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a-SUBSTITUTED SILYL AND PHOSPHONYL PHOSPHONATES. 
AN EXTENSIVE STUDY OF THEIR SYNTHESIS AND PROPERTIES 

++ ++ 
PH. SAVIGNAC+, E. ELIA ABOUJAOUDE , N .  COLLIGNON , M.P.  TEULADE+ 

+Laboratoire CNRS-SNPE, 2-8 rue H. Dunant, 94320 Thiais (France) 
++Laboratoire des composr5s organophosphor6s, INSA-IRCOF, 

76130 Mont-Saint-Aignan (France) 

Abs t rac t  Phosphoryl and s i l y l  c h l o r i d e s  phosphonoalkylation 
lead t o  t h e  d i r e c t  genera t ion  of phosphonyl-phosphonyl and 
phosphonyl-s i lyl  carbanions the propert ies  of which are d iscussed .  

Phosphorus and s i l icon-oonta in ing  phosphonates a r e  well-known can- 
pounds a b l e  t o  provide u s e f u l  conversions.  The s y n t h e t i c  v e r s a t i -  
l i t y  of t h e  corresponding l i t h i a t e d  carbanions (1) and (2) and 
the  expected che la t ion  or  s t a b i l i z a t i o n  wi th  modi f ica t ion  of che- 
mical  r e a c t i v i t y  r e s u l t i n g  f r a n  t h e  d i r e c t  bonding of phosphorus 
or  s i l i c o n  t o  t h e  phosphonic group suggest  an ex tens ive  exanina- 
t i o n  of t h e  p repa ra t ion  and p r o p e r t i e s  of such in t e rmed ia t e s .  

Despite t h e i r  syn the t i c  p o t e n t i a l ,  t h e  l ack  of gene ra l  methods t o  
(1) and (2) se r ious ly  c u r t a i l s  t h e i r  approach. The primary reason 
f o r  t h i s  is t h a t  t h e  carbanions a r e  obtained through an i n d i r e c t  
rou te  involving success ive ly  a thermal and an an ionic  s t e p  ; a s  
t h e  f i r s t  r e a c t i o n  can only d e l i v e r  symmetrical and unsubs t i t u t ed  
s t r u c t u r e s  f r a n  not always r e a d i l y  a v a i l a b l e  p recu r so r s ,  both 
carbanionic  spec ie s  (1) and (2) a r e  l imi ted  t o  a poor ly  d i v e r s i f i e d  
family and of l i t t l e  use .  To overcane these  l imit-at- ions a new 
d i r e c t  r0ut.e using a phosphono-alkylation process  has been devised .  

The r e a d i l y  a v a i l a b l e  s t a r t i n g  phosphonates (3) a r e  conve- 
n i e n t l y  deprotonated at. low temperature  wi th  LDA i n  two fo ld  excess  
and condensed with a phosphoryl ch lo r ide  t o  g i v e  q u a n t i t a t i v e l y  (1) 
s t .ab i l ized  a t  any temperature because of t h e  presence on t h e  carbon 
atom of two phosphonyl groups.  The e l e c t r o p h i l e s  used i n  t h i s  con- 
t.ext a r e  phosphat-es, phosphoramidates and phosphine oxides .  Each 
phosphorus reagent. i s  se l ec t ed  a s  t h e  most reac t - ive  spec ie s  (elec- 
t r o p h i l i c  o r  nuc leoph i l i c )  t o  warrant  a couplinq i n  t h e  b e s t  con- 
d i t i o n s .  The r e a c t i o n  i s  l imi ted  t o  t-he in t roduc t ion  of only one 
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phosphonyl group. 

PH. SAVIGNAC a. 

In  a s imi l a r  ve in  t h i s  approach has  been extended t o  t h e  prepa- 
r a t i o n  of anions (2) s t a b i l i z e d  a s  w e l l  as (1) because of t h e  
cornbinated an ion-s tab i l iz ing  p r o p e r t i e s  of s i l i c o n  and phosphorus. 
The t r i a l k y l s i l a n e  normally used i n  t h e s e  r e a c t i o n s  is ClSiMe3 
bu t  o ther  less common and more crowded s i lanes  have been used 
( C 1 S i  ( 4 ) 3 r  ClSiMe2+,  C l S i @ 2 + ,  ClSiEt3,  ClSiMe2g) i n  similar 
condi t ions  without  steric l i m i t a t i o n s .  The two r o u t e s  do no t  vary  
i n  the  ease of p repa ra t ion  wi th  t h e  na tu re  of R1 ( H I  a l k y l ,  C 1 ,  
O-CH3 S-CH3, a r y l  I S-CgHg ) . 

Contrast ing with t h e  phosphonyl r o u t e  t h e  s i l y l  r o u t e  is not  
l imi ted  t o  t h e  in t roduct ion  of only one group ; under d e f i n i t e  
cond i t ions ,  l a r g e  excess of LDA and R1= HI two C1SiMe3 groups can 
be g ra f t ed  on t h e  same phosphonate. 

3 LDA 2 C l S i M e 3  S i M e 3  

211 0 T H F / - 7 8 ” C  2r * H30+ ‘1 <S1Me3  
(RO) P-CH3 - (RO) H L i  - (RO)  -CH 

When t r e a t e d  wi th  aqueous ac id  ( H C 1 ,  6N) (1) g i v e s  t e t r a s u b s t i -  
t u t e d ,  symmetrical o r  unsymmetrical diphosphonates (4) and 
trialkylsilylmethylphosphonates (2) with  each good o v e r a l l  y i e l d s  
(70-95%). 

(2) 
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493 a-SUBSTITUTED SILYL AND PHOSPHONYL PHOSPHONATES 

I n  c a n p l e t e  c o n t r a s t ,  h y d r o l y s i s  releases LiOH which h a s  a t e n -  
dency t o  ac t  as a n u c l e o p h i l e  r a t h e r  t h a n  a base by s p l i t t i n g  a 
P-c bond i n  ( 4 )  or a Si-C bond i n  (5) .  - 

R’ 

R1 

The r e a c t i o n  i s  n o t a b l e  because it does n o t  occur  w i t h  symmetrical 
diphosphonates  (R1= H ,  CH3) e x c e p t  when a n  e l e c t r o n - a t t r a c t i n g  
group i s  p r e s e n t  on t h e  j u n c t i o n  carbon atan (R1= C 1 )  ; however 
it has no l i m i t a t i o n  w i t h  unsymmetrical  diphosphonates  which 
undergo h y d r o l y s i s  i n  a l l  cases. Moreover t h e  r e a c t i o n  is  spe- 
c i a l l y  e x a l t e d  by t h e  ( L i + )  c h e l a t i o n  which l iberates t h e  (OH-) 
group i n  t h e  medium. I n  s p i t e  of a l a c k  of c h e l a t i o n ,  similar 
r e s u l t s  are obta ined  w i t h  compounds (2) i n  which t h e  Si-C s p l i t -  
t i n g  c a n  be a f a c i l e  r e a c t i o n .  As above it is favoured by t h e  
presence  of e l e c t r o n  a t t r a c t i n g  group (R1= C 1 ,  C@5, S-GH5) b u t  
much more s u s c e p t i b l e  t o  s te r ic  e f f e c t s  t h a n  f o r  t h e  diphospho- 
n a t e s  case. I n  f a c t  e l i m i n a t i o n  of s i l a n o l  f a i l s  when canpounds 
(2) are b e a r i n g  a crowded s i l a n e  group o r  are d i s u b s t i t u t e d  w i t h  
two a l k y l  groups on t h e  j u n c t i o n  carbon a t a n .  The o x o p h i l i c  
p r o p e r t y  of s i l i c o n  i s  t h e  d r i v i n g  f o r c e  h e r e .  

The d i f f e r e n c e  i n  behaviour between ( 1 )  and (2) i s  a l s o  
s t r i c k i n g  i n  a l k y l a t i o n .  The t w o  above r o u t e s  provid ing  a u s e f u l  
unambiguous method f o r  t h e  s y n t h e s i s  of monosubs t i tu ted  canpounds 
(R1# H ) ,  d i a l k y l a t i o n  o n l y  has  been i n v e s t i g a t e d .  

( R l f  H I  i s  a poor n u c l e o p h i l e .  The alky-  I t  appears  t h a t  (L) 
l a t i o n  d o e s  n o t  occur w i t h  s u f f i c i e n t  r a t e  and w e  observe  t h e  
competing a l k y l a t i o n  of (iC3H7)2NH ; only  m e t h y l a t i o n  c a n  be 
achieved.  The carbanions  (2) are better n u c l e o p h i l e s  and react 
wi thout  drawback i n  t h e  presence  of any R1 group on t h e  j u n c t i o n  
carbon atom (R1= a l k y l ,  a r y l ,  S-CgHg , C 1 . .  . )  . 

P’ 

R3X &siMe3]x* (R0)2 

(RO)2&SiMe3 - P’ 
1 R = C1, 0. S-C6H5 

EtOH (RO)2,+H 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
4
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



494 PH. SAVIGNAC 

This aspect of carbanions (2) r e a c t i v i t y  has been joined with the 
favoured basic hydrolysis of such s t r u c t u r e s  t o  provide a mean fo r  
the d i r e c t  unambiguous access t o  subst i tuted phosphonates bearing 
an act ivat ing group. The l a s t  and the most well-known aspect o f t h e  
r e a c t i v i t y  of (1) and (2) carbanions is  alkenes formation. Conden- 
sat ion of (1) with a l i p h a t i c  o r  a r ana t i c  aldehydes (R4CHO) pro- 
vides a mean for  the d i r e c t  conversion of a lky l  i n t o  vinyl  phos- 
phonates. Due t o  numerous P-C-P associat ions,  symmetrical or un- 
symmetrical, subst i tuted or  unsubsti tuted,  w e  a r e  able  f o r  t he  
f i r s t  time t o  prepare vinylphosphonates phosphonamides or  phosphi- 
ne oxides. With symmetrical diphosphonates the leaving group 
(RO) P ( 0 ) O L i  and remaining group being the same the re  a r e  no d i f -  
f i c u l t i e s  and the conversion of carbonyl compound follows a s ing le  
pathway, 

With unsymmetrical diphosphonates the  leaving group has t o  be 
chosen less crowded and e l ec t ron ica l ly  less r i c h  than the  remai- 
ning group t o  prevent formation of mixtures. 

80 20 
I n  most of the examples reported the react ion shows a g o d  stereo- 
c l m i c a l  control ard isolated heterosubstituted alkenes have a (E) geanetry. 
IIcwever bulkier is the R1 alkyl grcup less the reaction shaws stereoselecti- 
vity. A canparative study has been done b e e n  carbaniom (2) bearing diffe- 
rent silane ~ O U F S .  The s i l ane  remains the m r e  cpcophilic grmp and elimina- 
tion is not susceptible +a steric effects. (El and (2) i s m e r s  a r e  farmed 
i n  equal amounts. 
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