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PHOSPHONATES C O N T A I N I N G  SULFUR AND SILICON: NEW 
STEREOCHEMICAL AN0 . M E C H A N I S T I C  ASPECTS 

M.MIKOtAJCZYK*, P I O T R  B A t C Z E W S K I  and P . G R A C Z Y K  
C e n t r e  o f  M o l e c u l a r  and  M a c r o m o l e c u l a r  S t u d i e s ,  
P o l i s h  Academy o f  S c i e n c e s ,  90-362 t 6 d 2 ,  P o l a n d  

A b s t r a c t  - S y n t h e s i s ,  r e a c t i v i t y  and c o n f o r m a t i o n  
o f  c y c l i c  S , S - t h i o a c e t a l s  o f  f o r m y l p h o s p h o n a t e s  
a r e  d e s c r i b e d .  The c h e m i s t r y  o f  a - t r i m e t h y l s i l y l -  
a - m e t h y l t h i o m e t a n e p h o s p h o n a t e  i s  b r i e f l y  d i s c u s s e d .  

F o r  t h e  p a s t  f ew  y e a r s ,  work  i n  t h i s  L a b o r a t o r y  h a s  

c e n t e r e d  on  t h e  p r e p a r a t i o n s  and r e a c t i o n s  of  t h e  p h o s -  

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

n e r a l  f o r m u l a  (1). - Among them S , S - t h i o a c e t a l s  of  f o r m y l -  

p h o s p h o n a t e s  (2) - a r e  o f  s p e c i a l  i n t e r e s t  b e c a u s e  t h e y  

SR-. 

S(O)R 11 ‘SR” 
(R0)2PCH-X X , Y  SR (RO),PCH/ 

S(0)2R 0 
II I 
O Y  

2 - 1 - 

a r e  r e a g e n t s  o f  c h o i c e  f o r  t h e  s y n t h e s i s  o f  k e t e n e  S , S -  

- t h i o a c e t a l s  v i a  t h e  W i t t i g - H o r n e r  r e a c t i o n  w i t h  c a r b o -  

n y l  compounds . 1 

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

f u r t h e r  s t u d i e s  on  t h i s  c l a s s  o f  compounds. 
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S Y N T H E S I S  OF 2 

As f a r  as  t h e  s y n t h e s i s  o f  - 2 i s  c o n c e r n e d 2 ,  i t  was f o u n d  

now t h a t  t h e y  may c o n v e n i e n t l y  b e  p r e p a r e d  b y  t h e  r e a c -  

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

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

1 

E t 2 0 * B F 3  
(R0)2P(0)CHN2 + ( R S l 2  _____c - 2 

The b e s t  r e s u l t s  i n  t e r m s  o f  t h e  y i e l d  and p u r i t y  o f  

p r o d u c t s  were o b t a i n e d  w i t h  E t20 .BF3 .  The u s e  o f  

Rh2(0Ac)4  as  a c a t a l y s t  was f o u n d  t o  g i v e  a - p h o s p h o r y l  

s u l f i d e s .  

CONFORMATION OF 2-PHOSPHORYL 1,3-DITHIANES 

2 - S u b s t i t u t e d  1 , 3 - d i t h i a n e s  i n  s o l u t i o n  h a v e  e i t e r  d y -  

namic  or r i g i d  c h a i r  s t r u c t u r e  w i t h  s u b s t i t u e n t s  o c c u -  

p y i n g  a x i a l  o r  e q u a t o r i a l  p o s i t i o n .  T h e r e f o r e ,  i t  was 

o f  i n t e r e s t  t o  i n v e s t i g a t e  c o n f o r m a t i o n  o f  1 , 3 - d i t h i a n e  

w i th  t h e  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  a t  t h e  a n o m e r i c  

c a r b o n  a tom.  

To t h i s  end t h e  mode l  compounds - 3 and - 4 were  s y n -  

t h e s i z e d  and t h e i r  s t r u c t u r e s  were  e l u c i d a t e d  b y  means 

'H, 31P and 1 3 C - N M R  s p e c t r o s c o p y  and X- ray  a n a l y s i s .  

4 

X = CH2,tBuCH,Me2C,S X = CHz,MezC,S 
Y = 0 , s  R = Ph,Me2N 
R = Me0,Ph 

- 3 - 

A l l  t h e  d a t a  o b t a i n e d  so f a r  p o i n t  t o  a r i g i d  c h a i r  

c o n f o r m a t i o n  o f  t h e  s ix -membered r i n g  w i t h  t h e  a x i a l  
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PHOSPHONATES CONTAINING SULFUR AND S I L I C O N  ... m 

phosphoryl group3,h. Conformation of  - 4 will b e  briefly 
discussed. 

REACTION OF 2 WITH a.6-UNSATURATED CARBONYL COMPOUNDS 
~~~ ~~ 

In an extension of our earlier work', the reaction o f  
- 2 with a,B-unsaturated aldehydes and ketones was inves- 
tigated. It was found that aldehydes give the correspon- 
ding Wittig-Horner reaction products in high yields 
( 6 5 - 8 0 % )  via the hydroxy-adduct (1,2-addition) as detec- 
ted by 31P-NMR spectroscopy. 

(R0)2P(0)CH(SR)2 Li R1R2C=C(R3)CH0 * R R C=C(R 3 )CH=C(SR)2 
-(R0)2P02Li 

However, the reaction with a,@-unsaturated ketones pro- 
ceeds in a different way. All the experimental results 
lead to formulation of the following general reaction 
course. 

Li R~CH=CHC(O)R~ - (R0)2P(0)C(SR)2 c [ 1,4-adduct] L i  
-78OC 

the Wittig-Horner 
25OC reaction products - [1,2-adduct]Li ____c 

In this context, it is of interest that the reaction of 
the lithium salts of a-phosphoryl sulfides with a,B-un- 
saturated ketones gives 1,4-adducts as the final reac- 
tion products and was found to proceed as follows: 

Li R~CH=CHC(O)R~ 
(R0)2P(0)CHSMe s [1,2-adduct]Li 

- 7 8 O C  

H+ 
_II_C [1,4-adduct] Li - 1,4-adduct 

25OC 
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S Y N T H E S I S  AND R E A C T I V I T Y  OF a -TRIMETHYLSILYL-a -METHYL-  
THIOMETHANEPHOSPHONATE ( 5 )  

The t i t l e  compound was p r e p a r e d  i n  t h r e e  d i f f e r e n t  ways :  

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

n y l a t i o n  o f  a - t r i m e t h y l s i l y l  me thanephosphona te  and ( c )  

by  t h e  A rbusov  r e a c t i o n  o f  t r i e t h y l  p h o s p h i t e  w i t h  t h e  

a p p r o p r i a t e  b r o m i d e .  

Me3 S i c 1  
( E t O  2P ( 0 )  CH2Me 

The l i t h i u m  s a l t  o f  - 5 on  t r e a t m e n t  w i t h  a l i p h a t i c ,  a r o -  

m a t i c  a n d a , B - u n s a t u r a t e d  a l d e h y d e s  g i v e s  t h e  P e t e r s o n  

r e a c t i o n  p r o d u c t s  i n  h i g h  y i e l d s  ( 6 0 - 8 5 % ) .  

L i  R C H O  
( E  t o )  2P ( 0  ) C  (Me3Si  )SMe - ( E  t O  ),P ( 0  ) C  ( SMe) = C H R  

-78OC 

The r e a c t i o n  w i t h  k e t o n e s  i s  more  c o m p l i c a t e d ,  t h e  

P e t e r s o n  r e a c t i o n  p r o d u c t  i s  f o r m e d  i n  5% y i e l d  o n l y .  

I n  summary, t h e  p h o s p h o n a t e s  2 and - 5 a r e  u s e f u l  s y n t h e -  

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

- 
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