o n  m i x t u r e  o n t o  i c e  and  2N s u l p h u r i c  

a c i d ,

W u r t z - F i t t i g  r e a c t i o n s  were  c a r r i e d  o u t  by 

a d d i t i o n  o f  a  m i x t u r e  o f  t r i m e t h y l c h l o r o s i l a n e  and  t h e  

a p p r o p r i a t e  a r y l - h a l i d e  t o  m o l t e n  so d iu m  m e t a l  i n  

b o i l i n g  s u l p h u r - f r e e  t o l u e n e .  The r a t e  o f  a d d i t i o n  

was s u c h  as  t o  m a i n t a i n  c o n s t a n t  r e f l u x i n g .  A f t e r  a l l  

o f  t h e  m i x t u r e  o f  h a l i d e s  h a d  b e e n  a d d e d  t h e  m i x t u r e  

was r e f l u x e d  f o r  1 h r .  P r e c i p i t a t e d  s o d iu m  c h l o r i d e  

was f i l t e r e d  o f f  and  t h e  f i l t r a t e  w ashed  w i t h  w a t e r .
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d r i e d  o v e r  a n h y d r o u s  s o d iu m  s u l p h a t e  and  f i n a l l y  

f r a c t i o n a t e d .

F r a c t i o n a t i o n s  w ere  c a r r i e d  o u t  on a 

p r e c i s i o n - m a d e  100 cm, V i g r e u x  c o lum n ,  u n l e s s  

o t h e r w i s e  s t a t e d .  F o r  r e m o v a l  o f  s o l v e n t s  a  70 cm, 

g l a s s - h e l i c e s - p a c k e d  co lum n was u s e d .  B o th  columns 

w e re  e n c l o s e d  i n  an  e l e c t r i c a l l y  h e a t e d  j a c k e t .

D i s t i l l a t i o n  a t  r e d u c e d  p r e s s u r e  was c a r r i e d  

o u t  u s i n g  a  F u l s o m e t e r  vacuum pump, c a p a b l e  o f  g i v i n g  

a  p r e s s u r e  o f  0 , 2  mm. F o r  d i s t i l l a t i o n  r e q u i r i n g  

l o w e r  p r e s s u r e s  ( 0 . 2  -  0 . 0 1  mm.) a n  E d w a rd s ,  t w o - s t a g e ,  

a i r - b a l l a s t  vacuum pump was u s e d .  Bumping a t  r e d u c e d  

p r e s s u r e  was m i n i m i s e d  by t h e  u s e  o f  a  m a g n e t i c  s t i r r e r  

a n d  " f l e a " ,  o r  w i t h  wooden a n t i - b u m p i n g  s t i c k s .

M i c r o - a n a l y s e s ,  f o r  c a r b o n  and  h y d r o g e n ,  

w e re  d e t e r m i n e d  by D r s , W i e l e r  and  S t r a u s s ,  o f  O x f o r d ,  

o r  by D r ,  B e r n h a r d t ,  o f  Mulheim,  R u h r ,  West  Germany,  

H y d r o l y s a b l e  c h l o r i n e  was d e t e r m i n e d  by V o l h a r d ' s  

m e th o d .

M e l t i n g  p o i n t s  and  b o i l i n g  p o i n t s  a r e  q u o t e d  

u n c o r r e c t e d .
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2 .  The P r e p a r a t i o n  o f  A r y l e l l l c o n  Compounds c o n t a i n i n g

P h o s p h o r u s .

( a )  P r e p a r a t i o n  o f  o r g a n o s i l i c o n  co m pounds .

p - B r o m o p h e n y l t r l m e t h y l s i l a n e The G r i g n a r d  r e a g e n t  

f rom  p - d ib r o m o b e n z e n e  (284  g , ,  1 , 0  m ole)  and 

m agnes ium  ( 2 4 . 3  g , ,  1 . 0  g , - a t o m )  was p r e p a r e d  i n  

e t h e r  (500 m l . ) .  T r i m e t h y l c h l o r o s i l a n e  (109  g . ,

1 , 0  m o le )  i n  e t h e r  (150 m l , ) ,  was a d d ed  o v e r  0 , 5  h r .  

F r a c t i o n a t i o n ,  a f t e r  w o r k i n g  up  i n  t h e  u s u a l  way, 

g a v e  130 g ,  o f  a  l i q u i d ,  b . p .  1 2 0 - 1 2 7 */20  mm., w h ic h  

d e p o s i t e d  c r y s t a l s  on s t a n d i n g .  These  c r y s t a l s  

( m o s t l y  p - b i s - p h e n y l t r i m e t h y l s i l a n e ) w ere  f i l t e r e d  

o f f  and  r e f r a c t i o n a t i o n  o f  t h e  m o th e r  l i q u o r  gave  90 g ,  

(4 5 ^ )  o f  p - b r o m o p h e n y l t r i m e t h y l s i l a n e ,  b . p ,  2 2 8 - 2 2 9 , 5 ° ,  

1 ,5 2 5 0  2 2 9 . 5 ° / 7 5 2  mm., ng2 1 , 5 2 2 9 ) .

p - C h l o r o p h e n y l t r i m e t h y l s i l a n e . -  The G r i g n a r d  r e a g e n t  

f rom  p - c h l o r o b r o m o b e n z e n e  ( 2 1 0 . 6  g , , 1 , 1  m ole )  an d  

magnes ium ( 2 6 . 7  g . , 1 , 1  g - a to m )  was p r e p a r e d  i n  e t h e r  

(500 m l . ) .  T r i m e t h y l c h l o r o s i l a n e  (109 g , ,  1 . 0  m o l e ) ,  

i n  e t h e r ,  was a d d e d  o v e r  0 , 5  h r .  and  t h e  m i x t u r e  

r e f l u x e d  f o r  20 h r .  W ork ing  up  i n  t h e  u s u a l  way gave

1 1 4 . 5  g .  (6 2 ^ )  o f  p - c h l o r o p h e n y l t r i r a e t h y l s i l a n e ,  b . p .
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8 8 - 9 2 ° / 1 5 - 1 7  mm., 1 . 5 0 8 1  ( l i t . ,  9 8 - 1 0 0 ° / 1 5 - 17

mm, ) .

S i m i l a r l y  p r e p a r e d  was :

m-C h l o r o p h e n y l t r i m e t h y l s  i l a n e , -  73;^ y i e l d ,  b . p .  8 6 -  

8 8 ° / 1 2  mm., 1 . 5 0 9 0  ( l i t . , ^ ^ ^  1 0 0 . 5  7 2 2  mm., 

1 . 5 0 9 9 ) .

p - T o l y l t r i m e t h y l s i l a n e . -  A m i x t u r e  o f  p - c h l o r o t o l u e n e  

( 6 3 , 3  g . , 0 , 5  mole)  an d  t r i m e t h y l c h l o r o s i l a n e  ( 5 4 . 3  g . , 

0 , 5  m ole)  was ad d ed  t o  s o d iu m  ( 2 5 , 3  g . , 1 , 1  g - a to m )  

i n  r e f l u x i n g  t o l u e n e  and  t h e  m i x t u r e  was r e f l u x e d  f o r  

1 h r .  The so d iu m  c h l o r i d e  was f i l t e r e d  o f f  and 

f r a c t i o n a t i o n  o f  t h e  m o th e r  l i q u o r  gave  61 g .  (60^1 

o f  p - t o l y l t r i m e t h y l s i l a n e ,  b . p .  1 8 9 - 1 9 0 ,  n ^ ^  1 , 4 8 9 6  

( l l t . , ^ ^ ®  b . p .  1 9 2 ° ,  1 . 4 9 1 0 ) .

S i m i l a r l y  p r e p a r e d  w as :

m-T o l y I t r i m e t h y I s  i l a n e . -  67^  y i e l d ,  b , p ,  1 8 6 -1 8 8 °

1 .4 9 0 2  ( l i t . ,  % . p .  1 9 0 ° ,  1 . 4 9 0 2 ) .

p - T r i m e t h y l s  i l y l b e n z y l b r o m i d e , -  T h i s  compound was

p r e p a r e d  by t h e  m ethod  o f  S o v e r s o n ,  R o s c u p ,  L i n d b e r g  
117

and  E n g b e r g .

p - T o l y I t r i m e t h y I s  i l a n e  ( 4 4 . g . ,  0 . 2 7  m o l e ) ,  N -brom o-
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s u c c l n i m l d e  ( 4 4 , 5  g , ,  0 , 2 5  m ole)  and  b e n z o y l  p e r o x i d e  

( 0 . 3  g . )  i n  c a r b o n  t e t r a c h l o r i d e  (130 m l . )  were 

h e a t e d  t o  g e n t l e  r e f l u x .  A f t e r  i n i t i a t i o n  t h e  

r e a c t i o n  became v i g o r o u s  and  t h e  h e a t i n g  was rem oved  

u n t i l  r e f l u x i n g  s u b s i d e d .  H e a t i n g  was t h e n  r e su m e d  

an d  t h e  m i x t u r e  was r e f l u x e d  f o r  a f u r t h e r  2  h r .

The s o l u t i o n  was t h e n  f i l t e r e d ,  washed  w i t h  5 %  

so d iu m  h y d r o x i d e  s o l u t i o n  and f i n a l l y  w i t h  w a t e r .  

F r a c t i o n a t i o n  on a  12 i n c h  V i g r e u x  column gave  37 g .  

( 5 5 ^ )  o f  p - t r i m e t h y l s i l y l b e n z y l b r o m i d e ,  b , p .  114- 

1 1 8 7 8 - 9  mm., 1 . 5 4 1 2  ( l i t . ,  b . p .  1 2 8 - 1 2 9 ° / 1 2  mm.,

n § °  1 . 5 4 0 0 ) . ! ^ ?

S i m i l a r l y  p r e p a r e d  w as :

m-T r i m e t h y l s i l y l b e n z y l b r o m i d e . -  6 0 %  y i e l d ,  b . p ,  126-  

1 2 7 ° / 1 2  mm., 1 . 5 4 1 5  ( l i t . ,1 1 ?  1 2 8 - 1 2 9 ° / 1 3  mm.,

n g °  1 . 5 3 7 9 ) .

p - T r i m e t h y l s i l y l p h e n o l . -  T h i s  was p r e p a r e d  by t h e
118m ethod  o f  S p e i e r .

( a )  p - C h l o r o p h e n o l  ( 1 2 8 . 6  g . , 1 , 0  mole)  and  

t r i m e t h y l c h l o r o s i l a n e  (163  g . , 1 , 5  m ole)  were  

r e f l u x e d  t o g e t h e r  f o r  6  h r .  F r a c t i o n a t i o n  o f  t h e  

m i x t u r e  g a v e  180 g .  (90%) o f  p - c h l o r o p h e n o x y t r i m e t h y l -
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a l l a n e ,  b . p .  1 0 l V l 3  mm., 1 . 4 9 5 5  ( l l t . / ^ ®  1 0 1 ° /
? S

14 ram., ng  1 . 4 9 2 3 ) .

(b)  A m i x t u r e  o f  t r i m e t h y l c h l o r o s i l a n e  ( 5 9 , 2 5  g , ,

0 . 5  mole)  and  p - c h l o r o p h e n o x y t r i m e t h y l s i l a n e  ( 1 0 0 . 2 5  g . ,  

0 , 5  mole was a d d ed  t o  so d iu m  (25  g , ,  1 , 0 8  g - a to m )  

i n  r e f l u x i n g  t o l u e n e .  A f t e r  f i l t r a t i o n  ( t o  remove 

t h e  so d iu m  c h l o r i d e ) ,  f r a c t i o n a t i o n  gave  89 g .  (80%) 

o f  p - t r i m e t h y l s i l y l p h e n o x y t r i m e t h y l s i l a n e ,  b . p .  1 40 -  

142 7 3 8  mm., 132 7 2 5  mm.)

( c )  p - T r i m e t h y l s i l y l p h e n o x y t r i m e t h y I s i l a n e  ( 5 0 . 0  g . )  

was h y d r o l y s e d  by h e a t i n g ,  f o r  0 . 5  h r .  on  a w a t e r  

b a t h ,  i n  95% a q u e o u s  e t h a n o l  (28  g . )  t o  w h ic h  2 d r o p s  

o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  had  b e e n  a d d e d .

T h i s  s o l u t i o n  on d i l u t i o n  and e x t r a c t i o n  w i t h  e t h e r  

gav e  32 g , o f  c r u d e  p - t r l m e t h y l s i l y l p h e n o l , w h ich  

was u s e d  i n  t h e  p r e p a r a t i o n  o f  d i e t h y l - p - t r i m e t h y l -

s i l y l p h e n y l p h o s p h a t e  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

S i m i l a r l y  p r e p a r e d  w as :

m-T r i m e t h y l s i l y l p h e n o l , -  m - T r i m e t h y l s i l y l p h e n o x y -  

t r i m e t h y l s i l a n e ,  s u p p l i e d  by D r ,  K, L e y sh o n ,  was 

h y d r o l y s e d  t o  m - t r i m e t h y l s i l y l p h e n o l  a s  d e s c r i b e d  

a b o v e .  The c ru d e  p r o d u c t  was u s e d  i n  t h e  

p r e p a r a t i o n  o f  d i e t h y l - m - t r i m e t h y I s i l y l p h e n y l p h o s p h a t e .
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(b)  The p r e p a r a t i o n  o f  o r g a n o p h o a p h o r u s  com pounds .

D l e t h y l p h o s p h o r o c h l o r l d a t e P h o s p h o r u s  t r i c h l o r i d e  

( 0 . 5  m ole)  i n  b e n z e n e  (150 m l . )  was a d d e d  t o  

a b s o l u t e  e t h a n o l  ( 1 , 5  m ole)  i n  b e n z e n e  (200 m l . ) ,  

t h e  t e m p e r a t u r e  o f  t h e  r e a c t i o n  m i x t u r e  b e i n g  k e p t  

b e lo w  1 0 ^ .  S u l p h u r y l  c h l o r i d e  ( 0 . 5  m ole)  was t h e n  

a d d e d  d r o p w i s e  o v e r  1 h r .  Removal  o f  t h e  v o l a t i l e s  

on a s t e a m  b a t h ,  a t  w a t e r - p u m p  p r e s s u r e ,  l e f t  a  

l i q u i d  w h ic h  was d i s t i l l e d  t o  g i v e  5 5 , 5  g ,  (65%) 

o f  d i e t h y l p h o s p h o r o c h l o r i d a t e ,  b . p .  8 0 - 8 1 ° / 8  mm,, 

rip® 1 .4 1 4 0  ( l i t . ,  8 6 ° / 1 2  mm., 1 . 4 1 6 2 ) .

D i e t h y l  p h e n y l p h o s p h o n a t e , -  P h e n y l - l i t h i u m ,  

p r e p a r e d  f ro m  b r o m o b e n z e n e ,  ( 1 8 , 8  g . )  an d  l i t h i u m ,  

( 1 . 6 8  g . )  was ad d e d  t o  d i e t h y l  p h o s p h o r o c h l o r i d a t e  

( 1 7 . 2  g . )  i n  e t h e r  (50  m l . ) ,  t h e  r e a c t i o n  t e m p e r a t u r e  

b e i n g  k e p t  b e low  5 ° .  The m i x t u r e  was a l l o w e d  t o  

s t a n d  o v e r n i g h t ,  a n d ,  on w o r k i n g  up i n  t h e  u s u a l  way, 

g a v e  9 g ,  (45%) o f  d i e t h y l p h e n y l p h o s p h o n a t e ,  b . p .  

1 3 2 - 1 3 4 ° / 4 . 5  mm., n§® 1 .4 9 3 2  ( l i t . ,  ® 1 1 7 . 8 ° / 1 . 5  mm.,

n§® 1 . 4 9 3 5 ) .

D i e t h y l  b e n z y l p h o s p h o n a t e D i e t h y l  p h o s p h o n a t e



- 7 2 -

( 2 7 , 6  g , ,  0 , 2  mole)  i n  l i g h t  p e t r o l e u m  (30  m l . )  was 

a d d e d  t o  so d iu m  ( 4 . 6  g . ,  0 . 2  g . - a t o m )  i n  l i g h t  

p e t r o l e u m  (100 m l , ) .  The m i x t u r e  was r e f l u x e d  u n t i l  

a l l  t h e  s o d iu m  h ad  r e a c t e d .  B e n z y l  c h l o r i d e  ( 2 5 , 2  g . ,  

0 , 2  m ole)  i n  l i g h t  p e t r o l e u m  (30 m l . )  was ad d ed  and  

t h e  m i x t u r e  r e f l u x e d  f o r  4 h r .  F r a c t i o n a t i o n  gav e  

20 g .  (50%) o f  d i e t h y l  b e n z y l p h o s p h o n a t e ,  b . p ,  1 5 7 ° /

14 mm., Qp® 1 . 4 9 4 5  ( l i t . , 1 ^ 0  1 5 5 7 1 4  mm. ) .

D i e t h y l p h e n y l p h o s p h a t e , -  P h e n o l  (13  g . 0 , 1 8  mole)  

i n  e t h e r  (50 m l . )  was a d d e d  t o  s o d iu m  ( 4 . 1 4  g , ,

0 , 1 8  g . - a t o m )  i n  e t h e r .  The m i x t u r e  was r e f l u x e d  

u n t i l  t h e  s o l u t i o n  o f  t h e  s o d iu m  was c o m p l e t e  ( 1  h r , ) ,  

D i e t h y l p h o s p h o r o c h l o r i d a t e  ( 3 0 , 6  g , ,  0 , 1 8  mole)  i n  

e t h e r  was a d d e d ,  and  t h e  m i x t u r e  r e f l u x e d  f o r  15 h r .  

The e t h e r  was removed and  t h e  o i l  o b t a i n e d  was 

f r a c t i o n a t e d  t o  g i v e  1 2  g , o f  d i e t h y l p h e n y l p h o s p h a t e ,  

b . p .  1 4 4 - 1 4 5 ° / 5  mm., n§® 1 . 4 7 5 5  ( l l t . , ^ ^ ^  2 0 0 - 2 3 0 ° /

70 mm,) .
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( c ) The p r e p a r a t i o n  o f  a r y l s l l l c o n  compounds 

c o n t a i n i n g  p h o s p h o r u s ,

A t t e m p t e d  f r e e - r a d i c a l  p h o s p h o n a t i o n  o f  

p h e n y l t r i m e t h y l s i l a n e , -  P h e n y l t r i m e t h y l s i l a n e  ( 4 5 . 5  g . ,  

0 , 3 2 5  m ole)  and d i m e t h y l p h o s p h o n a t e  ( 3 5 , 8  g , ,  0 , 3 2 5  

m ole)  w ere  m ixed  and  h e a t e d  t o  1 4 0 - 1 5 0 * .  D l - t - b u t y l  

p e r o x i d e  ( 4 7 . 5  g , ,  0 . 3 2 5  m ole )  was a d d e d  a t  a  r a t e  o f  

a p p r o x i m a t e l y  1 g , / l O  m in .  D u r in g  t h e  l a t e r  s t a g e s  

o f  t h e  r e a c t i o n  t h e  l i q u i d  t e m p e r a t u r e  f e l l  t o  

a p p r o x i m a t e l y  1 2 0 ° .  The m i x t u r e  was r e f l u x e d  

o v e r n i g h t  ( t o  d e s t r o y  u n c h a n g e d  p e r o x i d e )  and  t h e  

two l a y e r s  o b t a i n e d  w ere  s e p a r a t e d  and  e a c h  was 

d i s t i l l e d .  From t h e  u p p e r  l a y e r  a f r a c t i o n ,  3 g , ,  

b . p ,  9 6 - 9 8 ° / 0 , 5  mm,, n^^  1 . 4 9 5 4 ,  and  f ro m  t h e  l o w e r  

l a y e r ,  3 g , ,  b . p ,  96 -98  ° / 0 , 5 mm,, n ^ ^  1 , 4 9 7 0 ,  was 

c o l l e c t e d .  The i n f r a - r e d  s p e c t r a  o f  t h e s e  w ere  

i d e n t i c a l  and  s i m i l a r  t o  t h e  s p e c t r u m  o f  d i e t h y l  

p - t r i m e t h y l s i l y l p h e n y l p h o s p h o n a t e , The two f r a c t i o n s  

w ere  combined  and r e f r a c t i o n a t e d  t o  g i v e  4 . 5  g , ,  

b . p .  9 8 - 1 0 0 ° / 0 . 6 mm., 1 . 4 9 5 6 .  H y d r o l y s i s  o f  2 g.  

o f  t h i s  p r o d u c t ,  by r e f l u x i n g  w i t h  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  f o r  5 h r . ,  gav e  a w h i t e ,  c r y s t a l l i n e  

s o l i d ,  w h i c h ,  on r e c r y s t a l l i s a t i o n ,  f ro m  w a t e r ,  gave
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p l a t e s ,  m .p ,  1 6 2 , 5 - 1 6 3 °  ( p h e n y l p h o s p h o n i  c a c i d ,  rn.p.

1 6 1 - 1 6 2 ° . ) . 3

D i e t h y l  p - t r l m e t h y l s l l y l p h e n y l p h o s p h o n a t e The 

G r i g n a r d  r e a g e n t  f rom  p - c h l o r o p h e n y l t r l m e t h y l s l l a n e  

(87 g . , 0 , 5  m ole)  and  m agnes ium  ( 1 2 , 1 5  g , , 0 , 5  g , - a t o m )  

was p r e p a r e d  I n  r e f l u x l n g  THF, t h e  m i x t u r e  b e i n g  

r e f l u x e d  f o r  5 h r ,  a f t e r  t h e  a d d i t i o n  o f  t h e  h a l i d e .

The s o l u t i o n  o f  t h e  G r i g n a r d  r e a g e n t  was a d d e d  s l o w l y  

t o  d l e t h y l p h o s p h o r o c h l o r l d a t e  ( 7 7 . 4  g , , 0 , 4 5  mole)

I n  a n h y d r o u s  e t h e r  (150 m l , ) ,  t h e  r e a c t i o n  m i x t u r e  

was t h e n  r e f l u x e d  f o r  1  h r , ,  a l l o w e d  t o  c o o l  and 

t h e n  h y d r o l y s e d  w i t h  I c e ,  d i l u t e  s u l p h u r i c  a c i d  and  

t h e  o r g a n i c  l a y e r  r e m o v e d .  The a q u e o u s  l a y e r  was 

e x t r a c t e d  w i t h  e t h e r  and  t h e  com bined  o r g a n i c  l a y e r s  

w ashed  w i t h  2N so d iu m  h y d r o x i d e  s o l u t i o n  and  f i n a l l y  

w i t h  w a t e r .  R a p id  d i s t i l l a t i o n  o f  t h e  o i l ,  o b t a i n e d  

a f t e r  r e m o v a l  o f  t h e  THF and e t h e r ,  gav e  106 g ,  o f  a 

c o l o u r l e s s  l i q u i d ,  b , p ,  1 2 0 - 1 2 5 ° / l , 0  mm,, f r a c t i o n ­

a t i o n  o f  w h ic h  gave  78 g ,  (60^)  o f  d i e t h y l  p - t r l m e t h y l -  

s l l y l p h e n y l p h o s p h o n a t e ,  b , p ,  1 5 4 - 1 5 6 ° / 2 . 5 mm,, n ^ ^  

1 , 4 9 3 3  (Found:  C, 5 4 , 7 3 ;  H, 8 , 3 1 ,  C^gHg^OgPSl 

r e q u i r e s  C, 5 4 , 5 5 ;  H, 8 , 0 5 ^ ) ,
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S l m i l a r l y  p r e p a r e d  w as ;

D i e t h y l  m-t r l m e t h y l s l l y l p h e n y l p h o s p h o n a t e , -  6 0 ^ ,  b . p .  

1 4 2 - 1 4 3 ° / 2 . 2  mm., 1 . 4 9 1 5  (F o u n d :  C, 5 4 . 0 6 ;  H, 7 . 7 0 ^ )

p - T r I m e t h y I s l l y l p h e n y l p h o s p h o n i c  a c i d  c h l o r i d e . -

D i e t h y l  p - t r l m e t h y l s l l y l p h e n y l p h o s p h o n a t e  ( 1 4 , 2  g , ,

0 . 0 5  mole)  was r e f l u x e d  w i t h  p h o s p h o r u s  p e n t a c h l o r l d e

( 2 0 . 8  g , ,  0 , 1  m o le )  f o r  2 h r ,  P h o s p h o r y l  c h l o r i d e

was d i s t i l l e d  o f f  and  t h e  r e s i d u e  was d i s t i l l e d  t o

g i v e  9 , 5  g ,  (705^) o f  a  p a l e ,  s t r a w - c o l o u r e d  l i q u i d ,

b , p ,  1 2 8 - 1 2 4 ° / 1 , 12 mm,, w h ic h  c r y s t a l l i s e d  on s h a k i n g

t o  g i v e  a  w h i t e  s o l i d ,  m .p ,  4 4 - 4 5 ^  (Found :  C, 3 8 . 7 5 ;

H, 4 , 6 8 ;  01 ,  2 6 . 6 5 ,  C H 01 OPSl r e q u i r e s  C, 4 0 , 4 ;
y 13  2

H, 4 . 8 7 ;  C l ,  2 7 , i f ) .

S i m i l a r l y  p r e p a r e d  w as :

m-T r l m e t h y I s l l y l p h e n y l p h o s p h o n i c  a c i d  c h l o r i d e , -  6 0 % ,  

b . p .  1 3 1 - l 3 2 ° / 2 . 5  mm., 1 . 5 3 5 2  (F o u n d :  C l ,  2 6 . 5 f ) .

p - T r I m e t h y I s l l y l p h e n y l p h o s p h o n i c  a c i d . -  p - T r l m e t h y l -  

s l l y l p h e n y l p h o s p h o n i c  a c i d  c h l o r i d e  (4 g . )  was 

d i s s o l v e d  I n  a c e t o n e  ( 1 0  m l . )  and  t h e  s o l u t i o n  was t r e a t  

t r e a t e d  w i t h  2N s o d iu m  h y d r o x i d e  u n t i l  a c l e a r  

s o l u t i o n  was o b t a i n e d .  The m i x t u r e  was a c i d i f i e d  

u n t i l  p r e c i p i t a t i o n  o f  t h e  a c i d  was c o m p l e t e  and t h e n
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e x t r a c t e d  w i t h  e t h e r .  E v a p o r a t i o n  o f  t h e  e t h e r  g a v e  a 

c r y s t a l l i n e  r e s i d u e  w h i c h ,  a f t e r  t h r e e  r e c r y s t a l l i s ­

a t i o n s  f rom  6 0 - 8 0 ° l i g h t  p e t r o l e u m ,  gave  2 , 5  g ,  ( 7 5 f )  

o f  w h i t e  n e e d l e s ,  m .p ,  1 7 4 - 1 7 5 °  (Pound :  C, 4 6 , 4 9 ;

H, 6 , 3 3 ,  OgPSl r e q u i r e s  C, 4 6 , 9 5 ;  H, 6 , 5 2 % ) ,

S i m i l a r l y  p r e p a r e d  w as :

m-T r l m e t h y I s l l y l p h e n y l p h o s p h o n i c  a c i d , -  m ,p ,  9 6 - 9 8 °  

(Found :  C, 4 6 , 6 7 ;  H, 6 , 4 1 % ) ,

A t t e m p te d  p r e p a r a t i o n  o f  d I p h e n y 1- p - 1 r i m e t h y  I s l l y l ­

p h e n y l p h o s  p h l n e  o x i d e ,

(a )  P h e n y l - l i t h i u m  f rom  b rom ohe nzene  ( 2 3 , 5  g , ,  0 , 1 5  

mole)  and  l i t h i u m  ( 2 , 1  g , ,  0 , 3  g , - a t o m s )  a t  0 ^  and  a d d e d  

t o  d i e t h y l  p - t r l m e t h y l s l l y l p h e n y l p h o s p h o n a t e  ( 1 4 , 2  g , ,  

0 , 0 5  m o l e ) .  W ork ing  up  I n  t h e  u s u a l  way,  a f t e r  

r e f l u x l n g  f o r  5 h r , ,  gav e  a  n o n - c r y s t a l l i n e  s o l i d

o f  unknown I d e n t i t y ,

(b)  A s i m i l a r  r e s i n o u s  s o l i d  was o b t a i n e d  by t h e  

r e a c t i o n  o f  p h e n y l - l i t h i u m  w i t h  p - t r l m e t h y l s l l y l -  

p h e n y l p h o s p h o n i c  a c i d  c h l o r i d e ,

D l p h e n y l - p - t r l m e t h y l s l l y l p h e n y l p h o s p h l n e  o x i d e , -  The 

G r i g n a r d  r e a g e n t  f ro m  bromobemzene ( 9 , 4 2  g , , 0 , 0 6  m ole)  

and  magnes ium ( 1 , 4 4  g , ,  0 , 0 6  g , - a to m )  was p r e p a r e d
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i n  a n h y d r o u s  e t h e r .  To t h i s  was a d d ed  p - t r l m e t h y l -  

s l l y l p h e n y l p h o s p h o n i c  a c i d  c h l o r i d e  ( 5 , 5  g , ,  Ü .022  mole)  

I n  e t h e r  ( 2 0  m l , )  and  t h e  m i x t u r e  was r e f l u x e d  f o r  2  

h r .  W ork ing  up I n  t h e  u s u a l  way g av e  a n  o i l  w h ich  

c r y s t a l l i s e d  s l o w l y  on a w a t c h  g l a s s ,  R e c r y s t a l l -  

I s a t l o n  f ro m  6 0 - 8 0 ° l i g h t  p e t r o l e u m  gave  w h i t e  

c r y s t a l s ,  m ,p ,  7 5 - 8 0 ° ,  F u r t h e r  r e c r y s t a l l l s a t l o n  

d i d  n o t  I n c r e a s e  t h e  m e l t i n g  p o i n t  and  s o  t h e  compound 

was c h r o m a t o g r a p h e d  t h r o u g h  a  1 2  I n c h  a l u m i n a  co lum n 

u s i n g  b e n z e n e  and  6 : 1  b e n z e n e / m e t h a n o l  a s  e l u a n t s .

The p h o s p h l n e  o x i d e  was r e c o v e r e d  f rom t h e  s o l u t i o n  and  

one r e c r y s t a l l l s a t l o n  f ro m  6 0 - 8 0 °  l i g h t  p e t r o l e u m  

g av e  5 g ,  o f  w h i t e  c r y s t a l s ,  m ,p ,  9 2 - 9 3 °  (Found :

C, 7 1 . 9 7 ;  H, 6 , 6 9 ,  Cg^^Hg^OPSl r e q u i r e s  C, 7 2 , 0 ;

H, 6 ,5 6 % ) ,

D l p h e n y l - m - t r l m e t h y l s l l y l p h e n y l p h o s p h l n e  o x i d e , -  The 

same m ethod was u s e d  as  f o r  t h e  p a r a - I s o m e r , However ,  

on r e m o v a l  o f  t h e  s o l v e n t ,  an  o i l  was o b t a i n e d  w h ic h  

w ou ld  n o t  c r y s t a l l i s e .  D i s t i l l a t i o n  gav e  a  v i s c o u s  

o i l ,  b , p ,  2 1 2 - 2 1 5 ° / 0 , l  mm,, w h ic h  s e t  t o  a g l a s s  on 

c o o l i n g .  On s t a n d i n g  f o r  t h r e e  months  t h e  g l a s s  

c r y s t a l l i s e d  (Found :  C, 7 2 , 0 0 ;  H, 6 ,5 3 % ) ,

D i e t h y l  p - t r l m e t h y l s l l y l b e n z y I p h o s p h o n a t e , -  D i e t h y l
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p h o s p h o n a t e  ( 2 7 , 2  g , ,  0 , 2  m ole)  was a d d e d  t o  so d iu m  

( 4 , 6  g , ,  0 , 2  g , - a t o m )  I n  6 0 - 8 0 *  l i g h t  p e t r o l e u m  (50  m l . y .  

A f t e r  c o m p l e t e  s o l u t i o n  o f  t h e  s o d iu m ,  p - t r l m e t h y l s l l y l -  

b e n z y l b r o m l d e  ( 3 7 , 0  g , ,  0 , 1 8  mole)  was ad d ed  an d  t h e  

m i x t u r e  r e f l u x e d  f o r  6  h r .  F r a c t i o n a l  d i s t i l l a t i o n  

( a f t e r  t h e  p r e c i p i t a t e d  so d iu m  b ro m id e  h ad  b e e n  

rem oved)  gave  30 g , (55%) o f  a l i q u i d ,  b . p ,  1 5 1 - 1 5 3 ° /

1 . 0  mm., 1 .4 8 9 7  (Found :  C, 5 5 . 9 5 ;  H, 8 . 6 0 .

C1 4 H2 5 O3 PSI r e q u i r e s  C, 5 5 . 9 ;  H, B . 5 5 % ) ,

S i m i l a r l y  p r e p a r e d  w as :

D i e t h y l  m-t r i m e t h y I s l l y l b e n z y I p h o s p h o n a t e , -  60%, 

1 4 9 - 1 5 1 ° / 2 . 3  mm., 1 . 4 8 8 5  (F o u n d :  C, 5 5 . 2 4 ;

H, 8 . 0 5 % ) .

p - T r I m e t h y I s l l y l b e n z y I p h o s p h o n i c  a c i d , -  D i e t h y l  

p - t r l m e t h y l s l l y l b e n z y l p h o s p h o n a t e  ( 1 0 , 0  g . , 0 , 0 3 3  mole)  

was r e f l u x e d  w i t h  p h o s p h o r u s  p e n t a c h l o r l d e  ( 1 3 , 5  g . ,

0 , 0 6 6  mole)  f o r  4 h r .  The p h o s p h o r y l  c h l o r i d e  was 

removed a t  t h e  pump and  d i s t i l l a t i o n  o f  t h e  r e s i d u e  

gave  4 g ,  o f  l i q u i d ,  b , p ,  1 5 0 ° / 2  mm,, assum ed  t o  be 

p - t r l m e t h y l s l l y l b e n z y l p h o s p h o n l c  a c i d  c h l o r i d e .

T h i s  was d i s s o l v e d  I n  a c e t o n e  (10 m l , )  and  t r e a t e d  

w i t h  2N sod ium  h y d r o x i d e  s o l u t i o n .  The c l e a r  

s o l u t i o n  was a c i d i f i e d ,  e x t r a c t e d  w i t h  e t h e r ,  and
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t h e  e t h e r  r e m o v e d .  The s o l i d  was r e c r y s t a l l l s e d  to  

w h i t e  p l a t e s ,  ra,p, 1 6 7 - 1 6 8 °  (Found :  C, 4 8 , 8 8 ;  H, 7 , 0 5 ,  

c ,  H OgPSl r e q u i r e s  C, 4 9 . 1 5 ;  H, 6 .9 6 % ) .

S i m i l a r l y  p r e p a r e d  w as :

m-T r l m e t h y I s l l y l b e n z y l p h o s p h o n l c  a c i d , -  m ,p ,  144* 

(Found :  C, 4 9 , 0 3 ;  H, 6 , 8 8 %).

D l e t h y l - p - t r l m e t h y l s l l y l p h e n y l p h o s p h a t e , -  To s o d iu m  

e t h o x l d e  ( 0 , 1 8  mole)  f ro m  so d iu m  ( 4 , 1 4  g , ,  0 , 1 8  

g . - a t o m )  and  e t h a n o l  (60 m l , )  was ad d ed  £ - t r l m e t h y l -  

s l l y l p h e n o l  (30 g , , 0 , 1 8  m ole)  I n  e t h a n o l  (60 m l , ) ,  

f o l l o w e d  by d l e t h y l p h o s p h o r o c h l o r l d a t e  ( 3 0 , 6  g , ,

0 , 8  m ole)  I n  b e n z e n e  (60 m l . ) .  The m i x t u r e  was 

r e f l u x e d  f o r  3 h r ,  and  t h e n  p o u r e d  I n t o  w a t e r  and  

e x t r a c t e d  w i t h  e t h e r .  Removal  o f  t h e  e t h e r  g av e  20 g ,  

(45%) o f  a  l i q u i d ,  b . p .  1 4 5 - 1 5 0 ' / 2 - 2 . 5  mm.,

1 .4 3 4 0  (Found :  C, 5 2 . 6 ;  H, 7 . 6 9 .  C.gHggO^PSi 

r e q u i r e s  C, 5 1 , 8 ;  H, 7 , 6 4 % ) ,

S i m i l a r l y  p r e p a r e d  w as :

D l e t h y l - m - t r l m e t h y l s l l y l p h e n y l p h o s p h a t e , -  50%, b . p ,  

1 4 8 - 1 5 0 ° / 1 . 0  mm., n^® 1 . 4 9 0 0  (Found :  C, 5 1 . 2 8 ;

H, 7 . 3 4 % ) .

D im e th y 1 - p - t r i m e t h y l s l l y l p h e n y l p h o s p h l n e  o x i d e . -  To 

t h e  G r i g n a r d  r e a g e n t  f ro m  m e t h y l  I o d i d e  ( 4 2 , 6  g , ,
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0 , 3  m ole)  and  magnes ium ( 7 , 2 8  g , ,  0 . 3  g . - a t o m )  In  

a n h y d r o u s  e t h e r  was a d d e d  p - t r i m e t h y l s i l y l p h e n y l -  

p h o s p h o n i c  a c i d  c h l o r i d e  ( 3 4 . g . ,  0 , 1 2 5  mole)  and  t h e  

m i x t u r e  was r e f l u x e d  f o r  2 h r .  A f t e r  h y d r o l y s i s ,  two 

o r g a n i c  l a y e r s  w ere  o b t a i n e d  and t h e  l o w e r  one o f  t h e s e  

was rem oved  and d i s s o l v e d  i n  c h l o r o f o r m .  T h i s  s o l u t i o n  

was d r i e d  o v e r  a n h y d r o u s  s o d iu m  s u l p h a t e  and r e m o v a l  

o f  t h e  c h l o r o f o r m  gav e  a y e l l o w  o i l  (15  g , )  w h ic h  

c r y s t a l l i s e d  s l o w l y ,  R e c r y s t a l l l s a t l o n  f rom  6 0 -8 0 °  

l i g h t  p e t r o l e u m  gav e  w h i t e  n e e d l e s ,  m ,p ,  114°

(Found :  C, 5 8 . 0 1 ;  H, 8 , 2 5 .  r e q u i r e s

C, 5 8 . 3 5 ,  H, 8 .4 % ) ,

T r l m e t h y l - p - t r I m e t h y I s l l y l p h e n y l p h o s p h o n l u m  I o d i d e . -  

D l m e t h y l - p - t r l r a e t h y l s l l y l p h e n y l p h o s p h l n e  o x i d e  ( 5 . 8  g , ,  

0 , 0 2 5  mole)  was d i s s o l v e d  I n  b e n z e n e  (40 m l , )  and  

a d d e d  t o  l i t h i u m  a lu m in iu m  h y d r i d e  ( 1 , 9  g . ,  0 , 0 5  

m ole)  I n  d l - b u t y l  e t h e r  (40 m l , ) .  The s l u r r y  was 

s t i r r e d  and  r e f l u x e d  f o r  3 h r ,  u n d e r  n i t r o g e n ,  c o o l e d ,  

and  t r e a t e d  w i t h  aq u e o u s  so d iu m  h y d r o x i d e .  The 

o r g a n i c  l a y e r  was f i l t e r e d  u n d e r  a n  a t m o s p h e r e  o f  

n i t r o g e n  and t h e  s o l v e n t  removed t o  g i v e  a n  o i l  

w h ic h  was d i s s o l v e d  I n  b e n z e n e  (40 m l , )  an d  m e t h y l  

I o d i d e  was a d d e d .  The c r y s t a l s  (5  g . )  w h ic h  formed
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i m m e d i a t e l y  w ere  f i l t e r e d  o f f  and r e c r y s t a l l i s e d  

f ro m  6 0 - 8 0   ̂ l i g h t  p e t r o l e u m / c h l o r o f o r m ,  t o  g i v e  w h i t e  

c r y s t a l s ,  m .p .  1 8 3 -1 8 4 °  (F ound :  C, 4 0 . 6 6 ;  H, 6 . 2 6  

C ig H g g lP S l  r e q u i r e s  C, 4 0 . 9 ;  H, 6 ,2 5 % ) .

T r l m e t h y l - p - t r l m e t h y l s l l y l p h e n y l p h o s p h o n l u m  

I o d i d e  was c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  p h o sp h o n iu m  

h y d r o x i d e  by b o i l i n g  I n  aq u e o u s  s o l u t i o n  w i t h  s i l v e r  

o x i d e .  The s o l u t i o n  was f i l t e r e d  and  t h e  w a t e r  

rem oved  on t h e  r o t a r y  e v a p o r a t o r  t o  g i v e  a n  o i l  w h ic h  

was d i s s o l v e d  I n  a b s o l u t e  e t h a n o l  and  t h e  e t h a n o l  

r e m o v e d .  R e p e t i t i o n  o f  t h i s  p r o c e s s  10 t i m e s  gav e  a 

w h i t e ,  h y g r o s c o p i c ,  c r y s t a l l i n e  s o l i d .  C le a v a g e  

r e a c t i o n s  w ere  c a r r i e d  o u t  on t h i s  m a t e r i a l  w i t h o u t  

I t ’ s b e i n g  f u r t h e r  p u r i f i e d .

T r I m e t h y 1 - m - t r i m e t h y I s l l y l p h e n y l p h o s p h o n l u m  I o d i d e  . -

( a )  m - T r l m e t h y l s l l y l p h e n y l p h o s p h o n l c  a c i d  c h l o r i d e  

( 2 , 8  g , , 0 , 0 1 1  mole)  was ad d e d  t o  t h e  G r i g n a r d  

r e a g e n t  f ro m  m e th y l  I o d i d e  ( 7 , 1  g , ,  0 , 0 5  mole)  and  

magnes ium ( 1 , 2  g , , 0 , 0  5 g , - a t o m )  I n  e t h e r  (30 m l , ) .

The m i x t u r e  was t h e n  r e f l u x e d  and  s t i r r e d  f o r  1 h r .  

W ork ing  up I n  t h e  u s u a l  way gav e  2 g ,  o f  an  o i l  w h ic h  

w ould  n o t  c r y s t a l l i s e .  D i s t i l l a t i o n  o f  t h i s  gave  1 , 5  g , 

o f  a v i s c o u s  l i q u i d ,  b . p ,  l 5 0 - l 6 0 ° / 0 , 5 - 0 , 8  mm., w h ic h  

c r y s t a l l i s e d  t o  g i v e  a  l o w - m e l t i n g  s o l i d ,  m .p ,  3 8 - 4 0 ° ,
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The s p e c t r u m  o f  t h i s  compound i n d i c a t e d  t h a t  I t  was 

d l m e t h y l - m - t r i m e t h y l s l l y l p h e n y l p h o s p h i n e  o x i d e ,

(b )  Crude d i m e t h y l - m - t r l m e t h y l s l l y l p h e n y l p h o s p h l n e  

o x i d e  ( 1 , 5  g . )  was d i s s o l v e d  I n  b e n z e n e  (10  m l . )  and  

a d d e d  t o  l i t h i u m  a l u m i n i u m  h y d r i d e  ( 0 , 9  g . ,  0 , 0 2 5  mole)  

I n  d l b u t y l  e t h e r  (10 m l , ) .  The m i x t u r e  was r e f l u x e d  

and  s t i r r e d ,  u n d e r  d r y  n i t r o g e n ,  f o r  3 h r .  E t h y l  

a c e t a t e  was t h e n  a d d e d ,  t o  d e s t r o y  e x c e s s  l i t h i u m  

a lu m in iu m  h y d r i d e ,  f o l l o w e d  by N h y d r o c h l o r i c  a c i d .

The o r g a n i c  l a y e r  was q u i c k l y  s e p a r a t e d ,  f i l t e r e d  and  

d r i e d  o v e r  a n h y d r o u s  s o d iu m  s u l p h a t e .  The s o l v e n t  was 

removed on a r o t a r y  e v a p o r a t o r  t o  g i v e  a n  o i l ,  w h ic h  

was d i s s o l v e d  I n  b e n z e n e  (4 m l , )  and  t r e a t e d  w i t h  

m e t h y l  I o d i d e  (2 g , ) .  C r y s t a l s  w h ic h  I m m e d i a t e l y  

s e p a r a t e d  w ere  f i l t e r e d  o f f  and  one r e c r y s t a l l l s a t l o n  

f ro m  e t h y l  a c e t a t e  g a v e  0 , 5  g , o f  t r l m e t h y l - m - t r I m e t h -  

y l s l l y l p h e n y l p h o s p h o n l u m  I o d i d e ,  m ,p ,  17 3 °  (Found :  C, 

4 0 . 7 5 ;  H, 6 .4 1 % ) .

The a t t e m p t e d  c o n v e r s i o n  o f  t h i s  compound t o  

t h e  phosp h o n iu m  h y d r o x i d e  l e d  t o  c o m p le t e  l o s s  o f  t h e  

p r o d u c t ,
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3 .  The P r e p a r a t i o n  o f  some B e n z y l s l l l c o n  Compounds 

c o n t a i n i n g  P h o s p h o r u s ,

( a )  P r e p a r a t i o n  o f  or g a n o - s l l l c o n  com p o u n d s ,

p - C h l o r o b e n z y l t r l m e t h y l s l l a n e T h e  G r i g n a r d  r e a g e n t  

f ro m  p - c h l o r o b e n z y l c h l o r l d e  (177 g , ,  1 . 1  m ole)  and  

m agnes ium (2 5  g . ,  1 . 1  g . - a t o m )  was p r e p a r e d  I n  

a n h y d r o u s  e t h e r  (800 m l , ) .  To t h i s  was a d d ed  

t r l m e t h y l c h l o r o s l l a n e  (108 g . ,  1 , 0  m ole )  I n  e t h e r  

( 2 0 0  m l . )  and  t h e  m i x t u r e  was r e f l u x e d  f o r  8  h r .  

W orking  up I n  t h e  u s u a l  way and  f r a c t i o n a t i o n ,  a f t e r  

r e m o v a l  o f  t h e  e t h e r ,  gav e  134 g ,  (70%) o f  p - c h l o r o -  

b e n z y l t r l m e t h y l s l l a n e ,  b . p ,  1 0 2 - 1 0 2 . 5 ° / l 5  mm,, n ^ ^  

1 .5Ü98 ( l i t . , 1 2 2  2 3 1 - 2 3 2 ° ,  n l 2  1 . 5 1 5 4 ) .

m-C h l o r o b e n z y l t r l m e t h y l s l l a n e . -

( I )  m - C h l o r o b e n z y lb r o m l d e  was p r e p a r e d  by a d d i n g

b ro m in e  (180 g , , 1 , 4 3  mole)  t o  r e f l u x l n g  m - c h l o r o -

t o l u e n e  (180 g , ,  1 , 4 3  mole)  o v e r  3 , 5  h r .  I n  an

a p p a r a t u s  I l l u m i n a t e d  w i t h  a  150 w a t t  e l e c t r i c  l i g h t

b u l b .  The m i x t u r e  was t h e n  r e f l u x e d  f o r  a  f u r t h e r

3 h r .  D i s t i l l a t i o n  g a v e  230 g ,  (78%) o f  m- c h l o r o -
12 3

b e n z y l b r o m l d e ,  b . p ,  9 0 ° / 8  mm. ( l i t . ,  b . p .  109° /10m m ,)

( I I )  m - C h l o r o b e n z y l t r l m e t h y l s l l a n e  was p r e p a r e d  as  

f o r  p - c h l o r o b e n z y l t r l m e t h y l s l l a n e  I n  70% y i e l d ,  b . p .
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9 6 - 9 8 ° / l 0  mm., n § °  1 .5 1 0 9  ( l l t . , ^ ^ ^  2 2 6 - 2 2 8 ° ,  n ^ °

1 . 5 1 0 8 ) .

(b )  The p r e p a r a t i o n  o f  b e n z y l s l l l c o n  compounds 

c o n t a i n i n g  p h o s p h o r u s .

D i e t h y l  p - t r l m e t h y l s l l y I m e t h y I p h o s p h o n a t e . -  The 

G r i g n a r d  r e a g e n t  f ro m  p - c h l o r o b e n z y l t r l m e t h y l s l l a n e  

( 9 9 . 2  g , ,  0 . 5  m ole )  and  magnes ium  ( 1 2 . 1 5  g . ,  0 , 5  

g , - a t o m )  was p r e p a r e d  I n  r e f l u x l n g  THF, u n d e r  n i t r o g e n ,  

(The h a l i d e  was a d d e d  o v e r  1 , 5  h r ,  and  t h e  m i x t u r e  was 

r e f l u x e d  f o r  a f u r t h e r  5 h r .  The s o l u t i o n  o f  t h e  

G r i g n a r d  r e a g e n t  was f i l t e r e d  I n t o  a  d r o p p i n g  f u n n e l  

and  t h e n  ad d e d  s l o w l y  t o  d l e t h y l p h o s p h o r o c h l o r l d a t e  

( 7 7 , 4  g . , 0 , 4 5  m o le )  I n  e t h e r  (200 m l . ) ,  t h e  r e a c t i o n  

m i x t u r e  b e i n g  k e p t  b e lo w  0 °C .  A f t e r  t h e  a d d i t i o n  t h e  

r e a c t i o n  m i x t u r e  was a l l o w e d  t o  warm up  t o  room 

t e m p e r a t u r e .  W o rk in g  up  I n  t h e  u s u a l  way gav e  49 g ,  

(56%) o f  d i e t h y l  p - t r l m e t h y l s l l y l m e t h y l p h e n y l p h o s -  

p h o n a t e ,  b . p ,  1 3 4 ° / 0 , 2  mm., 1 , 4 9 5 5  (F ound :  C,

5 5 . 3 3 ;  H, 8 , 4 0 .  C^^Hg^D^PSl r e q u i r e s  C, 5 5 . 9 ;  H,

8,33%) .

S i m i l a r l y  p r e p a r e d  w a s :

D i e t h y l  m-t r l m e t h y l s l l y l m e t h y l p h e n y l p h o s p h o n a t e . -  56%
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0 25y i e l d ,  b . p ,  160 -161  / 3 . 0  mm., 1 ,4 9 4 2  ( Found :

5 5 . 6 6 ;  H, 8 . 2 1 % ) .

p - T r l m e t h y l s l l y l m e t h y l p h e n y l p h o s p h o n l c  a c i d  c h l o r i d e . -  

D i e t h y l  p - t r l m e t h y l s l l y l m e t h y l p h e n y l p h o s p h o n a t e  ( 4 9 , 5  

g , , 0 . 1 5  m ole)  and  p h o s p h o r u s  p e n t a c h l o r l d e  ( 6 2 , 4  g , ,

0 , 3  m ole)  w ere  r e f l u x e d  t o g e t h e r  f o r  4 h r .  D i s t i l l ­

a t i o n ,  a f t e r  r e m o v a l  o f  p h o s p h o r u s  o x y c h l o r l d e ,  gav e  

34 g .  (81%) o f  a l i q u i d ,  b . p ,  1 3 6 - 1 3 8 ° / 0 , 5  mm. T h i s  

m a t e r i a l  was a s sum ed  t o  be p - t r l m e t h y l s l l y l m e t h y l -  

p h e n y l p h o s p h o n l c  a c i d  c h l o r i d e  and  was u s e d  I n  

s u b s e q u e n t  p r e p a r a t i o n s .

S i m i l a r l y  p r e p a r e d  w as :

m-T r l m e t h y I s  1lyIm e t h y I p h e n y I p h o s  p h o n l c  a c i d  c h l o r i d e . -  

8 6 % y i e l d ,  b . p .  1 1 9 - 1 2 2 V o . 7 mm.

p - T r I m e t h y I s l l y l m e t h y I p h e n y l p h o s p h o n i c  a c i d , -  

p - T r l m e t h y l s l l y l m e t h y l p h e n y l p h o s p h o n l c  a c i d  c h l o r i d e  

( 5  g . )  was d i s s o l v e d  I n  a c e t o n e  and  2 N so d iu m  

h y d r o x i d e  was ad d ed  u n t i l  a c l e a r  s o l u t i o n  was o b t a i n e d .  

The s o l u t i o n  was t h e n  a c i d i f i e d  w i t h  d i l u t e  h y d r o ­

c h l o r i c  a c i d  and t h e  p r e c i p i t a t e d  a c i d  e x t r a c t e d  I n t o  

e t h e r .  Removal o f  t h e  e t h e r  and r e c r y s t a l l l s a t l o n  o f  

t h e  w h i t e  s o l i d  gave  p - t r l m e t h y l s l l y l m e t h y l p h e n y l -  

p h o s p h o n lc  a c i d  ( 3 . 9  g , ,  90%), m .p .  1 7 8 °  (Found:
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C, 4 8 . 8 5 ;  H, 7 . 0 5 .  H. OPSl r e q u i r e s  C, 4 9 . 1 5 ;

H, 6 .9 6 % ) .

S i m i l a r l y  p r e p a r e d  w as :

m-T r i m e t h y I s l l y l m e t h y I p h e n y I p h o s p h o n i e  a c i d . -  80% 

y i e l d ,  m .p .  1 3 3 ° ( F o u n d :  C, 4 9 . 0 5 ;  H, 7 .0 5 % ) .

D l p h e n y l - p - t r I m e t h y I s l l y I m e t h y I p h e n y I p h o s p h l n e  o x i d e . -  

p - T r l m e t h y l s l l y l m e t h y l p h e n y l p h o s p h o n i c  a c i d  c h l o r i d e  

( 6 , 5  g , ,  0 . 0 2 2  mole)  I n  e t h e r  was a d d e d  t o  t h e  S r l g n a r d  

r e a g e n t  p r e p a r e d  f rom  b ro m o h e n zen e  ( 7 , 8 5  g , ,  0 . 0 5  m ole)  

and  m agnes ium  ( 1 , 2  g . ,  0 . 0 5  g , - a t o m )  I n  e t h e r  (50  m l . ) , 

and  t h e  m i x t u r e  was r e f l u x e d  f o r  5 h r .  Removal o f  t h e  

o r g a n i c  l a y e r ,  a f t e r  w o r k i n g  up  I n  t h e  u s u a l  way,  

and  e v a p o r a t i o n  o f  t h e  e t h e r  gave  6  g ,  o f  a  y e l l o w  

s o l i d ,  R e c r y s t a l l l s a t l o n  f ro m  6 0 - 8 0 °  l i g h t  p e t r o l e u m /  

e t h a n o l  gave  5 g ,  (62%) o f  d l p h e n y l - p - t r l m e t h y l s i l y l -  

m e t h y l p h e n y l p h o s p h l n e  o x i d e ,  m .p ,  1 5 1 - 1 5 2 °  (Found :

C, 7 2 . 9 1 ;  H, 6 , 8 0 ,  CggHg OPSl r e q u i r e s  C, 7 2 , 7 ;

H, 6 ,6 2 % ) ,

S i m i l a r l y  p r e p a r e d  w as :

D l p h e n y l - m - t r l m e t h y l s l l y I m e t h y I p h e n y I p h o s p h l n e  o x i d e , -  

The o i l  o b t a i n e d  w ou ld  n o t  c r y s t a l l i s e  and  was 

d i s t i l l e d  t o  g i v e  6 , 5  g ,  (80%) o f  d l p h e n y l - m - t r l m e t h y l -
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s i l y l m e t h y l p h e n y l p h o s p h i n e  o x i d e ,  b . p .  2 1 5 - 2 1 8 ° / 0 , 1  

mm, (F ound :  C, 7 2 , 4 7 ;  H, 6 , 6 8 %),

D i m e t h y l - p - t r I m e t h y I s I l y l m e t h y l p h e n y l p h o s p h i n e  o x i d e . -  

The G r i g n a r d  r e a g e n t  f rom  m e t h y l  I o d i d e  ( 3 5 . 5  g . ,  0 . 2 5  

mole)  and  magnes ium  ( 6 , 0 7  g . ,  0 . 2 5  g , - a to m )  was 

p r e p a r e d  I n  e t h e r  (200  m l . ) .  To t h i s  was ad d e d  

p - t r l m e t h y l s l l y l m e t h y l p h e n y l p h o s p h o n l c  a c i d  c h l o r i d e  

( 2 7 , 9  g , ,  0 , 1  m ole)  I n  e t h e r  (7 5  m l . )  and  t h e  m i x t u r e  

was r e f l u x e d  f o r  5 h r .  W ork ing  up  I n  t h e  u s u a l  way 

gave  a y e l l o w  s o l i d  w h i c h ,  on r e c r y s t a l l l s a t l o n  f rom  

6 0-80°  l i g h t  p e t r o l e u m  gav e  1 3 ,2  g . (55%) o f  d l m e t h y l -  

p - t r l m e t h y l s l l y l m e t h y l p h o s p h l n e  o x i d e ,  m .p ,  134°

(Found :  C, 6 0 . 0 8 ;  H, 8 . 6 3 ,  r e q u i r e s  C,

6 0 . 1 5 ;  H, 8 .7 5 % ) .

S i m i l a r l y  p r e p a r e d  w as :

D l m e t h y l - m - t r l m e t h y l s I l y l m e t h y l p h e n y l p h o s p h i n e  o x i d e . -  

The o i l  o b t a i n e d ,  a f t e r  w o r k i n g  up  I n  t h e  u s u a l  way, 

c o u l d  n o t  be c r y s t a l l i s e d  and  was d i s t i l l e d  a t  

r e d u c e d  p r e s s u r e ,  b . p ,  1 3 2 ° / 0 , 0 7  mm., t o  g i v e  1 0 . 2  g ,  

(75%) o f  an  o i l ,  w h ich  s l o w l y  c r y s t a l l i s e d  on s t a n d i n g ,  

m .p .  3 5 - 3 8 ° . (F o u n d :  C, 6 0 . 0 0 ;  H, 8 . 5 4 % ) .

T r I m e t h y 1 - p - t r i m e t h y I s l l y I m e t h y I p h e n y I p h o s p h o n l u m  

I o d i d e . -  D l m e t h y l - £ - t r l m e t h y l s l l y l r a e t h y l p h e n y l p h o s -  

p h l n e  o x i d e  ( 7 , 2  g , ,  0 . 0 3  mole)  was d i s s o l v e d  I n
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b e n z e n e  (4ü m l . )  and  a d d e d  t o  l i t h i u m  a lu m in iu m  

h y d r i d e  ( 2 , 2 8  g , , 0 , 0 6  m ole)  I n  d l b u t y l  e t h e r  (40 m l , ) .  

The s l u r r y  was s t i r r e d  and  r e f l u x e d  f o r  3 h r .  E x c e s s  

l i t h i u m  a lu m in iu m  h y d r i d e  was d e s t r o y e d  w i t h  e t h y l  

a c e t a t e  and t h e  m i x t u r e  was p o u r e d  o n t o  I c e / h y d r o c h l o r i c  

a c i d  ( 2 N ) ,  The a q u e o u s  and  o r g a n i c  p h a s e s  were  

q u i c k l y  s e p a r a t e d  and  t h e  o r g a n i c  l a y e r  f i l t e r e d  o f f  

and d r i e d  o v e r  a n h y d r o u s  s o d iu m  s u l p h a t e .  The s o l v e n t  

was removed on a r o t a r y  e v a p o r a t o r  and  t h e  o i l  

r e m a i n i n g ,  assum ed  t o  be d l m e t h y l - p - t r l m e t h y l s I l y l m e t h y l ­

p h e n y l p h o s p h i n e  , was d i s s o l v e d  i n  b e n z e n e  (40 m l , ) .

To t h i s  s o l u t i o n  was a d d e d  m e t h y l  I o d i d e  (10 m l , ;  In  

b e n z e n e  (20 m l . ) .  An im m e d ia te  r e a c t i o n  o c c u r r e d  

and a  w h i t e  s o l i d  was p r e c i p i t a t e d ,  w h ic h  on r e c r y s t ­

a l l l s a t l o n  f ro m  e t h y l  a c e t a t e  gav e  8 , 0  g ,  (73%) o f  

t r l m e t h y l - p - t r l m e t h y l s l l y l m e t h y I p h e n y I p h o s p h o n l u m  

I o d i d e ,  m ,p ,  1 8 6 ° ,  (P ound :  C, 4 2 , 6 ;  H, 6 , 7 1 ,

^13^24^^^^  r e q u i r e s  C, 4 2 , 5 ;  H, 6 .6 1 % ) ,

S i m i l a r l y  p r e p a r e d  w as ;

T r I m e t h y l - m - t r l m e t h y l s 1 l y l m e t h y l p h e n y l p h o s p h o n l u m  

I o d i d e . -  80% y i e l d ,  m ,p ,  1 6 0 - 1 6 2 °  (Found :  C, 4 2 . 7 5 ;

H, 6 ,5 2 % ) ,
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4 .  C l e a v a g e  o f  A r y l s l l a n e a .

Compounds and m a t e r i a l s  u s e d  f o r  k i n e t i c  s t u d i e s ,

A r y l s  l i a n e s .

L i q u i d  a r y l s  l i a n e s  were  p u r i f i e d  by 

f r a c t i o n a t i o n  t h r o u g h  a 100 cm, V lg r e u x  co lum n.  

S o l i d s  w ere  r e c r y s t a l l l s e d  s e v e r a l  t i m e s  u n t i l  a 

c o n s t a n t  m e l t i n g  p o i n t  was o b t a i n e d .

A c e t i c  a c i d .

’’A n a l a r ” a c e t i c  a c i d  was p u r i f i e d  by t h e
1P4.

m ethod  o f  O r t o n  and  B r a d f l e l d .  A c e t i c  a c i d

( 2 , 5  1 , )  was r e f l u x e d  w i t h  chromium t r l o x l d e  (60 g . )  

f o r  2 h r . ,  f o l l o w e d  by d i s t i l l a t i o n  t h r o u g h  a 70 cm. 

g l a s s - h e l l x - p a c k e d  f r a c t i o n a t i n g  co lu m n .  The f i r s t  

2 0 0  m l ,  o f  d i s t i l l a t e  w ere  d i s c a r d e d  and  t h e  

r e m a i n d e r  c o l l e c t e d  and  u s e d  f o r  t h e  k i n e t i c  s t u d i e s

S u l p h u r i c  a c i d .

R e a g e n t  g r a d e  s u l p h u r i c  a c i d  was u s e d  

w i t h o u t  f u r t h e r  t r e a t m e n t .  S u l p h u r i c  a c i d  s o l u t i o n s  

o f  v a r i o u s  c o n c e n t r a t i o n  ( 1 6 , 3  M, 1 1 ,7  M and  9 , 9  M) 

w ere  p r e p a r e d  by d i l u t i n g  1 8 . 4  M s u l p h u r i c  a c i d  

w i t h  d e i o n i z e d  w a t e r  and  d e t e r m i n e d  by t i t r a t i o n  

a g a i n s t  s t a n d a r d  b o r a x .
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K i n e t i c  m e a s u r e m e n t s .

The a c i d  c l e a v a g e  o f  a r y l s  l i a n e s  h as  b e e n
75shown t o  be f i r s t  o r d e r  I n  s l l a n e .  As t h e

r e a c t i o n  I s  c a r r i e d  o u t  i n  a  l a r g e  e x c e s s  o f  a c i d  

i t  obeys  p s e u d o  f i r s t - o r d e r  k i n e t i c s  an d  may be 

f o l l o w e d  by o b s e r v i n g  t h e  r e m o v a l  o f  t h e  a r y l s l l a n e .  

T h i s  h a s  b e e n  done s p e c t r o p h o t o m e t r i c a l l y  u s i n g  a  

Unicam S , P ,  500 u l t r a - v i o l e t  s p e c t r o p h o t o m e t e r  

f i t t e d  w i t h  a n  A d k i n s ’ t h e r m o s t a t i c a l l y  c o n t r o l l e d  

c e l l  h o l d e r  c a p a b l e  o f  m a i n t a i n i n g  t h e  t e m p e r a t u r e  

c o n s t a n t  t o  w i t h i n  t  0 ,05^,*^^

M e th o d ,

The u l t r a - v i o l e t  s p e c t r a  o f  t h e  M e ^ S i - a r y l  

compound and  t h e  H - a r y l  compound ( f i g .  I )  were  t a k e n  

i n  g l a c i a l  a c e t i c  a c i d ,  and  a  w a v e l e n g t h  s e l e c t e d  

w here  t h e r e  i s  a  l a r g e  d i f f e r e n c e  i n  a b s o r p t i o n ,

A s t o c k  s o l u t i o n  o f  t h e  s l l a n e  was made up  i n  

g l a c i a l  a c e t i c  a c i d  and  a 1 0  m l ,  s a m p le  o f  t h i s  

s o l u t i o n  was p i p e t t e d  i n t o  a 50 m l ,  f l a s k  and 7 . 5  m l ,  

o f  s u l p h u r i c  a c i d  was r u n  i n  f ro m  a  f a s t  r u n n i n g  

10 m l ,  b u r e t t e .  The m o l a r i t y  o f  t h e  s u l p h u r i c  a c i d  

was c h o s e n  t o  g i v e  a  r e a s o n a b l e  r a t e  o f  c l e a v a g e .

I n  t h e  c a s e  o f  1 8 , 4  M and 1 6 , 3  M a c i d  t h e  f l a s k  

c o n t a i n i n g  t h e  a c e t i c  a c i d  s o l u t i o n  was c o o l e d  i n
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I c e - w a t e r ,  d u r i n g  t h e  a d d i t i o n .  A f t e r  t h e  a i r  

b u b b l e s  i n  t h e  r e a c t i o n  medium h a d  d i s p e r s e d ,  a

2 , 5  m l ,  s am p le  was t r a n s f e r r e d  t o  1 cm, s t o p p e r e d  

c e l l ,  w h ic h  was t h e n  p l a c e d  i n  t h e  c e l l  h o l d e r .

The f a l l  i n  o p t i c a l  d e n s i t y  was m e a s u r e d ,  a  w a t e r  

b l a n k  b e i n g  u s e d  as  r e f e r e n c e .  R e a d in g s  were  

t a k e n  up  t o  8 0 ^  r e a c t i o n  an d  i n f i n i t y  v a l u e s  t a k e n  

a f t e r  t e n  " h a l f  l i v e s " .  IVhen t h i s  t i m e  e x c e e d e d  

t e n  h o u r s ,  i n f i n i t y  v a l u e s  w ere  d e t e r m i n e d  by 

c o m p l e t i n g  t h e  r e a c t i o n  i n  s e a l e d  t u b e s ,  i n  a 

w a t e r  b a t h  a t  7 0 ° ,

C a l c u l a t i o n  o f  r a t e  c o n s t a n t s ,

F o r  a  f i r s t  o r d e r  r e a c t i o n

dx -  kn ( a - x )  (1)
dt

w here  kj|  ̂ i s  t h e  r a t e  c o n s t a n t  o f  t h e  r e a c t i o n ,  

a i s  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  t h e  r e a c t a n t  

and  X i s  t h e  amount  r e a c t e d  a f t e r  t im e  t .

I n t e g r a t i o n  b e t w e e n  t =0 and  t = t  g i v e s ;

l o g  __a_ = k  t  ( 2 )
a - x

The o p t i c a l  d e n s i t y  o f  a s o l u t i o n  i s  p r o p o r t i o n a l  

t o  t h e  c o n c e n t r a t i o n  o f  t h e  compounds i n  t h a t  

s o l u t i o n  a t  a s p e c i f i e d  w a v e l e n g t h  ( B e e r ’ s Law),
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Hence :

l o g ^  =  l o g g ^  = k i t  (3 )

an d  so

t  ^ - 2 . 3 0 3  lo g io ( D t - D m )  + 2 . 3 0 3  lo g i o f D o - D * )  (4 )

w h ere  = o p t i c a l  d e n s i t y  a t  t i m e ,  t  = 0

-  o p t i c a l  d e n s i t y  a t  t i m e ,  t  = t

Poe -  o p t i c a l  d e n s i t y  a t  t i m e ,  t  -  oo

T h u s ,  by p l o t t i n g  t  a g a i n s t  lo g ^ Q D ^ -g ^ ,  a  s t r a i g h t

l i n e  o f  s l o p e  - 2 , 3 0 3  i s  o b t a i n e d  and
^ 1

k =: 2 , 3 0 3  X g r a d i e n t .

A l l  r a t e  c o n s t a n t s  g i v e n  i n  t h i s  work  h a v e  

b e e n  d e t e r m i n e d  g r a p h i c a l l y  by t h i s  m e th o d .  I n  m ost  

c a s e s  d u p l i c a t e  d e t e r m i n a t i o n s  a g r e e d  w i t h i n  0 , 5 ^  

an d  i n  a l l  c a s e s  w i t h i n  1 , 5 ^ ,

I n  t h e  f o l l o w i n g  t a b l e s  a  s e l e c t i o n  o f  t h e  

e x p e r i m e n t a l  v a l u e s  o f  and t  i s  g i v e n ,  o b s e r v e d  

d u r i n g  e a c h  r u n ,  t o g e t h e r  w i t h  t h e  t e m p e r a t u r e  o f  

t h e  b l o c k ,  t h e  w a v e l e n g t h  a t  w h i c h  t h e  r u n  was 

f o l l o w e d  and t h e  m o l a r i t y  o f  t h e  a d d e d  s u l p h u r i c  

a c i d  u s e d .

The f i r s t - o r d e r  p l o t  f o r  p - t r i m e t h y l -
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3 l ly lp h e n y lp h o s p h o n lc  a c id  I s  g i v e n  In  f i g .  I I .

D l p h e n y l - p - t r i m e t h y l s l l y l p h e n y l p h o s p h l n e  o x i d e  

18.4M HgSO^ 2 7 6 . 5  rap 50°

t ( m l n . )  30 50 90 120 140 180 co

Dt 0 . 6 2 9  0 . 5 8 8  0 . 5 2 2  0 . 4 8 2  0 . 4 5 9  0 . 4 2 2  0 . 2 9 0

=  6 . 3 3  X 10 ^ m l n . " ^

t ( m l n . )  20 72 100 140 170 200 co

0 . 6 2 8  0 . 5 3 6  0 . 4 9 4  0 . 4 5 0  0 . 4 2 2  0 . 4 0 0  0 . 2 9 4

k ^  -  6 . 3 6  X 1 0 " 3  m l n . " ^

- 3  - 1Mean k-ĵ  = 6 . 3 5  x 10 ra in.

Dime t h y  1- p - t  r im e  t h y  I s  l l y l p h e n y l p h o s p h l n e  o x i d e

18.4M HgSO^ 2 7 6 . 5  mp 50°

t ( r a l n . )  1 0  50 80 1 0 0  150 160 co

Dt 0 . 7 4 9  0 . 6 1 9  0 . 5 5 3  0 . 5 2 0  0 . 4 5 9  0 . 4 5 0  0 . 3 6 5

kj^ -  9 . 3 9  X 10“ ^ m l n . “ ^

t ( m l n . )  10 30 50 60 80 140 oo

Dt 0 . 7 4 9  0 . 6 7 8  0 . 6 1 9  0 . 5 9 5  0 . 5 5 2  0 . 4 6 5  0 . 3 6 2

=  9 . 4 8  X  m l n . - l

- 3  - 1
Mean k^ -  9 . 4 4  x 10 m ln .
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T r I m e t h y 1 - p - t r i m e t h y I s l l y l p h e n y l p h o s p h o n l u m  h y d r o x i d e .

1 8 . 4  M HgSO^ 2 7 7 . 5  mp 5 0 ° .

t  ( m l n . )  30 50 80 100 125 160 œ

0 . 5 0 8  0 . 4 4 2  0 . 3 7 1  0 . 3 3 3  0 . 2 9 7  0 . 2 6 1  0 . 1 8 5

=  1 1 .0 2  X lO "^  m l n . ” ^

t  ( m l n . )  10 30 70 100 120 140 co

Dt 0 . 6 2 3  0 . 5 4 0  0 . 4 2 2  0 . 3 5 8  0 . 3 2 7  0 . 3 0 2  0 . 2 8 4

k^  = 1 1 . 0 3  X 1 0 - 3  m l n . - l

r\o — lr\*"3 —1

p - N l t r o p h e n y l t r l m e t h y l s l l a n e .

1 8 .4  M HgSO^ 335 mp 50 c

t  (m ln . ) 5 2 0 35 50 65 80 0 0

0 . 5 1 8 0 . 4 7 0 0 . 4 3 8  0 .4 1 0 0 . 3 8 4 0 . 3 6 4  0 .2 7 3

k i  = 1 3 .2  X 1 0 -3 m l n . - ^

t  ( m ln . ) 1 0 2 0 40 50 65 80 00

Dt 0 . 4 9 5 0 . 4 6 6 0 . 4 2 2  0 .4 0 3 0 . 3 8 2 0 . 3 6 1  0 . 2 7 5

k i 1 3 , 5  X 10"3 m l n . ” ^

Mean k i  = 1 3 . 4  X 10"3 m l n . - ^

1 6 . 3  M H2 SO4 355 mp 50 0

t  ( m ln . ) 0 60 150 :300 360 450 CO*

5 t 0 . 5 0 1 0 . 4 6 2 0 . 4 1 9  0 .3 6 5 0 . 3 4 9 0 . 3 2 9  0 .2 6 3

k l  = 2 . 8 6  X 10"3 m l n . - ^
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t  ( m l n . )  0 60 120 210 270 480 oo *

Dt 0 . 4 9 8  0 . 4 6 0  0 . 4 2 9  0 . 3 9 0  0 . 3 7 0  0 . 3 2 1  0 . 2 6 2

=  2 . 9 0  X 10“ 3 m l n . ~ l

Mean k j  = 2 . 8 8  x 1 0 " 3  m l n ."*^

T r I m e t h y 1 - p - t r i m e t h y I p h e n y l a m m o n l u m  h y d r o x i d e .

1 8 .4  I  HgSO. 2 6 9 . 0  mp 5 0 ° .

t  ( m l n . )  6  10 18 22 34 40 co

0 . 7 1 1  0 . 6 5 9  0 . 5 7 8  0 . 5 4 2  0 . 4 6 3  0 . 4 3 2  0 . 2 9 9

— 3 3 . 0 5  X  l o ” ^ m l n . ”

t  ( m l n . )  4 10 14 20 24 36 oo

D* 0 . 7 0 9  0 . 6 4 1  0 . 6 0 4  0 . 5 5 7  0 . 5 2 9  0 . 4 6 8  0 . 3 4 3

kj^ =  3 3 . 3 5  X 10"® m l n . ” l

Kean kj^ -  3 3 . 2  x  10"^  m l n . ~^

D i e t h y l  p - t r l m e t h y l s l l y l p h e n y l p h o s p h o n a t e .

1 8 . 4  M HgSO. 2 7 6 . 5  mp 5 0 ° .

t  ( m l n . )  5 25  45  55 70 80 cc

0 . 6 8 0  0 . 5 8 3  0 . 5 1 3  0 . 4 8 4  0 . 4 5 3  0 . 4 3 8  0 . 3 5 2

k  =  1 8 . 6  X 1 0 "® m l n . - l

t  ( m l n . )  5 15 25 45 65  7 5  »

0 . 6 9 8  0 . 6 4 2  0 . 5 9 5  0 . 5 2 6  0 . 4 7 8  0 . 4 5 8  0 . 3 6 5

k^ -  1 8 . 2  X 10"® m l n . - l
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Mean =  1 8 , 4  x IQ -^  m ln .

p - T r I m e t h y l s l l y l p h e n y l p h o s p h o n l c  a c i d .
01 8 , 4  M HgSO^ 2 7 6 , 5  mu 50 ,

t  ( m i n . )  8  14 20 24 34 40 oo

0 . 8 3 2  0 . 7 5 5  0 . 6 8 9  0 . 6 6 0  0 . 5 8 4  0 . 5 5 0  0 . 3 9 8  

=  3 3 , 1  X 10-® m l n . - l

t  ( m i n . )  8  16 20 24 32 48 cc

0 . 8 0 1  0 . 7 1 4  0 . 6 7 0  0 . 6 4 1  0 . 5 8 7  0 . 5 0 8  0 . 4 0 0  

: 1
k ,  =  3 2 . 9  X 10"® m l n . " l

Mean k .  =  3 3 . 0  x 10"® m l n . " ^

D lp h e n y 1 - m - t r i m e t h y I s l l y l p h e n y l p h o s p h l n e  o x i d e ,

1 8 . 4  K HgSO^ 283  mp 50°.

t  ( m i n . )  8  14 22 26 36 50

0 . 5 8 9  0 . 5 3 9  0 . 4 8 7  0 . 4 6 8  0 . 4 3 2  0 . 4 0 2  0 . 3 6 7

k ,  =  4 3 . 9  X 10-® m i n . " l

t  ( m i n . )  6  12 24 28 34 44

Qt 0 . 6 1 0  0 . 5 5 1  0 . 4 7 8  0 . 4 5 9  0 . 4 3 9  0 . 4 1 4  0 . 3 7 0

kj_ =  4 4 . 2  X 10-® m i n . - l

Mean k .  =  4 4 . 0  x 10"® m i n . " ^

D i e t h y l  m-t r i m e t h y l a i l y I p h e n y I p h o s p h o n a t e .

1 8 . 4  M H2 SO4  2 7 6 . 0  mp 5 0 ° .
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t  (m in .)  5 8 9 10 14 15

0 . 5 9 7  0 . 5 5 0  0 . 5 3 6  0 . 5 2 3  0 . 4 8 6  0 . 4 7 8  0 . 3 9 8

-- 9 0 . 3  X 10"3  m i n . " ^

t  ( m i n . )  6  9 13 15 16 18 cr

0 . 5 7 8  0 . 5 3 7  0 . 4 9 4  0 . 4 7 9  0 . 4 7 2  0 . 4 6 0  0 . 4 0 0

=  8 9 . 8  X 10~3 m l n . ’ ^

Mean k ^  =  9 0 . 1  x 10 ^ m ln .  ^

1 6 . 3  M H2 SO4  276 mji 5 0 * .

t  ( m l n . )  5 15 20 25 35 46 co

0 . 5 8 9  0 . 5 2 0  0 . 4 9 1  0 . 4 6 6  0 . 4 2 7  0 . 3 9 6  0 . 3 2 5

=  3 2 . 8  X 10~5 m l n . " l

t  ( m l n . )  10 15 30 35 40 50 cc

0 . 5 9 0  0 . 5 5 2  0 . 4 7 5  0 . 4 5 5  0 . 4 4 0  0 . 4 1 5  0 . 3 5 1

k ^  =  3 2 . 6  X 10"3 m l n . - l

Mean k ^  =  3 2 . 7  x 10~^ m l n . ~^

m-T r l m e t h y l s l l y l p h e n y l p h o 3 p h o n l c  a c i d .

1 8 . 4  I  HgSO 2 7 5 . 5  mp 50 “ .

t  ( m l n . )  4 6  7 1 0  1 2  15 CD

D. 0 . 6 9 2  0 . 6 1 8  0 . 5 9 6  0 . 5 3 9  0 . 5 1 7  0 . 4 9 1  0 . 4 4 9

=  1 5 2 .0  X  10"® m l n . " l
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t  ( m l n . )  6 i  7 i  9  1 2  15 oo

0 . 7 3 1  0 . 6 2 8  0 . 6 0 3  0 . 5 7 2  0 . 5 2 5  0 . 4 9 9  0 . 4 4 9

=  1 5 1 . 0  X 10"3  m l n . ' l

Mean k^  =  1 5 1 . 5  x 1 0 "^  m l n . " ^

1 6 . 3  M H2 SO4  2 7 5 . 5  mp 5 0 * .

t  ( m i n . )  6  10 18 21 30 38 ro

P^ 0 . 7 4 3  0 . 6 9 0  0 . 6 0 5  0 . 5 8 0  0 . 5 2 2  0 . 4 8 8  0 . 4 0 5

k i  =  4 4 . 0  X 1 0 - 3  m l n . ~ l

t  ( m l n . )  8  1 2  16 2 2  28 3 5

P t  0 . 7 4 0  0 . 6 8 9  0 . 6 4 2  0 . 5 9 0  0 . 5 4 8  0 . 5 1 1  0 . 4 0 9

k-ĵ  =  4 3 . 9  X 10“ ^ m l n . " ^

Mean =  4 3 . 9  x l o " ^  m l n . " ^

m-T r l m e t h y l s  i l y l b e n z o t r l f l u o r l d e .

1 6 . 3  M HgSO^ 2 7 2 . 0  m p. 5 0 ° .

t  ( m l n . )  7 8  9 10 14 16 oc

Dt 0 . 5 0 6  0 . 4 8 8  0 . 4 7 0  0 . 4 5 5  0 . 4 0 4  0 . 3 8 4  0 . 2 7 5

=  8 3 . 7  X 10"® m l n . " l

t  ( m ln . )  7 8 9 13 15 16 CO

0 . 5 0 8  0 . 4 9 3  0 . 4 7 6  0 . 4 1 8  0 . 3 9 8  0 . 3 8 9  0 . 2 8 0

kĵ  =  8 3 . 4  X 10"® m l n . " l  

Kean k]^ =  8 3 . 6  x  10~^ m l n . "^



- 9 9 -

1 1 .7  M H S O ^  2 7 2 . 0  mp 5 0 ^

t  ( m i n . )  0 90 150 242 360 420 œ *

P^ 0 . 6 5 5  0 . 5 7 8  0 . 5 3 2  0 . 4 7 0  0 .4 0 6  0 . 3 7 9  0 . 1 2 5

=  1 , 7 5  X 10“ ^ m l n . “ ^

t  ( m l n . )  10 90 150 240 300 390

P^ 0 . 6 3 8  0 . 5 7 4  0 . 5 3 0  0 . 4 6 9  0 . 4 3 4  0 . 3 8 7  0 . 1 1 5

kj^ =  1 . 7 4  X 10*^ m l n . “ ^

Mean  kj_ =  1 . 7 5  x 1 0 " ^  m l n . " ^

D l e t h y l - m - t r l m e t h y l s l l y l p h e n y l p h o s p h a t e .

1 1 .7  ^  H2 SO4  2 7 6 . 0  mp 50

t  ( m l n . )  25  40 55 85 125 150 co

P t  0 . 7 1 0  0 . 6 4 2  0 . 5 8 0  0 . 4 7 7  0 . 3 7 0  0 . 3 2 1  0 . 0 9 1

=  7 . 9 1  X 1 0 - 3  m l n . - l

o

t  ( m i n . )  10 35 55 90 120 150 c P

P^ 0 . 8 2 5  0 . 6 9 1  0 . 6 0 5  0 . 4 8 0  0 . 3 9 6  0 . 3 3 2  0 . 0 9 5

k ^  =  8 . 0 1  X  1 0 - 3  m i n . - l

Mean k]  ̂ =  7 . 9 6  x 1 0 " 3  m l n . " ^

m-C h l o r o p h e n y l t r l m e t h y l 3 l i a n e .

1 1 . 7  M H2 SO4  2 8 0 . 0  mp 5 0 ° .

t  ( m l n . )  10 35 45  60 85  120 co

Dt 0 . 7 3 1  0 . 5 9 9  0 . 5 5 2  0 . 4 9 4  0 . 4 1 4  0 . 3 3 4  0 . 1 1 8
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t  ( m i n . )  20 30 50 8 5  lOO 130

P^ 0 . 6 8 5  0 . 6 3 4  0 . 5 4 1  0 . 4 2 0  0 . 3 8 0  0 . 3 1 5  0 . 1 2 2

k^ =  9 . 7 0  X 10“ 3 min ."^

Mean kj_ =  9 . 6 8  x 1 0 " ^  m i n . ~^

9 . 9  M H2 SO4  2 8 0 . 0  mp 50* .

t  ( m l n . )  0 80 160 220 340 440 0 0  ^

P^ 0 . 6 7 0  0 . 5 8 5  0 . 5 1 4  0 . 4 7 0  0 . 3 9 5  0 . 3 4 4  0 . 1 4 5

k i  =  2 . 4 8  X 1 0 - 3  m l n . - l

t  ( m l n . )  0  40 1 0 0  2 0 0  280  400  co

P t  0 . 6 6 5  0 . 6 2 1  0 . 5 6 1  0 . 4 8 4  0 . 4 3 0  0 . 3 6 4  0 . 1 4 5

kj^ =  2 . 4 2  X 1 0 - 3  m l n . " l

Mean k^  =  2 . 4 5  x 1 0 " 3  m l n . - ^

D i e t h y l  m-t r l m e t h y l a l l y l b e n z y l p h o s p h o n a t e .

9 . 9  M H2 SO4  2 6 4 . 0  mp 50* .

t  ( m l n . )  6  14 20 26 40 46 co

P^ 0 . 6 6 2  0 . 6 0 3  0 . 5 7 0  0 . 5 4 3  0 . 4 9 8  0 . 4 8 5  0 . 4 3 1

=  3 6 . 5  X IQ -3  m l n . - l

t  ( m l n . )  4 10 16 24 30 41 0 0

P^ 0 . 7 0 5  0 . 6 5 4  0 . 6 1 4  0 . 5 7 2  0 . 5 4 7  0 . 5 1 4  0 . 4 4 9
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=  3 6 .8  X 10"^ m ln,"^

Mean k^  =  3 6 . 6  x 1 0 " 3  m l n . ~^

m-T r I m e t h y l e l l y l b e n z y l p h o s p h o n i e  a c l d .

9 . 9  M HgSO^ 2 6 4 . 0  mp 50*.

t  ( m l n . )  4 12 14 25 28 35 oo

P^ 0 . 7 5 9  0 . 6 5 3  0 . 6 3 4  0 . 5 5 8  0 . 5 4 3  0 . 5 1 8  0 . 4 6 4

= 5 4 . 8  X 10"3 m l n . - l

t  ( m l n . )  6  10 14 20 26 35 co

Pj. 0 . 7 2 6  0 . 6 7 5  0 . 6 3 4  0 . 5 8 6  0 . 5 5 2  0 . 5 1 8  0 . 4 6 4

k^ =  5 4 . 6  X 10"3 m ln . - ^

^ «Z ^ 1
Mean kj^ =  5 4 . 5  x l o "  m i n . "

D l e t h y l - p - t r l m e t h y l e l l y l p h e n y l p h o e p h a t e .

9 . 9  M HgSO^ 2 7 3 . 0  mp 50*.

t  ( m l n . )  5 7 12 14 20 22 co

P t  0 . 6 5 7  0 . 6 2 4  0 . 5 5 2  0 . 5 3 0  0 . 4 7 7  0 . 4 6 3  0 .3 5 8

= 6 1 . 8  X 1 0 - 3  m l n . - l

t  ( m l n . )  6  8  13 22 26 28 oo

P t  0 . 6 4 6  0 . 6 1 3  0 . 5 4 5  0 . 4 6 6  0 . 4 4 2  0 . 4 3 3  0 . 3 5 8

=  6 1 . 0  X 1 0 - 3  n i ln . -^

Mean =  6 1 . 4  x 1 0 ~ 3  m l n . - ^
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D i e t h y l  p - t r l m e t h y l s l l y l b e n z y l p h o a p h o n a t e .

9 . 9  I  HgSO^ 2 6 9 . 0  rap 5 0 * .

t  ( m i n . )  5 9 10 14 15 20 co

0 . 5 2 8  0 . 4 0 8  0 . 3 8 5  0 . 3 2 0  0 .3 0 7  0 . 2 6 6  0 . 2 1 5

= 121.8  X  10“ 3 m ln .“ ^

t  ( m i n . )  6 8 9 1 1  13 15 CO

P t  0 . 5 0 5  0 . 4 4 4  0 . 4 1 6  0 . 3 7 3  0 . 3 3 8  0 . 3 1 2  0 . 2 1 5

=  120 .8  X 10” 3 m in .-^

Mean kj^ =  1 2 1 . 3  x 1 0 " ^  m l n . " ^

p - T r l m e t h y l s l l y l b e n z y l p h o s p h o n l c  a c i d .

9 . 9  M H2 SO4  2 6 9 . 0  mp 5 0 ^ .

t  ( m l n . )  4 6  9 11 16 17 CO

P t  0 . 5 7 6  0 . 4 8 8  0 . 3 8 4  0 . 3 3 9  0 . 2 6 2  0 . 2 5 3  0 . 1 8 3

k^  =  1 3 4 .1  X 1 0 "3  m l n . - l

t  ( m l n . )  5 9 11 14 17 19 co

P t  0 . 5 2 3  0 . 3 8 4  0 . 3 3 6  0 . 2 8 5  0 . 2 5 1  0 . 2 3 6  0 . 1 8 3

k i  -  1 3 4 .1  X  1 0 - 3

Mean k^  =  1 3 4 .1  x 1 0 ~ 3  m l n . " ^

P h e n y l t r l m e t h y l s l l a n e .

9 . 9  g  H2 SO4  2 7 1 . 5  mp 50 * .

t  ( m i n . )  ^  6 ^  9 10 l l j  12 co

P t  0 . 4 4 3  0 . 3 8 5  0 . 2 7 2  0 . 2 4 1  0 . 1 9 9  0 . 1 8 7  0 . 0 7 2
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=  1 7 6 ,0  X 10"3

t  ( m i n . )  5 6  7'! 8  1 0  1 2  co

P t  0 . 4 9 9  0 . 4 3 2  0 . 3 5 0  0 . 3 2 8  0 . 2 5 3  0 . 2 0 1  0 . 0 7 4

k^ =  1 7 2 .6  X 10"3 m l n . " l

Mean — 1 7 4 .5  x lO " ^  m l n . ~ ^

F o r  r u n s  m arked  t h u s ,  end  p o i n t s  were  

d e t e r m i n e d  I n  s e a l e d  t u b e s .
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5 .  C le a v a g e  o f  B e n z y ls  l i a n e s .

Compounds and  m a t e r i a l s  u s e d  f o r  k i n e t i c  s t u d i e s .

B e n z y ls  l i a n e s ,

L i q u i d  b e n z y l s  l i a n e s  w ere  p u r i f i e d  by 

f r a c t i o n a t i o n  t h r o u g h  a ICO cm. V l g r e u x  co lum n .

S o l i d s  were  r e c r y s t a l l i s e d  s e v e r a l  t i m e s  u n t i l  a 

c o n s t a n t  m e l t i n g  p o i n t  was o b t a i n e d .

Aqueous m e t h a n o l ,

Aqueous m e t h a n o l  (39 w t .K )  was p r e p a r e d  

f ro m  " A n a l a r "  g r a d e  m e t h a n o l ,  w h ic h  h ad  b e e n  d i s t i l l e d  

I n  a p p a r a t u s  f i t t e d  w i t h  a  s o d a - l l m e  t r a p ,  and b o i l e d  

d e i o n i z e d  w a t e r .  The s o l u t i o n  was made up t o  t h e

c o r r e c t  c o m p o s i t i o n  by a d j u s t i n g  t h e  s p e c i f i c  g r a v i t y
. 125

t o  t h e  v a l u e  r e q u i r e d  f o r  39 wt.% aq u e o u s  m e t h a n o l .

The s o l u t i o n  was s t o r e d  I n  t i g h t l y  s t o p p e r e d  b o t t l e s .

Aqueous m e t h a n o l l c  so d iu m  h y d r o x i d e .

S u f f i c i e n t  " A n a l a r "  so d iu m  h y d r o x i d e  was 

d i s s o l v e d  I n  39 w t . f  a q u e o u s  m e t h a n o l  t o  g i v e  an  

a p p r o x i m a t e l y  2N s o l u t i o n .  P o r t i o n s  o f  t h i s  s o l u t i o n  

were  d i l u t e d  a c c u r a t e l y ,  w i t h  aq u eo u s  m e t h a n o l ,  t o  

g i v e  t h e  v a r i o u s  c o n c e n t r a t i o n s  r e q u i r e d  t o  c o v e r  t h e  

r a n g e  o f  r e a c t i v i t i e s  o f  t h e  compounds s t u d i e d .
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The n o r m a l i t i e s  o f  t h e  s o l u t i o n s  w ere  d e t e r ­

mined  by t i t r a t i o n ,  a f t e r  d i l u t i o n ,  a g a i n s t  25  m l ,  

a l i q u o t s  o f  0 ,1N  h y d r o c h l o r i c  a c i d .  T h i s  a v o i d e d  

t h e  n e c e s s i t y  o f  c a l i b r a t i o n  o f  p i p e t t e s  f o r  a q u e o u s  

m e t h a n o l l c  m e d i a .  The s t a n d a r d i s e d  s o l u t i o n s  w ere  

s t o r e d  I n  t i g h t l y  s t o p p e r e d ,  g r a d u a t e d  f l a s k s .  The 

c o m p o s i t i o n  o f  t h e  s o l u t i o n s  was fo u n d  n o t  t o  v a r y  

d u r i n g  t h e  p e r i o d  o f  u s e .

M e th o d ,

The r a t e  c l e a v a g e  o f  b e n z y l s  l i a n e s  was 

f o l l o w e d  s p e c t r o p h o t o m e t r l c a l l y , A s a m p l e  (5  m l , )  

o f  a s o l u t i o n  o f  t h e  s l l a n e  I n  39 w t .%  a q u eo u s  

m e t h a n o l  was p i p e t t e d  i n t o  a  f l a s k  an d  t o  t h i s  was 

ad d ed  5 m l ,  o f  t h e  r e q u i r e d  so d iu m  h y d r o x i d e ,  t h e  

same p i p e t t e  b e i n g  u s e d  f o r  e a c h  s a m p l e ,  A p o r t i o n  o f  

t h i s  s o l u t i o n  was t r a n s f e r r e d  t o  a 1  cm, s i l i c a  c e l l  

w h ich  was t h e n  p l a c e d  I n  t h e  t h e r m o s t a t e d  co m p a r tm e n t  

o f  t h e  Unlearn S , P ,  5 0 0 ,  The f a l l  I n  o p t i c a l  d e n s i t y  

was m e a s u re d  a t  one w a v e l e n g t h  a g a i n s t  a n  a q u e o u s  

m e t h a n o l  b l a n k .  The r e a c t i o n  was f o l l o w e d .  I n  m ost  

c a s e s ,  f o r  two h a l f - l i v e s ,  and  t h e  I n f i n i t y  v a l u e  

was d e t e r m i n e d  a f t e r  t e n  h a l f - l i v e s ,  V/here t h i s  t i m e  

e x c e e d e d  1 0  h r .  a  sam p le  was t r a n s f e r r e d  t o  a  s t o p p e r e d  

p y r e x  c o n i c a l  f l a s k  and  k e p t  I n  a t h e r m o s t a t  b a t h  a t
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5 0 ^ f o r  t e n  h a l f - l i v e s .

D e t e r m i n a t i o n  o f  r a t e  c o n s t a n t s .

R a t e  c o n s t a n t s  w ere  d e t e r m i n e d  g r a p h i c a l l y ,  

a s  d e s c r i b e d  f o r  t h e  a c i d  c l e a v a g e s .  D u p l i c a t e  

d e t e r m i n a t i o n s  a g r e e d  i n  a l l  c a s e s  w i t h i n  1 . 5 ^ .

S p e c i f i c  r a t e  c o n s t a n t s  ( k s )  w ere  d e t e r m i n e d  

f ro m  t h e  r e l a t i o n s h i p :

ks  -  ^ 1  X 1 , 0 2 5
NaOH

The f a c t o r ,  1 . 0 2 5 ,  i s  u s e d  t o  c o r r e c t  f o r  t h e  change  

i n  c o m p o s i t i o n  o f  t h e  s o d iu m  h y d r o x i d e  s o l u t i o n  i n  

g o i n g  f rom  room t e m p e r a t u r e  t o  5 0 . 3 ° ,

I n  t h e  f o l l o w i n g  t a b l e s  a s e l e c t i o n  o f  t h e  

e x p e r i m e n t a l  p o i n t s  D^ and  t  a r e  g i v e n ,  t h e  w a v e l e n g t h  

a t  w h ic h  t h e  r u n  was f o l l o w e d  and t h e  a l k a l i  

c o n c e n t r a t i o n  o f  t h e  f i n a l  r e a c t i o n  m i x t u r e .

The f i r s t  o r d e r  p l o t  f o r  t r i m e t h y l - m -  

t r i m e t h y l s i l y l m e t h y l p h e n y l p h o s p h o n i u m  i o d i d e  i s  g i v e n  

( f i g .  I I I ) .  To d e m o n s t r a t e  c o n s t a n c y  o f  k]_ w i t h i n  a 

r u n ,  t h e  r a t e  c o n s t a n t  f o r  e a c h  g r a p h i c a l  p o i n t  i s  

a l s o  g i v e n  f o r  t h i s  compound,  when c l e a v e d  i n  

0 , 4 0 9  N NaOH.
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T r lm e t h y l - p - t r im e t h y l a i ly lm e th y lp h e n y lp h o sp h o n lu m

i o d i d e

5 . 0 5  X 10~3 N NaOH 266 m y 50 , 3 "

t ( m i n . ) 6 9 14 17 26 30 CO

: t 0 . 6 4 2 0 . 5 6 9 0 . 4 7 2  

k i  =

0 . 4 2 6  

6 0 . 6  X

0 , 3 3 1  0 , 3 0 3  

1 0 - 3  m i n . - l

0 . 2 0 0

t ( m i n . ) 7 11 17 19 24 30 00

5 t 0 . 6 0 8 0 . 5 1 9 0 . 4 2 0 0 . 3 9 5 0 . 3 4 2  0 . 2 9 7 0 . 1 9 5

Mean

^1  -  

^1 =

6 0 . 4  X

6 0 . 5  X

1 0 - 3  m i n . " l  

1 0 - 3  m i n . - l

k .  - 1 2 . 3  r a i n . " ^  m ole“ ^ l

D i p h e n y l - p - t r i m e  t h y l s  i l y l ] m e t h y l p h e n y l p h o  s ph i  ne o x i d e

0 . 1 0 2 7  

t ( r a i n .

N NaOH 

) 5 8

266 m y. 

12 24

50 .  

28 32

3 °

00

5 t 0 . 6 1 8 0 . 5 8 1 0 . 5 3 7 0 . 4 4 2 0 . 4 2 1  0 . 4 0 2  '0 . 3 0 6

t ( m i n . ) 4 8

k i  = 

16

4 3 . 6  X 

18

1 0 - 3  m i n . - l  

22 26 CO

Dt 0 .6 4 7 0 . 5 9 2 0 , 5 1 1  

^1 =

0 . 4 9 4  

4 3 . 7  X

0 . 4 6 4  0 , 4 4 0  

1 0 - 3  m i n . - l

0 . 3 1 2

Mean - 1  = 4 3 . 7  X 1 0 - 3  m i n . - ^

ko - 4 , 3 6  X 1 0 - 1  m i n . - l  1molo-1;
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D i e t h y l  p - t r im e t h y I s l ly lm e th y I p h e n y lp h o s p h o n a te

0 . 1 0 2 7 N NaOH 2 6 6 ; mp 50
c

. 3

t ( m i n . ) 0 4 16 2 2 2 6 3 1 CO

Dt 0 . 9 1 8 0 . 8 7 9 0 . 7 9 1 0 . 7  59 0 . 7 4 1 . 0 . 7 2 2 0 . 6 2 9

k i  = 3 6 . 5  X 1 0 - 3 m in . - 1

t ( m i n . ) 0 12 16 2 0 2 4 32 oo

Dt 0 . 6 7 5 0 . 5 9 5 0 . 5 7 5 0 . 5 5 9 0 . 5 4 4 : 0 . 5 2 0 0 . 4 4 8

k i  = 3 6 . 1  X 1 0 - 3 m in . - 1

Mean k .  = 3 6 . 3  X 1 0 - 3 m in . - 1
X

kg  = 3 . 6 2  X 1 0 - 1 m in . - 1 m o le - 1

D im e th y 1 - p - t r i m e t h y I s i l y l m e t h y I p h e n y l p h o s p h l n e  o x i d e

0 .1 0 2 7  N NaOH 266 mp 5 0 . 3 °

t ( m i n . )  0 2 5  35 45  71 100

D  ̂ 0 . 7 7 6  0 . 6 6 9  0 . 6 3 3  0 . 6 0 3  0 . 5 3 7  0 . 4 8 3  0 . 5 4 0

k.  = 1 1 . 2  X 10“ 3 m i n . - l

t ( m i n . )  0 15 40 55 70 90 00

Dj. 0 . 7 5 4  0 . 6 8 9  0 . 6 0 2  0 . 5 6 1  0 . 5 2 7  0 . 4 9 0  0 . 3 4 1

kj^ =  1 1 .2  X 10"3  m i n . - l

Mean k̂  ̂ -  1 1 . 2  x  1 0 " 3  m i n . " !

kg -  1 . 1 2  X 1 0 " !  m l n . - l  m o l e - l l .
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T r l m e t h y l - ra - t r l m e t h y l s i l y l m e t h y l p h e n y l p h o s p h o n l u m  

i o d i d e

c
0 . 4 0 9  N NaOH 285  mp 5 0 . 3

t ( m i n . )  9 11 15 19 26 30 cc

0 . 5 3 8  0 . 4 9 3  0 . 4 1 9  0 . 3 5 8  0 . 2 7 8  0 . 2 4 5  0 . 0 9 6

5 1 .6  5 1 .9  5 1 .8  5 1 .7  5 2 .1  5 1 .8

=  5 1 . 8  X 10” 3 m l n . - l

t ( m i n . )  8  11 14 17 20 3 0  œ

P^ 0 . 5 6 3  0 . 4 9 8  0 . 4 3 9  0 . 3 9 0  0 . 3 4 9  0 . 2 4 5  0 . 0 9 5

k ^  5 2 . 5  5 1 . 8  5 1 . 9  5 1 . 8  5 1 . 6  5 1 .8

kj  ̂ -  5 1 . 8  X 10“*3 m l n . “ ^

Mean kj^ — 5 1 . 8  x  1 0 ~ 3  m i n . " ^

kg -  1 . 3 0  X 1 0 "^  m l n . - ^  m o l e " ^ l .

1 .0 2 7  N NaOH 28 5 mp 5 0 .3 ^

t ( m i n . )  6  8  12 14 16 20 oo

P^ 0 . 5 2 4  0 . 4 4 3  0 . 3 2 8  0 . 2 8 5  0 . 2 5 5  0 . 2 1 0  0 . 1 4 2

= 1 2 3 . 9  X 1 0"3  m l n . - l

k  =  1 .8 5 5  X 10~ m l n .~ ^  m o l e ' l l .

0 . 7 7  5  N NaOH 235  mp 5 0 . 3 °

t ( m l n . )  5 8  11 16 21 23 œ

0 . 6 0 0  0 . 4 8 2  0 . 3 9 3  0 . 2 9 0  0 . 2 2 8  0 . 2 1 1  0 . 1 2 6
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=  1 2 3 . 9  X 10“ 3 m l n . - l  

kg =  1 . 2 5 5  X 10"^ m ln . - ^  m o l e ' l l .

o0 . 5 3 5  N NaOH 28 5 mp 5 0 . 3

t ( m l n . )  5 8  11 14 19 25

P t  0 . 6 2 5  0 . 5 3 1  0 . 4 5 7  0 . 3 9 6  0 . 3 1 6  0 . 2 5 1  0 . 1 1 7

kj^ =  6 6 , 5  X 10“ 3 m i n , “ ^

kg =  1 . 2 8 5  X 10~1 m l n . - ^  m o l e ' l l .

o0 . 2 0 4  N NaOH 2 8 6  mp 5 0 . 3

t ( m i n . )  8  24 30 40 50 60 co

P t  0 . 6 2 7  0 . 4 3 9  0 . 3 8 7  0 . 3 1 8  0 . 2 6 4  0 . 2 2 3  0 . 0 9 0

-  2 6 . 8  X 10"3  m l n . - l

kg =  1 . 3 4 5  X 10“ ^ m l n . - ^  m o l e ' l l .

D l p h e n y l - m - t r l m e t h y l a l l y l m e t h y I p h e n y l p h o s p h l n e  o x i d e

1 ,0 2 7  N NaOH 2 8 5  mp 5 0 . 3 °

t ( m l n . )  20 40 55 75  8 6  100 co

Dt 0 . 7 8 8  0 . 7 4 1  0 . 7 1 2  0 . 6 7 8  0 . 6 5 9  0 . 6 4 0  0 . 4 6 1

k]^ =  7 . 5 3  X 1 0 " 3  m l n . ' l

t ( m i n . )  30 35 55 65 85  100 cO

0 . 7 6 4  0 . 7 5 2  0 . 7 1 1  0 . 6 9 3  0 . 6 6 0  0 . 6 3 9  0 . 4 6 1

k]  ̂ =  7 . 5 5  X 10"3 m l n . ' l

Mean k ;; =  7 . 5 4  x  10~^ m l n . ~^
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kg =  7 . 5 2  X l p - 3  m l n . - l  m o l e ' l l .

D im e th y 1 - m - t r I m e t h y l s 1 l y I m e t h y I p h e n y I p h o s p h l n e  o x i d e

o1 . 0 2 7  N NaOH 278 mp 5 0 .3

t ( m l n . )  45  90 165 200 270 315 oo

P t  0 . 5 6 8  0 . 5 0 8  0 . 4 2 5  0 . 3 9 5  0 . 3 4 7  0 . 3 2 1  0 . 1 9 5

k-  ̂ =  4 . 0 2  X 1 0 " ^  m ln , - ^

t ( m l n . )  30 60 121 240 300 360 co

P^ 0 . 5 5 8  0 . 5 1 8  0 . 4 4 4  0 . 3 4 6  0 . 3 1 1  0 . 2 8 2  0 . 1 8 5

-  4 . 0 3  X 1 0 " 3  m l n . - l

Mean =. 4 . 0 2  x 1 0 " ^  m l n . " ^

kg = 1  4 . 0 1  X 1 0 " ^  m l n . " ^  m o l e ^ ^ l .

m-T r l m e t h y l s l l y l m e t h y I b e n z o t r I f l u o r l d e

o
1 . 0 2 7  N NaOH 279 mp 5 0 .3

t ( m l n . )  0 120 175 270 361 420 oo

P^ 0 . 8 6 8  0 . 6 1 9  0 . 5 3 2  0 . 4 1 5  0 . 3 3 0  0 . 2 8 8  0 . 1 0 0

k j ^  =  3 . 3 0  X 1 0 “ ^ m ln . - ^

t ( m l n . )  0 60 152 240 322 4 0 5  oo

P t  0 . 8 7 5  0 . 7 3 8  0 . 5 7 8  0 . 4 5 9  0 . 3 7 6  0 . 3 1 2  0 . 1 1 0

k̂ L =  3 . 2 7  X 10"3 m l n . " ^

Mean k^ =  3 . 2 8  x 1 0 " ^  m l n . " ^

kg =  3 . 2 7  X lQ - 3  m l n . - ^  m o l e " ^ l .



- 1 1 2 -

m-C h l o r o b e n z y l t r l m e t h y l s l l a n e

c
1 .0 2 7  N NaOH 280 mp 5 0 . 3

t ( m l n . )  0 64 150 210 300 420 œ

P t  0 . 6 8 5  0 . 6 2 3  0 . 5 5 0  0 . 5 0 4  0 . 4 4 8  0 . 3 8 5  0 . 1 4 5

=  1 . 9 2  X 10 " 3  m l n . - l

t ( m l n . )  0 120 2 4 5  330 420 510 co

P t  0 . 6 7 2  0 . 5 6 3  0 . 4 7 2  0 . 4 2 2  0 . 3 7 8  0 . 3 4 1  0 . 1 4 5

k^ =  1 . 9 4  X 1 0 " ^  m l n . - ^

Mean k̂  ̂ =  1 . 9 3  x 1 0 " ^  m l n . " ^

kg =  1 . 9 2  X 1 0 ~ 3  m l n . " ^  m o l e ' l l .

A t t e m p t e d  c l e a v a g e  o f  p - t r l m e t h y l s l l y l m e t h y l p h e n y l -  

p h o s p h o n i c  a c I d

(1 )  A sam p le  (10 m l . )  o f  a  s o l u t i o n  o f  p - t r l m e t h y l -  

s l l y l m e t h y I p h e n y l p h o s p h o n i c  a c i d  ( 0 . 4  g . / l . )  I n  

39 w t . ^  a q u e o u s  m e t h a n o l  was p i p e t t e d  I n t o  a c o n i c a l  

f l a s k .  To t h i s  was a d d e d  10 m l .  o f  1 ,0 2 7  N so d iu m  

h y d r o x i d e  I n  39 w t . ^  a q u e o u s  m e t h a n o l .  The f l a s k  

was Immersed I n  a t h e r m o s t a t  b a t h  a t  50^ and  s a m p le s  

( 2 . 5  m l . )  w e re  w i t h d r a w n  a t  24 h r .  I n t e r v a l s  and  

t h e  o p t i c a l  d e n s i t y  o f  t h e s e  m e a s u re d  a g a i n s t  a n  

aq u e o u s  m e t h a n o l  b l a n k .  No f a l l  i n  o p t i c a l  d e n s i t y  

was o b s e r v e d  o v e r  1 2 0  h r .
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( i l )  p - T r l m e t h y l s l l y l m e t h y l p h e n y l p h o s p h o n l c  a c i d  

(1  g . )  was d i s s o l v e d  I n  2N a q u e o u s  a l c o h o l i c  

s o d iu m  h y d r o x i d e  s o l u t i o n .  The m i x t u r e  was r e f l u x e d  

f o r  16 h r ,  a f t e r  w h ic h  I t  was a c i d i f i e d  and  e x t r a c t e d  

w i t h  e t h e r .  Removal  o f  t h e  e t h e r  l e f t  a w h i t e ,  

c r y s t a l l i n e  s o l i d  ( 0 . 8  g . ) ,  t h e  I n f r a r e d  s p e c t r u m  

o f  w h ic h  c o r r e s p o n d e d  t o  t h a t  o f  p - t r l m e t h y l s l l y l ­

me t h y l p h e n y l p h o s p h o n l c  a c i d .  One r e c r y s t a l l l s a t l o n  

o f  t h i s  g a v e  p u r e  p - t r i m e t h y I s l l y l m e t h y l p h e n y l ­

p h o s p h o n l c  a c i d ,  m .p ,  1 7 6 ° .

A t t e m p t e d  c l e a v a g e  o f  m-t r l m e t h y I s l l y l m e t h y l p h e n y l ­

p h o s p h o n l c  a c i d

S i m i l a r l y ,  no ch an g e  I n  s p e c t r u m  was o b s e r v e d  when 

a s o l u t i o n  o f  m - t r l m e t h y l s l l y l m e t h y l p h e n y l p h o s p h o n i c  

a c i d .  I n  2N a q u e o u s  a l c o h o l i c  s o d iu m  h y d r o x i d e  

s o l u t i o n  was k e p t  I n  a t h e r m o s t a t  b a t h  a t  5 0 ° ,  o v e r  

96 h r .

H y d r o l y s e s  o f  d i e t h y l  p h e n y l p h o s p h o n a t e

(1)  An a t t e m p t  was made t o  f o l l o w  t h e  h y d r o l y s e s  

o f  d i e t h y l  p h e n y l p h o s p h o n a t e  i n  1 .0 2 7  N s o d iu m  

h y d r o x i d e  s o l u t i o n  a t  5 0 . 3 ° .  A s a m p le  (5  m l . )  

o f  a  s o l u t i o n  o f  d i e t h y l  p h e n y l p h o s p h o n a t e
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( 0 . 3 1 6  g . / l . ) ,  i n  39 w t . î^  a q u e o u s  m e t h a n o l  was 

p i p e t t e d  i n t o  a c o n i c a l  f l a s k  and  t o  t h i s  was ad d ed  

5 m l ,  o f  1 , 0 2 7  N s o d iu m  h y d r o x i d e  s o l u t i o n  ( i n  39 w t . /  

a q u e o u s  m e t h a n o l ) .  The f a l l  I n  o p t i c a l  d e n s i t y  (D^) 

was f o l l o w e d  o v e r  1 0  h r . ;

t ( m l n . )  0 20 40 63 105 135 600

0 . 6 0 9  0 . 5 9 3  0 . 5 7 6  0 . 5 5 8  0 . 5 3 1  0 . 5 1 9  0 . 4 9 5

(1 1 )  A s i m i l a r  s a m p le  was t r e a t e d  w i t h  0 . 1 0 2 7  N 

s o d iu m  h y d r o x i d e  s o l u t i o n .  The o p t i c a l  d e n s i t y  

o f  t h i s  f e l l  f ro m  0 . 6 0 4  t o  0 . 5 9 2  I n  10 h r .
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6 , P r o t o n a t i o n  o f  t h e  P h o s p h o r y l  Bond

(a )  P r o t o n a t i o n  o f  t r I p h e n y l p h o s p h l n e  o x i d e  In  aqu eo u s  

s u l p h u r i c  a c i d

T r I p h e n y l p h o s p h l n e  o x i d e

A sam ple  o f  t r I p h e n y l p h o s p h l n e  o x i d e  

( A l b r i g h t  an d  W i l s o n  (M fg . )  L t d . )  was r e c r y s t a l l i s e d  

f ro m  6 0 - 8 0 °  l i g h t  p e t r o l e u m  u n t i l  a  c o n s t a n t  m e l t i n g  

p o i n t  ( 1 5 3 ° )  was o b t a i n e d  ( l l t , / ^ ®  m .p .  152 -1 5 3  ) .

S u l p h u r i c  a c i d  s o l u t i o n s

Aqueous s u l p h u r i c  a c i d  s o l u t i o n s  (1 0 -8 0  

w t . ^ )  w e re  p r e p a r e d  by d i l u t i n g  " A n a l a r ” c o n c e n t r a t e d  

s u l p h u r i c  a c i d  w i t h  d e i o n i s e d  w a t e r .  The e x a c t  

c o m p o s i t i o n  o f  e a c h  s o l u t i o n  was d e t e r m i n e d  by 

a c c u r a t e  d i l u t i o n  o f  a w e ig h e d  s am p le  and  t i t r a t i o n  

o f  t h e  r e s u l t i n g  s o l u t i o n  a g a i n s t  s t a n d a r d  so d iu m  

h y d r o x i d e  s o l u t i o n  (O .IN)  u s i n g  s c r e e n e d  m e t h y l  

o r a n g e .  The v a l u e s  f o r  t h e  s o l u t i o n s  were  d e r i v e d  

f ro m  t h e  d a t a  o f  P a u l  and  Long .  108

S p e c t r a

U l t r a v i o l e t  s p e c t r a  w ere  d e t e r m i n e d  on  t h e
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Unlearn S . P .  500 s p e c t r o p h o t o m e t e r ,  f i t t e d  w i t h  a  

t h e r m o s t a t e d  c e l l  c o m p a r tm e n t ,  m a i n t a i n e d  a t  

30 ± 0 . 0 2 ° .

Method

A s t o c k  s o l u t i o n  o f  t r I p h e n y l p h o s  p h l n e  

o x i d e  ( 0 , 0 2 6 4  g . )  was made up I n  a c e t o n e  (50 m l , ) .  

F o r  e a c h  a c i d  c o n c e n t r a t i o n  a known w e i g h t  o f  t h e  

s t o c k  s o l u t i o n  ( ç a .  0 , 5  m l , )  was p i p e t t e d  I n t o  a  

c o n i c a l  f l a s k  and  t h e  a c e t o n e  rem oved  a t  t h e  pump, 

l e a v i n g  a t h i n  f i l m  o f  t r l p h e n y l p h o s p h l n e  o x i d e  

( ç a .  2 , 5  X lO” ^ g . ) on  t h e  w a l l s  o f  t h e  f l a s k .

To t h i s  was a d d e d  a known w e i g h t  o f  s u l p h u r i c  a c i d  

s o l u t i o n  ( ç a .  5  m l . ) ,  t h e  e x a c t  volume o f  w h ich  

was c a l c u l a t e d  f ro m  p u b l i s h e d  d e n s i t y  d a t a .

I n  t h i s  way t h e  e x a c t  c o n c e n t r a t i o n  ( g . / l . )  o f  

t r l p h e n y l p h o s p h l n e  o x i d e  I n  t h e  s u l p h u r i c  a c i d  

s o l u t i o n  was c a l c u l a t e d .

I n  m ost  c a s e s  t h e  t r l p h e n y l p h o s p h l n e  

o x i d e  f i l m  d i s s o l v e d  r e a d i l y ,  b u t  I n  t h e  c a s e s  o f  

9 . 8 3  w t . ^  and  1 9 . 7 1  w t , /  s u l p h u r i c  a c i d  s o l u t i o n s  

t h e  f l a s k  h a d  t o  be warmed,  by Im m e rs io n  I n  a w a t e r  

b a t h  a t  5 0 ° ,  t o  e f f e c t  c o m p le te  s o l u t i o n .
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T ab le  XIV, E x t i n c t i o n  c o e f f i c i e n t s  (6 )  o f  t r ip h e n y l -

p h o sp h in e  o x id e  i n  v a r io u s  s o l u t i o n s  o f

aqueous s u l p h u r i c  a c id

S u l p h u r i c  a c i d  

( w t . ^ ) %o 268 nyi 274 m f i

8 1 . 4 - 7 . 1 5 3907 3332

6 8 , 7 - 5 , 5 3873 3278

6 2 , 5 - 4 . 7 5 37 32 3142

5 7 , 2 5 - 4 , 1 7 3479 2916

5 3 , 1 - 3 , 6 7 3137 2650

5 1 , 2 - 3 , 5 0 3016 2 560

4 9 , 2 5 - 3 , 2 7 2899 2470

4 6 , 0 - 2 . 9 5 2740 2365

4 2 . 2 - 2 . 6 0 2590 2 258

3 0 . 3 5 - 1 , 7 2 2360 2 1 2 0

1 9 . 7 1 - 1 . 0 0 2273 2067
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A s a m p le  ( 2 , 5  m l . )  o f  t h e  r e s u l t i n g  s o l u t i o n  

was t r a n s f e r r e d  t o  a  1  cm. s t o p p e r e d  c e l l  and t h e  

s p e c t r u m  m e a s u r e d  a g a i n s t  a b l a n k  o f  t h e —same 

s u l p h u r i c  a c i d  s o l u t i o n ,  o v e r  t h e  r a n g e  2 5 5 -2 8 0  mp, 

a t  1 mp I n t e r v a l s .

The e x t i n c t i o n  c o e f f i c i e n t  ( 6 ) o b s e r v e d  a t  

268 mp an d  274  mp f o r  v a r i o u s  a c i d  c o n c e n t r a t i o n s  a r e  

g i v e n  I n  t a b l e  XIV.

The s p e c t r a  o f  t r l p h e n y l p h o s p h l n e  o x i d e  I n  

8 1 . 4 ^ ,  6 8 . 7 # ,  5 3 . 1 # ,  4 2 . 2 #  an d  1 9 . 7 #  s u l p h u r i c  a c i d  

s o l u t i o n s  a r e  shown I n  f i g ,  iv.

The s i g m o i d  c u r v e s  o b t a i n e d  by p l o t t i n g  

e x t i n c t i o n  c o e f f i c i e n t  a t  268 nyi and 274 mp v e r s u s  

Hq a r e  g i v e n  i n  f lg ^  V,

(b )  The p r o t o n a t i o n  o f  t r l p h e n y l p h o s p h l n e  o x i d e  I n  

s u l p h u r i c  a c l d - a c e t l c  a c i d  m i x t u r e s

T r l p h e n y l p h o s p h l n e  o x i d e

T r l p h e n y l p h o s p h l n e  o x i d e  was p u r i f i e d  a s  

d e s c r i b e d  I n  s e c t i o n  6  ( a ) .

G l a c i a l  a c e t i c  a c i d

G l a c i a l  a c e t i c  a c i d  was d r i e d  by d i s t i l l a t i o n
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as  d e s c r i b e d  i n  s e c t i o n  4 ( p .  8 9 ) ,

S u l p h u r i c  a c i d

The s a m p le  o f  18,4M s u l p h u r i c  a c i d  u s e d  I n  

t h e  k i n e t i c  s t u d i e s  ( s e c t i o n  4)  was e m p lo y e d .

Method

A s t o c k  s o l u t i o n  o f  t r l p h e n y l p h o s p h l n e  o x i d e  

( 0 , 0 8 8  g . / l , )  I n  g l a c i a l  a c e t i c  a c i d  was p r e p a r e d .

To a  w e ig h e d  s a m p le  (10 m l , )  o f  t h i s  s o l u t i o n  was 

a d d e d  a knov/n w e i g h t  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  

(18 ,4M) an d  t h e  s p e c t r u m  o f  t h e  m i x t u r e  m e asu red  

b e t w e e n  255 mp and 280 mp a g a i n s t  a s u l p h u r i c  a c l d -  

a c e t l c  a c i d  b l a n k  o f  a p p r o x i m a t e l y  t h e  same 

c o n c e n t r a t i o n .  The s p e c t r a  o f  t r l p h e n y l p h o s p h l n e  

o x i d e  I n  g l a c i a l  a c e t i c  a c i d  and I n  ( a )  2 8 , 7 ;

(b )  2 5 , 1 ;  ( c )  1 4 , 0 5 ;  (d )  7 , 4 5 ;  ( e )  3 , 5 3 ;  ( f )  2 , 4 3 ;

(g )  0 . 8 9 6 ;  (h )  0 , 0  w t , #  s u l p h u r i c  a c i d  a r e  g i v e n  

I n  f i g ,  V I ,  I n  f i g ,  V I I  p l o t s  o f  t h e  e x t i n c t i o n  

c o e f f i c i e n t  a t  268 mji and 274 mp v e r s u s  t h e  

s u l p h u r i c  a c i d  c o n c e n t r a t i o n  (wt,J^) a r e  g i v e n .



PART I I

Tho P r e p a r a t i o n  and R e a c t i o n s  o f  some A l l p h a t l c  

P h o s p h o r u s  Compounds C o n t a i n i n g  S i l i c o n



CHAPTER V

The P r e p a r a t i o n  an d  P r o p e r t i e s  o f  S i l l c o n - c o n t a i n l n g  

A l i p h a t i c  P h o s p h o r u s  Compounds
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The P r e p a r a t i o n  an d  P r o p e r t i e s  o f  S i l i c o n - c o n t a i n i n g  

A l i p h a t i c  P h o s p h o r u s  Compounds

I n t e r e s t  I n  o r g a n o p h o s p h o r u s  compounds 

c o n t a i n i n g  s i l i c o n  h a s  I n c r e a s e d  d u r i n g  t h e  p a s t  

t e n  y e a r s  b e c a u s e  o f  t h e i r  I m p o r t a n c e  I n  I n d u s t r i a l  

a p p l i c a t i o n .  Numerous  r e f e r e n c e s  t o  s u c h  compounds 

h a v e  a p p e a r e d  i n  t h e  p a t e n t  l i t e r a t u r e ,  c l a i m i n g  

t h e i r  u s e  a s  p l a s t l c i s e r s , f l a m e - p r o o f i n g  a g e n t s ,  

l u b r i c a n t s  o r  l u b r i c a n t  a d d i t i v e s .  I n s e c t i c i d e s ,

e t c . 1 2 7 , 1 2 8 , 1 2 9

The p r e p a r a t i o n  o f  o r g a n o p h o s p h o r u s  compounds 

c o n t a i n i n g  s l l l c o n

(a )  Compounds c o n t a i n i n g  s i l l c o n - p h o s p h o r u s  l i n k a g e s

T r l m e t h y l s l l y l d l p h e n y l p h o s p h l n e  may be

p r e p a r e d  by t h e  a c t i o n  o f  d i p h e n y l  s o d iu m  p h o s p h i d e
130on t r l m e t h y l c h l o r o s l l a n e .

PhgPNa + M e g S l C l ---------- > PhgPSlMoj + NaCl

The r e a c t i o n  b e t w e e n  l i t h i u m  p h o s p h i d e s  and

c h l o r o t r l a l k y l s l i a n e s  h a s  a l s o  b e e n  d e s c r i b e d

and a f f o r d s  a u s e f u l  g e n e r a l  m ethod  f o r  t h e
1 4 -?p r o d u c t i o n  o f  t r l a l k y l s l l y l p h o s p h l n e s  ^
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LlPHg + M egSlC l  ------->  M0 3 SIPH 2  + L i C l

The M l c h a e l l s - A r b u s o v  r e a c t i o n  h a s  b e e n  

s u c c e s s f u l l y  a p p l i e d  t o  t h e  p r e p a r a t i o n  o f  a l k y l s l l y l -  

p h o s p h o n a t e s .  T h u s ,  h e a t i n g  t r l e t h y l p h o s p h i t e  w i t h

t r l e t h y l b r o m o s l l a n e  gav e  d i e t h y l  t r l m e t h y l s l l y l p h o s -
, ^ 131p h o n a t e .

(E tO )gP  + B r S l E t ^   E t B r  + E tg S l P O f O E t l g

S i m i l a r l y ,  t r i e t h o x y b r o m o s l l a n e  w i t h  t r l e t h y l p h o s p h i t e  

g av e  d i e t h y l  t r l e t h o x y s l l y l p h o s p h o n a t e .

The M i c h a e l l s  r e a c t i o n ;  t h e  r e a c t i o n  o f  

a l k y l  h a l i d e s  w i t h  s o d l o - d e r l v a t l v e s  o f  d l a l k y l p h o s -  

p h o n a t e s ,  h a s  b e e n  u s e d  w i t h  a l k y l - s u b s t l t u t e d  s i l i c o n  

hallde3.1S2,133

(R'O)gPONa + R g S lC l  ------> ( R 'O g O P S l R g  + NaCl

N ew lands  h a s  r e p o r t e d  t h e  r e a c t i o n  o f  

t r l p h e n y l s l l y l l l t h l u m  w i t h  d l b e n z y l p h o s p h o r o c h l o r l d a t e ,

P h g P h l  + (BzO)gPOCl  > PhgSlPOfOBzig

(b)  Compounds c o n t a i n i n g  s l l l c o n - c a r b o n - p h o s p h o r u s  

l i n k a g e s
1 c

S e y f e r t h  h a s  p r e p a r e d  t r l s ( t r l m e t h y l s l l y l -  

m e t h y l ) p h o s p h l n e  f ro m  p h o s p h o r u s  t r l b r o m l d e  and t h e  

G r i g n a r d  r e a g e n t  f ro m  c h l o r o m e t h y l t r l m e t h y l s l l a n e .

SMe^SlCHgMgCl + PBr^  -----> (M esS lCH gis?

As a l k y l p h o s p h l n e s  a r e  h i g h l y  s u s c e p t i b l e
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t o  o x i d a t i o n ,  t r i a ( t r i m e t h y l s l l y l m e t h y l ) p h o s p h l n e  

o x i d e  was a l s o  I s o l a t e d  f ro m  t h e  r e a c t i o n  m i x t u r e .

The M l c h a e l l s - A r b u s o v  r e a c t i o n  h a s  b e e n  

u s e d  f o r  t h e  p r e p a r a t i o n  o f  d i e t h y l  t r l m e t h y l -  

3 l l y l m e t h y l p h o s p h o n a t e  and  d i e t h y l  p e n t a m e t h y l -  

s l l o x a n y l p h o s p h o n a t e

( E t O ) 3 P +  MesSlCHgCl ------ > MesSICH2 PO(OEt ) 2  + E t C l

(E tO gP  + M0 3SlOSlMe2CH2Cl — > Me3S10SlMe2CH2P0(0Et)2

+ E t C l

S i m i l a r  p r o d u c t s  h a v e  a l s o  b e e n  o b t a i n e d  

u s i n g  t h e  M i c h a e l l s  r e a c t l o n , ^ ^ ^

Me^SlOSlMegCHgBr + (n-BuO)gPONa

Me3 S 1 0 SlMe 2 CH2 P0 ( 0 Bu^ ) 2  + NaBr

Me^SlCHgBr -H (n-BuOjgPONa ------ >

MegSlCHgPOOOnBu^ig + NaBr

A l k y l p h o s p h o n l c  d l c h l o r l d e  may be 

p r e p a r e d  by t h e  m ethod  o f  o x i d a t i v e  p h o s p h o n a t lo n P '^ '^

RH t  PClg  + iO g  ------> RPOClg +  HCl

G i l b e r t  and  P r e c o p l o  fo u n d  t h a t  t e t r a m e t h y I s l l a n e
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r e a c t e d  I n  t h i s  way t o  g i v e  t r i m e t h y l s l l y l m e t h y l -
136

p h o s p h o n i c  d l c h l o r l d e .  S i m i l a r l y ,  C h e r n e y s h e v  

and  P e t r o v  u s e d  t h i s  r e a c t i o n  t o  p r e p a r e  s i l i c o n -  

s u b s t i t u t e d  d e r i v a t i v e s  o f  e t h y I p h o s p h o n i c  

d l c h l o r l d e :

E t S l C l ^  -h P C lg  + iO g  ------ > C l  SlCHgCHgPOClg

L l n v l l l e ^ ^ ®  and a l s o  Mars d e n  h a v e

p r e p a r e d  d l a l k y l  s i l i c o n - c o n t a i n i n g  e t h y l p h o s -  

p h o n a t e s  by t h e  f r e e  r a d i c a l  a d d i t i o n  o f  

d l a l k y l p h o s p h o n a t e s  t o  s l l l c o n - v l n y l  compounds 

u s i n g  b e n z o y l  p e r o x i d e  as  c a t a l y s t .

RgSlCH^CHg -t HPOCOHMg  > R SlCHgCH P O fO R 'jg

R = a l k y l ,  a l k o x y l  o r  p e n t a m e t h y l s l l o x a n y l  

R' -  a l k y l  o r  a r y l .

S i m i l a r  r e a c t i o n s  h a v e  b e e n  r e p o r t e d
139w i t h  o t h e r  compounds c o n t a i n i n g  P-H g r o u p s .

T h u s ,  s e c o n d a r y  p h o s p h l n e s ,  p h o s p h l n e  o x i d e s  and  

p h o s p h l n e  s u l p h i d e s  h a v e  a l l  u n d e r g o n e  a d d i t i o n  

r e a c t i o n s  w i t h  u n s a t u r a t e d  s l i a n e s ,  u p o n  u l t r a ­

v i o l e t  I r r a d i a t i o n :

h^»
e . g .  EtgPH + MegSlfCH^CHgig » (EtgPCHgCHgjgSlMeg
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The a d d i t i o n  o f  s i l i c o n  h y d r i d e s  t o  

o l e f i n l c  bonds  a t t a c h e d  t o  p h o s p h o r u s ,  i n  t h e  

p r e s e n c e  o f  a f r e e  r a d i c a l  c a t a l y s t ,  h a s  b e e n  

u s e d  t o  p r e p a r e  ^ - s i l i c o n - s u b s t i t u t e d  d e r i v a t i v e s  

o f  d i e t h y l  n - p r o p y l p h o s p h o n a t e , ^ ^ ^

R^SIH + CHgZCHCHgPOfOEtlg

(PhCOgjg 

R^SICHgCHgCHgPO(O E t ) 2  

R = EtO o r  E t .

P l a t l n l c  c h l o r i d e  may a l s o  be u s e d  t o
141c a t a l y s e  t h i s  t y p e  o f  a d d i t i o n  r e a c t i o n .  

T r l c h l o r o s l l a n e  was r e a c t e d  w i t h  a l k y l p h o s p h o n l c  

d l c h l o r l d e  t o  g i v e  t r l c h l o r o s l l y l p r o p y l p h o s p h o n l c  

d l c h l o r l d e .  S i m i l a r l y  p r e p a r e d  w ere  d l c h l o r o -  

m e t h y I s l l y l p r o p y l p h o s p h o n l c  d l c h l o r l d e  and  

d l c h l o r o e t h y l s l l y l p r o p y l p h o s p h o n l c  d l c h l o r l d e .

The R e a c t i o n s  o f  0 r g a n o p h o s p h o  r u s  Compounds 

C o n t a i n i n g  S i l i c o n

P y r o l y s e s

132
A rb u so v  and  P u d o v l c  f o u n d  t h a t  d i e t h y l
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t r l m e t h y l s i l y l p h o s p h o n a t e  decom posed  c o m p l e t e l y ,

w i t h i n  2 - 3  m i n u t e s ,  when h e a t e d  t o  200®, g i v i n g

t e t r a e t h o x y s l l a n e .  I n  c o n t r a s t  t o  t h i s ,  P a r s h a l l  
142and  L i n d s a y  r e p o r t e d  t h a t  t r l s ( t r l m e t h y l s l l y l )  

p h o s p h l n e  c o u l d  be r e f l u x e d  a t  2 4 3 ° ,  I n  a n  I n e r t  

a t m o s p h e r e ,  f o r  e i g h t  h o u r s ,  w i t h  v e r y  l i t t l e  

d e c o m p o s i t i o n  t a k i n g  p l a c e .

A t h o r o u g h  I n v e s t i g a t i o n  o f  t h e  t h e r m a l

d e c o m p o s i t i o n  o f  a w id e  r a n g e  o f  com pounds .  I n

w h ic h  s i l i c o n  I s  j o i n e d  t o  p h o s p h o r u s  t h r o u g h  a
23 143s a t u r a t e d  c a r b o n  l i n k a g e ,  h a s  b e e n  made.  ^

S T .
The r e s u l t s  o f  t h i s  s t u d y  a r e  su m m a r i s e d  I n  t a b l e

I t  c a n  be s e e n  t h a t  t h e  m ost  s t a b l e  o f  

t h e s e  compounds I s  d i m e t h y l  t r l m e t h y l s l l y l e t h y l -  

p h o s p h o n a t e ,  w h ic h  showed v e r y  l i t t l e  d e c o m p o s i t i o n  

when h e a t e d  f o r  26 h r .  a t  2 2 2 - 2 8 4 ^ .  D l a l k y l  

t r l m e t h y l s l l y l m e t h y l p h o s p h o n a t e s  e x h i b i t e d  an  

e x t r e m e l y  low o r d e r  o f  t h e r m a l  s t a b i l i t y ,  d u e ,  I n  

t h e  c a s e  o f  d l - n - b u t y l  and  d l - n - p e n t y l  t r l m e t h y l -  

s l l y l m e t h y l p h o s p h o n a t e ,  t o  t h e  e l i m i n a t i o n  o f  

o l e f l n e  f ro m  t h e  e s t e r  g r o u p ,  l e a v i n g  an  a c i d i c  

f u n c t i o n  , w h i c h  a t  t h e  h i g h  t e m p e r a t u r e s  I n v o l v e d ,  

a t t a c h e d  t h e  s i l i c o n - c a r b o n  b o n d s .  I n  t h e  p y r o l y s e s
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o f  d i m e t h y l  t r l m e t h y l s l l y l m e t h y l p h o s p h o n a t e  and  

d l - n - p r o p y l  t r l m e t h y l s l l y l m e t h y l p h o s p h o n a t e ,  

a l k o x y t r l m e t h y I s  l i a n e s  w e re  I s o l a t e d .  The f o l l o w i n g ,  

m e ch an ism  was p r o p o s e d  t o  a c c o u n t  f o r  t h i s ;

Me„Sl . OR

HgC — -----P (0 )0 R   > MegSlOR + CHg=P(0)0R

R =: Me an d  n - P r

H y d r o l y t i c  r e a c t i o n s

Compounds c o n t a i n i n g  s i 1 1 c o n - p h o s p h o r u s  

l i n k a g e s  a r e  r e a d i l y  a t t a c k e d  by w a t e r .  K e e b e r  

and  Post?’^ ^  f o u n d  t h a t  d l - n - b u t y l  t r l m e t h y l s  I l y l ­

p h o s p h o n a t e  was decom posed  by r e f l u x l n g  I n  w a t e r  

f o r  f o u r  h o u r s ,  g i v i n g  h e x a m e t h y l d l s l l o x a n e  and  

p h o s p h o r o u s  a c i d .  The s 1 1 1 c o n - c a r b o n  bond was a l s o  

c l e a v e d  by t h e  a c t i o n  o f  m e t h a n o l  o r  p h e n o l :

Me OH
MegSlPO(OBu")g  > Me^SlOMe + HPO(OBu")g ( r e f .  133)

PhOH
MegSiPOCOBu > 2   » Me2 S i P 0 P h +  HPO(OBu")g ( r e f .  133)

134
Newlands  h a s  shown t h a t  d i m e t h y l  

and  d l - n - b u t y l  t r l m e t h y l s l l y l p h o s p h o n a t e s  decom pose  

s l o w l y  I n  a i r ,  b u t  r a p i d l y  I n  w a t e r .  However ,
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d l b e n z y l  t r i p h e n y l s I l y l p h o s p h o n a t e  was s t a b l e  t o  

w a t e r  b u t  was r e a d i l y  h y d r o l y s e d  by 1 0 ^  aq u eo u s  

p o t a s s i u m  h y d r o x i d e .

The I n t r o d u c t i o n  o f  one o r  more c a r b o n

atoms b e t w e e n  t h e  s i l i c o n  and  t h e  p h o s p h o r u s

a toms c o n f i r ^  a  f a r  g r e a t e r  h y d r o l y t i c  s t a b i l i t y
133

on  t h e  s y s t e m ,  K e e b e r  sind P o s t  h y d r o l y s e d  

d l - n - b u t y l  t r l m e t h y l s l l y l m e t h y I p h o s p h o n i c  a c i d  by 

r e f l u x l n g  I n  d i l u t e  h y d r o c h l o r i c  a c i d .  R e f l u x l n g  

d i m e t h y l  t r l m e t h y l s l l y l e t h y I p h o s p h o n a t e  w i t h  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  f o r  24 h r ,  gave  

t r l e t h y l s l l y l e t h y l p h o s p h o n l c  a c i d .  However ,  I t  

I s  I n t e r e s t i n g  t o  n o t e  t h a t  d l - n - b u t y l  p e n t a m e t h y l -  

d l s l l o x a n y l m e t h y l p h o s p h o n a t e  I s  c l e a v e d  I n  b o t h  

a c i d  and  b a s i c  m ed ia  a t  t h e  p h o s p h o r u s - s u b s t i t u t e d  

c a r b o n - s l l l c o n  b o n d .

B arns  and  Davld^^^  h a v e  I n v e s t i g a t e d  

t h e  a c t i o n  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  on  

a  num ber  o f  o r g a n o p h o s p h o r u s  compounds c o n t a i n i n g  

s i l i c o n :

RgSltCHginPOtOR'lg 

R =  EtO and Me; R’ = E t  and n - B u ;  n  =  2 o r  3 ,
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I n  e a c h  c a s e  t h e  ESi(CHg)j^P= l i n k a g e  r e m a i n e d  

i n t a c t  an d  o n l y  t h e  f u n c t i o n a l  g r o u p s  a t t a c h e d  t o  

s i l i c o n  and  p h o s p h o r u s  w ere  h y d r o l y s e d .  The a c t i o n  

o f  0 .9N  s o d iu m  h y d r o x i d e  was a l s o  s t u d i e d  and  I t  

was f o u n d  t h a t  b o t h  s i l i c o n -  and  p h o s p h o r u s - c a r b o n  

bonds  r e m a i n e d  I n t a c t .

The c l e a v a g e  o f  a l k y l  g r o u p s  f ro m  s i l i c o n  

by c o n c e n t r a t e d  s u l p h u r i c  a c i d  I s  w e l l - k n o w n .  

Exam ples  o f  t h i s  t y p e  o f  c l e a v a g e  a r e  g i v e n  b e lo w :

H2 SO4

Me^SlCHnCl ^ ( MepSICHpCl) pO r e f ,  145
HgSO^ ^ ^

Me^SlCHgCl ------  ̂ (Me^CHgCHgNHgigO r e f ,  145

The m e t h y l  g r o u p .  I n  e a c h  c a s e ,  I s  rem oved  as

m e thane  and  o n l y  one m e t h y l  g r o u p  I s  re m o v ed .

When t r l s ( t r l m e t h y l s l l y l m e t h y l ) p h o s p h l n e  o x i d e  

was t r e a t e d  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  

a t  9 0 - 1 0 0 ° ,  one m e t h y l  g r o u p  was l o s t  f ro m  e a c h  

s i l i c o n  a tom ,  g i v i n g  t h e  p h o s p h l n e  o x i d e ,  

(HOSlMegCHgJgPO,^'^®



CHAPTER VI

D is  c u s s  I o n  o f  E x p e r i m e n t a l  R e s u l t s
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D is  c u s s  I o n  o f  E x p e r i m e n t a l  R e s u l t s  

1 ,  P y r o l y s i s  o f  d l a l k y l  n - h e x y I p h o s p h o n a t e s

p  <2

C an a v a n  showed t h a t  d l - n - b u t y l  

e t h y l p h o s p h o n a t e ,  when p y r o l y s e d ,  e l i m i n a t e d  

b u t - l - e n e  g i v i n g  e t h y l p h o s p h o n i c  a c i d  I n  h i g h  

y i e l d .  S i m i l a r l y ,  d l - n - b u t y l  n - h e x y I p h o s p h o n a t e  

g a v e  n - h e x y I p h o s p h o n i c  a c i d ,  t o g e t h e r  w i t h  b u t - l - e n e .

T h i s  b e h a v i o u r  i s  p a r a l l e l e d  by p h o s p h a t e s  

c o n t a i n i n g  a l k y l  g r o u p s , Thus d l p h e n y l c y c l o h e x y l -
n 4_r7

p h o s p h a t e  g a v e  d l p h e n y I p h o s p h a t e  and  c y c l o h e x e n e .  

S i m i l a r l y ,  L e c o c q  and  Todd^^B o b t a i n e d  d l p h e n y I p h o s -  

p h a t e  f ro m  t h e  p y r o l y s e s  o f  d l p h e n y l l s o p r o p y l p h o s -  

p h a t e .  When d i m e t h y 1 - n - h e x y l p h o s p h a t e  was p a s s e d  

down a  g l a s s - h e l l x - p a c k e d  column a t  3 0 0 - 5 0 0 ° ,

a n  I s o m e r i c  m i x t u r e  o f  h e x - l - e n e ,  c l s - 2 -  and
149t r a n s - 2 - h e x e n e  was o b t a i n e d .

The p y r o l y s e s  o f  d l a l k y l  n - h e x y l p h o s p h o n a t e s  

n - C .H , ,P O { O R )g ;  R = E t ,  P r " ,  P r  ,  an d  Bu®

I n d i c a t e d  t h a t  t h e  e a s e  o f  t h e  r e a c t i o n  and t h e  

p u r i t y  o f  n - h e x y l p h o s p h o n i c  a c i d  o b t a i n e d .

I n c r e a s e d  w i t h  g r e a t e r  c h a i n  b r a n c h i n g  I n  t h e  

a l k y l  g r o u p .  I n  t h e  c a s e  o f  d i e t h y l  n - h e x y l -
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p h o s p h o n a t e ,  t h e  p r o d u c t i o n  o f  e t h y l e n e  was 

I n f e r r e d  f ro m  t h e  o b s e r v a t i o n  t h a t  t h e  g a s  

e m e r g i n g  f ro m  t h e  p y r o l y s i s  v e s s e l  d e c o l o u r i s e d  

a  s o l u t i o n  o f  b ro m in e  I n  c a r b o n  t e t r a c h l o r i d e .

I t  was n o t  u n t i l  t h e  l i q u i d  t e m p e r a t u r e  h a d  

r e a c h e d  340° t h a t  d e c o m p o s i t i o n  was a p p a r e n t ,  and  

o n l y  a  low y i e l d  o f  n - h e x y I p h o s p h o n i c  a c i d  was 

o b t a i n e d .  D l a l k y l  n - h e x y l p h o s p h o n a t e s  w i t h  

h i g h e r  a l k y l  g r o u p s  e l i m i n a t e d  o l e f l n e s  a t  much 

l o w e r  t e m p e r a t u r e s ,

The r e a c t i o n  p r o b a b l y  I n v o l v e s  a  c l s -  

p - é l i m i n â t  I o n :

VI ^ ^ 1  I
C — C —  0 = p  — OH - f  C

T h i s  t y p e  o f  r e a c t i o n  I s  w e l l - k n o w n  f o r  a l i p h a t i c
150e s t e r s ,  x a n t h a t e s  and  p h o s p h a t e s ,  and  h a s

150r e c e n t l y  b e e n  r e v i e w e d .

T h u s ,  d l - m e t h y l  n - h e x y I p h o s p h o n a t e ,  

w h ic h  h a s  no p - h y d r o g e n  a t o m s ,  d i d  n o t  g i v e  

n - h e x y l p h o s p h o n i c  a c i d  on p y r o l y s i s ,  b u t  a  complex  

m i x t u r e  o f  p r o d u c t s ,  among w h ic h  w ere  h e x - l - e n e  

an d  d i m e t h y l  m e t h y I p h o s p h o n a t e ,  t o g e t h e r  w i t h  a
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l a r g e  amount o f  an  u n i d e n t i f i e d  a c i d i c  m a t e r i a l ,

The p y r o l y s i s  o f / d l - s - b u t y l  n ~ h e x y l p h o s p h o n a t e  

g av e  a  l o w - b o l l l n g  m a t e r i a l ,  t h e  I n f r a r e d  s p e c t r u m  o f  

w h ic h  I n d i c a t e d  t h e  p r e s e n c e  o f  b u t - l - e n e ,  t r a n s - b u t -  

2 - e n e ,  and  c l s - b u t - 2 - e n e  I n  t h e  a p p r o x i m a t e  r a t i o  o f

6 : 2 : 1 .  A s i m i l a r  I s o m e r  d i s t r i b u t i o n  was o b s e r v e d  I n
150t h e  t h e r m a l  d e c o m p o s i t i o n  o f  s - b u t y l  a c e t a t e .

T h i s  o b s e r v a t i o n  a g a i n  s u p p o r t s  t h e  v iew  t h a t  

t h e  r e a c t i o n  I n v o l v e s  a  ^ - e l i m i n a t i o n ,  f o r  I n  s u c h  a  

r e a c t i o n ,  on  p u r e l y  s t a t i s t i c a l  g r o u n d s ,  t h e  1 - l s o m e r  

w ou ld  be f a v o u r e d  o v e r  t h e  2 - l s o m e r .  T h i s  c a n  be 

d e m o n s t r a t e d  by c o n s i d e r i n g  d l - s - b u t y l  n - h e x y l p h o s -  

p h o n a t e  I n  t h e  f o l l o w i n g  c o n f i g u r a t i o n s :

0
T

0 -P :
9

0 - p ;

H

E t

( I )

H

■H Me

Me

H

H

( I I )

E l i m i n a t i o n  f ro m  I  w ou ld  r e s u l t  I n  t h e  f o r m a t i o n  

o f  1 - b u t e n e  and  f ro m  I I  t h e  2 - l s o m e r  w o u ld  be 

o b t a i n e d .  I n  I  t h e r e  a r e  t h r e e  p - h y d r o g e n  a tom s
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an d  I n  II t h e r e  a r e  o n l y  t w o .  Hence t h e  r a t i o  

o f  t h e  1 - l s o m e r  t o  t h e  2 - l s o m e r  s h o u l d  be 3 : 2 .

The o b s e r v e d  r a t i o  I s  2 : 1 ,  b u t  t h i s  I s  n o t  

c o n s i d e r e d  t o  be a  s i g n i f i c a n t  d e v i a t i o n ,  due 

t o  t h e  a p p r o x i m a t e  n a t u r e  o f  t h e  e s t i m a t i o n .

The p r e d o m in a n c e  o f  t h e  t r a n s - i s o m e r  o v e r  t h e  

c i s - i s o m e r  i s  a c c o u n t e d  f o r  by s t e r i c  i n t e r a c t i o n  

b e t w e e n  t h e  two m e t h y l  g r o u p s  i n  t h e  t r a n s i t i o n  

s t a t e .

The t h e r m a l  d e c o m p o s i t i o n  o f  d l a l k y l  

a l k y l -  o r  a r y l - p h o s p h o n a t e s  c o u l d  be a u s e f u l  

r o u t e  f o r  t h e  p r e p a r a t i o n  o f  t h e r m a l l y  s t a b l e  

p h o s p h o n i c  a c i d s ,  w h ic h  a r e  d i f f i c u l t  t o  

i s o l a t e  by t h e  n o r m a l  m e thod  o f  p r e p a r a t i o n  

( v i z . t h e  h y d r o l y s i s  o f  d l a l k y l ,  a l k y l  o r  a r y l -  

p h o s p h o n a te s ) ,

2 .  The p r o p e r t i e s  o f  some s l l l c o n - c o n t a i n i n g  

d e r i v a t i v e s  o f  e t h y l p h o s p h o n i c  a c i d

( a )  P y r o l y s e s

I n  a n  a t t e m p t  t o  p r e p a r e  t r l e t h y l s l l y l ­

e t h y l p h o s p h o n l c  a c i d ,  d i - n - b u t y l  t r i e t h y l s l l y l -  

e t h y l p h o s p h o n a t e  was p y r o l y s e d  a t  2 5 0 ^ , ( t h e
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t e m p e r a t u r e  a t  w h i c h  g a s  e v o l u t i o n  b e g a n ) .  I t  

was f o u n d  t h a t  b u t - l - e n e  was e l i m i n a t e d  t o g e t h e r  

w i t h  e t h a n e .  The p y r o l y s i s  r e s i d u e ,  a  g l a s s - l l k e  

s o l i d ,  was d i s s o l v e d  I n  a q u e o u s  e t h a n o l ,  and  

a f t e r  r e m o v a l  o f  t h e  s o l v e n t  g a v e  a  v i s c o u s  

l i q u i d ,  w h i c h  p r o v e d  t o  be t h e  d l p h o s p h o n l c  a c i d ,  

[^HOjgOPCHgCHgSlEtgjgO. T h u s ,  a l t h o u g h  t h e  

r e q u i r e d  p h o s p h o n i c  a c i d  I s  p r o b a b l y  fo rm e d ,  t h e  

a c i d i c  g r o u p s  c l e a v e d  a n  e t h y l  g r o u p  f ro m  s i l i c o n .  

The vo lum e o f  g a s  e v o l v e d  c a n  be a c c o u n t e d  f o r  by 

a s s u m i n g  t h e  e l i m i n a t i o n  o f  2  m o l ,  o f  b u t - l - e n e  

a n d  one m o l ,  o f  e t h a n e .

To d e t e r m i n e  t h e  minimum t e m p e r a t u r e  

a t  w h i c h  s u c h  a  c l e a v a g e  w ould  o c c u r ,  t r l e t h y l ­

s l l y l e t h y l p h o s p h o n l c  a c i d  was p y r o l y s e d .  E t h a n e  

was r a p i d l y  e v o l v e d  when t h e  l i q u i d  t e m p e r a t u r e  

r e a c h e d  2 2 0 ^.

T h u s ,  t h e  r e a c t i o n  i s  o f  l i t t l e  v a l u e  

I n  t h e  p r e p a r a t i o n  o f  t r l a l k y l s i l y l - s u b s t i t u t e d  

a l k y l p h o s p h o n l c  a c i d s ,  s i n c e  t h e  t e m p e r a t u r e  

r e q u i r e d  f o r  t h e  e l i m i n a t i o n  r e a c t i o n  I s  

a p p r o x i m a t e l y  t h e  same a s  t h a t  a t  w h ic h  t h e  c l e a v a g e  

r e a c t i o n  o c c u r s .
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(b )  S o l v o l y s i s  r e a c t i o n s

D i m e t h y l  t r l e t h y l s l l y l e t h y I p h o s p h o n a t e  was 

h y d r o l y s e d  by r e f l u x l n g  w i t h  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  f o r  s e v e n  h o u r s ,  T r l e t h y l -  

s i l y l e t h y l p h o s p h o n i c  # c l d  was i s o l a t e d  i n  h i g h  

y i e l d  and  a p p a r e n t l y  no o t h e r  c l e a v a g e  r e a c t i o n  

o c c u r r e d .  H y d r o l y s i s  u n d e r  a l k a l i n e  c o n d i t i o n s  

g a v e  t h e  e x p e c t e d  h a l f - e s t e r ,  m e t h y l  t r l e t h y l s l l y l ­

e t h y l p h o s p h o n l c  a c i d ,  Et^SlCHgCHgPOCOH)(OMe), I n  

v i r t u a l l y  q u a n t i t a t i v e  y i e l d .  A g a in  no s i l i c o n -  

c a r b o n  bond c l e a v a g e  c o u l d  be d e t e c t e d .

As h a s  b e e n  p o i n t e d  o u t ,  t h e  s y s t e m

Me^SlOSiMeg.CHgPOCOR)^ I s  u n s t a b l e  t o  h y d r o l y s i s
136

by b o t h  a c i d s  and  a l k a l i .  I t  was t h o u g h t  t o  be 

o f  I n t e r e s t  t o  s t u d y  d i s l l o x a n e - c o n t a l n l n g  s y s t e m s  

I n  w h ic h  s i l i c o n  was j o i n e d  t o  p h o s p h o r u s  t h r o u g h  

two s a t u r a t e d  c a r b o n  a t o m s .

R e f l u x l n g  d i m e t h y l  d l e t h y l m e t h o x y s l l y l -  

e t h y l p h o s p h o n a t e  I n  weak a c i d  s o l u t i o n  r e s u l t e d  

I n  t h e  h y d r o l y s i s  o f  t h e  - S iO E t  g r o u p  o n l y .

The I n f r a r e d  s p e c t r u m  o f  t h e  p r o d u c t ,  o b t a i n e d  

a f t e r  one d i s t i l l a t i o n ,  showed t h e  p r e s e n c e  o f
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-S iû H  g r o u p i n g s .  R e d i s t i l l a t i o n  o f  t h i s  compound

f ro m  a c r y s t a l  o f  I o d i n e  ( a  p r o c e s s  known t o

c a t a l y s e  t h e  c o n d e n s a t i o n  o f  s l l a n o l s  t o  
151d l s i l o x a n e s  ) g a v e  a  p r o d u c t ,  t h e  I n f r a r e d  

s p e c t r u m  o f  w h ic h  showed a much S h o r t e n e d  -OH 

a b s o r p t i o n .  B o th  t h e  I n f r a r e d  s p e c t r u m  and t h e  

c a r b o n  and h y d r o g e n  m i c r o a n a l y s e s  f i g u r e s  w ere  

c o n s i s t e n t  w i t h  I t s  b e i n g  jlMeOigOPCHgCHgSlEtgjgO 

c o n t a i n i n g  a  s m a l l  amount  o f  t h e  u n c o n d e n s e d  

m a t e r i a l .

S i m i l a r l y ,  t h e  t r e a t m e n t  o f  d i m e t h y l  

e t h y l m e t h o x y s l l y l e t h y I p h o s p h o n a t e  w i t h  d i l u t e  

a c i d  g a v e  a  p r o d u c t  w h ic h  was o n l y  p a r t i a l l y  

c o n d e n s e d  t o  t h e  s l l o x a n e .  The p o l y s i l o x a n e
r  "0
[E^SiCHgCHgPOfOMejgjn r e q u i r e s ,  C, 3 4 . 3 ^ ;

H, 7 .16J^ ,  The a n a l y s e s  f i g u r e s  o b t a i n e d ,

C, 3 2 , 9 9 ^ ;  H, 7 . 2 2 ^ ,  a r e  c o n s i s t e n t  w i t h  I t s  

b e i n g ;

Eb
I

HO-Sl
I

R

E t  
I

—0 —S 1

I
R

E t  
I

—0 —S 1—OH

R = -CHgCHgPOfOMejg 

n  =  1  o r  2
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H y d r o l y s i a  o f  d i m e t h y l  d i e t h y l m e t h o x y -  

3 l l y l e t h y I p h o s p h o n a t e ,  by r e f l u x l n g  I n  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d ,  gav e  t h e  d l p h o s p h o n l c  a c i d  

[ (aO jgO P C H gC H gS lE tJgO  I n  q u a n t i t a t i v e  y i e l d .  

S i m i l a r  t r e a t m e n t  o f  d i m e t h y l  e t h y l d l m e t h o x y s l l y l -  

e t h y l p h o s p h o n a t e  g a v e  t h e  p o l y m e r i c  a c i d  

[EtSiCHgCHgPOfOH)^^^,

The r e s u l t s  I n d i c a t e  t h a t  sSlCHgCHgPOtORjg 

(R =  H o r  Me) s y s t e m s  a r e  e x t r e m e l y  s t a b l e  t o  

a c i d  h y d r o l y s i s ,  e v e n  when s i l l c o n - o x y g e n  bonds 

a r e  p r e s e n t .

T r e a t m e n t  o f  t r l e t h y l s l l y l e t h y l p h o s p h o n l c  

a c i d  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  a t  1 0 0 ° ,  

l e d  t o  t h e  sm oo th  c l e a v a g e  o f  one e t h y l  g r o u p  

f r o m  s i l i c o n .  The d l p h o s p h o n l c  a c i d ,  

^^HOjgOPCHgCEgSlEtgjgO was I s o l a t e d  f ro m  t h e  

r e a c t i o n  m i x t u r e  I n  a l m o s t  q u a n t i t a t i v e  y i e l d ,

( c )  R e a c t i o n s  w i t h  c h l o r i n a t i n g  a g e n t s

T h l o n y l  c h l o r i d e

T h l o n y l  c h l o r i d e  I s  known t o  r e a c t  w i t h  

a l k y l p h o s p h o n l c  a c i d s  t o  g i v e  t h e  c o r r e s p o n d i n g
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a l k y l p h o s p h o n l c  d l c h l o r i d e t h u s ,  t r l e t h y l -

s i l y l e t h y l p h o s p h o n i c  a c i d ,  when h e a t e d  w i t h  a n

e x c e s s  o f  t h i o n y l  c h l o r i d e ,  a t  r e f l u x  t e m p e r a t u r e ,

g a v e  t r i e t h y I s i l y l e t h y I p h o s p h o n i c  d i c h l o r i d e ,
146H ow ever ,  Graham and  Thompson r e p o r t  t h a t  no 

t r i m e t h y l s i l y l m e t h y l p h o s p h o n i c  d i c h l o r i d e  was 

o b t a i n e d  when t h i o n y l  c h l o r i d e  was r e a c t e d  w i t h  

t r i m e t h y I s i l y l m e t h y l p h o s p h o n i c  a c i d ,

I n  a n  a t t e m p t  t o  p r e p a r e  t r i e t h y l s i l y l -  

e t h y l p h o s p h o n i c  d i c h l o r i d e  d i r e c t l y  f ro m  t h e  

p h o s p h o n a t e ,  d l - n - b u t y l  t r i e t h y l s i l y l e t h y l p h o s -  

p h o n a t e  was r e f l u x e d  w i t h  e x c e s s  t h i o n y l  c h l o r i d e .

I t  was f o u n d  t h a t  o n l y  one o f  t h e  a l k o x y  g r o u p s  

was r e p l a c e d ,  n - b u t y l  t r i e t h y l s i l y l e t h y l p h o s p h o n i c  

c h l o r o d e  b e i n g  o b t a i n e d .

T h i o n y l  c h l o r i d e  when r e a c t e d  w i t h  

[jHOjgOPCHgCHgSlMegjgO n o t  o n l y  c h l o r i n a t e d  t h e  

-OH g r o u p s  b u t  a l s o  c l e a v e d  t h e  d i s i l o x a n e  l i n k a g e ,  

g i v i n g  c h l o r o d i e t h y l s i l y l e t h y l p h o s p h o n i c  d i c h l o r i d e .  

D i s i l o x a n e  l i n k a g e s  a r e  n o t  n o r m a l l y  c l e a v e d  by 

t h i o n y l  c h l o r i d e  a l o n e ,  b u t  r e q u i r e  t h e  p r e s e n c e  

o f  a l u m i n i u m  c h l o r i d e ^ ^ ^  o r  h y d r o g e n  c h l o r i d e ,

P - C l  g r o u p s  may c a t a l y s e  t h e  c l e a v a g e  r e a c t i o n



- 1 3 7 -

i n  t h i s  c a s e  i n  a  s i m i l a r  way.  How ever ,  i t  i s

known t h a t  p h o s p h o r u s  o x y c h l o r i d e  w i l l  c l e a v e

h e x a m e t h y l d i s i l o x a n e ,  g i v i n g  t r i m e t h y l s i l y l -
155p h o s p h o r o  c h l o r i d a t e ,

MegSiOSiMeg + POCI3   > Me^SiCl +  Me^SiOPClg

T h u s ,  i t  i s  p o s s i b l e  t h a t  t h e  p h o s p h o r u s  h a l i d e  

a t t a c k s  t h e  d i s i l o x a n e  l i n k a g e  a c c o r d i n g  t o  t h e  

f o l l o w i n g  r e a c t i o n  schem e:

E t  E t  E t  E t  0
I l  I I II

R - S l - O - S i - R  t  -POClp -----> R - S i - C l  t  R - S i - O - P - C l
I l  I I

E t  E t  E t  E t

( I )

R =  CHgCHgPOClg

T h i o n y l  c h l o r i d e  c o u l d  t h e n  p o s s i b l y  a t t a c k  t h e  

- S i - O - P -  l i n k a g e ,  g i v i n g  c h l o r o d i e t h y l s i l y l e t h y l -  

p h o s p h o n i c  d i c h l o r i d e .

P h o s p h o r u s  p e n t a c h l o r i d e

A l k y l p h o s p h o n l c  d i c h l o r l d e s  may be

p r e p a r e d  f rom  d i a l k y l  a l k y l p h o s p h o n a t e s  by
X 56

t r e a t m e n t  w i t h  p h o s p h o r u s  p e n t a c h l o r i d e ;  

d i m e t h y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e  when
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r e a c t e d  I n  t h i s  way g a v e  t r i e t h y l s i l y l e t h y l p h o s p h o n i c  

d i c h l o r i d e  i n  h i g h  y i e l d .

(d )  R e a c t i o n s  w i t h  o r g a n o m e t a i l l e  r e a g e n t s

D i m e t h y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e ,

when r e f l u x e d  w i t h  m é th y lm a g n é s iu m  i o d i d e  i n  e t h e r ,

g a v e  a c r y s t a l l i n e  com plex  c o n t a i n i n g  i o d i n e .  The

compound c o u l d  n o t  be i d e n t i f i e d  b u t  i t  a p p e a r s

t h a t  c o m p l e x i n g  o c c u r r e d  v i a  t h e  p h o s p h o r y l  b o n d ,

w i t h  t h e  m agnes ium  s a l t  fo rm ed  i n  t h e  r e p l a c e m e n t

r e a c t i o n .  The i n f r a r e d  s p e c t r u m  o f  t h e  compound

i n d i c a t e d  t h e  a b s e n c e  o f  P-O-Me g r o u p i n g s ,  O rg a n o -

p h o s p h i n e  o x i d e s  a r e  known t o  fo rm  c o m p lex es  w i t h
157

m e t a l l i c  h a l i d e s .

P h e n y l - l i t h i u m  was r e f l u x e d  w i t h  d i m e t h y l  

t r l e t h y l s i l y l e t h y l p h o s p h o n a t e  i n  e t h e r ,  f o r  f o u r  

h o u r s ,  and  gav e  d i p h e n y l t r i e t h y l s i l y l e t h y l p h o s p h i n e  

o x i d e  i n  h i g h  y i e l d .  E t h y l - l i t h i u m ,  when added  t o  

d i m e t h y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e  a t  0 ® ( e t h y l -  

l i t h i u m  r e a c t s  w i t h  e t h e r  r a p i d l y  a t  t e m p e r a t u r e s  

ab o v e  0 ° )  g a v e  u n i d e n t i f i e d  p r o d u c t s  t h e  

i n f r a r e d  s p e c t r u m  o f  w h ic h  i n d i c a t e d  t h e  p r e s e n c e  

o f  -P-O-Me g r o u p l n g s ^ ^ ® I t  a p p e a r s  t h a t  more s e v e r e
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c o n d i t i o n s  a r e  r e q u i r e d  f o r  l i t h i u m - a I k y I s  t o  r e p l a c e  

m ethoxy  g r o u p s  a t t a c h e d  t o  p h o s p h o r u s ,

D i e t h y l t r i e t h y l s i l y l e t h y l p h o s p h i n e  o x i d e  

was s u c c e s s f u l l y  p r e p a r e d  by t h e  r e a c t i o n  o f  e t h y l -  

l i t h i u m  w i t h  t r i e t h y l s i l y l e t h y l p h o s p h o n i c  d i c h l o r i d e .



EXPERIMENTAL SECTION
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EXPERIMENTAL 

1 ,  G e n e r a l  T e c h n i q u e s .

The g e n e r a l  e x p e r i m e n t a l  t e c h n i q u e s  h a v e  

b e e n  d e s c r i b e d  i n  P a r t  I ,

F r e e  r a d i c a l  a d d i t i o n  r e a c t i o n s  were  

c a r r i e d  o u t  i n  t h r e e - n e c k e d  f l a s k s  f i t t e d  w i t h  a 

s t i r r e r ,  r e f l u x  c o n d e n s e r  and  a d r o p p i n g  f u n n e l .

The f r e e  r a d i c a l  i n i t i a t o r ,  b e n z o y l  p e r o x i d e ,  

( r e c r y s t a l l i s e d  f ro m  c h l o r o f o r m )  was a d d e d  t o  t h e  

r e a c t i o n  m i x t u r e ,  i n  s m a l l  p o r t i o n s ,  down t h e  r e f l u x  

c o n d e n s e r .

I n f r a r e d  s p e c t r a . -  The i n f r a r e d  s p e c t r a  o f  g a s e s  

e v o l v e d  i n  p y r o l y s e s  and c l e a v a g e  r e a c t i o n s  were  

d e t e r m i n e d  on t h e  P e r k i n - E l m e r  " I n f r a c o r d ” , The 

g as  was c o l l e c t e d  i n  a  g a s  b u r e t t e  an d  a p o r t i o n  o f  

t h i s  was p a s s e d  i n t o  a 10 cm, c e l l ,  w h i c h  h ad  

p r e v i o u s l y  b e e n  f l u s h e d  w i t h  d r y  n i t r o g e n .  A l t e r ­

n a t i v e l y ,  t h e  gas  was t r a p p e d  i n  a  D r i k o l d / a l c o h o l  

t r a p  and  d i s t i l l e d  f rom  t h i s  i n t o  t h e  g a s  c e l l .

The c o n c e n t r a t i o n  o f  t h e  g a s  i n  t h e  c e l l  was 

a d j u s t e d  by a d d i n g  s m a l l  v o lum es  o f  n i t r o g e n .

The s p e c t r a  o f  l i q u i d s  w ere  t a k e n  as  t h i n
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f l l m s ,  and  o f  s o l i d s  a s  N u j o l  m u l l s ,  b e tw e e n  r o c k  s a l t  

p l a t e s .

pH T i t r a t i o n s . -  N e u t r a l  e q u i v a l e n t s  ( N .E . )  o f  a c i d i c  

p r o d u c t s  w ere  d e t e r m i n e d  on a W,G. Pye and Co, L t d , ,  

pH m e t e r ,  C a t a l o g u e  No, 11068 ,  u s i n g  a  g l a s s  and  a  

p o t a s s i u m  c h l o r i d e  e l e c t r o d e ,

A s o l u t i o n  o f  t h e  a c i d  i n  a q u eo u s  e t h a n o l  

(50 v o l , ^ )  was t i t r a t e d  a g a i n s t  0 ,1N  so d iu m  h y d r o x i d e  

s o l u t i o n .  So t h a t  t h e  t i t r a t i o n  c u r v e  c o u l d  a l s o  be 

u s e d  t o  g i v e  a n  e s t i m a t e  o f  t h e  pK^ o f  t h e  a c i d  a n  

e q u a l  volume o f  e t h a n o l  was ad d e d  a f t e r  e a c h  a d d i t i o n  

o f  s o d iu m  h y d r o x i d e  s o l u t i o n ,

2 .  The p r e p a r a t i o n  and p y r o l y s i s  o f  some d i a l k y l  

n - h e x y I p h o s p h o n a t e s ,

P r e p a r a t i o n s .

D i e t h y l  n - h e x y l p h o s p h o n a t e , -  T h i s  was p r e p a r e d  by t h e  

m o d i f i e d  A rbusov  r e a c t i o n  as  u s e d  by K o s o l o p o f f

D i e t h y l p h o s p h o n a t e  ( 3 9 , 5 5  g . , 0 , 2 5  mole)  

was a d d e d  s l o w l y  t o  so d iu m  ( 5 , 7 5  g . ,  0 , 2 5  g , - a t o m )  

i n  6 0 - 8 0 °  l i g h t  p e t r o l e u m  (200 m l . )  and  t h e  m i x t u r e  

r e f l u x e d  u n t i l  s o l u t i o n  o f  t h e  s o d iu m  was c o m p l e t e .
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n - H e x y l  b ro m id e  ( 4 1 , 2 5  g , ,  0 , 2 5  mole)  was t h e n  ad d e d  

s l o w l y  and  a f t e r  a d d i t i o n  t h e  m i x t u r e  was r e f l u x e d  

f o r  6 h r .  Sodium  b ro m id e  was f i l t e r e d  o f f  and  t h e  

s o l u t i o n  w ashed  w i t h  w a t e r ,  d r i e d  o v e r  a n h y d r o u s  

so d iu m  s u l p h a t e  an d  t h e  s o l v e n t  r e m o v e d .  F r a c t i o n ­

a t i o n  o f  t h e  o i l  g a v e  3 8 , 8  g . ,  (73%) o f  d i e t h y l  

n - h e x y l p h o s p h o n a t e ,  b , p ,  9 8 ° / l , 5  mm,, n § ^  1 . 4 3 0 0 ,  

( l i t  159 1 0 3 y s  mm,, 1 . 4 3 1 1 ) .

S i m i l a r l y  p r e p a r e d  w e r e :

D i - n - p r o p y l  n - h e x y l p h o s p h o n a t e . -  53^ y i e l d ,  b , p .  

1 0 9 - 1 1 0 ° / 0 . 45  mm., 1 .4 3 6 0  (Found :  0 ,  5 7 . 5 3 ;

H, 1 1 , 2 2 .  CigHgyOgP r e q u i r e s  C, 5 7 . 6 0 ;  H, 1 0 .8 % ) .

D i - i s o p r o p y l  n - h e x y l p h o s p h o n a t e , -  48% y i e l d ,  b , p .  

l l l . 5 - l l 3 y o . 4 5  mm., 1 . 4 3 6 0  (F o u n d :  C, 5 7 . 5 3 ;

H, 11 .22%') .

D i - n - b u t y l  n - h e x y l p h o s p h o n a t e . -  34% y i e l d ,  b , p ,  

1 2 5 - 1 2 8 ° / 1 . 0  m m . , n o °  1 .5 3 3 5  (Found :  C, 6 0 . 9 9 ,

H, 1 0 .9 9 ? ; ) .

The p y r o l y s  i s  o f  d i a l k y l  n - h e x y l p h o s p h o n a t e s ,

G e n e r a l .

P y r o l y s e s  w ere  c a r r i e d  o u t  i n  r o u n d -
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b o t to m e d  p y r e x  f l a s k s  f i t t e d  w i t h  a r e f l u x  c o n d e n s e r ,  

t h e r m o m e t e r  ( t o  m e a s u re  t h e  l i q u i d  t e m p e r a t u r e )  and 

a n i t r o g e n  i n l e t  t u b e .  V o l a t i l e  p r o d u c t s  w ere  l e d  

f rom  t h e  t o p  o f  t h e  r e f l u x  c o n d e n s e r  t o  c o l d - t r a p  

im m ersed  i n  a  D r i k o l d / a l c o h o l  s l u r r y .  I n  m o s t  c a s e s  

t h e  w e i g h t  o f  t h e  f l a s k  and  c o n t e n t s  was t a k e n  b e f o r e  

and  a f t e r  p y r o l y s e s .  I n  t h e  c a s e  o f  d i e t h y l  n - h e x y l ­

p h o s p h o n a t e ,  g a s  e m e r g i n g  f ro m  t h e  c o l d - t r a p  was 

b u b b l e d  t h r o u g h  a  s o l u t i o n  o f  b ro m id e  i n  c a r b o n  

t e t r a c h l o r i d e .  H e a t i n g  was e f f e c t e d  u s i n g  a  s m a l l  

h e a t i n g  m a n t l e  c o n n e c t e d  t o  a  V a r l a c ,  v a r i a b l e  

t r a n s f o r m e r .

D i e t h y l  n - h e x y l p h o s p h o n a t e . -

D i e t h y l  n - h e x y l p h o s p h o n a t e  (10  g . )  was 

p l a c e d  i n  t h e  p y r o l y s i s  v e s s e l  and  h e a t e d  t o  360 f o r  

6 h r ,  A v i s c o u s  l i q u i d  r e m a i n e d  i n  t h e  f l a s k ;  t h i s  

c r y s t a l l i s e d  on e x p o s u r e  t o  a i r .  D u r i n g  t h e  c o u r s e  

o f  t h e  p y r o l y s i s  t h e  b r o m i n e / c a r b o n  t e t r a c h l o r i d e  

s o l u t i o n  was d e c o l o u r i z e d .  The s o l i d  ( m ,p ,  5 7 -5 8 * )  

was r e c r y s t a l l i s e d  f ro m  6 0 -8 0  l i g h t  p e t r o l e u m  t o  

g i v e  n - h e x y l p h o s p h o n i c  a c i d ,  m ,p .  1 0 4 -1 0 5 °  ( l i t . , ^ ^ ^  

n - h e x y l p h o s p h o n i c  a c i d ,  m .p ,  1 0 4 , 5 - 1 0 6 ° ) ,  The l i q u i d  

i n  t h e  c o l d - t r a p  ( 1 , 2  g . ) s m e l l e d  o f  p h o s p h i n e s .

No a t t e m p t  was made t o  i d e n t i f y  t h i s .
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D l - n - p r o p y l  n - h e x y lp h o s p h o n a t e

D i - n - p r o p y l  n - h e x y l p h o s p h o n a t e  (10 g . )  

when h e a t e d  s i m i l a r l y  gave  v i g o r o u s  gas  e v o l u t i o n  

a t  2 3 6 ° .  A f t e r  2 . 5  h r . ,  when gas  e v o l u t i o n  had  

c e a s e d ,  t h e  t e m p e r a t u r e  h a d  r e a c h e d  360 The f l a s k  

was c o o l e d  and  a  w h i t e ,  c r y s t a l l i n e  s o l i d ,  m .p .  

4 5 - 5 0 ^ ,  r e m a i n e d .  The l o s s  i n  w e i g h t  ( 3 , 1 5  g . )  

c o r r e s p o n d e d  t o  t h e  e v o l u t i o n  o f  94% o f  t h e  t h e o r ­

e t i c a l  amount o f  p r o p e n e ,  w h i c h  was i d e n t i f i e d  by 

i t s  i n f r a r e d  s p e c t r u m .  R e c r y s t a l l i z a t i o n  o f  t h e  

r e s i d u e  gave  n - h e x y l p h o s p h o n i c  a c i d  (75% y i e l d ) ,  

m .p ,  1 0 4 - 1 0 5 ° ,

D i - l s o p r o p y l  n - h e x y l p h o s p h o n a t e . -

D i - i s o p r o p y l  n - h e x y l p h o s p h o n a t e  ( 8 , 0 5  g . )  

was p y r o l y s e d  as  a b o v e .  Gas was e v o l v e d  when t h e  

t e m p e r a t u r e  r e a c h e d  2 1 0 - 2 2 0 °  ( a f t e r  10 m i n . )  and  

became v i g o r o u s  a t  2 6 0 °  ( a f t e r  15 m i n , ) .  The 

t e m p e r a t u r e  t h e n  f e l l  r a p i d l y  t o  2 2 0 ° ,  an d  a f t e r  

25  m in ,  gas  e v o l u t i o n  h a d  s t o p p e d  and  t h e  t e m p e r ­

a t u r e  had  r e a c h e d  2 7 5 ° ,  The l o s s  i n  w e i g h t  c o r r e s p ­

onded  t o  a q u a n t i t i v e  e v o l u t i o n  o f  p r o p e n e  w h ic h  

was i d e n t i f i e d  by i t s  i n f r a r e d  s p e c t r u m .  The 

r e s i d u e ,  a  w h i t e  s o l i d ,  was r e c r y s t a l l i s e d  t o  g i v e
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n - h e x y l p h o s p h o n l c  a c i d ,  m .p ,  1 0 4 - 1 0 5 ° ,  i n  83% y i e l d ,

D i - s - b u t y l  n - h e x y I p h o a p h o n i c  a c i d , -

D i - s - b u t y l  n - h e x y l p h o s p h o n i c  a c i d  ( 9 , 4  g , )  

was p y r o l y s e d  as  b e f o r e .  I n  5 m in .  t h e  t e m p e r a t u r e  

h ad  r e a c h e d  240® and  g as  e v o l u t i o n  was o b s e r v e d :  

t h i s  became v i g o r o u s  a f t e r  8 m i n . ,  when t h e  

t e m p e r a t u r e  h a d  r e a c h e d  2 5 5 ° ,  The t e m p e r a t u r e  t h e n  

f e l l  r a p i d l y  t o  2 1 0 °  and  a f t e r  14 m i n , ,  when t h e  

t e m p e r a t u r e  h a d  r i s e n  t o  2 2 0 ° ,  g a s  e v o l u t i o n  h a d  

c e a s e d .  The l o s s  i n  w e i g h t  c o r r e s p o n d e d  t o  t h e  

q u a n t i t a t i v e  e v o l u t i o n  o f  b u t e n e ,  w h ic h  was 

c o l l e c t e d  i n  85% y i e l d ,  and  shown by i t s  i n f r a r e d  

s p e c t r u m  t o  be a m i x t u r e  o f  b u t - l - e n e  and  c i s -  

an d  t r a n s - b u t - 2 - e n e s .  i n  t h e  r a t i o  6 : 1 : 2 ,  The 

r e s i d u e  (m ,p ,  8 6 - 8 8 ° )  was r e c y s t a l l i z e d  once  t o  

g i v e  n - h e x y l p h o s p h o n i c  a c i d ,  m , p . 1 0 4 , 5 ° ,  i n  90% 

y i e l d ,

3 .  The p r e p a r a t i o n  o f  o r g a n o s i l i c o n - c o n t a i n i n g  

d e r i v a t i v e s  o f  e t h y I p h o s  p h o n i  c a c i d

( a )  P r e p a r a t i o n  o f  o r g a n o s i l i c o n  co m p o u n d s ,

T r i e t h y l v i n y l s i l a n e , -  To t h e  G r i g n a r d  r e a g e n t  

f ro m  e t h y l b r o m i d e  ( 4 , 0  m o le )  and  m agnes ium
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( 4 , 0  g , - a to m )  was a d d e d  t r l c h l o r o v i n y l s i l a n e  

( 1 , 0  m o l e ) .  A f t e r  a d d i t i o n  t h e  m i x t u r e  was 

r e f l u x e d  f o r  14 h r .  W ork ing  up i n  t h e  u s u a l  way 

g a v e ,  on f r a c t i o n a t i o n ,  9 6 , 5  g ,  (75%) o f  t r i e t h y l -  

v l n y l s i l a n e ,  b , p .  1 4 5 - 1 4 8 ° ,  1 . 4 3 4 2  ( l i t . ^ ® °

1 4 6 ° ,  1 . 4 3 3 0 ) .

T r i m e t h o x y v i n y l s i l a n e . -

( i )  An a t t e m p t  was made t o  p r e p a r e  t h i s  compound 

by t h e  m ethod  o f  N a g e l ,  T a m b o rs k i  and  P o s t ,

T r l c h l o r o v i n y l s i l a n e  ( 1 , 0  mole)  was a d d e d  

t o  m e t h y l  a l c o h o l  (4 m ole)  and  t h e  m i x t u r e  r e f l u x e d  

f o r  9 h r .  F r a c t i o n a t i o n  gav e  a  l a r g e  volume o f  

l i q u i d ,  b , p ,  6 7 , 5 - 7 8 , 5 ° ;  2 1 , 5  g .  o f  t r i m e t h o x y ­

v i n y l s i l a n e ,  b . p ,  5 1 . 5 - 5 2 ° / 4 8 - 4 9  m m , , ( l i t ,

5 5 . 9 ° /6 2  mm,) and 2 2 , 5  g .  o f  s y r a - t e t r a m e t h y l d i v i n y l -  

d i s i l o x a n e ,  b , p .  1 1 8 ° / 4 8  mm,, n^^  1 ,4 1 2 8  ( l i t , ^ ^ ^  

1 2 0 - 1 2 0 . 6 ° / 4 6  mm,, n ^ ^  1 . 4 1 7 2 ) .

( i i )  Sod ium  m e t h o x i d e  (3  m o le )  was p r e p a r e d  by t h e  

a d d i t i o n  o f  so d iu m  ( 7 0 , 5  g , , 3 , 0  g , - a t o m )  t o  

a n h y d r o u s  m e t h a n o l  (400  m l , ) .  E x c e s s  m e t h a n o l  

was d i s t i l l e d  o f f  and  t h e  r e s u l t i n g  d r y  sod ium  

m e t h o x i d e  b r o k e n  up u n d e r  a n h y d r o u s  e t h e r  (300 m l , ) .
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T r l c h l o r o v l n y l s i l a n e  ( 1 , 0  m o le )  was a d d e d  s l o w l y  

and  t h e  m i x t u r e  r e f l u x e d  and  s t i r r e d  f o r  2 h r .

The p r e c i p i t a t e d  so d iu m  c h l o r i d e  was f i l t e r e d  o f f  

and  w ash e d  w i t h  6 0 - 8 0 °  l i g h t  p e t r o l e u m .  F r a c t i o n ­

a t i o n ,  a f t e r  r e m o v a l  o f  t h e  combined  s o l v e n t s ,  

gave  1 0 9 . 3  g .  (75 ,5% )  o f  t r i m e t h o x y v i n y l s i l a n e ,  

b . p .  5 1 - 5 2 ° / 4 3 - 5 0  mm., n § °  1 . 3 9 4 8 .

D i e t h y l  m e t h o x y v i n y l s i l a n e , -  The G r i g n a r d  r e a g e n t  

f rom  e t h y l  b ro m id e  ( 1 2 1 ,1  g , ,  1 , 1  m o le )  and  

m agnes ium  ( 2 6 , 5  g , ,  1 , 1  g , - a to m )  was f i l t e r e d  and 

a d d e d  t o  t r i m e t h o x y v i n y l s i l a n e  ( 7 2 , 5  g , , 0 , 5  mole)  

i n  e t h e r  (250 m l , ) .  A f t e r  t h e  a d d i t i o n  t h e  m i x t u r e  

was r e f l u x e d  f o r  1 h r . ,  f i l t e r e d  and  f r a c t i o n a t e d  

t o  g i v e  3 9 , 5  g ,  (55%) o f  d i e t h y l m e t h o x y v i n y l s i l a n e ,  

b . p .  1 3 6 - 1 3 6 . 5 ° ,  1 . 4 2 0 2 ,  dgo 0 . 8 3 1 1 .  (Pound :

M .R . ,  4 3 . 9 ;  C, 5 8 . 2 5 ;  H, 1 1 . 1 8 .  CgH^gOSl r e q u i r e s  

M .R . ,  4 4 . 1 ;  C, 5 8 . 4 ;  H, 1 1 . 1 2 # ) .

D i m e t h o x y e t h y l v i n y l s i l a n e , -  T h i s  compound was 

p r e p a r e d  as  ab o v e  u s i n g  e q u l - m o l e c u l a r  q u a n t i t i e s  

o f  e t h y l m a g n e s i u m  b ro m id e  and  t r i m e t h o x y v i n y l s i l a n e .  

F r a c t i o n a t i o n  g av e  d i m e t h o x y e t h y l v i n y l s i l a n e ,

(4 9 # )  b . p .  1 3 0 . 5 ° ,  n | 5  1 . 3 9 9 1 ,  dgg 0 . 8 9 8 7 .

(F o u n d :  M .R . ,  3 9 . 5 ;  C, 4 7 . 7 3 ;  H, 9 . 6 2 .
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r e q u i r e s  M .R . ,  4 0 . 3 ;  C, 4 7 , 2 ;  H, 9 .5 9 % ) ,

( b )  The p r e p a r a t i o n  o f  o r g a n o s l l l c o n - c o n t a l n l n g  

d e r i v a t i v e s  o f  d i a l k y l  e t h y I p h o s p h o n a t e s ,

D i m e t h y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e , -  D i m e t h y l  

p h o s p h o n a t e  ( 6 6 , 0  g , ,  0 , 6  m ole)  and  t r i e t h y l v i n y l ­

s i l a n e  ( 7 1 , 1 5  g , ,  0 , 5  m o le )  w ere  r e f l u x e d  f o r  14 h r , ,  

d u r i n g  w h ic h  t im e  b e n z o y l  p e r o x i d e  ( 4 , 0  g . )  was 

a d d e d  i n  0 , 2  g ,  l o t s .  F r a c t i o n a t i o n  gav e  5 1 .0  g ,  

(45 ,6% ) o f  d i m e t h y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e ,  

b . p .  1 5 3 - 1 5 4 ° / 1 0  mm., n § °  1 .4 5 3 2  ( l i t .  b . p .

1 5 0 - 1 5 3 ° / 1 0  mm., 1 . 4 5 2 7 ) .

S i m i l a r l y  p r e p a r e d  w e r e :

D i - n - b u t y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e , -  34% 

y i e l d ,  b . p ,  1 7 5 - 1 7 6 ° / 1 , 5  mm,, n^^  1 ,4 5 1 4  (Found:

C, 5 7 , 2 5 ;  H, 1 0 . 9 3 ,  C^LgHs^OjPSi r e q u i r e s  C, 5 7 , 1 5 ;

H, 1 1 .0 1 % ) ,

D i - i s o p r o p y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e , -  34% 

y i e l d ,  b . p ,  1 3 5 - 1 3 6 ° / 1 , 5  mm,, n ^ ^  1 ,4 4 5 8  (F o u n d :

0 ,  5 4 . 7 ;  H, 1 1 , 4 4 ,  Ci^H^^OgPSi r e q u i r e s  C, 5 7 , 4 ;

H, 1 1 .4 1 % ) ,

D i m e t h y l  d i e t h y l m e t h o x y s i l y l e t h y l p h o s p h o n a t e , -  64% 

y i e l d ,  b , p ,  l 3 0 - l 3 4 ° / 3 - 4  mm,, n^® 1 ,4 4 5 8  (F o u n d :
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C, 4 2 . 6 5 ;  H, 9 . 2 5 .  CgHggO^PSl r e q u i r e s  C, 4 2 . 5 ;

H, 9 . 0 6 # ) .

D i m e t h y l  d lm e th o :x y e th y I s  I l y l e t h y l p h o s p h o n a t e . -  

36# y i e l d ,  b . p .  1 3 0 - 1 3 2 " / I . 2 mm., n§5  1 . 4 3 3 8  

(Found ;  C, 3 7 , 5 8 ;  H, 8 , 0 9 ,  r e q u i r e s

C, 3 7 , 6 0 ;  H, 7 ,9 % ) ,

4 ,  The r e a c t i o n s  o f  some o r g a n o s i l l c o n - c o n t a i n i n g  

d e r i v a t i v e s  o f  e t h y I p h o s p h o n i c  a c i d

( a )  P y r o l y s e s ,

D i - n - b u t y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e . -

(1 )  D i - n - b u t y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e  (15  g . ,

0 , 0 4 4 7  mole)  was h e a t e d  t o  300®, when v i g o r o u s

g a s  e v o l u t i o n  t o o k  p l a c e .  A f t e r  30 mm, t h e

t e m p e r a t u r e  h ad  f a l l e n  t o  278°  and  g as  e v o l u t i o n

h a d  c e a s e d .  The r e s i d u e  (a  g l a s s )  became s t i c k y

on  e x p o s u r e  t o  t h e  a t m o s p h e r e  and  when d i s s o l v e d

i n  a q u e o u s  e t h a n o l  gav e  an  a c i d i c  s o l u t i o n .

Removal  o f  t h e  s o l v e n t  gave  a  s t i c k y ,  v i s c o u s

o i l ,  A pH t i t r a t i o n  o f  t h i s  compound i n  a q u e o u s

e t h a n o l  (50 v o l ,% )  g av e  a c u r v e  c o r r e s p o n d i n g  t o

t h a t  o f  a  d i b a s i c  a c i d ,  1 s t  N ,E ,  201 (pK 3 . 9 ) ;
®1

2nd N .E ,  1 0 0 ,2  (pK^^ 9 , 3 8 ) ,  The v o l a t i l e  m a t e r i a l  

i n  t h e  c o l d - t r a p  was d i s t i l l e d  i n t o  a 10 cm. 

i n f r a r e d  gas  c e l l .  The i n f r a r e d  s p e c t r u m
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c o r r e s p o n d e d  t o  t h a t  o f  b u t - l - e n e .

(11)  D l - n - b u t y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e  

( 1 , 2 8 9 3  g , )  was p y r o l y s e d  a s  b e f o r e .  The a p p a r a t u s  

was made g a s  t i g h t  an d  c o n n e c t e d  t o  a g a s - b u r e t t e .  

The volume o f  g a s  e v o l v e d  was 2 4 4 , 5  m l ,  and  i t s  

i n f r a r e d  s p e c t r u m  c o r r e s p o n d e d  t o  t h a t  o f  a m i x t u r e  

o f  e t h a n e  and  b u t - l - e n e .  (The e l i m i n a t i o n  o f  1 

e q u i v a l e n t  o f  e t h a n e  and  2 e q u i v a l e n t s  o f  b u t - l - e n e  

w ou ld  h a v e  g i v e n  2 5 6 , 5  m l .  o f  g a s .

Tr i e t h y l s i l y l e t h y l p h o s p h o n i c  a c i d ,

T r i e t h y l s i l y l e t h y l p h o s p h o n i c  a c i d  

( 0 ,7 3 9 0  g . )  was h e a t e d  t o  280°  u n t i l  g a s  e v o l u t i o n  

h ad  c e a s e d .  The vo lum e o f  g a s  c o l l e c t e d  was 7 5 . 5  

m l ,  and  i t s  i n f r a r e d  s p e c t r u m  c o r r e s p o n d e d  t o  

t h a t  o f  e t h a n e .  The g l a s s y  r e s i d u e  i n  t h e  f l a s k  

was d i s s o l v e d  i n  a q u e o u s  e t h a n o l  and  t h e  s o l v e n t  

r e m o v e d ,  A pH t i t r a t i o n  o f  t h e  r e s i d u e  gave  

1 s t  N .E .  1 9 8 ,5  (pKg^^ 4 , 2 ) ; 2 n d  N ,E ,  1 0 1 , 3  (pK^^^ 

1 0 . 2 ) ,

(b)  The a c t i o n  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  

on t r i e t h y l s i l y l e t h y l p h o s p h o n i c  a c i d .

T r i e t h y l s i l y l e t h y l p h o s p h o n i c  a c i d
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( 3 , 6 3  g , )  and  c o n c e n t r a t e d  s u l p h u r i c  a c i d  were  

m ixed  i n  a  25  ml, '  f l a s k  and  h e a t e d  t o  1 0 0 ° ,  The 

g a s  e v o l v e d  was c o l l e c t e d  i n  a g a s - b u r e t t e :  i t s  

i n f r a r e d  s p e c t r u m  c o r r e s p o n d e d  t o  t h a t  o f  e t h a n e ,  

a n d  t h e  vo lum e e v o l v e d  was 3 6 3 , 5  r r . l ,  ( t h e  

t h e o r e t i c a l  vo lum e f o r  t h e  c l e a v a g e  o f  one e t h y l  

g r o u p  w ou ld  be  3 6 4 , 0  m l , ) .

The r e s i d u e  i n  t h e  f l a s k  was d i s s o l v e d  

i n  e t h e r ,  f i l t e r e d  and t h e  e t h e r  r e m o v e d .  T i t r a t i o n  

i n  a q u e o u s  e t h a n o l  (50 v o l .% )  a g a i n s t  so d iu m  h  

h y d r o x i d e  (O .IN )  o v e r  a pH r a n g e  3 - 1 4 ,  i n d i c a t e d  

a  d i b a s i c  a c i d ,  1 s t  N .E ,  1 8 8 , 5 ;  2nd N ,E .  1 1 1 , 5 ,

The d i p h o s p h o n i c  a c i d  pHO)gOPCH2 CH2 S i E t 2 ] gO 

r e q u i r e s  1 s t  N .E ,  2 0 3 ;  2nd N .E ,  1 0 1 , 5 .

( c )  H y d r o l y s  i s  o f  d i m e t h y l  t r i e t h y l s  i l y l e t h y l p h o s ­

p h o n a t e  ,

( i )  C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d . -  D im e th y l  

t r l e t h y l s i l y l e t h y l p h o s p h o n a t e  ( 2 5 , 2  g , , 0 . 1  m ole)  

was r e f l u x e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  

(150 m l . )  f o r  7 h r ,  t o  g i v e  a  w h i t e  s o l i d ,  w h ic h  

was f i l t e r e d  o f f ,  w ashed  w i t h  w a t e r  an d  d r i e d  

o n  a f i l t e r - p a d .  R e c r y s t a l l i s a t i o n  f rom  6 0 - 8 0 °  .
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l i g h t  p e t r o l e u m  gav e  1 5 .7  g .  (75%) o f  t r i e t h y l ­

s i l y l e t h y l p h o s p h o n i c  a c i d ,  m .p .  1 1 2 - 1 1 4 °  ( l i t , ^ ^

1 1 4 " ) .

(11)  D i l u t e  p o t a s s i u m  h y d r o x i d e D i m e t h y l  

t r l e t h y l s i l y l e t h y l p h o s p h o n a t e  ( 4 . 3  g . )  was 

r e f l u x e d  w i t h  IN p o t a s s i u m  h y d r o x i d e  s o l u t i o n  

(2 5  m l . )  u n t i l  t h e  m i x t u r e  became h o m o g e n e o u s .

The s o l u t i o n  was a c i d i f i e d ,  e x t r a c t e d  w i t h  e t h e r  

and  t h e  e t h e r  rem oved  t o  g i v e  a  c o l o u r l e s s  o i l
p c:

(n ^  1 . 4 5 6 3 ) .  A pH t i t r a t i o n  a g a i n s t  O . l g  so d iu m

h y d r o x i d e ,  i n  a q u e o u s  e t h a n o l ,  (50  v o l .% )  gave  a 

c u r v e  c o r r e s p o n d i n g  t o  t h a t  f o r  a  m o n o - b a s i c  a c i d .  

(F ound ;  N .E .  240 (pK^ 3 , 3 0 ) .  The m o n o - e s t e r  

Et^SiCH2CH2P0(0H)(OMe) r e q u i r e s  N .E ,  238 .

(d)  H y d r o ly s  i s  o f  d i m e t h y l  d i e t h y l m e t h o x y s  i l y l ­

e t h y l p h o s p h o n a t e  .

( i )  D i l u t e  h y d r o c h l o r i c  a c i d . -  D i m e t h y l  d i e t h y l ­

m e th o x y s  i l y l e t h y l p h o s p h o n a t e  (15  g , )  was mixed 

w i t h  w a t e r  (30 m l . )  d i o x a n  (70  m l . )  and  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 0 . 5  m l . )  and  t h e  

m i x t u r e  was r e f l u x e d  f o r  30 m in .  b e f o r e  b e i n g  

p o u r e d  i n t o  w a t e r  and e x t r a c t e d  w i t h  e t h e r .
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Removal  o f  t h é  s o l v e n t  gave  a c o l o u r l e s s  o i l  

(n^^  1 ,4 6 2 8 )  w h ic h  was d r i e d  a t  60°  and  10 mm, 

f o r  1 h r .  The i n f r a r e d  s p e c t r u m  i n d i c a t e d  t h e  

p r e s e n c e  o f  -OH g r o u p i n g s  and e v e n  a f t e r  f u r t h e r  

d r y i n g  t h e  -OH band  p e r s i s t e d .  R e d i s t i l l a t i o n ,  

a f t e r  t h e  a d d i t i o n  o f  a c r y s t a l  o f  i o d i n e ,  gave 

a c o l o u r l e s s  l i q u i d ,  b , p ,  1 7 8 ° / 0 . 0 5  mm,, n ^ ^

1 . 4 5 8 9 .  The i n f r a r e d  s p e c t r u m  showed a much 

r e d u c e d  -OH band  and  was c o n s i s t a n t  w i t h  i t s  

b e i n g  t h e  compound [(Me0 ) 2 ( 0 ) PCH2 CH gSiE t 2 j  gO 

(F ound ;  C, 4 2 . 2 5 ;  H, 9 . 9 3 .  C^gH^^O^PgSig 

r e q u i r e s  C, 4 1 , 6 ;  H, 8 .  66%),

( i i )  C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d . -  D im e th y l  

d i e t h y l m e t h o x y s i l y l e t h y l p h o s p h o n a t e  (16  g . )  was 

r e f l u x e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  f o r  

12 h r .  The v i s c o u s  o i l  w h ic h  s e p a r a t e d  was removed 

and  s t r i p p e d  o f  v o l a t i l e s .  The o i l  w o u ld  n o t  

c r y s t a l l i s e  and  was a c i d  t o  l i t m u s  i n  a q u e o u s  

e t h a n o l ,  A pH t i t r a t i o n  gave  1 s t  N .E ,  2 0 0 , 5 ;

2nd N .E .  1 0 1 . 3 .  (The a c i d  [(HOjgOPCHgCHgSlEtgl gO, 

r e q u i r e s  1 s t  N .E ,  2 0 3 . 0 ;  2nd N .E ,  1 0 1 , 5 ) ,

( e )  H y d r o l y s i s  o f  d i m e t h y l  d i m e t h o x y e t h y l s i l y l ­

e t h y l p h o s p h o n a t e
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(1)  D i l u t e  h y d r o c h l o r i c  a c i d . -  D i m e t h y l  d i m e t h o x y ­

e t h y l s  i l y l e t h y l p h o s p h o n a t e  (15  g . )  was h y d r o l y s e d  

as  a b o v e .  The s o l u t i o n  was p o u r e d  i n t o  w a t e r  

and  e x t r a c t e d  w i t h  e t h e r .  Removal o f  t h e  s o l v e n t  

l e f t  a  c o l o u r l e s s  o i l  w h i c h  was d r i e d  a t  0 , 1  ram, 

and  room t e m p e r a t u r e  f o r  3 h r .  The i n f r a r e d  

s p e c t r u m  i n d i c a t e d  t h e  p r e s e n c e  o f  -OH g r o u p i n g s .  

F u r t h e r  d r y i n g  a t  0 , 1  mm, and 7 8 *  f o r  12 h r ,  d i d  

n o t  r e d u c e  t h e  -OH a b s o r p t i o n  (F ound :  C, 3 2 , 9 9 ;

H, 7 . 2 2 % ) .

( i i )  C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d . -  D i m e t h y l  

d i m e t h o x y e t h y l s i l y l e t h y l p h o s p h o n a t e  ( 6 , 5  g , )  

was r e f l u x e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  

(20 m l . )  f o r  5 h r .  The p r o d u c t  w ou ld  n o t  

p r e c i p i t a t e  on  d i l u t i o n  and  so  a l l  v o l a t i l e s  

w ere  removed on a w a t e r  b a t h  a t  15 mm,, t o  g i v e  

a t h i c k  y e l l o w  o i l .  T h i s  was d i s s o l v e d  i n  

e t h a n o l ,  an d  t h e  s o l u t i o n  was r e f l u x e d  w i t h  

a c t i v e  c h a r c o a l ,  f i l t e r e d ,  and  t h e  e t h a n o l  

rem oved  t o  g i v e  a  w h i t e ,  p o l y m e r i c ,  a c i d i c  

s u b s t a n c e  (F ound :  N .E ,  1 8 8 ) .

( f ) The a c t i o n  o f  t h i o n y l  c h l o r i d e  on s i l i c o n -  

c o n t a i n i n g  d e r i v a t i v e s  o f  e t h y I p h o s p h o n i c  a c i d
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( i )  T r i e t h y l s i l y l e t h y l p h o s p h o n i c  a c i d , -  T r i e t h y l ­

s i l y l e t h y l p h o s p h o n i c  a c i d  ( 7 , 0  g , ,  0 , 0 3 3  m ole)  

was r e f l u x e d  w i t h  t h i o n y l  c h l o r i d e  ( 2 5 , 0  g , ) f o r  

5 h r .  D i s t i l l a t i o n ,  a f t e r  r e m o v a l  o f  e x c e s s  

t h i o n y l  c h l o r i d e ,  gave  4 , 3  g ,  (51%) o f  t r i e t h y l ­

s i l y l e t h y l p h o s p h o n i c  a c i d  d l c h l o r i d e ,  b , p ,  123-  

1 2 4 ° / 1 . 5  mm., (F o u n d :  C, 2 7 . 0 .  CgH^gClgOPSl
138 n

r e q u i r e s  C, 2 7 ,2 % ) .  ( l i t . ,  b . p ,  1 4 0 -1 4 5  / 8  mm,) .

( i i )  D i - n - b u t y l  t r i e t h y l s  i l y l e t h y l p h o s p h o n a t e . -  

D i - n - b u t y l  t r i e t h y l s i l y l e t h y l p h o s p h o n a t e  ( 1 5 , 0  g , , 

0 , 0 4 4  m ole)  was r e f l u x e d  w i t h  t h i o n y l  c h l o r i d e  

(30  g , )  f o r  5 h r .  D i s t i l l a t i o n  gav e  8 g ,  o f  a  

l i q u i d ,  b . p .  1 3 5 * / 2 , 5 mm., n ^ ^  1 . 4 6 3 5 ,  t h e  i n f r a ­

r e d  s p e c t r u m  o f  w h ic h  i n d i c a t e d  t h e  p r e s e n c e  o f  

- P -O -B u ^  g r o u p i n g s  (F o u n d ;  C l ,  1 1 ,6 % ) .

( I l l )  [ ( H 0 ) g ( 0 ) P C H g C H g S l E t ^ g 0 . -  The a c i d  ( 6 . 0  g . )  

was r e f l u x e d  w i t h  t h i o n y l  c h l o r i d e  (25  g , ) f o r  

5 h r .  D i s t i l l a t i o n  o f  t h e  r e s i d u e ,  a f t e r  r e m o v a l  

o f  e x c e s s  t h i o n y l  c h l o r i d e  a t  t h e  pump, gave  

4 . 3  g ,  o f  d i e t h y l c h l o r o s i l y l e t h y l p h o s p h o n i c  a c i d  

d l c h l o r i d e ,  b . p .  9 8 - 1 0 2 ° / 0 . 5 - 0 . 6  mm., 1 . 4 9 0 2  

( l i t .  ® b . p .  1 4 3 - 1 4 8 ° / 8 . 8  mm., n§® 1 .4 9 1 8 )

(F ound ;  C l .  3 7 , 6 .  CgH^^Cl^POSi r e q u i r e s  C l ,
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3 9 . 7 # )  .

(g )  The r e a c t i o n  o f  p h o s p h o r u s  p e n t a c h l o r i d e  w i t h  

d i m e t h y l  t r l e t h y l s i l y l e t h y l p h o s p h o n a t e . -  D im e th y l  

t r i e t h y l s i l y l e t h y l p h o s p h o n a t e  ( 2 5 , 2  g , ,  0 . 1  mole)  

was m ixed  w i t h  p h o s p h o r u s  p e n t a c h l o r i d e  ( 4 1 . 6  g , ,  

0 , 2  m o l e ) .  The r e a c t i o n  was v i g o r o u s  a t  f i r s t  

and a f t e r  t h e  r a p i d  b o i l i n g  h ad  s u b s i d e d  t h e  

m i x t u r e  was h e a t e d  t o  n o t  more t h a n  150®, 

P h o s p h o r u s  o x y c h l o r i d e  was c o n t i n u o u s l y  removed 

and a t o t a l  o f  3 0 , 5  g .  (95% o f  t h e  t h e o r e t i c a l  

amount)  c o l l e c t e d .  The r e s i d u e  was d i s t i l l e d

t o  g i v e  1 2 . 5  g ,  (50%) o f  t r i e t h y l s i l y l e t h y l ­

p h o s p h o n i c  a c i d  d i c h l o r i d e ,  b , p ,  1 2 3 ° / l , 5  mm,, 

n g ^  1 .4 8 8 Ü .  b . p .  1 4 0 - 1 4 6 V s  mm., n ^ °

1 . 4 8 9 5 ) .

(h )  The a t t e m p t e d  p r e p a r a t i o n  o f  d i m e t h y l  

t r i e t h y l s i l y l e t h y l p h o s p h i n e  o x i d e

( i )  D i - m e t h y l  t r i e t h y l s i l y l e t h y l p h o s p h o n a t e  

(40 g . , 0 , 1 5 9  mole)  was ad d e d  s l o w l y  t o  t h e  

G r i g n a r d  r e a g e n t  f ro m  m e t h y l  i o d i d e  ( 0 . 4  mole)  

and  m agnes ium  ( 0 . 4  g , - a t o m )  and  r e f l u x e d  f o r  

78 h r , ,  when two l a y e r s  w ere  o b s e r v e d  i n  t h e
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r e a c t i o n  v e s s e l .  W ork ing  u p  i n  t h e  u s u a l  way,  

and  r e m o v a l  o f  t h e  e t h e r  gave  a  brown o i l ,  s m a l l  

p o r t i o n s  o f  w h ic h  w ere  c r y s t a l l i s e d  s l o w l y  f rom  

b e n z e n e ,  on c l o c k  g l a s s e s .  R e c r y s t a l l i s a t i o n  

f ro m  6 0 - 8 0 ^  l i g h t  p e t r o l e u m  g a v e  w h i t e  n e e d l e s ,  

m .p .  1 1 8 ° .  (F ound :  C, 4 2 , 5 5 ;  H, 9 ,5 5 % ) ,  Thé 

i n f r a r e d  s p e c t r u m  o f  t h e  com plex  showed t h e  

a b s e n c e  o f  P-O-Me g r o u p i n g s , On t r e a t m e n t  w i t h  

c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  i o d i n e  was l i b e r a t e d  

(F o u n d ;  I ,  2 2 , 5 % ) ,

( i i )  A s i m i l a r  com plex  was o b t a i n e d  by t h e  r e a c t i o n  

o f  m é th y lm a g n é s iu m  c h l o r i d e  w i t h  d i m e t h y l  t r i e t h y l ­

s i l y l e t h y l p h o s p h o n a t e  ,

( i )  The a c t i o n  o f  o r g a n o l i t h i u m  r e a g e n t s  on 

d i m e t h y l  t r i e t h y l s i l y l e t h y l p h o s p h o n a t e  and  i t s  

d e r i v a t i v e s ,

( i )  D i m e t h y l  t r i e t h y l s i l y l e t h y l p h o s p h o n a t e ( 1 2 . 5  g , , 

0 . 0 5  m ole)  was ad d e d  t o  p h e n y l - l i t h i u m  ( 0 , 1 3  m o le )  

i n  e t h e r .  The m i x t u r e  was r e f l u x e d  f o r  4 h r ,  

an d  w o rk ed  up i n  t h e  u s u a l  way t o  g i v e  a  v i s c o u s  

o i l ,  d i s t i l l a t i o n  o f  w h ic h  g av e  d i p h e n y l ,  b , p .  

1 2 5 - 1 3 0 ° / ! , 0  mm, (w h ic h  c o n d e n s e d  as  a w h i t e
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s o l i d  i n  t h e  c o n d e n s e r )  and  a r e s i d u e  w h ic h  

s u b l i m e d  a t  1 4 0 * / 1 . 0  mm. The s u b l i m a t e  ( m .p ,  7 8 - 8 5 * )  

was r e c r y s t a l l i s e d  f rom  6 0 - 8 0 °  l i g h t  p e t r o l e u m  t o  

g i v e  d l p h e n y l t r i m e t h y l s i l y l e t h y l p h o s p h i n e  o x i d e ,  

m .p .  1 0 3 - 1 0 4 *  (F ound ;  C, 6 9 . 7 5 ;  H, 8 . 7 5 .  Cg^Hgj^OPSi 

r e q u i r e s  C, 6 9 . 7 5 ;  H, 8 , 4 4 % ) .

( i i )  D i m e t h y l  t r i e t h y l s i l y l e t h y l p h o s p h o n a t e  ( 1 2 , 5  g , , 

0 . 0 5  m o le )  was a d d e d  t o  e t h y l - l i t h i u m  ( 0 , 1 3  m o le )

i n  e t h e r  a t  0 ° ,  V/hen a l l  t h e  p h o s p h o n a t e  h a d  b e e n  

a d d e d  t h e  m i x t u r e  was a l l o w e d  t o  warm t o  room 

t e m p e r a t u r e  and  was w orked  up  i n  t h e  u s u a l  w ay .  

D i s t i l l a t i o n  g av e  u n i d e n t i f i e d  p r o d u c t s ,  t h e  

i n f r a r e d  s p e c t r a  o f  w h ic h  i n d i c a t e d  t h e  p r e s e n c e  

o f  P-O-Me g r o u p i n g s .

( i i i )  T r i e t h y l s i l y l e t h y l p h o s p h o n i c  a c i d  d i c h l o r i d e  

( 1 2 , 5  g . , 0 . 0 5  m ole)  was a d d e d  t o  e t h y l - l i t h i u m  

( 0 . 2 6  m o l e ) ,  t h e  m i x t u r e  b e i n g  k e p t  b e low  0 ° .

W ork ing  u p  i n  t h e  u s u a l  way and  f r a c t i o n a t i o n  on

a 12 i n c h  V i g r e u x  co lumn gav e  4 . 2  g .  (34%) o f

d i e t h y l t r i e t h y I s i l y l e t h y l p h o s p h i n e  o x i d e ,  b . p .
20

1 3 6 - 1 3 7 ° / C , 8 mm,, n ^  1 .4 7 3 8  (F ound ;  C, 5 8 . 2 5 ;

H, 1 1 , 7 0 ,  CigHggOPSi r e q u i r e s  C, 5 8 . 1 0 ;  H, 1 1 .6 8 % ) ,
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