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ACTIVATION OF NUCLEOSIDE HYDROGENPHOSPHONATES BY USE OF ARYL 

SULFONYL CHLORIDES 

Per J. Garegg, Jacek Stawinski , Roger Stromberg 

Department o f  Organic Chemistry, Arrhenius Laboratory,  

University o f  Stockholm, S-106 91 Stockholm, Sweden. 

Abstract. The r e a c t  ion o f  nucl eosi d e  3'- hyd rogenp hot p hona tes w i  t h 2,C, 6 - 
51;iisopropyl bentenesul fonyl chlor ide (TPS-CI 1 has been studied using 

P NMR spectroscopy, and a general scheme o f  t ransformat ions occuring 
during t h i s  act ivat ion process i s  proposed. 

I n  our studies on t h e  internucleot id ic bond format ion via H-phos- 

phonate intermediates , we found t h a t  nucleoside 3'-hyd rogenphosphona tes 

can b e  act ivated in te r  alia by ary l  sulfonyl chlorides and formed 

dinucl eoside-(3'-5' )-hyd rogenphosp hona t e  d iesters in t h e  presence o f  a 

nucleoside wit.h 3 f r e e  hydroxyl  group. 

1 

A character ist ic o f  th is react ion i s  extremly r a p i d  H-phosphonate 

diester format ion when nucleoside hydrogenphosphonate i s  act ivated b y  

TPS-CI jn t h e  Dresenc e o f  hydroxylic component. When, however, t h e  

l a t t e r  i s  added a f t e r  a few minutes t o  t h e  preact ivated nucleoside 

H-phosphonate, pract ica l ly  no H-phosphona t e  d iester  format ion i s  

observed . 1 

Because t h e  format ion o f  internucleot id ic bond H-phosphonate 

intermediates is  a promising approach t o  oligonucleotide synthesis , we 

wish t o  ge t  a deeper insight i n t o  H-phosphonates chemistry and have now 

investigated t h e  act ivat ion react ion o f  nucleoside hyd rogenp hosphonates 

by TPS-CI, using FT  31P NMR spectroscopy. 

2 

It was found t h a t  nucleoside 3'-H-phosphonate 1 reacts  w i t h  

TPS-CI producing tr imetaphosphi te 2. which i s  oxidized by TPS-CI and t h e  

products  o f  i t s  reduct ion t o  metaphosphate 5 and phosphorothioate 3. 
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SCHEME 1 

These, in  turn, undergo several subsequent reactions, a f f o r d i n g  a f t e r  

hydrolysis nucleoside 3'-phosphate 9, a symmetrical d isubst i tu ted pyro-  

phosphate lJ. and nucleoside S-aryl 3'-phosphorothioate 4. A s impl i f ied 

react ion pathway for the  act ivat ion o f  nucleoside 3'-H-phosphonate 1 b y  

TPS-CI i s  suggested in Scheme 1. 

Formation o f  t r imetaphosphi te 2 seems t o  b e  c r i t i c a l  f o r  t h e  

oxidation reaction. I n  agreement w i t h  t h i s ,  we could no t  d e t e c t  any 

oxidation (wi th in  1 h) or format ion o f  t r imetaphosphi te 2 in acetoni t r i le  

wi thout  pyr id ine (or another base). Pyridine can p a r t i c i p a t e  on d i f f e r e n t  

stages o f  t h e  reaction, however, i t s  most impor tan t  ro le  in t h e  oxida- 

tion o f  H-phosphonate monoesters by  TPS-CI, is  probably,  t o  f a c i l i t a t e  

the  format ion o f  t r imetaphosphi te 2. 
Fast oxidation o f  nucleoside H-phosphonates by  TPS-CI explains our 

previous findings t h a t  preact ivat ion o f  H-phosphonate. fo l lowed by 

addi t ion o f  nucleoside, f a i l s  to produce t h e  corresponding H-phosphonate 

d iester . 
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