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Abstract:The crystalline and easily accessible ammonium salt of benzyl-1-H-phos- 
phonic acid has been used for the formation of intermediate benzyl- 
1-H-phosphonate diester bonds between primary, secondary and anomeri- 
cally HO-groups of benzyl-protected (pseudo)sugar derivatives. These 
intermediates proved to be very suitable for the preparation of modi- 
fied and non-modified phosphate functions. 

1 In 1952 Corby et al. showed that an alkyl-ben- 

zyl-1-H-phosphonate di-ester (i.e. 5) could be ob- 
tained by phosphonylation of an alcohol with O-ben- 

zylphosphorous 0,O-diphenylphosphoric anhydride. 

Michelson et al. used this phosphonylation method 

for the first synthesis in solution of a DNA dimer 

(i.e. TpT) via an intermediate benzyl phosphotri- 

ester, the P(V) benzyl protecting group of which 

could be removed by anionic debenzylation . Recent- 
ly it was found that activation of a properly pro- 

tected nucleoside 3'-H-phosphonate with pivaloyl 

chloride (PV-Cl), instead of diphenyl phosphoro- 

chloridate (Todd's reagent), resulted in a phospho- 

nylating species which proved to be very suitable 

for a solid-phase synthesis of DNA4 and RNA . 
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The above findings, together with o u r  increased 

knowledge of the activation process of 1-H-phospho- 

nate mono-esters with PV-C1 , urged u s  to examine 

the feasibility of applying benzyl-1-H-phosphonic 

acid 1 (NHt-salt) f o r  the phosphonylation of prima- 

ry, secondary and anomerically HO-groups of benzyl 

protected (pseudo)sugar derivatives. 

6 

In the first instance, we selected the primary 

hydroxyl in methyl 2,3,4-tri-O-benzyl-a-D-mannopy- 

ranoside & to study in detail the phosphonylating 
properties of reagent 1, which is a stable crystal- 
line compound easily accessible by anionic debenzy- 

lation3 of 2 (step i). Thus, PV-C1 (2 mmol) was ad- 

ded to a suspension of & (1 mmol) and 1 (2 mmol) 
in pyridine (5 ml). Hydrolysis, after 15 min, and 

further work-up afforded crude 5 (tip 9.67 p.p.m., 

JP-H 713 Hz and 8.55 p.p.m., JP-H 710 Hz) not con- 

taminated with 1 o r  &. Anionic debenzylation (step 
v) of k thus obtained gave, after work-up and pu- 
rification (Sephadex LH-20), homogeneous 2 ( 6  

8.01 p.p.m., JP-H 625 Hz) in a yield of 81% (based 

on &). Conversion of to 2 could easily be rea- 
lized by silylation6b (step vi) of 2 to give in- 
termediate phosphite-triester & (6 
which, after oxidation (step vii) followed by hy- 

drolysis of the intermediate bis(trimethylsily1)- 

phosphotriester (6 -6.98 p.p.m.), resulted in the 

formation of %. Work-up and purification (Sephadex 
LH-20) yielded homogeneous7 2 (85%,AP 2.87 p.p.m). 

proach is further exemplified by the preparation 

of the two phosphorothioate derivatives & and a, 
as well as the phosphodiester a. Thus in situ sul -  

furization of k (step iv) and & (step viii) af- 
forded, after work-up and purification (Sephadex 

7 7 LH-20), @ (6 58.69 and 58.39 p.p.m.) and 3 
(6 56.00 .p.p.m.), respectively, in excellent 

yields. On the other hand, oxidation8 of 

iii) with iodine gave, after purification, 2 
-1.51 p.p.m.). 
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The versatility of the benzyl-H-phosphonate ap- 
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The reactivity of the above described benzyl-l- 

H-phosphonate method was further illustrated by the 

preparation of the racemic myo-inositol 1,4,5-tris- 

H-phosphonate 2. Monitoring of the phosphonylation 
of DL-2,3,6 -tri-0-benzyl-myo-inositol b 9 ,  as des- 

cribed earlier for the preparation of &, by 31P- 
NMR-spectroscopy revealed rapid formation of inter- 
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Scheme:i NH&/butanone/reflux 1 h; ii Pi?-Cl/pyridine/l5 min; iii 0.2 M I2 i n  THF/pyridine/water (8:1:11/ 

10 min; i v  elemental sulfur i n  pyridine/l6 h; V NaI/acetone/reflux 16 h; v i  N,O-bis(trimethyl- 
silyl~-acetamide/triethylamine/CH~CN/lO min; v i i  t-BuOOH/CH3CN/lO min followed by hydrolysis; v i i i  
elemental sulfur i n  pyridine/2 h followed by hydroZysis. 

m e d i a t e  % ( 6  9.61-8.25 p.p.m.) which,  a f t e r  work- 

up,  was immedia t e ly  s u b j e c t e d  t o  a n i o n i c  debenzy la -  

t i o n  ( s t e p  v ) .  P u r i f i c a t i o n  (Sephadex LH-20) of t h e  

c r u d e  p r o d u c t  gave homogeneous 

s a l t )  75%; 6 7.22 p.p.m.,  'JP-H 649 Hz and 3 J p - ~  

9.77 ~ z ;  6 .71 p.p.m., 'JP-H 649 H Z  and 3-rp-H 9.77 

Hz; 5.29 p.p.m.,  'Jp+ 630 Hz and 3 J p - ~  12.20 Hz; 

see a l s o  F i g u r e ] .  
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F i n a l l y ,  t h e  i n t r o d u c t i o n  of a phospha te  func-  

t i o n  a t  t h e  anomer i c  c e n t r e  o f  a s u g a r  was demon- 

s t r a t e d  by t h e  p h o s p h o n y l a t i o n  of  2 ,3 ,4 ,6 - t e t r a -O-  

benzyl-a(8)-D-glucopyranose &. Thus phosphonyla-  

t i o n  of  & ( s t e p  i i )  f o l l o w e d  by o x i d a t i o n  ( s t e p  

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

of  which was i s o l a t e d ,  a f t e r  p u r i f i c a t i o n  (Se- 

phadex LH-20), as  a m i x t u r e  o f  a- and ,+isomers 

(dP -0.03 and -2.24 p.p.m.).  

7 

In c o n c l u s i o n ,  t h e  1-H-phosphonate method p r e -  

s e n t e d  i n  t h i s  p a p e r  may become a g e n e r a l  approach  

t o  t h e  i n t r o d u c t i o n  of  m o d i f i e d  and non-modified 

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

a n o m e r i c a l l y  h y d r o x y l  g roups  of  s u g a r s .  I t  i s  a l s o  

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

e x t r a  b e n z y l  p r o t e c t i v e  g roup  a t  P(V),  by o u r  phos- 

phona te  a p p r o a c h ,  is i n  l i n e  w i t h  t h e  commonly ac- 

c e p t e d  s t r a t e g y  of  u s i n g  permanent  p r o t e c t i v e  

g r o u p s  ( e .g .  b e n z y l )  which c a n  be  d e b l o c k e d ,  t o -  

g e t h e r  w i t h  P(V)-benzyl ,  by h y d r o g e n o l y s i s .  Apar t  

fo rm t h i s ,  i t  i s  a l s o  p o s s i b l e  t o  remove t h e  b e n z y l  

s e p a r a t e l y  f rom phosphor  by a n i o n i c  d e b e n z y l a t i o n .  

F i n a l l y ,  compound gave ,  a f t e r  h y d r o g e n o l y s i s ,  7b 

( R ' = H )  'which r e p r e s e n t s  t h e  f i r s t  c h e m i c a l l y  pre-  

p a r e d  a n a l o g u e  o f  DL-myo-inositol  1 . 4 . 5 - t r i s p h o s -  

p h a t e .  
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Figure:SIP NMR-spectrwn (80. 7 MHz) of compound 
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