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NUCLEOSIDES & NUCLEOTIDES, 4 ( 1 & 2 ) ,  177-181 (1985) 

THE PROTECTION OF THE 2'-HYDROXYL FUNCTION IN  OLIGORIBONUCLEOTIDE 

SYNTHESIS 

A .  Sandstrom, M. Kwiatkowski  and J .  Chattopadhyaya* 
Department o f  Bioorganic Chemistry:  Box 581 ; Biomedical Center;  Uppsala Un ive rs i t y ;  

S-75 123 Uppsala; Sweden 

Summary : 

A new, easily accessible and  achiral  2'-ketal p ro tec t ive  g roup  has  been designed f o r  
the  use in the  chemical synthesis of oligoribonucleotides; the  proposed 2' -ketal  g roup(1)  
has the  additional advantage tha t  it could be  easily funct ional ized t o  the  diamide (6 )w i th  
aq. ammonia a t  the penultimate step o f  deblocking o f  oligoribonucleotides which makes 
it more acid-labile than the  parent  2'-ketal g roup  during the  f ina l  acid-promoted 
deprotect ion step. 

It i s  the choice o f  2 ' -p ro tec t i ng  group which d i c ta tes  the choice o f  a l l  o ther  

groups i n  any successful1 s t ra tegy  f o r  the chemical synthesis o f  

o l igor ibonucleot ides:  It had been e a r l i e r  shown t h a t  the acetal  and ke ta l  
systems cou ld  be s t a b i l i z e d  t o  the  ac id i c  hydro lys is  by the i n t roduc t i on  o f  

e lec t ron  withdrawing groups. Subsequently, Reese and h i s  coworkers proposed 

4-methoxytetrahydropyranyl- (MTHP) group f o r  the p ro tec t i on  o f  the 2 ' -hydroxyl  
func t ion  basing t h e i r  arguments on the f a c t  t h a t  the i nduc t i ve  e f f e c t  o f  a 

p -oxygen atom, i n  a constrained r i n g  system, was s u f f i c i e n t  t o  des tab i l i ze  a 
subs t i tu ted  amnonium ion  as was apparent from a comparison o f  pK, o f  morpholine 

(8.7)  and p ipe r id ine  (11.12). Thus these workers showed t h a t  the  h a l f - l i v e s  o f  
removal o f  2'-O-(l-methoxycyclohexyl-) and 2'-0-(4-methoxytetrahydropyranyl-) 
groups were 10 min(pH 4) and 24 min(pH 2) respec t ive ly .  We here in  repo r t  a new 

ach i ra l  2 ' -ke ta l  p ro tec t i ve  group, 3-methoxy-l,5-dicarbomethoxypentanyl- (MDMP), 

as i n  (I.-), which i s  r e a d i l y  accessible i n  a l a rge  scale i nvo l v ing  non-corrosive, 

non-lachrymatory, non-hygroscopic and inexpensive reagents o r  intermediates.  

T h u s ,  a comparison40f the pK,s o f  ethylamine (10.791, 2-chloroethylamine (5.441, 
2-f luoroethylamine (8.791, 3-aminopropionic ac id  methyl es te r  (9.1) and 3-amino 

prop ion ic  ac id  (10.39) i nd i ca te  t h a t  a f -subs t i tuent  indeed des tab i l i zes  an 

ainnonium i o n  depending on the nature o f  the subs t i tuent  and, s i m i l a r l y ,  would 
have a corresponding in f luence on the s t a b i l i t y  o f  a carbenium ion. It was then 

envisaged t h a t  a c rea t i on  o f  a k e t a l  f u n c t i o n a l i t y  on the C-3 carbon t h a t  i s  
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Z'-HYDROXYL PROTECTION 1 7 9  

Phosphodiester 
Pixvl  I P x )  

(La1 R 1  : R 2  - H , 0 = U 

l 2b l  R 1  = R 2  = H , B = UO' 

( 3 1  R ,  : R I  = H , B = C B z  

1 4 1  R ,  = R 2  : H : 0 = A B z  

(51 R 1  = R 2  : H , B = CTBB 

( 1 3 )  R 1  = Px R 2  2 H ; B = UB1 

1 4 1  R 1  = Px R 2  I H ; B = C O '  

1 6 1  R 1  = Px R 2  = H : B = C T B B  

1 7 1  R 1  = Px ' R 2  = Phorphodlester , E = U B z  

181 R 1  = Px R 2  = Phosphodiester , 0 = C B z  

191 R~ = ~x . R~ = Phorphodiester : B = A" 

201 R ,  = ~x , R~ = Phorphodiester : B = cTBB 

1 5 1  R 1  : P x  R~ = n ; B = A ~ I  

R 1  = Px R 2  = Phosphotriester 

R 1  : Px R 2  = Phosphotriester 

R = Px R 2  = Phosphotrierter 

R = Pr R = Phosphotriester 

Rl  = H R 2  = Phosphotriester 

R 1  = H R = Phosphotriester 

R ,  = H R = Phorphatriestw 

R l  = H R 2  = Phorphotriestw 

phosphotriester 

f l a n k e d  by two two-carbon u n i t s  w i t h  an a p p r o p r i a t e  P-e lec t ron-w i thdrawing  
s u b s t i t u e n t  would produce a cumula t ive  e f f e c t  on the  s t a b i l i z a t i o n  o f  t h e  

r e s u l t a n t  E ' - k e t a l  p r o t e c t i v e  group which would be symnet r ica l  i n  nature. It was 
c l e a r  t o  us d u r i n g  these cons idera t ions  t h a t  the  a c t u a l  cho ice  o f  an e l e c t r o n -  
w i thdrawing  s u b s t i t u e n t  on t h e  P-carbon would e n t i r e l y  r e s t ,  f i r s t l y ,  on i t s  

r e l a t i v e  s t a b i l i t y  under c o n d i t i o n s  o f  s y n t h e t i c  man ipu la t ions  and secondly, on 

t h e  f e a s i b i l t y  o f  i t s  s e l e c t i v e  chemical convers ion,  a t  t h e  l a s t  s tep o f  

the  synthes is ,  t o  a group which would n e u t r a l i z e  o r  reverse  the  e f f e c t  and, 

consequently, f a c i l i t a t e  i t s  removal under a m i l d  a c i d i c  c o n d i t i o n .  We have thus  

prepared the 2'-MDMP d e r i v a t i v e s  o f  a p p r o p r i a t e l y  p r o t e c t e d  nuc leos ides,  (1) to 

( 5 ) ,  - i n  79, 82, 76, 63 and 69% y i e l d s  r e s p e c t i v e l y .  The h a l f - l i v e s  o f  t h e  
removal o f  the  MDMP group f rom d i f f e r e n t  nuc leos ide  b locks,  (2) to (5 ) ,  a r e  6, 

6, 4, 18 and 15 min. r e s p e c t i v e l y  i n  80% a c e t i c  a c i d  ( v / v )  a t  22" C, w h i l e  the 

h a l f - l i v e s  o f  removal o f  the MTHP group f rom the corresponding MTHP d e r i v a t i v e s  

are 9, 13, 6, 26, and 22 min under an i d e n t i c a l  c o n d i t i o n .  The MDMP group upon 
i t s  convers ion to the diamide (a) by the  t rea tment  o f  aq. amnonia ( d  0.9) i s  

c leaved o f f  a t  a f a s t e r  r a t e  (ca.  17 f o l d )  under the above a c i d i c  c o n d i t i o n .  
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The reagent,  3-methoxy-l,5-dicarbomethoxy-2,3-pentene (1) may be conveniently 
prepared 
non-volati le s t a r t i n g  mater ia l s  l i k e  fur fura l  (S) and malonic acid (9)  as 
o u t 1  ined in scheme 1: the pentane-3-one-1,5-dimethylcarboxyl a t e  (11) was 
prepared in 65% overall  y i e ld  s t a r t i n g  from (8) and (9)  using a l i t e r a t u r e  
procedure596 t h a t  has been described for the corresponding diethyl e s t e r -  
( t h e  intermediate crude fur fury lacry l  ic acid (g) was d i r e c t l y  used i n  the  next 
s t ep ) .  The dimethyl e s t e r  (2) was then converted to the ketal  (12) i n  96% 
y ie ld  (b.p 148"C/ 0.8 mbar) w h i c h  gave the desired enol-ether (1) in 85% y ie ld  
(130°C/0.1 mbar, z. 95% pure, N M R ) 7 .  We have subsequently used t h i s  2'-MDMP 
group in  conjunction with the 5'-0-(9-phenylxanthen-9-y1-) ( p i x y l )  group in the 
chemical synthesis of 01 igoribonucleotides using building blocks l i k e  (13) t o  
(4). The 5'-hydroxy-3'-phosphotriester-2'-MDMP der iva t ives ,  (25) to (28) ,were 
obtained in 7 4 ,  74, 71 and 91% y i e l d s  respec t ive ly  by s e l e c t i v e  removal of the 
pixyl group from the corresponding parent  compounds, (11) t o  (241, with the 
help of a 2% e thanol ic  chloroform so lu t ion  (0.055M) of t r i ch lo roace t i c  acid (10 
equiv.) a t  2'C (+ lo) .  
have f i n a l l y  led  to the synthesis of a fu l ly  protected dimer ( C p C )  and a trimer 
(UpCpC) which have been characterized , a f t e r  a usual deblocking procedure , 
by enzymatic and alkal ine d iges t ions .  Deta i l s  of the  experimental procedures of 
these syntheses wi l l  be published i n  a fu l l  paper. Acknowledgements: Financial  
supports from Swedish Board for Technical Development and Natural Science 
Research Council a re  g ra t e fu l ly  acknowledged. 

in 2009 s c a l e  in four s teps  involving inexpensive, non-corrosive and 

Condensation reactions w i t h  appropriate building blocks 
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