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SYNTHETIC, MECHANISTIC AND BIOLOGICAL ASPECTS OF 
PHOSPHORUS-SULFONIC ACIDS ANHYDRIDES. DIRECT EVIDENCE 
FOR THE SN1 (P) - I ON I C MECHAN I SM IN PHOSPHORUS CHEMl STRY 

JAN MlCHALSKl , WOJCIECH DABKOWSKI and Z B l G N l E W  SKRZYPCZYNSKI 
P o l i s h  Academy o f  Sciences, Centre o f  Mo lecu la r  and Macro- 
mo lecu la r  S tud ies ,  Boczna 5 ,  90-362 t 6 d i ,  Poland 

Specia l  a t t e n t i o n  i n  t h i s  Labora to ry  has been r e c e n t l y  g i v e n  

towards t h e  chemis t r y  o f  phosphorus-sul f u r  a c i d s  anhydr ides 

RR P(X)-O-S02-R (X=O,S,Se) - 1 .  1 2 

Synthesis  o f  phosphorus -su l fu r  a c i d s  anhydr ides 1 .  S a t i s f a c -  
1 

t o r y  methods o f  syn thes i s  o f  - 1 have been dev ised o n l y  r e c e n t l y ,  

Among methods which a re  in tended t o  be pub l i shed  i n  f u l l  i n  due 

course, t he  

0 
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methods 9 i ven be 

2R S020H 
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(R2S02)20 * 
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1 1  o w  a r e  o 
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RR POS02 
111 

- 1 ,  x=o 

tf spec ia l  i n t e r e s t .  

2 (R : Me,CF3,1m) 

R2 ( R 2 :  He,CF 3 ) ( 1 )  

(R’: He,CF , C l  , Im)  3 

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

nuc 1 e o t  i des . 
MeSO SiMe O+ ,0S02Me 

P 17 3 3  Me S i l m  
3 : R O P l m 2  

II 
R O P C l  

RO’ ‘Im 
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- 3 + H 0 D T h 2 -  
R=p-C 1 Ph OAC 
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We observed t h a t  irnidazol ides o f  phosphory la ted nuc leos ides  can be 

r e a d i l y  conver ted i n t o  mixed anhydr ides.  They a r e  e x c e l l e n t  i n t e r -  

mediates f o r  t he  p r e p a r a t i o n  m o d i f i e d  n u c l e o t i d e s .  These p o s s i b i -  

l i t i e s  a r e  i l l u s t r a t e d  i n  the  scheme (2) and (3) .  The anhydr ides 

4 have been conver ted i n  s t e r e o s e l e c t i v e  way i n t o  t h e  correspon-  

d ing  f l u o r i d a t e s  - 5,  phosphates I 6 and arnidates - 7. The f l u o r i d a t e  - 5 
r e a c t s  w i t h  t h e  nuc leos ide  t o  form the  d i n u c l e o t i d e  2. 

- 

F- F , p , O W T h  Me S i  Im 
-3 - 3 R’O, / O  Th R ’ O H  

OAc R O ’ ’ \ D P h N H T  OAc ’ - RO’ ‘0 

Several o t h e r  m o d i f i c a t i o n s  o f  n u c l e o t i d e s  v i a  phosphorus -su l fon i c  

a c i d s  anhydr ides a r e  under s tudy.  

Another impor tan t  approach towards t h e  anhydr ides - 1 (X=O) i s  

based on s i l y l  e s t e r s  o f  phosphorus a c i d s  - 9 which a r e  a v a i l a b l e  

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

phosphates o r  by t r a n s y l  i t a t i o n  o f  t h e  corresponding a l k y l  phos- 

phates, 

The method o f  a c t i v a t i o n  o f  phosphorus a c i d s  s i l y l  e s t e r s  has been 

extended to  the  mixed phosphorus-carboxyl  i c  a c i d  anhydr ides.  

RR 1 P(0)OSiMe3 + ( R  2 CO),O - RR1 ~ ( 0 )  -0-C (0) R2  + R2COOS i Me3 (5) 

A c t i v a t i o n  o f  t he  s i l y l  e s t e r s  o f  n u c l e o s i d e  phosphates acco rd ing  

t o  schemes (4) and (5)  i s  under s tudy i n  t h i s  Labora to ry .  

The mixed anhydr ides - 1 a re  phosphory la t i ng  reagents and o u r  r e s u l t s  
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do n o t  c o n f i r m  the  statement t h a t  s t r u c t u r e s  such as 1 a r e  s u l f o -  

n a t i n g  r a t h e r  than a phosphory la t i ng  reagents.  2 

PI ‘ I - p h o s p h o r u s - s u l f o n i c  a c i d s  anhydr ides.  The imidazol  ides 

r e a c t  smoothly w i t h  R2S020H t o  a f f o r d  a novel  c l a s s  o f  t r i c o -  - 10 
o r d i n a t e  phosphorus anhydr ides,  t he  phosphino-su l fonates.  3 

(6 1 1 2R2S03H 2 RR P - l m  - R RP-OS02R2 + Im-R SO H 3 
1 1  - 1 0  - 

The anhydr ides 1 1  a re  r e a d i l y  o x i d i z e d  by a i r  and add e lementa l  

s u l f u r  o r  se len ium g i v i n g  p roduc ts  i d e n t i c a l  w i t h  t h e  anhydr ides - 1 

(X=O,S,Se). Under s u i t a b l e  s t r u c t u r a l  c i rcumstances the anhydr ides 

- 

1 1  undergo a n o v e 1 t y p e o f  rearranaement 1 1  - 12. - 
HOH 1 - 1 1  - RR P(0)-S02R2 - RR 

* n  
I L  - 

The s t r u c t u r e  o f  12 was con f i rmed  by 31P - 
i den t i f i c a t  i o n  o f  t he  appropr  i a t e  produc 

s i g n i f i c a n c e  t h a t  phosphinoyl  s u l f i n a t e s  

P ( O ) H  + H O S O ~ R ’  ( 7 )  

NMR spect roscopy and by 

s o f  h y d r o l y s i s .  I t  i s  o f  

12 readi  l y  undergo o x i d a -  - 
t i o n  t o  g i v e  anhydr ides - 1 (X=O). Th is  o b s e r v a t i o n  i s  r e l e v a n t  t o  

the recen t  s t u d i e s  o f  Cassida and Sega l l  on the  o x i d a t i v e  conver-  

s i o n  o f  t he  phosphinoy l  s u l f i d e  - 1 3  by p e r a c i d s  as a model f o r  t h e  

enzymatic o x i d a t i o n  o f  - 13. The f o l l o w i n g  h y p o t h e t i c a l  s teps have 

been suggested. 

RR P(0)-SR2 - R R  P ( O ) S ( O ) - R 2  - R R  P(0)O-S-R2 

2 

MCPBA MCPBA - 1 1 

1 4  - 1 3  - 
MCPBA 1 R R  P(0)O-SO-R2 - - 1 (X=O) 

Our work s t r o n g l y  suggests a d i f f e r e n t  sequence o f  even ts ,  i n v o l -  

v i n g  fo rma t ion  o f  14 ,  i t s  o x i d a t i o n  t o  1 2  and f i n a l  o x i d a t i o n  t o  

the mixed anhydr ide  - 1 (X=O). 
- c 

Chemical ev idence f o r  t he  S N l  (P) i o n i c  mechanism, We were 
1 a b l e  t o  syn thes i ze  two model anhydr ides - l a  (X=S, R=But, R =Ph, 

R =CF ) and l b  (X=S, R=R =But, R =CF ) i n c l u d i n g  o p t i c a l l y  a c t i v e  2 1 2 
3 - 3 
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l a  and have found t h a t  - l a  and 

q u a n t i t a t i v e  r e a c t i o n  w i t h  two moles o f  the MeCN lead ing  t o  the 

d i s s o l v e d  i n  d r y  MeCN undergo a - 

compounds 16a,b which s t r u c t u r e  was e s t a b l i s h e d  by ’ H  and 1 3 C  NMR. 
2MeCN 

I t  - la,b - (R Bu P=S)+CF3SOi - 
15a,b - 
- 

CF3S03 - 
3 

R, / s -  
/P 

But ‘N- 

16a, b - 

C F 3 S O i  

The a d d i t i o n  l e a d i n g  t o  - 16a was completed i n  70 h whi l e  5 was 

formed n e a r l y  ten  times f a s t e r .  Only a d i s s o c i a t i v e  mechanism f o r  

t he  s o l v o l y s i s  o f  - 1 w i t h  t h e  f o r m a t i o n  o f  t he  i o n  p a i r  - 1 5  can 

e x p l a i n  such a d i f f e r e n c e  i n  r e a c t i v i t y  o f  la and towards ace- 

t o n i t r i l e .  Any S 2(P) type process l e a d i n g  t o  - 16b would be s lower  

than i n  the  case o f  l& because o f  immense s t e r i c  h ind rance  caused 

by the two t - b u t y l  groups.  

N 

Consequently we have examined t h e  r e a c t i o n  o f  o p t i c a l l y  a c t i -  

ve l a  w i t h  a c e t o n i t r i l e .  The adduct - 16a formed was o p t i c a l l y  a c t i -  

ve b u t  i t s  thermal decomposi t ion i n  a n i s o l e  a t  9 O o C  l e d  t o  the an- 

h y d r i d e  - l a  which was a lmost  comp le te l y  racemized. I t  i s  l i k e l y  

t h a t  racemisa t i on  takes p l a c e  i n  b o t h  processes: f o rma t ion  o f  the  

adduct - 16a and i t s  f u r t h e r  decomposi t ion.  The h i g h  degree o f  race- 

m i s a t i o n  observed f o r  - l a  a f t e r  thermal decomposi t ion o f  t he  adduct 

16a i n d i c a t e s  t h a t  the th iophosphacyl ium c a t i o n  15a i s  formed as 

a p l a n a r  weakly s o l v a t e d  species.  

- 

- - 

The n u c l e o t i d e  p a r t  o f  these s t u d i e s  were done i n  c o l l a b o r a -  

t i o n  w i t h  P r o f .  F.Cramer (GBtt ingen) , 
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