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A. ABSTRACT

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

w h i c h  t h e  3 ' - o x y g e n  i s  r e p l a c e d  b y  a  m e t h y l e n e  g r o u p  h a s  

b e e n  t h e  o b j e c t  o f  t h i s  r e s e a r c h  p r o g r a m .

V a r i o u s  a p p r o a c h e s  t o  t h e s e  s u b s t a n c e s  h a v e  b e e n  

e v a l u a t e d  and  a  g e n e r a l  s t r a t e g y  h a s  b e e n  d e v e l o p e d  w h ic h  

c a n  b e  a p p l i e d  t o  t h e  s y n t h e s i s  o f  3 ' - m o d i f i e d  n u c l e o s i d e s  

a s  w e l l  a s  i s o s t e r i c  n u c l e i c  a c i d  a n a l o g u e s .

Two r o u t e s  t o  t h e s e  s u b s t a n c e s  w e r e  u s e d .  The  f i r s t  

b e g a n  w i t h  s p e c i f i c  p r o t e c t i o n  o f  n u c l e o s i d e s  a t  t h e  2 ' -  

a n d  5 ' - h y d r o x y l s  u s i n g  s i l v l  b a s e d  r e a g e n t s ,  t h u s  e x p o s i n g  

t h e  3 ' - c a r b o n  t o  s e l e c t i v e  t r a n s f o r m a t i o n s .  D e s p i t e  

s u c c e s s f u l  o x i d a t i o n s  o f  t h e  3 ' - c a r b o n  i n  u r i d i n e  and 

g u a n o s i n e ,  a l l  a t t e m p t s  t o  g e n e r a t e  a  new c a r b o n - c a r b o n  

b o n d  i n  t h e s e  p o s i t i o n s  f a i l e d .

T h e  s e c o n d  s t r a t e g y ,  w h i c h  l e d  t o  a d e v e l o p m e n t  o f  

s y n t h e t i c  r o u t e s  t o  a n  i s o s t e r i c  t r i n u c l e o t i d e  (16 s t e p s )  

and  i s o m e r s  o f  3 ' - h y d r o x y m e t h y l u r i d i n e  (9 s t e p s ) ,  u t i l i z e d  

3 - d e o x y - l ,  2 : 5 , 6 -  d i i s o p r o p y l i d e n e - 3 - C - m e t h y  lene-<9<. 

- D - g l u c o f u r a n o s e  (1) a s  a common s u b s t r a t e .

I n  t h e  p r e p a r a t i o n  o f  t r i n u c l e o t i d e ,  t h e  m e t h y l e n e  

g r o u p  i n  ( 1 ) was  c o n v e r t e d  s t e r e o s p e c i f i c a l l y  t o  a 

3 - h y d r o x y m e t h y l  f u n c t i o n  a n d  t h e n  t o  a 3 - b r o m o m e t h y l  

d e r i v a t i v e .  T he  b r o m i n a t i o n  m e th o d  i n v o l v i n g  b r o m i n e ,

I I I
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t r  i p h e n y l p h o s p h i n e  and NBS w as  i m p r o v e d  a n d  now c a n  b e  

a p p l i e d  f o r  s u b s t i t u t i o n  o f  h y d r o x y l s  w i t h  b r o m i n e  i n  

s u b s t a n c e s  v e r y  s e n s i t i v e  t o  a c i d s .  D i s p l a c e m e n t  o f  b r o m i n e  

by p h o s p h o r u s  w a s  a c h i e v e d  b y  m e a n s  o f  A r b u z o v  r e a c t i o n  

w i t h  t r i i s o p r o p y l  p h o s p h i t e ,  f o l l o w i n g  a c o n v e r s i o n  o f  t h e  

D - g l u c o f u r a n o s e  s t r u c t u r e  i n t o  a n  D - r i b o f u r a n o s e  o n e .  

F u r t h e r  c l e a v a g e  o f  t h e  i s o p r o p y l  f u n c t i o n s ,  a f t e r  

i n t r o d u c t i o n  o f  t h e  u r a c i l  r i n g  a t  C - l ,  p r o d u c e d  

3 ' - d i h y d r o x y p h o s p h o n o m e t h v l  d e r i v a t i v e  o f  3 ' - d e o x y u r i d i n e .

A r e q u i r e d  d i f f e r e n t i a t i o n  o f  t h e  p r o p e r t i e s  o f  t h e  2 ' -  a n d  

5 ' -  h y d r o x y l s  i n  t h i s  n u c l e o t i d e  w a s  a c h i e v e d  by  p r o t e c t i o n  

o f  t h e  5 ' - h y d r o x y l ,  p r i o r  t o  t h e  A r b u z o v  r e a c t i o n ,  w i t h  t h e  

3 - b e n z o y l p r o p i o n y 1 g r o u p  w h i l e  t h e  2 ' - h y d r o x y l  was 

a c e t y l a t e d .  T h i s  s y s t e m  p r o v e d  t o  b e  s t a b l e  i n  a w id e  r a n g e  

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

r i b o s e  r i n g .  T h e  3 - b e n z o y l p r o p i o n y 1 g r o u p  was  s e l e c t i v e l y  

c l e a v e d  i n  t h e  f i n a l  s t e p s  g i v i n g  a c c e s s  t o  i s o s t e r i c  

t r i n u c l e o t i d e  a n a l o g u e .

The  sam e p a t t e r n  o f  t h e  h y d r o x y l  p r o t e c t i o n  was a p p l i e d  

t o  t h e  s y n t h e s i s  o f  3 - d e o x y - 3 - m e t h y l e n e u r i d i n e . D e s p i t e  

e x t e n s i v e  e f f o r t s  t o  e p o x i d i z e  t h e  3 ' - o l e f i n i c  bond i n  t h e  

l a t t e r ,  n o n e  w e r e  s u c c e s s f u l .  H o w e v e r ,  t h i s  o l e f i n  r e a c t e d  

r e a d i l y  w i t h  o s m iu m  t e t r o x i d e  g i v i n g  a m i x t u r e  o f  i s o m e r i c  

a t  C - 3 '  3 1 - h y d r o x y m e t h y l u r i d i n e s .

IV
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B. INTRODUCTION

B . l .  G e n e r a l

The p r e s e n t  work i s  c o n c e r n e d  w i t h  t h e  s y n t h e s i s  o f  

n u c l e o t i d e s  in  w hich  an e s t e r i c  o x y g e n  i s  r e p l a c e d  by  a  

c a r b o n  a t o m .

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

p h o s p h o d i e s t e r  l i n k a g e  j o i n i n g  n u c l e o s i d e s ,  a s  shown i n  

(1) . I s o s t e r i c  p h o s p h o n i c  a c i d  a n a l o g u e s  o f  n u c l e o t i d e s  a n d  

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

S uch  s p e c i e s  h a v e  a c a r b o n  f u n c t i o n  l i n k i n g  t h e  p h o s p h o r u s  

a n d  t h e  n u c l e o s i d e ,  a s  i n  ( 2 ) , r a t h e r  t h a n  o x y g e n .

The c e n t r a l  t a s k  in  th e  s y n t h e s i s  o f  s u c h  i s o s t e r i c  

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

p h o s p h o n i c  a c i d  l i n k a g e .

Among t h e  m e t h o d s  f o r  t h e  s y n t h e s i s  o f  

p h o s p h o r u s - c a r b o n  b o n d s ,  two a r e  t h e  m o s t  i m p o r t a n t  f o r  t h e  

p r e s e n t  w o r k .  T h e  f i r s t  o n e  i s  t h e  A r b u z o v  r e a c t i o n  w h i c h  

i n v o l v e s  r e a c t i o n  o f  a t r i v a l e n t  p h o s p h o r u s  e s t e r  a n d  a l k y l  

h a l i d e ,  a s  show n  i n  f i g u r e  1.  T h e  s e c o n d  a p p r o a c h  i n v o l v e s  

t h e  W i t t i g - t y p e  r e a c t i o n  b e t w e e n  a  c a r b o n y l  g r o u p  a n d  

p h o s p h o r u s  y l i d e ,  g e n e r a l l y  f o l l o w e d  b y  r e d u c t i o n  o f  t h e  

c a r b o n - c a r b o n  d o u b l e  b o n d ,  a s  s h o w n  i n  F i g u r e  2 .  C l e a v a g e  

o f  t h e  p h o s p h o n i c  e s t e r s  (9)  g i v e  p h o s p h o n i c  a c i d s  ( 1 0 ) .  

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

1
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i n v o l v e  a s  p r e c u r s o r s  o r  i n t e r m e d i a t e s ,  c a r b o h y d r a t e s  o r  

n u c l e o s i d e s  o f  t h e  t y p e s  ( 1 1 ) ,  ( 1 2 ) ,  ( 1 3 ) ,  o r  ( 1 4 ) ,  t h a t

c a n  s u b s e q u e n t l y  u n d e r g o  A r b u z o v  r e a c t i o n s .  Two g e n e r a l  

s t r a t e g i e s  h a v e  b e e n  d e v e l o p e d  f o r  t h e  a p p r o a c h  t o  t h e s e  

m a t e r i a l s  a n d  t h e i r  a n a l o g u e s .

T h e  f i r s t  o f  t h e s e  u t i l i z e s  n u c l e o s i d e s  t h e m s e l v e s  

a s  t h e  s t a r t i n g  m a t e r i a l s ,  w h i l e  t h e  s e c o n d  b e g i n s  w i t h  

c a r b o h y d r a t e s .  The s y n t h e t i c  s e q u e n c e  t h a t  s t a r t s  f r o m

n u c l e o s i d e s  i n v o l v e s  a s p e c i f i c  p r o t e c t i o n  o f  t h e  h y d r o x y l  

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

The  p r o t e c t e d  n u c l e o s i d e  i s  t h e n  s u b j e c t e d  t o  t h e  r e q u i r e d  

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

t h e i r  p o s i t i o n s  ( a t  C - l ' )  t h r o u g h  a l l  t h e  s t e p s .  O b v i o u s l y ,  

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

c o u r s e  o f  t h e  s y n t h e s i s  m u s t  b e  p r o t e c t e d  a s  w e l l .  T h e  

p r e s e n c e  o f  t h e  b a s e  a l s o  i m p o s e s  l i m i t a t i o n s  o n  t h e  e x t e n t  

o f  m o d i f i c a t i o n s  w hich  may b e  m ade  on  t h e  r i b o s e  r i n g .

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

s t r a t e g y .

T h e  s y n t h e s i s  from c a r b o h y d r a t e s  may b e g i n  w i t h  

1 ,  2 : 5 , 6 - d  i  i s o p r o p y l i d e n e  -o ( -D -g  l u c o f u r a n o s e  ( 1 5 ) ,  w h i c h  i s  

c o m m e r c i a l l y  a v a i l a b l e .  P r o p e r  f u n c t i o n a l i z a t i o n  o f  t h e  

h y d r o x y l  g r o u p  a t  C-3 a n d  t h e  c l e a v a g e  o f  t h e  C - 5 ,  C- 6  d i o l  

s y s t e m  g i v e  a c c e s s  t o  3 '  a n d  5 '  s u b s t i t u t e d  a n a l o g s  o f  

n u c l e o s i d e s .  The  b a s e  i s  i n t r o d u c e d  a t  C - l  i n  t h e  f i n a l

3
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s t e p s  o f  t h e  s y n t h e s i s .  T h e r e f o r e ,  p y r i m i d i n e  and  p u r i n e  

c o m p o n e n t s  d o  n o t  i n t e r f e r e  w i t h  t r a n s f o r m a t i o n s  o f  t h e  

s u g a r  p o r t i o n .  T he  s e c o n d  c a n d i d a t e  f o r  a c a r b o h y d r a t e  

s t a r t i n g  m a t e r i a l  i s  r i b o s e  i t s e l f  ( 1 6 ) ,  b u t  i t s  u t i l i t y  i s  

g e n e r a l l y  l i m i t e d  t o  5 '  m o d i f i e d  n u c l e o s i d e s  s i n c e  t h e  

s e l e c t i v e  p r o t e c t i o n s  t h a t  c o u l d  g i v e  a c c e s s  t o  t h e  C-3 

p o s i t i o n  e x c l u s i v e l y ,  a r e  n o t  e f f i c i e n t .

B . 2 .  S p e c i f i c  P r o t e c t i o n  o f  H y d r o x y l  G r o u p s  i n  

N u c l e o s i d e s .

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

t o  t h e  c o n v e r s i o n  o f  2 ' ,  3 '  (18)  a n d  2 ' ,  5 '  h y d r o x y l  g r o u p s

(17)  . S u ch  p r o t e c t i o n  a f f o r d s  p o s s i b i l i t i e s  f o r  f u r t h e r  

t r a n s f o r m a t i o n s  o f  t h e  5 '  a n d  3 '  h y d r o x y l  g r o u p s ,  

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

o c c u r r i n g  n u c l e o t i d e s  and r i b o n u c l e i c  a c i d  s p e c i e s .

B . 2 . 1 .  2 ' ,  3 '  P r o t e c t i o n .

T h i s  p r o t e c t i o n  i s  b a s e d  o n  t h e  p r o p e r t i e s  o f  c i s - d i o l

s y s t e m s  and  h a s  b e e n  D r o v i d e d  by  r e a c t i o n s  o f  n u c l e o s i d e s
3 ' 4 a sw i t h  c a r b o n y l  c o m p o u n d s  a n d  o r t h o e s t e r s  '

shown i n  F i g u r e  3 .  The  m o s t  common r e a g e n c s  f o r  t h i s

r e a c t i o n  a r e  a c e t o n e  o r  i t s  k e t a l ,

5
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c /r
2 , 2 - d i m e t h o x y p r o p a n e  , and c y c l o h e x a n o n e  . The  

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

f o r m i c ^ ,  a c e t i c  and  b e n z o i c  a c i d s ^ .  D e v e l o p m e n t  o f  

o r t h o e s t e r s  a s  t h e  p r o t e c t i n g  r e a g e n t s  h a s  b e e n  p r o m p t e d  by  

t h e  n e e d  f o r  m ore  a c i d - l a b i l e  p r o t e c t i o n  t h a n  t h a t  d e r i v e d  

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

o r t h o e s t e r  d e r i v a t i v e s  a r e  s t a b l e  t o w a r d  b a s e s .

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

The  a c y l  g r o u p s  f r o m  o r t h o e s t e r  d e r i v a t i v e s  may b e  r em ove d  

i n  two s t e p s ,  i n i t i a l l y  g i v i n g  3 ' - 0 - a c y l  n u c l e o s i d e s  ( 2 2 ) .  

S u ch  p a r t i a l  h y d r o l y s i s  s h o u l d  n o t  b e  c o n s t r u e d  a s  m e a n in g  

t h e  n u c l e o s i d e  c o u l d  b e  p r o t e c t e d  s e l e c t i v e l y  a t  

3 ' - h y d r o x y l  g r o u p ,  s i n c e  m i g r a t i o n  o f  R CO b e t w e e n  3 '  

and  2 '  p o s i t i o n s  (23)  i s  w e l l  k n o w n ^ .

F i n a l l y ,  t h e  d i b u t y l s t a n n y l e n e  g r o u p  h a s  a l s o  b e e n
q

e x a m i n e d  f o r  2 ' , 3 '  p r o t e c t i o n  , a s  show n  i n  F i g u r e  5 .

B . 2 . 2 .  2 ' , 5 '  P r o t e c t i o n

S e l e c t i v e  s u b s t i t u t i o n  o f  t h e  2 ' , 5 '  h y d r o x y l  g r o u p s  h a s  

b e e n  p r o v i d e d  b y  b u l k y  s u b s t i t u e n t s .

T r i p h e n y l m e t h y  1 ^ ’ ^ ^  and t r i s u b s t i t u t e d  s i l y l  g r o u p s  

h a v e  b e e n  i n t r o d u c e d  f o r  t h i s  p u r p o s e .  T h e i r  s t e r i c  

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

a t  an y  two n e i g h b o u r i n g  h y d r o x y l s ,  t h u s  e x p o s i n g  t h e  3 1 OH

7

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



H H

(22) (23)

H

(24)

(Bu2SnO)ri

MeOH

H

(25)

Figure 5

Ph3 CO

P h3 C0 OCPh3 
(26)

Ph ,C

Ph3C0 OH

CPh.

m a jo r

8

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



g r o u p .  P r o t e c t i o n  i n v o l v i n g  t r i p h e n y l m e t h y 1 g r o u p s  a n d  

t h e i r  m e t h o x y  d e r i v a t i v e s  i s  o b t a i n e d  b y  t r e a t m e n t  o f  t h e  

n u c l e o s i d e  w i t h  a n  a p p r o p r i a t e  t r i a r y l m e t h y 1 c h l o r i d e  in  

p y r i d i n e .  T h e  r e s u l t i n g  r e a c t i o n  m i x t u r e  c o n t a i n s  2 ' , 3 ' , 5 '  

t r i s u b s t i t u t e d  ( 2 6 ) ,  3 ' , 5 '  d i s u b s t i t u t e d  ( 2 7 )  an d  2 ' , 5 '  

d i s u b s t i t u t e d  (28)  n u c l e o s i d e s .  The  l a s t  c o m pound  i s  t h e  

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

f r a c t i o n a l  c r y s t a l l i z a t i o n .

S i n c e  r e m o v a l  o f  t r i p h e n y l m e t h y l  ( t r i t y l )  g r o u p  

r e q u i r e s  e i t h e r  h y d r o g e n o l y s i s  o r  s t r o n g  a c i d s ,  w h ic h  c a n  

b e  d a m a g i n g  f o r  some n u c l e o s i d e s ,  mono ,  d i ,  a n d  

t r i m e t h o x y t r i t y l  g r o u p s  h a v e  b e e n  i n t r o d u c e d .  E a c h  m e thoxy  

s u b s t i t u e n t  i n c r e a s e s  by  an o r d e r  o f  m a g n i t u d e  t h e  r a t e  o f  

h y d r o l y s i s 1^ .  E x a m p l e s  o f  v a r i o u s  s y n t h e s e s  e m p l o y i n g  

( 4 - m e t h o x y p h e n y  1) d i p h e n y  lme t h y l ,  

b i s ( 4 - m e t h o x y p h e n y 1 ) p h e n y l m e t h y l  an d  

t r i s ( 4 - m e t h o x y p h e n y 1 ) m e t h y l  g r o u p s  a r e  

a v a i l a b l e 12 ' 13 ' 14 .

Among s i l y l - b a s e d  p r o t e c t i n g  g r o u p s ,  t h e  m o s t  p o p u l a r  

a r e  t e r t - b u t y I d i m e t h y l s i l y l  (TBDMSi), t r i i s o p r o p y l s i l y l  

( T I S i ) 1 ^ / a n d  t e r t - b u t y l d i p h e n y l s i l y l 1^ . P r o t e c t i o n  

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

s u b s t i t u t e d  s i l y l  c h l o r i d e  i n  DMF i n  t h e  p r e s e n c e  o f  

i m i d a z o l e .  T h e  r e a c t i o n  a l s o  g i v e s  t r i s u b s t i t u t e d  and  3 ' , 5 '  

d i s u b s t i t u t e d  n u c l e o s i d e s ,  and t h e i r  a m o u n t s  v a r y  w i t h  t h e

9
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17 1Rr e a c t i o n  c o n d i t i o n s  S o m e t i m e s ,  t h e r e  a r e

a d d i t i o n a l  c o m p l i c a t i o n s  w i t h  s e l e c t i v i t y  o f  t h e  p r o c e s s

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

m i g r a t e  b e t w e e n  2 '  and 3 '  p o s i t i o n s .  T h i s  h a s  b e e n

i n v e s t i g a t e d  w i t h  t h e  t e r t - b u t y l d i m e t h y l s i l y l  
1 ft IQg r o u p  ' ,  a s  show n i n  F i g u r e  6 . T h i s  i s o m e r i z a t i o n  

i s  fo u n d  t o  o c c u r  o n  s i l i c a  g e l  s u r f a c e s  a s  w e l l  a s  in  

a q u e o u s  o r  p r o t i c  s o l v e n t s .  M i g r a t i o n  w as  f o u n d  t o  be  much 

more  r a p i d  i n  m e t h a n o l  t h a n  i n  e t h a n o l .  T h e  r a t i o  o f  2 '  t o  

3 ' i s o m e r s  a t  e q u i l i b r i u m  i s  v i r t u a l l y  t h e  same 

( a p p r o x i m a t e l y  6 : 4 )  r e g a r d l e s s  o f  t h e  n u c l e o s i d e  and 

w h e t h e r  t h e  5 ' p o s i t i o n  i s  s u b s t i t u t e d  o r  f r e e ,  a l t h o u g h  

u r a c i l  a n d  a d e n i n e  n u c l e o s i d e s  a r e  f o u n d  t o  i s o m e r i z e  much 

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

com p o u n d s  . T h e  s i l y l  p r o t e c t i o n  h a s  a n  a d v a n t a g e  o v e r  

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

( e g .  g u a n o s i n e )  s i n c e  t r i t y l a t i o n  a l s o  g i v e s  s u b s t i t u t i o n  

a t

-NH? . Under t h e  c o n d i t i o n s  o f  s i l y l a t i o n  ( i m i d a z o l e ,

DMF and work up w i t h  w a ter )  amino g r o u p s  a r e  n o t  a f f e c t e d .

P r o t e c t i o n s  w i t h  two d i f f e r e n t  k i n d s  o f  g r o u p s  in  5 '  

and  2 ' p o s i t i o n s ,  p - m e t h o x y t r i t y  1 a n d

t e r t - b u t y l d i m e t h y l s i l y l  r e s p e c t i v e l y  , h a v e  a l s o  b e e n  

17 1 Rr e p o r t e d  ' .  S u c h  a p a t t e r n  a l l o w s  r e m o v a l  o f  o n e  

g r o u p  a t  a  t i m e .
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B o t h  k i n d s  o f  p r o t e c t i n g  g r o u p s ,  t r i t y l  a s  w e l l  a s  

s i l y l ,  c a n  b e  re m o v e d  w i t h  m e t h a n o l i c  HC11 ® ' 1 9 . A n o t h e r  

e f f e c t i v e  r e a g e n t  i s  80% a c e t i c  a c i d ,  o f  u s e  e x c e p t  w i t h
1C

t h e  t e r t - b u t y l d i p h e n y l s i l y l  g r o u p  . Some s i l y l
18s u b s t i t u e n t s  c a n  a l s o  b e  rem oved  b y  e t h a n o l i c  ammonia

1 fo r  s o d i u m  h y d r o x i d e  . The  m o s t  u n i v e r s a l  r e a g e n t  f o r  

c l e a v a g e  o f  t h e  s i l i c o n - o x y g e n  b o n d  i s

t e t r a - n - b u t y l a m m o n i u m  f l u o r i d e .  H o w e v e r ,  i t  a l s o  c a u s e s
17 21p a r t i a l  c l e a v a g e  o f  t h e  i n t e r n u c l e o t i d e  l i n k a g e  '

G e n e r a l l y ,  5 '  s u b s t i t u e n t s  a r e  m o re  l a b i l e  u n d e r  t h e
18c l e a v a g e  c o n d i t i o n s  t h a n  2 ' g r o u p s  , a f a c t  t h a t  may

be u t i l i z e d  f o r  p a r t i a l  d e p r o t e c t i o n .

S i n c e  s e l e c t i v e  r e m o v a l  o f  s u b s t i t u e n t s  may be

e n v i s a g e d  a s  a  c o m p l e m e n t a r y  m e th o d  t o  a c h i e v e  s e l e c t i v e

s u b s t i t u t i o n ,  i t  i s  i m p o r t a n t  t o  m e n t i o n  tw o  more

p r o t e c t i n g  f u n c t i o n s ,  t h e  3 - b e n z o y l p r o p i o n y 1 -  and t h e
99 9 9 9 41 , 3 - d i o x o p e n t y  1 -  '  '  . T h e s e  c a n  b e  c l e a v e d  w i t h

h y d r a z i n e  h y d r a t e ,  a s  shown i n  F i g u r e  7 .  The r a t e  o f  

r e m o v a l  f o r  t h e  1 , 3 - d i o x o p e n t y 1 g r o u p  i s  100  t i m e s  g r e a t e r
"7 9t h a n  t h a t  f o r  t h e  3 - b e n z o y I p r o p i o n y l -  .

B . 3 .  P r e p a r a t i o n  o f  C a r b o n y l  D e r i v a t i v e s .

Among v a r i o u s  m eth od s  used  f o r  o x i d a t i o n  o f
9 S —30c a r b o h y d r a t e s  a n d  n u c l e o s i d e s * '  , t h o s e  w i t h  t h e

12
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w i d e s t  a p p l i c a t i o n  a r e  b a s e d  on d i m e t h y l s u l f o x i d e

(DMSO) ^  ^ . A g e n e r a l  m e c h a n i s m  o f  DMSO-DCC

o x i d a t i o n  i n v o l v e s  f o r m a t i o n  o f  t h e  i n t e r m e d i a t e  (A) by

n u c l e o p h i l i c  a t t a c k  o f  DMSO on t h e  e l e c t r o d e f i c i e n t  c e n t e r

o f  d i c y c l o h e x y l c a r b o d i i m i d e  . The  i n t e r m e d i a t e  (A) r e a c t s

f a r t h e r  w i t h  a  h y d r o x y l  g r o u p  t o  g i v e  (B) w h i c h  d e c o m p o s e s

p r o d u c i n g  t h e  c a r b o n y l  compound.

Y i e l d s  a r e  o f t e n  h i g h e s t  w i t h  DCC, a l t h o u g h  o t h e r

r e a g e n t s  may b e  u s e d .  H owever ,  t h i s  p r o c e d u r e  s o m e t im e s

f a i l s  w i t h  c a r b o h y d r a t e s  h a v i n g  a s t e r i c a l l y  h i n d e r e d

h y d r o x y l  g r o u p .  S u c h  s u b s t a n c e s  may b e  o x i d i z e d  w i t h  a c e t i c

a n h y d r i d e  o r  P 2O5 *->ut t h e s e  two r e a g e n t s  a l s o  l e a d

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

With a c e t i c  a n h y d r i d e  some a c e t y l a t i o n  may a l s o  o c c u r .  An

a d v a n t a g e  o f  u s i n g  DMSO w i t h  a c e t i c  a n h y d r i d e  i s  t h a t  t h e

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

31r e a c t i o n  m i x t u r e  .

A r e c e n t  m o d i f i c a t i o n  o f  t h e  D M SO -based  method was
9 O

i n t r o d u c e d  b y  S w e r n “ who u s e d  o x a l y l  c h l o r i d e  a s  t h e  

a c t i v a t i n g  a g e n t ,  a s  shown in  F i g u r e  9 .

B i n k l e y  d e s c r i b e d  a me thod  i n  w h i c h  t h e  h y d r o x y l  was  

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

p h o t o c h e m i c a l  d e c o m p o s i t i o n  t o  t h e  c a r b o n y l  compound .

The c h r o m i u m  t r i o x i d e - p y r i d i n e  m e t h o d  i s  a l s o
9 r

f r e q u e n t l y  u s e d  i n  t h e  o x i d a t i o n  o f  c a r b o h y d r a t e s  J .

13
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R u t h e n i u m  t e t r o x i d e  o x i d i z e s  1 , 2 : 5 , 6 - d i i s o p r o p y l i d e n e - ^  

- D - g l u c o f u r a n o s e  t o  t h e  3 - k e t o  f o r m ,  b u t  f a i l s  w i t h

2 , 3 - 0 - i s o p r o p y l i d e n e - o ( - D - g l u c o f u r a n o s i d e .  I t  s h o u l d  a l s o  

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

l i n k a g e s ^ .

The  p r e p a r a t i o n  a n d  h a n d l i n g  o f  5 - a l d e h y d e s  o f  r i b o s e  

( o r  5 ' - a l d e h y d e s  o f  n u c l e o s i d e s )  i s  c o m p l i c a t e d  b y  

e p i m e r i z a t i o n  a t  C - 4  ( o r  4 ' )  w h i c h  o c c u r s  w i t h  b a s e s  o r  on
? Qs i l i c a  g e l  . F u r t h e r m o r e ,  t h e  a l d e h y d e  may e v e n  

e l i m i n a t e  a c e t a l  o r  e s t e r  f r o m  C-3  g i v i n g  t h e  u n s a t u r a t e d  

a l d e h y d e  (39)  . T h e s e  p r o b l e m s  h a v e  b e e n  c i r c u m v e n t e d

by a p p l i c a t i o n  o f  N , N ' - d i p h e n y l e t h y l e n e d i a m i n e  ( W a n z l i c k ' s  

r e a g e n t ) ^ 4 a s  a p r o t e c t i n g  g r o u p  f o r  *-he a l d e h y d e  ( 3 7 ) ,  

a s  shown i n  F i g u r e  1 0 .  R e g e n e r a t i o n  o f  t h e  a l d e h y d e  

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

(37)  . T h u s ,  p - t o l u e n e s u l f o n i c  a c i d  p r o d u c e s  a l d e h y d e s  (35) 

w i t h  a m o r p h o u s  c h a r a c t e r i s t i c s  w h e r e a s  h y d r o l y s i s  w i t h  

Dowex 50 r e s i n  r e s u l t s  i n  c r y s t a l l i n e  h y d r a t e s  ( 3 8 ) .

T h e r e  i s  s u b s t a n t i a l l y  l e s s  i n f o r m a t i o n  c o n c e r n i n g  

o x i d a t i o n  o f  3 1 OH i n  n u c l e o s i d e s .  To d a t e ,  t h e r e  h a v e  b e e n  

r e p o r t e d  e x a m p l e s  o f  s u c c e s f u l  o x i d a t i o n s  o f  t h e
O C

2 ' , 5 1- d i t r i t y l  d e r i v a t i v e s  o f  u r i d i n e  a n d
0  7c y t i d i n e  t o  t h e i r  3 ' - k e t o  f o r m s  u s i n g  DMSO-based 

m e t h o d s .
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B . 4 .  P r o p e r t i e s  o f  c a r b o n y l  d e r i v a t i v e s .

The 5 - a l d e h y d e s  o f  r i b o s e  and 5 ' - a l d e h y d e s  o f  

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

d i v e r s e  r e a c t i o n s .  T h e  m o s t  e x t e n s i v e  a p p l i c a t i o n  o f  t h e s e  

compounds  h a s  b e e n  f o u n d  f o r  t h e  g e n e r a t i o n  o f  new 

c a r b o n - c a r b o n  b o n d s  a t  C - 4  ( 4 4 ) 3 ^ ' 3^ a n d  a t  C - 5  ( 4 0 ) ,  

( 4 1 ) 2 9 , 3 8 , 3 9 ^  T^ e  h y d r o x y m e t h y l  c o m p o u nd s  ( 44 )  w e r e  

s y n t h e s i z e d  by  m e a n s  o f  a n  a l d o l  c o n d e n s a t i o n  b e t w e e n

5 - a l d e h y d e s  a n d  f o r m a l d e h y d e  ' i n  t h e  p r e s e n c e  o f

s od i u m h y d r o x i d e ,  a s  s h o w n  i n  F i g u r e  1 1 .  A c h a n g e  o f  t h e

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

u n s a t u r a t e d  a l d e h y d e  (39)  i n s t e a d  o f  t h e  a l d o l  p r o d u c t

(44)  .

The 5 -  o r  5 ' - h y d r o x y  d e r i v a t i v e s  (41)  w e r e  o b t a i n e d  in 

t h e  r e a c t i o n  o f  a l d e h y d e s  w i t h  G r i g n a r d  r e a g e n t s ^ , 

c y a n i d e  i o n “ ^ ,  a n d  n i t r o m e t h a n e ^ T h e s e  r e a c t i o n s  

a r e  s t e r e o s e l e c t i v e .  A d d i t i o n s  o f  n i t r o m e t h a n e  a n d  

m e t h y l m a g n e s i u m  c h l o r i d e  g i v e  two i s o m e r s ,  D - a l l o  (45)  and 

L - t a l l o  ( 4 5 ) ,  i n  t h e  r a t i o  4 : 1 and  3 : 2 ,  r e s p e c t i v e l y .  

T h i s  s t e r e o s e l e c t i v i t y  may be  e x p l a i n e d  u s i n g  t h e  

a s s u m p t i o n  t h a t  t h e  r e a c t i o n s  a r e  k i n e t i c a l l y  c o n t r o l l e d  

a n d  t h e  m a j o r  p r o d u c t  r e s u l t s  f rom t h e  a t t a c k  o n  c a r b o n y l  

g r o u p  f r o m  t h e  l e s s  h i n d e r e d  s i d e ,  a s  shown i n  F i g u r e  12.

H owe v e r ,  a d d i t i o n  o f  c y a n i d e  i o n  a f f o r d s  a  1 : 1

17
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e p i m e r i c  m i x t u r e  o f  c y a n o h y d r i n s  ( 45 )  a n d  (46)  ( R-CN) . T h i s  

r e s u l t  may b e  u n d e r s t o o d  a s  i n v o l v i n g  t h e r m o d y n a m i c  c o n t r o l  

w h i c h  i m p l i e s  r e v e r s i b i l i t y  o f  t h e  CN-  a d d i t i o n .  S i n c e  

b o t h  i s o m e r s ,  (45)  and  ( 4 6 ) ,  h a v e  v i r t u a l l y  t h e  same 

t h e r m o d y n a m i c  s t a b i l i t y ,  t h e  m i x t u r e  o f  t h e s e  two c om p o u n d s  

i s  p r o d u c e d .

A l d e h y d e s  (35 )  h a v e  a l s o  b e e n  s u b j e c t e d  t o  t h e
o o  “5 0  A O  A** A A A ^

W i t t i g - t y p e  r e a c t i o n s  . U n s a t u r a t e d

d e r i v a t i v e s  (47 )  w e r e  s y n t h e s i z e d  u s i n g  p h o s p h o r a n e s

( 4 8 ) 3 9 , 4 2 .  g e v e r a i  i s o s t e r i c  5 1 - p h o s p h o n a t e  a n a l o g u e s

o f  n u c l e o t i d e s  (50)  and r i b o s e - 5 - p h o s p h a t e  (50)  we r e  a l s o  

o b t a i n e d 4 2 ' 4 2 ' 4 4 ' 45  i n  t h e  r e a c t i o n s  o f  a l d e h y d e s  (35) 

w i t h  d i p h e n o x y p h o s p h i n y l m e t h y l e n e t r i p h e n y l  p h o s p h o r a n e

(49)  .

The  t r a n s f o r m a t i o n s  o f  a  c a r b o n y l  g r o u p  a t  t h e  3 '

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

3 ' - k e t o  n u c l e o s i d e s  h a v e  t h e  s t r u c t u r e  o f

j ^ - k e t o g l u c o s y l a m i n e s  w h i c h  m a k e s  t h e m  e x t r e m e l y  s e n s i t i v e  t o

a l k a l i n e  c o n d i t i o n s .  The 3 ' - k e t o u r i d i n e  (45)  and

3 1- k e t o c y t i d i n e  (51)  a r e  i n s t a n t l y  c l e a v e d  i n  a l k a l i n e

b u f f e r  (pH 10)  t o  g i v e  t h e  f r e e  p y r i m i d i n e  b a s e s  and t h e
7 7 3 5u n s a t u r a t e d  s u g a r  f r a g m e n t  (52 )  ' .  H o w e v e r ,  t h e

s t a b i l i t y  o f  3 ' - k e t o n u c l e o s i d e s  i s  s i g n i f i c a n t l y  e n h a n c e d  

i n  t h e  2 ' , 5 1- d i t r i t y l  d e r i v a t i v e s .  F o r  e x a m p l e ,

3 1- k e t o u r i d i n e  (51)  u n d e r g o e s  r e a c t i o n  w i t h  h y d r o x y l a m i n e
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t o  f o r m  t h e  3 ' - o x i m e ,  a n d  r e d u c t i o n  w i t h  s o d i u m  b o r o h y d r i d e  

t o  a f f o r d  a m i x t u r e  o f  3 ' - e p i m e r i c  a l c o h o l s .

B . 5 .  3 '  S u b s t i t u t e d  N u c l e o s i d e s  F r om C a r b o h y d r a t e s .

T h e  r o u t e  t o  3 '  s u b s t i t u t e d  n u c l e o s i d e s  b e g i n s  w i t h  

1 ,  2 :  5 , 6 - d  i - 0 - i s o p r o p y l i d e n e - < A - D - r  i b o - h e x o f u r a n o s e  ( 1 5 )  o r  

i t s  3 - k e t o  d e r i v a t i v e  ( 5 3 ) .  T h e  l a t t e r  i s  a l s o  

c o m m e r c i a l l y  a v a i l a b l e  i n  h y d r a t e d  f o r m .

M e t h o d o l o g i c a l l y ,  o n e  may e n v i s i o n  t h r e e  m a i n  s e g m e n t s  

t h a t  m u s t  b e  i n c l u d e d  i n  a ny  s y n t h e t i c  scheme f o r  

n u c l e o t i d e  d e r i v a t i v e s  t h a t  s t a r t s  f r o m  k e t o n e  ( 5 3 ) .

1.  A d d i t i o n  o f  a c a r b o n  n u c l e o p h i l e  t o  t h e  3 - k e t o  

f u n c t i o n  g e n e r a t e s  a new c a r b o n - c a r b o n  b o n d .  T h i s  i s  

f o l l o w e d  by t r a n s f o r m a t i o n s  o f  t h e  new s u b s t i t u e n t  

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

2 .  S y n t h e s i s  o f  t h e  D - r i b o s e  r i n g  b y  d e g r a d a t i o n  o f

6 - h y d r o x y l m e t h y l e n e  g r o u p .

3 .  I n t r o d u c t i o n  o f  a  p u r i n e  o r  p y r i m i d i n e  b a s e  

f o l l o w i n g  t h e  c o n v e r s i o n  o f  t h e  C - l  c e n t e r  i n t o  a n  

a c e t y l o x y  o r  h a l o g e n  s u b s t i t u t e d  s i t e .

A d d i t i o n s  o f  n u c l e o p h i l e s  t o  (53)  g i v e  a c c e s s  t o  t h e  

c o m p o u n d s  w i t h  o p p o s i t e  c o n f i g u r a t i o n s  a t  C- 3 .  The 

c o n f i g u r a t i o n  i n  which  t h e  new c a r b o n  s u b s t i t u e n t  i s  c i s  

r e l a t i v e  t o  t h e  C - 5 : C - 6  l i n k a g e  r e s u l t s  f rom r e a c t i o n s  w i t h
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o r g a n o m e t a l l i c  r e a g e n t s .  The  r e v e r s e  c o n f i g u r a t i o n ,  t r a n s ,  

c a n  b e  c r e a t e d  i n d i r e c t l y  a f t e r  a  c o n d e n s a t i o n  o f  t h e  y l i d e  

o r  a l d o l - t y p e ,  f o l l o w e d  by  r e d u c t i o n  o f  t h e  3 - C - m e t h y l e n e  

f u n c t i o n .

R e a c t i o n s  o f  (53)  w i t h  G r i g n a r d  r e a g e n t s  h a v e  b e e n  t h e
45 47 48 49s u b j e c t  o f  e x t e n s i v e  i n v e s t i g a t i o n s  '  '  '  .

R e a c t i o n s  w i t h  a l k y l m a g n e s i u m  h a l i d e s  w e r e  r e p o r t e d  t o  g i v e  

two m a j o r  p r o d u c t s  (54) an d  ( 5 5 ) a s  shown i n  F i g u r e  

13 .  T h e  c ompound  (55)  was  t h e  m a i n  p r o d u c t  i n  t h e  r e a c t i o n  

w i t h  c y c l o h e x y l m a g n e s i u m  b r o m i d e .  F u r t h e r m o r e ,  t h i s  r e a g e n t  

c a u s e s  p a r t i a l  r e m o v a l  o f  t h e  5 , 6 - i s o p r o p y l i d e n e  g r o u p .

Hi g h  y i e l d s  o f  D - a l l o f u r a n o s e s  ( 54 )  w e r e  o b t a i n e d  w i t h  

p h e n y l m a g n e s i u m  h a l i d e s .  The  r e l a t i v e  a m o u n t s  o f  t h e s e  

p r o d u c t s  v a r y  w i t h  c h a n g e s  o f  s o l v e n t  (THF, e t h y l  e t h e r )  

and  t e m p e r a t u r e .

R e a c t i o n  w i t h  m e t h y l e n e  d i m a g n e s i u m  b r o m i d e  i n  e t h e r  : 

b e n z e n e  ( 1 : 1 ) a f f o r d s  a n  i m p o r t a n t  c o m p o un d ,  t h e  

3 - C - m e t h y  l e n e  d e r i v a t i v e  (57)  o f  g l u c o f u r a n o s e ^ .  An 

u n e x p e c t e d  p r o d u c t  (58)  was  o b t a i n e d  i n  8 6 % when t h i s  

r e a c t i o n  w a s  c a r r i e d  o u t  i n  p u r e  b e n z e n e .

E t h y n y l a t i o n  o f  (53)  w i t h  e t h y n y I m a g n e s i u m  b r o m i d e  t o  

g i v e  ( 54 )  w as  t h e  f i r s t  s t e p  i n  t h e  s y n t h e s i s  o f  a g a r o s e  by 

H o r t o n  a n d  c o w o r k e r s ^ .

S e v e r a l  i n v e s t i g a t o r s  e x a m i n e d  t h e  u t i l i t y  o f  o r g a n o l i t h i u m  

c o m p o u n d s ,  ( L i R 1) t o  i n t r o d u c e  v a r i o u s  f u n c t i o n a l i t i e s  i n t o

23
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( 5 3 ) .  T h e s e  l i t h i u m  r e a g e n t s  i n c l u d e  2 - a l k y l - 2 - d i t h i a n y l  

l i t h i u m  ( 5 9 ) 5 1 , l i t h i o  e t h a n e p h o s p h o n i c  a c i d  e s t e r  

( 6 0 ) ^ 7 , a s  w e l l  a s  s p e c i e s  t h a t  r e p r e s e n t  " u mp o l u n g "  

f u n c t i o n a l  g r o u p s  1 - m e t h o x y v i n y l  l i t h i u m  (61)  and

u n c o n v e n t i o n a l ,  h y d r o x y m e t h y l a t i n g  t i n  c o m p o u n d s

( 6 2 ) Ho we v e r ,  t h e  l a s t  r e a g e n t  p r o d u c e d  o n l y  11% o f  

t h e  h y d r o x y m e t h y l  d e r i v a t i v e  (62a )  .

T h e  same c o n f i g u r a t i o n  t h a t  r e s u l t s  f r o m  t h e  r e a c t i o n  

o f  ( 5 3 ) w i t h  o r g a n o m e t a l l i c s  c a n  b e  o b t a i n e d  i n  t h e  

c o n d e n s a t i o n  o f  t h i s  compound w i t h  m e t h y l  n i t r o a c e t a t e  

f o r m i n g  t h e  3 - C - n i t r o ( m e t h o x y c a r b o n v 1 ) m e t h y l  d e r i v a t i v e

( 6 3 ) 5 6 .

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

m e t h od  f o r  t h e  g e n e r a t i o n  o f  t h e  3 - C - m e t h y l e n e  compounds

(122)  a n d  ( 1 2 3 ) .  A l t h o u g h  t h e  r e a c t i o n  h a s  b e e n  known f o r

a l o n g  t i m e ,  i t s  me c h a n i s m h a s  n o t  b e e n  e n t i r e l y  c l e a r .  The

s t e r e o c h e m i c a l  o u t c o m e  o f  t h e  W i t t i g  r e a c t i o n  i n  t h e  c a s e

o f  l , 2 : 5 , 6 - d i - 0 - i s o p r o p y l i d e n e - o < r -  D - h e x o f u r a n o s - 3 - u l o s e
57

(53)  c a n  s u p p o r t  a  me c h a n i s m p r o p o s e d  b y  B e s t m a n .

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

t a b l e  I .  T h e  v a r i a t i o n  o f  c i s / t r a n s  r a t i o  may be  e x p l a i n e d  

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

( 121 ) .

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

c o m p o u n d s  t o  (53)  , t h e  a p p r o a c h  o f  a n  i n c o m i n g  a n i o n  t o
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( 53 )  o c c u r r e d  f ro m t h e  d i r e c t i o n  c i s  t o  C - 5 : C - 6  ( - s i d e ) .

An a t t a c h i n g  y l i d  s h o u l d  a l s o  f o l l o w  t h i s  a p p r o a c h ,  t h e  

l a r g e s t  g r o u p ,  s u b s t i t u t e d  p h o s p h o r u s ,  b e i n g  d i r e c t e d  away 

f rom t h e  C - 5 : C - 6 ,  ( 1 1 9 ) ,  a s  shown i n  F i g u r e  14.  A l s o ,  t h e  

C - 5 : C - 6  c a r b o n s  a r e  l o c a t e d  b e t w e e n  t h e  s e c o n d  l a r g e s t  

s u b s t i t u t e n t  o f  t h e  y l i d  (R) an d  h y d r o g e n ,  a s  shown i n  t h e  

s t r u c t u r e  ( 1 1 9 ) .  Such  a d d i t i o n  g i v e s  b e t a i n e  ( 1 2 0 )  w h i c h ,  

i f  i t  e l i m i n a t e s  Ph^PsO d i r e c t l y ,  p r o d u c e s  t h e  o l e f i n

( 123 )  w i t h  H- 3 '  t r a n s  t o  C-2 .

However ,  i f  o x a p h o s p h e t a n e  ( 1 2 0 )  o p e n s  C-P bond t o  g i v e  

b e t a i n e  ( 1 2 1 ) ,  t h e  l a t t e r  c a n  e i t h e r  e l i m i n a t e  p h o s p h i n e  

o x i d e  w i t h o u t  a n y  f u r t h e r  s t r u c t u r a l  r e o r g a n i z a t i o n  an d  

p r o d u c e  t r a n s - o l e f i n  ( 1 2 3 )  o r  r e o r g a n i z e  an a n i o n i c  c e n t e r  

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

p r o d u c e s  l e s s  s t r a i n e d  c i s - o l e f i n  ( 1 2 2 ) .  S u b s t i t u e n t s  R 

t h a t  a r e  p a r t i c u l a r l y  l a r g e  a r e  e x p e c t e d  t o  r e m a i n  i n  t h e  

same c o n f i g u r a t i o n  i n  t h e  a n i o n  ( 1 2 1 ) ,  s i n c e  t h e i r  r o t a t i o n  

wou l d  be r e q u i r e d  t o  o v e r c o m e  s t e r i c  i n t e r a c t i o n s  w i t h  t h e  

p h o s p h i n e  s u b s t i t u e n t s  a s  w e l l  a s  w i t h  C - 5 , C-6  a c e t o n i d e  

r i n g .  As a r e s u l t  o f  t h i s ,  t h e  i s o m e r  (123)  w i l l  be  

p r e f e r r e d .

From t a b l e  I ,  i t  may be  n o t e d  t h a t  w e l l - e s t a b l i s h e d  

y l i d s  w i t h  r e l a t i v e l y  s m a l l  g r o u p s  (CN, Ph ,  e n t r i e s  4 a nd  

5) ga ve  p r e d o m i n a n t l y  c i s  o l e f i n s  ( 6 6 ) ,  w h e r e a s  y l i d s  

b e a r i n g  l a r g e r  g r o u p s  e n t r i s  ( 1 , 2 , 3 , 10 ) p r o d u c e d  m a i n l y
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t r a n s  o l e f i n s  ( 6 5 ) .

A c h a n g e  i n  s o l v e n t  f r o m  l e s s  t o  mo r e  p o l a r  r e s u l t e d  i n  

i n c r e a s e  i n  t h e  a m o u n t  o f  c i s  i s o m e r  t h a t  was  e x p e c t e d  

s i n c e  a  p o l a r  e n v i r o n m e n t  s t a b i l i z e s  d i p o l a r  i n t e r m e d i a t e  

( 1 2 1 ) .  S t r o n g l y  p o l a r  N , N - d i m e t h y l f o r m a m i d e  was u s e d  a s  a  

s o l v e n t  ( e n t r i e s  l c ,  2 c ,  3 c ) ,  t h e  r e a c t i o n s  wer e  

c o m p l i c a t e d  b y  f o r m a t i o n  o f  l y x o  i s o m e r s  ( 6 7 ) .  Ev e n  i n  

c h l o r o f o r m  s m a l l  a m o u n t s  o f  l y x o  i s o m e r s  we r e
C A

d e t e c t e d J . A l l  y l i d s  w i t h  h a l o g e n s  ( e n t r i e s  5 ,  7 ,  3 ,

9) a l s o  g a v e  m o r e  o f  t h e  t r a n s  i s o m e r s .

T h e s e  w o u l d  n o t  b e  e x p e c t e d  t o  s t a b i l i z e  e f f i c i e n t l y  

t h e  a n i o n  ( 1 2 1 ) a n d  t h e  r a t i o  o f  c i s / t r a n s  would  be  f i x e d  

p r e d o m i n a n t l y  by  r e l a t i v e  p o p u l a t i o n s  o f  ( 120 ) and  ( 1 2 0 a ) .  

Due t o  t h e  s m a l l  s i z e  o f  h a l o g e n s ,  t h e  p o p u l a t i o n  o f  

o x a p h o s p h e t a n e  ( 1 20 a) may b e  s i g n i f i c a n t .

I n  a d d i t i o n  t o  t h e  r e a c t i o n s  c o l l e c t e d  i n  T a b l e  I ,  two  

o t h e r  r e a g e n t s  a r e  i m p o r t a n t  f o r  t h i s  w o r k .  T e t r a e t h y l
C  O

m e t h y l e n e d i p h o s p h o n a t e  (71)  a n d  t e t r a i s o p r o p y l
f i  Am e t h y l e n e d  i p h o s p h o n a t e  (72)  i n  r e a c t i o n s  w i t h  (53)

g i v e  v i n y l  p h o s p h o n a t e s  (124)  o p e n i n g  r o u t e s  t o  i s o s t e r i c

p h o s p h o n a t e s  o f  c a r b o h y d r a t e s  a n d  n u c l e o s i d e  3 ' - p h o s p h a t e s .

One f u r t h e r  m e t h o d  o f  c a r b o n - c a r b o n  bond  f o r m a t i o n  i n  

(53) i n v o l v e s  c o n d e n s a t i o n  o f  i t  w i t h  e t h y l  i s o c y a n o a c e t a t e  

a f f o r d i n g  d e r i v a t i v e  (73 ) ®^ .

A f t e r  i n t r o d u c t i o n  o f  a  r e q u i r e d  g r o u p  i n  t h e
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3 - p o s i t i o n  t h e  compound  may b e  h y d r o l y z e d  s e l e c t i v e l y  t o  

r emove  t h e  5 , 6 - i s o p r o p y l i d e n e  g r o u p ,  a n d  t h e  r e s u l t a n t  

5 , 6 - d i o l  s y s t e m  may u n d e r g o  c l e a v a g e  w i t h  s o d i u m 

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

b o r o h y d r i d e  t o  e s t a b l i s h  t h e  5 - h y d r o x y  g r o u p .  F i n a l l y ,  

p r o t e c t i o n  o f  t h i s  g r o u p  and  h y d r o l y s i s  o f  t h e  

1 , 2 - i s o p r o p y l i d e n e  g r o u p  w i t h  s u b s e q u e n t  e s t e r  i f i c a t i o n  

g i v e s  t h e  r i b o s e  s t r u c t u r e  (74)  o r  ( 7 5 ) .

H a v i n g  e s t a b l i s h e d  t h e  a p p r o p r i a t e  f u n c t i o n a l i t i e s  i n  

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

r e q u i r e s  t h e  i n t r o d u c t i o n  o f  a  b a s e  o n  C - l .  A c o m p e n d i o u s  

d e s c r i p t i o n  o f  t h i s  p r o c e s s  c a n  b e  made  by  c o m b i n i n g  t h r e e  

a v a i l a b l e  p r o c e d u r e s  ( K o e n i n g s - K n o r r , H i l b e r t - J o h n s o n ,  

f u s i o n ) 0 i n t o  o n e  s c he m e ,  a s  d e p i c t e d  i n  F i g u r e  1 5 .

I t  m u s t  b e  n o t e d  t h a t  i n  m o s t  s i t u a t i o n s ,  a l s o  i n  t h i s  

w o r k ,  o n l y  J 3 - n u c l e o s i d e s  a r e  d e s i r e d  a n d  c o n d i t i o n s  t h a t  

l e a d  t o  t h i s  i s o m e r  a r e  i m p o r t a n t .

D i s s o c i a t i o n  o f  t h e  r i b o s e  d e r i v a t i v e  (75) i s  

f a c i l i t a t e d  b y  t h e  n e i g h b o u r i n g  a c y l  g r o u p  and t h e  L e w i s  

c a t a l y s t .  T h i s  g e n e r a t e s  t h e  c a t i o n  (77)  wh i c h  e v e n t u a l l y  

p r o d u c e s  t h e  - n u c l e o s i d e .  F o r m a t i o n  o f  t h e  oC-anomer  (78)  

i s  n o t  f a c i l i t a t e d  by  t h e  2 - a c y l o x y  s u b s t i t u e n t s .  I t  g i v e s  

c a t i o n  (79)  w h i c h  may r e a r r a n g e  t o  (77)  i f  c o n d i t i o n s  

p e r m i t ,  o r  r e a c t  w i t h  a b a s e  a f f o r d i n g  a  m i x t u r e  o f  a n d  

J2. - n u c l e o s i d e s  (81)  , (80) .
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C a t a l y s t s  make f o r m a t i o n  o f  t h e  1 , 2 - a c y l o x o n i u m  c a t i o n  

e a s i e r  and  p r o l o n g  t h e  l i v e s  o f  c a t i o n i c  s p e c i e s .  T h ey ,  

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

( 7 9 ) t o  ( 7 7 ) w h i c h  r e s u l t s  i n  p r e d o m i n a n t  f o r m a t i o n  o f  

n u c l e o s i d e s ^ ^  .

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

i n  t h e  r e a c t i o n s  o f  c a t i o n s  ( 7 7 ) a n d  ( 7 9 ) w i t h  p y r i m i d i n e  

a nd  p u r i n e  b a s e s .  The p y r i m i d i n e s  c a n  be u s e d  i n  t h e  f o r m s  

o f  2 , 4 - p y r i m i d i n e d i o n e s  ( 3 2 ) o r  p r o t e c t e d

2 , 4 - d i h y d r o x y p y r  i m i d i n e s  ( 8 3 ) *  A l l  a v a i l a b l e  d a t a
£  £

s u g g e s t  t h a t  p y r i m i d i n e d i o n e s  ( 8 2 ) p r o d u c e  f i r s t  

g l y c o s i d e  i n t e r m e d i a t e s  ( 8 5 ) t h a t  s u b s e q u e n t l y  u n d e r g o  

i n t e r m o l e c u l a r  t r a n s f o r m a t i o n s  t o  n u c l e o s i d e s ,  a s  shown i n  

F i g u r e  15.  T h i s  r e a c t i o n  r e q u i r e s  L e w i s  a c i d s ,  u s u a l l y  

m e r c u r y  o r  s i l v e r  s a l t s ,  a s  c a t a l y s t s  wh i c h  i n f l u e n c e  n o t  

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

t r a n s f o r m a t i o n  o f  g l y c o s i d e  t o  n u c l e o s i d e ,  ( 85)  t o  ( 8 6 ) .

The e n t i r e  p r o c e s s  i s  r e p o r t e d  t o  b e  s t e r e o s p e c i f i c  i n  b o t h  

s t e p s ,  t h a t  i s ,  o n l y  - g l y c o s i d e s  a n d  - n u c l e o s i d e s  a r e  

o b t a i n e d  r e g a r d l e s s  o f  w h e t h e r  t h e  - i s o m e r  o r  a  m i x t u r e  o f  

-  and  - h a l o g e n o s e s  were u s e d .  T h e  m e t h o d  d e s c r i b e d  a b o v e  

i s  known a s  t h e  h e a v y  m e t a l  o f  K o e n i n g s - K n o r r  p r o c e d u r e .

I f  p r o t e c t e d  2 , 4 - d i h y d r o x y p y r i m i d i n e s  a r e  u s e d ,  t h e  

r e a c t i o n  i s  known a s  t h e  H i l b e r t - J o h n s o n  p r o c e d u r e * ^ .

U n l i k e  t h e  K o e n i n g - K n o r r  r e a c t i o n ,  h y d r o x y p y r i m i d i n e s  do n o t  

g i v e  g l y c o s i d e s  w i t h  r i b o s e .  T h u s ,  a d i r e c t  a l k y l a t i o n
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o f  t h e  n i t r o g e n  a t o m  w a s  p o s t u l a t e d  i n  t h i s

p r o c e d u r e * 3*3 .

A c h o i c e  o f  t h e  p r o t e c t i n g  g r o u p s  R i n

2 , 4 - d i h y d r o x y p y r i m i d i n e s  (83)  i s  v e r y  i m p o r t a n t .  S i l y l

g r o u p s  a r e  b e t t e r  t h a n  a l k y l  b e c a u s e  t h e  l a t t e r  a r e

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

s y n t h e s i s 7 0 , 7 0 a , u s u a l l y  g i v e  l o w e r  y i e l d s ,  and  c a n  n o t

b e  a p p l i e d  t o  t h e  s y n t h e s i s  o f  6 - s u b s t i t u t e d  
7 1n u c l e o s i d e s  . When t h e  r e a c t i o n  i s  p e r f o r m e d  w i t h o u t

c a t a l y s t ,  b o t h  a n o m e r s ,  Ho we v e r ,  c a t a l y s t s  a l s o  g i v e  6*

- c o m p l e x e s  w i t h  b a s e s  a t  N - l  ( 8 8 ) d e c r e a s i n g  t h e  a b i l i t y  o f

t h e  b a s e  t o  r e a c t  w i t h  c a t i o n  (77)  a n d  c h a n g i n g  t h e

r e a c t i o n  s i t e  o n  t h e  b a s e  f r om N - l  t o  N - 3 .

The  e f f e c t s  o f  c a t a l y s t s  w e r e  i n v e s t i g a t e d  i n  t h e

r e a c t i o n  o f  s i l y l a t e d  2 , 4 - d i h y d r o x y p v r i m i d i n e s  w i t h

l - 0 - a c e t y l - 2 , 3 , 5 - t r i - O - b e n z o y 1 - D - r i b o f u r a n o s e  ( 9 0 ) .  S i n c e

o n l y  t h e  f r e e  b a s e  (87)  c a n  r e a c t  t o  g i v e  t h e  N - l

n u c l e o s i d e ,  t h e  s t r o n g e r  t h e  6* - c o m p l e x ,  t h e  more o f
7 7undesired N-3 n u c l e o s i d e  i s  p r o d u c e d .

T h u s ,  w i t h  s t r o n g l y  b a s i c  c o m p o u n d s  (87)  y i e l d s  o f  N - l  

n u c l e o s i d e s  a r e  h i g h e r  when w e a k e r  L e w i s  a c i d s  a r e  u s e d .

F o r  e x a m p l e ,  c o m p o u n d  ( 8 7 ) ,  R=H, R1 =CH3 a f f o r d e d

71% o f  N - l  n u c l e o s i d e  w i t h  r i b o s e  ( 9 0 )  i n  a c e t o n i t r i l e  w he n

r e a c t i o n  was  c a t a l y z e d  by  (CH^) - , s i 0 - S 0 9cF

c o m p a r e d  t o  S n C l ^ .  P o l a r i t y  o f  t h e  s o l v e n t  p l a y s
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c r u c i a l  d i r e c t i n g  r o l e .  More p o l a r  s o l v e n t s  c o m p e t e  w i t h

L e wi s  a c i d s  i n  b i n d i n g  t o  t h e  b a s e  m a k i n g  t h e  5*-compl ex

(8 8 ) w e a k e r .  I t  f a c i l i t a t e s  f o r m a t i o n  o f  N - l  n u c l e o s i d e s .

A c e t o n i t r i l e  h a s  e m e r g e d  a s  t h e  m o s t  c o n v e n i e n t  s o l v e n t .

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

7 7 7  ̂ 7 4n u c l e o s i d e s  b e l o n g s  t o  V o r b r u g g e n  a n d  c o w o r k e r s  ' '

who w o r ke d  o u t  a  o n e - s t e p / o n e  p o t  r e a c t i o n  i n  w h i c h  t h e

b a s e s  (91)  w e r e  m i x e d  i n  a c e t o n i t r i l e  w i t h  c a t a l y s t s ,

p r o t e c t e d  r i b o s e  ( 9 0 ) ,  h e x a m e t h y l d i s i l a z a n e  and

t r i m e t h y l c h l o r o s i l a n e .  Y i e l d s  o f  j3 - n u c l e o s i d e s  (91)  r a n g e d

f r om  40% t o  80%.  The  r e a c t i o n  i s  s h o w n  i n  F i g u r e  16 .
f  fP u r i n e  b a s e s  (92)  a t t a c k  t h e  s u g a r  c a t i o n  (77)  

w i t h  t h e  N-3 a t o m  t o  p r o d u c e  i n i t i a l l y  N-3 n u c l e o s i d e s  

f o l l o w e d  by  r e a r r a n g e m e n t  o n  t h e  s u g a r  p o r t i o n  t o
”7 0  "7 K  pN_9 « / Th e  <3r i v i ng f o r c e  f o r  t h e  r e a r r a n g e m e n t

i s  e l e c t r o n i c  imbalance in the p u r in e  r ing  r e s u l t i n g  from
7 fN-3 g l y c o s y l a t i o n  . The p y r im id in e  p o r t i o n  becomes  

T P d e f i c i e n t  w h i l e  the  imidazole  p o r t i o n  i s lF -e x c e s s iv e  (92) .
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C. RESULTS AND DISCUSSION.

The work p r e s e n t e d  i n  t h i s  c h a p t e r  i s  c o n c e r n e d  w i t h  

t h e  s y n t h e s i s  o f  two  c l a s s e s  o f  c o m p o u n d s .  One i s  i n  t h e  

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

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

r e l a t e d  t o  u r i d i n e  (94)  .

3 o t h  c o m p ou nd s  h a v e  a  m e t h y l e n e  g r o u p  i n  t h e  

3 ' - p o s i t i o n  i n s t e a d  o f  a n  o x y g e n  a t o m .  I n  n a t u r a l l y  

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

p h o s p h o d i e s t e r  l i n k a g e  b e t w e e n  two n u c l e o s i d e s .

A t t e m p t s  t o  s y n t h e s i z e  t h e  c o m p o u n d s  o f  t h e  s t r u c t u r e s  

(93)  and  (94)  i n v o l v e d  e x a m i n a t i o n  o f  t wo  p o t e n t i a l  

a p p r o a c h e s ,  a s  t h e y  w e r e  s c r u t i n i z e d  i n  t h e  f i r s t  p a r t  o f  

t h i s  T h e s i s .  T h e  two s y n t h e t i c  r o u t e s  s t a r t e d  f r o m  

a v a i l a b l e  n u c l e o s i d e s ,  a n d  d i i s o p r o p y l i d e n e - c < - D - g l u c o s e , 

r e s p e c t i v e l y .

The  f i r s t  p a r t  o f  t h i s  r e s e a r c h  was d e v o t e d  t o  t h e  

s y n t h e s i s  o f  n u c l e o s i d e s  w i t h  s e l e c t i v e l y  p r o t e c t e d  

2 ' , 5 ' - h y d r o x y l  g r o u p s ,  a n d  t h e i r  o x i d a t i o n  t o  

3 1- k e t o n u c l e o s i d e  d e r i v a t i v e s .  F o r  t h e  s e l e c t i v e  

p r o t e c t i o n  o f  t h e  2 5 ' - h y d r o x y l  g r o u p s  i n  g u a n o s i n e  and  

u r i d i n e ,  t e r t - b u t y l d i p h e n y l s i l y l  c h l o r i d e  was  c h o s e n .  A 

s i l y l - b a s e d  r e a g e n t  w a s  n o t  e x p e c t e d  t o  g i v e  a  i s o l a b l e  

compound i n v o l v i n g  r e a c t i o n  w i t h  t h e  a m i n o  g r o u p  o f  t h e
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p u r i n e  r i n g  i n  g u a n o s i n e  s i n c e  t h e  s i l y 1 - n i t r o g e n  b o n d s  a r e  

u s u a l l y  v e r y  s u s c e p t i b l e  t o  a t t a c k  b y  w a t e r .  The  work  up o f  

t h e  r e a c t i o n  m i x t u r e  i n  a n  a q u e o u s  s o l u t i o n  w o u ld  c l e a v e  

any  p o s s i b l e  s i l y 1 - n i t r o g e n  c o n n e c t i o n .  T h e  

t e r t - b u t y I d i p h e n y l s i l y l  s u b s t i t u e n t  o n  o x y g e n  w a s  r e p o r t e d  

t o  h a v e  a n  e n h a n c e d  s t a b i l i t y  t o w a r d s  c l e a v a g e  w i t h  b a s e s  

and  a c i d s ’*-^ a s  c o m p a r e d  t o  o t h e r  s i l y l - b a s e d  r e a g e n t s .

T h i s  s t a b i l i t y  w o u ld  f a c i l i t a t e  f u r t h e r  t r a n s f o r m a t i o n s  o f

2 1 . 5 1- d i s u b s t i t u t e d  n u c l e o s i d e s .

A r e a c t i o n  o f  g u a n o s i n e  w i t h  e x c e s s  o f  

t e r t - b u t y l d i p h e n y l s i l y l  c h l o r i d e  and  i m i d a z o l e  i n  

d i m e t h y l f o r m a m i d e  a t  1 0 0 - 1 1 7 ° C  f o r  4 h o u r s  g a v e  

2 ! , 5 1- b i s ( t e r t - b u t y l d i p h e n y l s i l y l ) g u a n o s i n e  ( 1 2 5 ) ,  

B = g u a n i n e ,  a s  a m a j o r  p r o d u c t  w i t h  a s m a l l  a m o u n t  o f

3 1 . 5 1- i s o m e r . U r i d i n e ,  u n d e r  t h e  same c o n d i t i o n s  a f f o r d e d  a 

m i x t u r e  o f  2 ' , 5 '  ( 1 2 5 ) ,  B = u r a c i l ,  and

3 1 ,5 1 - b i s  ( t e r t - b u t y l d i p h e n y l )  s i l y l  u r i d i n e  (126 )  i n  

a p p r o x i m a t e l y  e q u a l  a m o u n t s .  When t h e  r e a c t i o n  w i t h  

g u a n o s i n e  w as  p e r f o r m e d  a t  room t e m p e r a t u r e  f o r  2 0 - 2 4  

h /"*urs, o n l y  5 ’ - ’ t e r t - b u t y  l d i p h e n y l )  s i l y  I g u a n o s i n e  was 

i s o l a t e d .

S i n c e  2 ’ , 5 '  p r o t e c t e d  u r i d i n e  i s  know n t o  u n d e r g o  

o x i d a t i o n  t o  i t s  3 ' - k e t o  d e r i v a t i v e  by  DMSO b a s e d  m e t h o d s ,  

t h e s e  o x i d a t i o n s  w e r e  e x a m i n e d  w i t h

2 ' , 5 ' - b i s ( t e r t - b u t y I d i p h e n y l ) g u a n o s i n e  ( 1 2 5 ) .  H o w e v e r ,  no
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c o n v e r s i o n  o f  t h e  c o m pound  ( 1 2 5 ) ,  B = g u a n i n e ,  w as  d e t e c t e d  

u s i n g  TLC a n d  IR  s p e c t r o s c o p y  when a c e t i c  a n h y d r i d e  o r  DCC 

o r  P 2°5  *n f i x t u r e s  w i t h  DMSO w ere  u s e d .  O n ly  t h e  

Swern  o x i d a t i o n  p r o d u c e d  a new compound f o r  w h i c h  t h e  IR 

s p e c t r u m  e x h i b i t e d  a  s t r o n g  c a r b o n y l  b a n d .  A t t e m p t s  t o  

p u r i f y  t h i s  p r o d u c t  b y  co lu m n  c h r o m a t o g r a p h y  o n  s i l i c a  g e l  

w e re  u n s u c c e s s f u l  a n d  r e s u l t e d  in  d e c o m p o s i t i o n .

U s in g  t h e  a s s u m p t i o n  t h a t  t h e  s t a b i l i t y  o f  

2 ' , 5 1- b i s ( t e r t - b u t y I d i p h e n y l ) s i l y 1 - 3  1 - k e t o g u a n o s i n e  m i g h t  

be  im p ro v e d  b y  a p r o t e c t i o n  o f  i t s  a m in o  g r o u p ,  t h e  p r o d u c t  

o f  t h e  Sw ern  o x i d a t i o n  w as  a l l o w e d  t o  r e a c t  w i t h  b e n z o y l  

c h l o r i d e  a n d  t r i e t h y l a m i n e ,  b u t  a c o m p l e x  m i x t u r e  o f  new 

s u b s t a n c e s  w as  p r o d u c e d .  Due t o  t h e s e  r e s u l t s ,  f u r t h e r  

e x a m i n a t i o n s  o f  t h e  t r a n s f o r m a t i o n s  a t  3 '  c a r b o n  in  

n u c l e o s i d e s  w e r e  d i s c o n t i n u e d .

A n o t h e r  a p p r o a c h  t o  t h e  s y n t h e s i s  o f  t r i n u c l e o t i d e  (93)  

an d  t h e  e p o x y  d e r i v a t i v e  (94)  o f  u r i d i n e  s h a r e d  a common 

s t a r t i n g  m a t e r i a l .  T h i s  was

1 , 2 : 5  , 6 - d i i s o p r o p y l i d e n e - 3 - d e o x y - 3 - C - m e t h y l e n e - < X  

- D - g l u c o f u r a n o s e  ( 5 7 ) .  T h i s  s u b s t r a t e  w as  p r e p a r e d  i n  two 

s t e p s  f ro m  1,  2 : 5 , 6 - d  i i s o p r o p y l i d e n e - o ( - D - g l u c o f u r a n o s e  ( 1 5 ) .

I n  t h e  f i r s t  s t e p ,  o x i d a t i o n  o f  (15 )  w a s  p e r f o r m e d  w i t h  

a c e t i c  a n h y d r i d e  i n  d i m e t h y l s u l f o x i d e  (DMSO). IL was  n o t e d  

t h a t  t h e  b e s t  y i e l d s  o f  (53) w ere  o b t a i n e d  when  t h e  

m i x t u r e s  o f  a c e t i c  a n h y d r i d e  and DMSO w e r e  a l l o w e d  t o  s t a n d
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f o r  4 5 - 6 0  m in  a t  r oom  t e m p e r a t u r e  b e f o r e  t h e  a d d i t i o n  o f  

t h e  g l u c o s e  d e r i v a t i v e  ( 1 5 ) .  I f  t h e  c a r b o h y d r a t e  w e r e  a d d e d  

i m m e d i a t e l y  t o  t h e  o x i d i z i n g  m i x t u r e ,  l a r g e  a m o u n t s  o f  an  

a c e t y l a t e d  co m p o u n d  w e r e  o b t a i n e d  a n d  t h e  y i e l d  o f  t h e  

3 - k e t o  fo rm  d e c r e a s e d .  T h i s  r e s u l t  s u g e s t e d  t h a t  t h e  r a t e  

o f  a  f o r m a t i o n  o f  t h e  o x i d i z i n g  c o m p l e x  f r o m  DMSO a n d  

a c e t i c  a n h y d r i d e  w as  c o m p a r a b l e  t o  t h e  r a t e  o f  a c e t y l a t i o n  

o f  (15) .

The  k e t o n e  (53 )  w as  t r a n s f o r m e d  i n  t h e  s e c o n d  s t e p  i n t o  

1 , 2 : 5 , 6 - d i i s o p r o p y l i d e n e - 3 - d e o x y - 3 - C - m e t h y l e n e - c ^  

- D - g l u c o f u r a n o s e  (57)  by means  o f  t h e  W i t t i g  r e a c t i o n  u s i n g  

t r i p h e n y l p h o s p h o n i u m  m e t h y l i d e  i n  DMSO f o l l o w e d  by  u s u a l  

work up o f  t h e  r e a c t i o n  m i x t u r e  w i t h  w a t e r .

C . l .  P r e p a r a t i o n  o f  t h e  I s o s t e r i c  O l i g o n u c l e o t i d e .

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

o l i g o n u c l e o t i d e  was  t h e  s y n t h e s i s  o f  t h e

3 ' - d e o x y - 3 ' - p h o s p h o n i c  a c i d  (105)  a n a l o g u e  o f  u r i d i n e .  The 

b a s i c  f r a m e w o r k  o f  t h e  f u r a n o s e  r i n g  w as  r e t a i n e d  t h r o u g h  

a l l  t h e  t r a n s f o r m a t i o n s .  One a s y m m e t r y  c e n t e r  w as  

e s t a b l i s h e d  o n  C - 3 ' a n d  i n v e r s i o n  o f  t h e  s y m m e t r y  was  

p e r f o r m e d  on  C - l ' .

I n  t h e  f i r s t  s t e p  t h e  compound (57)  w as  h y d r a t e d  t o  

3 - d e o x y -  3 - h y d r o x y m e t ’n y l - o ( - D - g l u c o f u r a n o s e  (95)  by
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h y d r o b o r a t i o n  w i t h  b o r a n e -  d i m e t h y l s u l f i d e  c o m p l e x  f o l l o w e d

by o x i d a t i o n  o f  t h e  b o r a n e  a d d u c t  w i t h  h y d r o g e n  p e r o x i d e .

S e v e r a l  a t t e m p t s  t o  c o n v e r t  t h e  c o m p o u n d  (95)  i n t o  i t s

3 - b r o m o m e t h y l  d e r i v a t i v e  (96) a c c o r d i n g  t o  t h e  p r o c e d u r e  o f

A r i a t t i  a n d  Z e m l i c k a  w i t h  N - b r o m o s u c c i n i m i d e  an d

t r i p h e n y l p h o s p h i n e  i n  DMF, g a v e  o n l y  10 -30%  y i e l d  a l t h o u g h

t h e  o r i g i n a l  a u t h o r  r e p o r t e d  y i e l d s  f o r  t h i s  r e a c t i o n s  o f  
77

o v e r  90%.

H o w e v e r ,  t h e  same r e a c t i o n  g a v e  7 5% y i e l d  o f  t h e  

p r o d u c t  (96 )  w hen  t h e r e  was a d d e d  t o  t h e  r e a c t i o n  m i x t u r e  a 

m o l a r  e q u i v a l e n t  o f  d r y  p y r i d i n e .  A p p a r e n t l y ,  p y r i d i n e  w as  

n e e d e d  a s  a n  e f f i c i e n t  s c a v e n g e r  o f  h y d r o g e n  b r o m i d e  w h i c h ,  

i f  n o t  n e u t r a l i z e d ,  c l e a v e d  t h e  5 , 6 - O - i s o p r o p y l i d e n e  g r o u p  

i n  (95)  o r  ( 9 6 ) .

3 - D e o x y - 3 - b r o m o m e t h y 1 - 1 , 2 : 5 , 6 - d  i - 0 - i s o p r o p y l i d e n e - c <  

- D - g l u c o f u r a n o s e  (96 )  was  n e x t  h y d r o l y z e d  i n  a  h o m o g e n e o u s  

s o l u t i o n  o f  c h l o r o f o r m ,  m e t h a n o l  a n d  1.5% s u l f u r i c  a c i d  t o  

3 - d e o x y - 3 - b r o m o m e t h y  1 - 1 ,  2 - O - i s o p r o p y l i d e n e - o (  

- D - g l u c o f u r a n o s e  ( 9 7 ) .  The l a t t e r  c o m p o u n d  was  s u b j e c t e d  t o  

a c l e a v a g e  o f  i t s  5 , 6 - d i o l  s y s t e m  w i t h  s o d i u m  

m e t a - p e r i o d a t e  f o l l o w e d  by a r e d u c t i o n  o f  t h e  c l e a v a g e  

p r o d u c t  w i t h  s o d i u m  b o r o h y d r i d e .  T h i s  s e q u e n c e  g a v e  

3 - d e o x y - 3 - b r o m o m e t h y l - l ,  2 - 0 - i s o p r o p y l i d e n e - c < - D - r  i b o f u r a n o s e  

(93) .

A t t h i s  p o i n t  i t  was  n e c e s s a r y  t o  i n t r o d u c e  p r o p e r
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p r o t e c t i n g  g r o u p s  a t  t h e  1 , 2  an d  5 o x y g e n s  o f  t h e  compound  

( 9 8 ) .  T h u s ,  ( 9 8 )  w as  t r e a t e d  w i t h  3 - b e n z o y l p r o p i o n i c  a c i d  

and  d i c y c l o h e x y l c a r b o d i i m i d e  t o  g i v e  

3 - b e n z o y l p r o p i o n y l - 3 - b r o m o m e t h y l - 3 - d e o x y - l ,  2 -  

O - i s o p r o p y l i d e n e - o C - D - r i b o f u r a n o s e  (99 )  . T h i s  l a t t e r  

compound w as  c o n v e r t e d  t o

3 - b e n z o y l p r o p i o n y l - 3 - b r o m o m e t h y l - 3 - d e o x y - l , 2 -  d i a c e t y l -  

- D - r i b o f u r a n o s e  (101)  i n  two s t e p s  w h i c h  i n v o l v e d  

h y d r o l y s i s  o f  (99 )  t o  (100)  w i t h  30% a c e t i c  a c i d  f o l l o w e d  

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

p y r i d i n e .  T h e  com pound  (101)  c o n t a i n s  a p a t t e r n  o f  

h y d r o x y l  p r o t e c t i o n  w h i c h  a l l o w s  s e l e c t i v e  t r a n s f o r m a t i o n s  

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

w e l l  a s  t h e  d i h y d r o x y p h o s p h i n y l  i s o s t e r i c  s y s t e m  a t  C - 3 .

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

r e a c t i o n  o f  (1 0 1 )  w i t h  1 , 2 - b i s  ( t r i m e t h y  l s i l y l )  p y r i m i d i n e  

and  s t a n n o u s  c h l o r i d e  i n  a c e t o n i t r i l e ,  a c c o r d i n g  t o  t h e
7 9  7 0  7  a

m ethod  o f  V o r b r u g g e n  ’  '  , g a v e  a  p r o d u c t  (97) o f

w h ic h  t h e  NMR s p e c t r u m  was d i f f i c u l t  t o  i n t e r p r e t .  The  

e l e m e n t a r y  a n a l y s i s  w as  c o n s i s t e n t  w i t h  t h e  a s s u m p t i o n  t h a t  

t h e  p r o d u c t  (97 )  e x i s t e d  i n  t h e  f o r m  o f  i t s  d i h y d r a t e .  

H ow ever ,  t h e  r e s u l t s  o f  e l e m e n t a r y  a n a l y s i s  r e p e a t e d  a f t e r  

s e v e r a l  d a y s  o f  d r y i n g  o f  (97) u n d e r  v a c u u m  o v e r

P 2°5  r e m a i n e d  u n c h a n g e d .  S i n c e  one  s h o u l d  n o t

e x p e c t  a n y  e x c e p t i o n a l l y  s t r o n g  b o n d i n g  b e t w e e n  t h e  w a t e r
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m o l e c u l e s  a n d  n u c l e o s i d e  ( 9 7 ) ,  t h e  h y p o t h e s i s  a b o u t  t h e  

e x i s t e n c e  o f  ( 9 7 )  i n  t h e  d i h y d r a t e  f o r m  c o u l d  n o t  be 

a c c e p t e d .  T h e r e f o r e ,  i t  was n e c e s s a r y  t o  e x a m in e  t h e  

p o s s i b i l i t y  o f  t h e  i n t r o d u c t i o n  o f  t h e  h i h y d r o x y p h o s p h i n y l  

g r o u p  i n  t h e  compound (101)  d i r e c t l y .

A r e a c t i o n  b e t w e e n  (101)  and  

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

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

3 - b e n z o y l p r o p i o n y l  p r o t e c t i o n .  F i n a l l y ,  a s u c c e s s f u l  

s u b s t i t u t i o n  o f  b r o m i n e  by p h o s p h o r u s  was a c h i e v e d  upo n  

t r e a t m e n t  o f  ( 1 0 1 )  w i t h  t r i i s o p r o p y l p h o s p h i t e  a t  1 6 0 - 1 8 0 .  

T h i s  a p p r o a c h  p r o d u c e d  5 - ( 3 - b e n z o y l p r o p i o n y l ) - 3 - d e o x y -

1 , 2 - d i a c e t y l - 3 - C - ( d i i s o p r o p o x y p h o s p h i n y l m e t h y l ) - (  + ) -D -  

r i b o f u r a n o s e  ( 1 0 4 ) .  T h i s  compound was t r e a t e d  w i t h  2 , 4 - b i  

( t r i m e t h y l s i l y l o x y ) p y r i m i d i n e  and  s t a n n o u s  c h l o r i d e  i n  d r y  

a c e t o n i t r i l e  a t  room t e m p e r a t u r e  t o  g i v e  

5 1- ( 3 - b e n z o y l p r o p i o n y l )

- 3 ' - d e o x y - 3 ' - C - ( d i i s o p r o p o x y p h o s p h i n y l m e t h y l ) u r i d i n e  ( 1 0 5 )  

C l e a v a g e  o f  i s o p r o p y l  g r o u p s  i n  ( 1 0 5 )  was d o n e  by means  o f  

t r i m e t h y l s i l y l  b r o m i d e  f o l l o w e d  by t r e a t m e n t  w i t h  a 

w a t e r - p y r i d i n e  m i x t u r e  t h a t  p r o d u c e d  a p y r i d i n i u m  s a l t  o f  

5 ' - ( 3 - b e n z o y l p r o p i o n y l ) -

3 ' - d e o x y - 3 ' - C - d i h y d r o x y p h o s p h i n y l m e t h y l u r i d i n e  (106)  

C o n d e n s a t i o n  o f  t h e  l a t t e r  compound w i t h

2 ' , 3 ' - i s o p r o p y l i d e n e u r i d i n e  and  d i c y c l o h e x y l c a r b o d i i m i d e  i

50

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



AC 2 - C8 n 5l'i
HjjO 0

A
(105)

P h L e v

H O — IDCC(106)

(107)

(108)

Ac

(109)

51

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(106) H (109)

P h L e v

HO— Ac

AcHO— P‘

(NO)

<9 3 >

52

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



d r y  p y r i d i n e  i n  t h e  p r e s e n c e  o f  Dowex 50  ( p y r i d i n i u m  form) 

r e s u l t e d  i n  f o r m a t i o n  o f  d i n u c l e o t i d e  a n a l o g u e  ( 1 0 8 ) .  A 

s e l e c t i v e  r e m o v a l  o f  t h e  5 1 -  ( 3 - b e n z o y l p r o p i o n y l )  g r o u p  w i t h  

h y d r a z i n e  i n  a n  a c e t i c  a c i d - p y r i d i n e  b u f f e r  t r a n s f o r m e d  t h e  

a n a l o g u e  (1 0 3 )  i n t o  ( 1 0 9 ) .  The c o n d e n s a t i o n  o f  (109) w i t h  

o n e  more m o l e c u l e  o f  t h e  n u c l e o t i d e  ( 1 0 6 )  g a v e  

o l i g o n u c l e o t i d e  a n a l o g u e  ( 1 1 0 ) .  The  l a t t e r  was  d e p r o t e c t e d  

i n  two s t e p s ,  f i s t  b e i n g  t r e a t e d  w i t h  am m on ia  i n  m e t h a n o l  

t o  c l e a v e  3 - b e n z o y l p r o p i o n y l  and  a c e t y l  g r o u p s ,  and f i n a l l y  

a c e t i c  a c i d  r e m o v e d  i s o p r o p y l i d e n e  p r o t e c t i o n  a f f o r d i n g  

o l i g o n u c l e o t i d e  (93)  .

C . 2 .  M e t h y l e n e  D e r i v a t i v e  o f  U r i d i n e .

R em oval  o f  t h e  5 , 6 - i s o p r o p v l i d e n e  g r o u p  i n  

1 , 2 : 5  , 6 - d  i  i s o p r o p y l  i d e n e - 3 - d e o x y - 3 - C - m e  t h y  l e n e - ° (  

- D - g l u c o f u r a n o s e  (57)  was  a c h i e v e d  i n  a  s o l u t i o n  o f  a c e t i c  

a c i d ,  w a t e r  a n d  e t h a n o l .  U n l i k e  t h e  h y d r o l y s i s  o f  t h e  

5 , 6 - i s o p r o p y l i d e n e  g r o u p  i n

1 , 2 : 5  , 5 - d i  i s o p r o p y l  i d e n e - 3 - d e o x y - 3 - C - b r o m o m e  t h y  l-<* 

- D - g l u c o f u r a n o s e  ( 9 6 ) ,  w h ich  was p e r f o r m e d  i n  a s o l u t i o n  o f  

d i l u t e  s u l f u r i c  a c i d ,  m e t h a n o l  and  c h l o r o f o r m ,  t h e  com pound  

(57) u n d e r w e n t  c o m p l e t e  d e s t r u c t i o n  u n d e r  t h e  same 

c o n d i t i o n s .  F u r t h e r m o r e ,  when t h e  r e a c t i o n  was a t t e m p t e d  

a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  B r i m a c o m b e ,  e t  a l 78 in
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70% a c e t i c  a c i d ,  t h i n - l a y e r  c h r o m a t o g r a p h y  r e v e a l e d  a  

f a s t e r  m o v i n g  com pound  i n  a p p r o x i m a t e l y  e q u a l  a m o u n t  w i t h  

t h e  e x p e c t e d  p r o d u c t .

C l e a v a g e  o f  5 , 6 - d i o l  i n  (111)  w as  p e r f o r m e d  i n  a m a n n e r  

a n a l o g o u s  t o  t h e  c o n v e r s i o n  o f  (97)  , u s i n g  s o d iu m  

m e t a - p e r i o d a t e  f o l l o w e d  by  r e d u c t i o n  w i t h  s o d iu m  

b o r o h y d r i d e .  T h e  r e s u l t i n g  5 - h y d r o x y l  g r o u p  i n  

3 - d e o x y - 3 - C - m e t h y  l e n e - 1 , 2 - 0 -  i s o p r o p u l  i d  e n e - ° ^ - D - r  i b o f u r a n o s e  

(112)  w as  p r o t e c t e d  by  m e ans  o f  e s t e r  i f i c a t i o n  w i t h  

3 - b e n z o y l p r o p i o n i c  a c i d .  T h i s  p r o t e c t e d  d e r i v a t i v e  (1 1 3 )  

w as  t h e n  s u b j e c t e d  t o  h y d r o l y s i s  b y  80% a c e t i c  a c i d  a t  80% 

d u r i n g  24 h r s .  A f t e r  t h e  c o n v e r s i o n  o f  (113)  w as  c o m p l e t e ,  

t h e  r e a c t i o n  m i x t u r e  was e v a p o r a t e d  t o  d r y n e s s ,  a n d  t r e a t e d  

( w i t h o u t  f u r t h e r  p u r i f i c a t i o n )  w i t h  a c e t i c  a n h y r i d e  i n  

p y r i d i n e  a t  r o o m  t e m p e r a t u r e  t o  g i v e

3 - b e n z o y l p r o p i o n y l - l , 2 - d i a c e t y l - 3 - d e o x y - 3 - C - n e t h y l e n e -  

- D - r i b o f u r a n o s e  ( 1 1 4 ) .  P r e p a r a t i o n  o f  t h e  u r i d i n e  

d e r i v a t i v e  (1 1 5 )  f r o m  (114)  was  a c c o m p l i s h e d  b y  r e a c t i o n  o f  

(114)  w i t h  2 , 4 - b i s ( t r i m e t h y l s i l y l o x y ) u r i d i n e  and  s t a n n o u s  

c h l o r i d e  i n  d r y  a c e t o n i t r i l e .  D e p r o t e c t i o n  o f  t h e  u r i d i n e  

d e r i v a t i v e  (1 1 5 )  w a s  a c c o m p l i s h e d  b y  t r e a t m e n t  w i t h  3M 

s o l u t i o n  o f  a m m o n ia  i n  m e t h a n o l  t o  g i v e  

3 - d e o x y - 3 - C - m e t h y l e n e u r i d i n e  ( 1 1 6 ) .

D e s p i t e  e x t e n s i v e  e f f o r t s  t o  e p o x i d i z e  t h e  com pound

( 1 1 6 ) ,  t h e  e p o x y  d e r i v a t i v e  o f  ( 1 1 6 )  c o u l d  n o t  b e  o b t a i n e d

55

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(115)
n h 3 / c h 3q h

0 s O 4
KCIOg TH5/H 2O

H

(118)

+
H

(117)

56

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



i n  a  d i r e c t ,  o n e  s t e p  r e a c t i o n .  No c o n v e r s i o n  o f  t h e  

n u c l e o s i d e  w as  d e t e c t e d  u p o n  t h e  t r e a t m e n t  o f  (116)  w i t h  

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

t e t r a h y d r o f u r a n  7 8 ' 8 8 »8 8 f a n d

H2C>2 '*'n  a  m e t ^ a n o l / w a t e r  m i x t u r e ,  i o d i n e / K I O ^
Q T

i n  a  d i o x a n e / w a t e r  m i x t u r e  , a c e t o n i t r i l e / H 2o 2
Q ]

i n  m e t h a n o l  . An a t t e m p t  u s i n g  ( 1 1 6 )  w i t h
g g

t e r t - b u t y l p e r o x i d e  and T r i t o n  B i n  t e t r a h y d r o f u r a n

l e d  t o  a  d e c o m p o s i t i o n  o f  t h e  n u c l e o s i d e ,  w h e r e a s  a n  e f f o r t
O 4 QC

t o  u s e  v a n a d y l  a c e t y l a c e t o n a t e  ( V O ( a c a c ) 2 ) ' 

i n s t e a d  o f  t r i t o n  B in  t h e  sam e p r o c e s s  r e s u l t e d  i n  t h e  

i m m e d i a t e  r e a c t i o n  b e t w e e n  t h e  n u c l e o s i d e  (116)  an d  v a n a d y l  

a c e t y l a c e t o n e .  Due t o  t h e s e  a d v e r s i t i e s ,  a n o t h e r  a p p r o a c h  

was  a p p l i e d .  T h i s  c o n s i s t e d  o f  h y d r o x y l a t i o n  o f  t h e  

3 ’ - m e t h y l e n e  g r o u p  in  t h e  n u c l e o s i d e  (116) t o  a  d i o l  s y s t e m  

w h i c h  m i g h t  b e  c o n v e r t e d  t o  t h e  e p o x i d e .  The h y d r o x y l a t i o n  

w as  a c c o m p l i s h e d  u s i n g  o sm ium  t e t r o x i d e  and p o t a s s i u m
o £ 0 7

c h l o r i t e  i n  a t e t r a h y d r o f u r a n / w a t e r  ' m i x t u r e  a t  

r oom  t e m p e r a t u r e  d u r i n g  3 h o u r s .  T h i s  r e a c t i o n  g a v e  a 

m i x t u r e  o f  tw o  i s o m e r i c  c o m p o u n d s  (117)  and ( 1 1 3 ) ,
13 1

e s t a b l i s h e d  by  i n s p e c t i o n  o f  t h e  C and H NMR 

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

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



D. EXPER IM EN TAL

1.  P u r i f i c a t i o n  o f  s o l v e n t s  a n d  r e a g e n t s .

D i m e t h y l s u I f o x i d e  w as  d i s t i l l e d  i n  v a c u u m  f ro m  c a l c i u m  

h y d r i d e  T e t r a h y d r o f u r a n e  and  P y r  i d  i n e  w e r e  r e f l u x e d  f o r  2 

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

D i m e t h y l f o r m a m i d e  w as  m ixed  w i t h  b e n z e n e  ( a b o u t  5% by  

vo lum e)  a n d  d i s t i l l e d  u n t i l  b o i l i n g  p o i n t  r e a c h e d  

9 0 - 1 0 0 ° C .  The  r e m a i n i n g  s o l u t i o n  w a s  c o o l e d  t o  room 

t e m p e r a t u r e  a n d  s h a k e n  w i t h  a c t i v a t e d  a l u m i n a  w h ic h  h a d  

b e e n  f r e s h l y  d r i e d  a t  t h e  t e m p e r a t u r e  1 6 0 - 1 8 0 ° C ,  o v e r  

P2 °5  f o r  24 h o u r s .  The  d e c a n t e d  s o l u t i o n  o f  

d i m e t h y l f o r m a m i d e  was  n e x t  d i s t i l l e d  u n d e r  r e d u c e d  

p r e s s u r e .  A c e t o n i t r  i l e  was  r e f l u x e d  w i t h  c a l c i u m  h y d r i d e  

f o r  2 h o u r s  a n d  d i s t i l l e d .  T he  d i s t i l l a t e  was d i s t i l l e d  

a g a i n  f r o m  P ? 0 5 . C h l o r o f o r m  w a s  d i s t i l l e d  f rom  

P^jO^ . 2 , 4 - B i s  ( t r i m e t h y l s i l v l o x y )  p y r  i m i d i n e  was

p r e p a r e d  b y  r e f l u x i n g  d r y  u r a c i l  ( lO g )  w i t h  

h e x a m e t h y l d i s i l a z a n e  (80 mL) u n t i l  u r a c i l  d i s s o l v e d .

Vacuum d i s t i l l a t i o n  o f  t h e  r e s u l t i n g  s o l u t i o n  g a v e  t h e  

p r o d u c t  w h i c h  w as  c o l l e c t e d  i n  t h e  t e m p e r a t u r e  123°C 

(18 T o r r ) . Y i e l d  2 0 . 8 8 g  (91% ) .  TLC w as  p e r f o r m e d  o n  t h e  

p l a t e s  KODAK 13179  u s i n g  t h e  same d e v e l o p i n g  s o l u t i o n s  a s  

f o r  c o l u m n  c h r o m a t o g r a p h y  ( s e e  b e l o w ) .  NMR w ere  m e a s u r e d  

w i t h  EM-360 (60 MHz),  P e r k  i n - E l m e r , a n d  WP-200SY (200 MHz),  

B r u c k e r ,  i n s t r u m e n t s .
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D. 1 . 1 , 2  : 5 , 6 - d i - i s o p r o p y l i d e n e - D - g l u c o f u r a n o s - 3 u l o s e  ( 5 3 ) .

A s o l u t i o n  o f  d i m e t h y l s u l f o x i d e  (620 mL) a n d  a c e t i c  

a n h y d r i d e  (410 mL) w as  a l l o w e d  t o  s t a n d  a t  room  t e m p e r a t u r e  

f o r  1 h o u r .  I n  t h i s  s o l u t i o n ,  1 , 2  : 5 , 6 - d  i i s o p r o p y l i d e n e - D -  

g l u c o f u r a n o s e  ( 5 2 , 0 6  g ,  0 . 2 0  m o l e )  was d i s s o l v e d  a n d  t h e  

m i x t u r e  w as  k e p t  o v e r n i g h t  a t  ro o m  t e m p e r a t u r e .  T h e  

s o l v e n t s  w e r e  rem oved  b y  d i s t i l l a t i o n  u n d e r  r e d u c e d  

p r e s s u r e  ( 1 . 0 - 0 . 5  T o r r )  u n t i l  b o i l i n g  p o i n t  r e a c h e d  70C .  

F i n a l  d i s t i l l a t i o n  o f  t h e  p r o d u c t  was  d o n e  u n d e r  t h e  

p r e s s u r e  o f  0 . 3  T o r r .  The  p r o d u c t  was  c o l l e c t e d  a t  

t e m p e r a t u r e s  1 1 0 -1 1 5  C.  T h e  y i e l d  was 4 1 . 8g ( 8 0 . 9 % ) .  

E l e m e n t a r y  a n a l y s i s  a n d  I R ,  NMR s p e c t r a  w e r e  c o m p a t i b l e  

w i t h  t h o s e  known f o r  t h e  p r o d u c t .

D. 2 .  1 , 2 : 5 , 6 - D i - 0 - i s o p r o p y l i d e n e - 3 - d e o x y - 3 - C - m e  t h y l e n e - D -  

g l u c o f  u r a n o s e  ( 5 7 ) .

S o d i u m  h y d r i d e ,  i n  50% o i l  s u s p e n s i o n  ( 1 0 . 7 8  g ,  . 2 2 5  

m o l e ) , and  d r y  d i m e t h y l s u l f o x i d e  (415 mL) u n d e r  n i t r o g e n  

w e r e  s t i r r e d  a t  75°C u n t i l  a l l  o f  t h e  s o d iu m  h y d r i d e  

d i s s o l v e d  ( a b o u t  45 m i n . ) .  T h e  r e s u l t i n g  s o l u t i o n  w as  

t r e a t e d  a t  20°C ,  w i t h  e x t e r n a l  c o o l i n g ,  w i t h  

m e t h y l t r i p h e n y l p h o s p h o n i u m  b r o m i d e  ( 8 3 . 4 6  g ,  0 . 2 2 5  m o l e ) .
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A f t e r  30 m in  o f  s t i r r i n g  a t  t h i s  t e m p e r a t u r e ,  a  s o l u t i o n  

o f  1 , 2 : 5 , 6 - d i - O - i s o p r o p y l i d e n e -  - D - r i b o f u r a n o s - 3 - u l o s e  

( 1 9 . 3 5  g ,  0 , 0 7 5  m o l e )  i n  d i m e t h y l s u l f o x i d e  (180 mL) was  

a d d e d  w h i l e  t h e  t e m p e r a t u r e  was  m a i n t a i n e d  i n  t h e  r a n g e  

1 8 - 2 0 ° C .  T h e  r e a c t i o n  m i x t u r e  was  s t i r r e d  f o r  3 h r .  a t  

room t e m p e r a t u r e  a n d  a d d e d  t o  2 , 5  l i t e r s  o f  c o l d  w a t e r .  The  

r e s u l t i n g  m i x t u r e  w as  e x t r a c t e d  w i t h  e t h y l  e t h e r  (5 x 400 

mL). The  e t h e r a l  s o l u t i o n  was  w a s h e d  w i t h  w a t e r  (2 x 150 

mL) , d r i e d  w i t h  a n h y d r o u s  s o d iu m  s u l f a t e ,  e v a p o r a t e d  t o  a  

s m a l l  v o l u m e  a n d  c o o l e d .  C r y s t a l l i n e  t r i p h e n y l p h o s p h i n e  

o x i d e  was  f i l t e r e d ,  a n d  t h e  r e m a i n i n g  e t h e r  was  e v a p o r a t e d .  

The r e s i d u e  w as  c h r o m a t o g r a p h e d  o n  a  s i l i c a  g e l  c o lu m n  

( 6 0 - 2 0 0  m e s h ,  45 x 3 , 5  cm) u s i n g  f i r s t  t o l u e n e  (500 m l ) ,  

t h e n  t o l u e n e  : e t h y l  a c e t a t e  = 3 : 1  a s  t h e  e l u a n t s .  

E v a p o r a t i o n  o f  f r a c t i o n s  c o n t a i n i n g  t h e  p u r e  s u b s t a n c e  g a v e

1 3 . 4  g (70 %) o f  t h e  p r o d u c t .  C a l c u l a t e d :  C 6 0 .9 2 % ,  H 

7 .8 6 % .  F o u n d :  6 0 . 7 8 % ,  H 7 .84% .

NMR H 4 . 0 0 - 4 . 8 0  ( 4H, d , CjH, C5H, C5H2 ) ,

4 . 9 0  ( l H , d ,  J  2 = 3Hz , C 2H) , 5 . 8 0

( l H , d , J 1 ^2 = 3 H z , D 1H ) , 5 . 3 5 - 5 . 6 0

(2 H ,m ,C ^ H^  l a 3 0 - 1 . 7 0  (12H,4CH3 )

IR (cm- 1 ) :  2 9 8 5 ,  2 9 3 0 ,  1 4 50 ,  1 3 8 0 ,  1 3 6 0 ,  1 2 1 0 ,  1 1 5 7 .

D. 3 .  3 - D e o x y - 3 - C -  ( h y d r o x y m e t h y l )  - 1 , 2 : 5  , 6 - d i i s o p r o p y l i d e n e - c < .  

- D - a l l o f u r a n o s e  (95 )  .
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To a  s o l u t i o n  o f  

1 , 2 : 5 , 6 - d  i - 0 - i s o p r o p y l i d e n e - 3 - d e o x y - 3 - C - m e t h y l e n e - o < .

- D - r i b o f u r a n o s e  (11  g ,  0 . 0 4 3  m o l e )  i n  d r y  t e t r a h y d r o f u r a n  

(95 mL) a t  0 - 4 ° C  u n d e r  n i t r o g e n ,  w a s  a d d e d  a 1 0 . 0  M 

s o l u t i o n  o f  BH^ i n  Me? S (13 mL) a n d  t h e  r e s u l t i n g  

s o l u t i o n  w a s  s t o r e d  f o r  24 h r .  a t  t h i s  t e m p e r a t u r e .  W i t h  

v e r y  e f f e c t i v e  e x t e r n a l  c o o l i n g  w h i c h  m a i n t a i n e d  t h e  

t e m p e r a t u r e  a t  - 5  t o  +5°C ,  t h e  r e a c t i o n  m i x t u r e  was  

t r e a t e d  s u c c e s s i v e l y  w i t h  a  s o l u t i o n  o f  t e t r a h y d r o f u r a n  a n d  

w a t e r  1 : 1 (45  m L ) , 2 N s o d i u m  h y d r o x i d e  (132  mL) a n d  30 % 

a q u e o u s  h y d r o g e n  p e r o x i d e  (75  m L ) . The  e x t e r n a l  c o o l i n g  was  

t h e n  d i s c o n t i n u e d  and  t h e  m i x t u r e  w a s  a l l o w e d  t o  warm t o  

2 3 - 2 7 ° C  a t  w h i c h  p o i n t  i t  w a s  s t i r r e d  f o r  2 h r s .

E v a p o r a t i o n  i n  v a c u o  a f f o r d e d  a w h i t e  s o l i d  w h ic h  w as  

d i s s o l v e d  i n  w a t e r  (500 mL) a n d  e x t r a c t e d  w i t h  e t h y l  e t h e r  

(5 x 100 m L ) . The  e t h y l  e t h e r  e x t r a c t  was d r i e d  w i t h  

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

w as  c h r o m a t o g r a p h e d  on a  s i l i c a  g e l  c o l u m n  ( 6 0 - 2 0 0  m e s h ,  45 

x 3 . 5  cm) w i t h  t o l u e n e  : e t h y l  a c e t a t e  = 3 : 2 t o  g i v e  9 . 1 4  

g (78 %) o f  t h e  p r o d u c t .  C a l c u l a t e d :  C 56 .92% ,  H 5 . 8 3 % .  

F o u n d :  C 5 7 . 1 8 % ,  H 5.83%

NMR H 5 . 7 5  ( 1H, d , ^  2 =3H z , C j H ) , 4 . 7 5  ( l H , t , J L

2 = J 2 3 = 3 H z , C 2H ) , 3 . 6 0 - 4 . 2 0

( 6 H , m , C 3 I H 2 , C 4 H , C 5 H , C 6 H 2 ) ,  3 . 2 5

( l H , m , C 4H ) ,  1 . 4 0  (12H ,m ,4H )

61

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



D.4 . 3 - D e o x y - 3 - C -  ( b r o m o m e th y  1) - 1 , 2 : 5 ,  6 - d  i - 0 - i s o p r o p y l i d e n e - ° (  

- D - a l l o f u r a n o s  (96 )  .

To a  s o l u t i o n  o f  N - b r o m o s u c c i n i m i d e  ( 3 . 9 4  g ,  0 . 0 2 2  

mole)  i n  d r y  d i m e t h y l f o r m a m i d e  (55 mL) w as  a d d e d  

t r i p h e n y l p h o s p h i n e  ( 6 . 3 6  g ,  0 . 0 2 2  mole)  w i t h  s t i r r i n g .  A 

s t r o n g l y  e x o t h e r m i c  r e a c t i o n  o c c u r r e d  a n d  t h e  t e m p e r a t u r e  

r o s e  t o  6 0 - 6 5 ° C .  T h e  s o l u t i o n  was  c o o l e d  t o  r o o m  

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

s o l u t i o n  o f

3 - d e o x y - 3 - C - ( h y d r o x y m e t h y  1) - 1 , 2  : 5 , 6 - d i i s o p r o p y l i d e n e - c <  

- D - a l l o f u r a n o s e  ( 5 . 4 8  g ,  0 . 0 2 0  mole)  a n d  p y r i d i n e  ( 1 . 6 2  mL, 

0 . 0 2 0  m ole )  i n  d r y  d i m e t h y l f o r m a m i d e  (27 mL) w h i l e  t h e  

t e m p e r a t u r e  o f  t h e  r e a c t i o n  m i x t u r e  was  m a i n t a i n e d  a t  

0°C w i t h  e x t e r n a l  c o o l i n g .  The  brown s o l u t i o n  w a s  t h e n  

a l l o w e d  t o  warm t o  room t e m p e r a t u r e  and  w as  s t i r r e d  f o r  1 

h o u r .  F i n a l l y ,  t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  

5 0 - 6 0 °  f o r  3 h r s . ,  t h e  s o l v e n t  was  e v a p o r a t e d  u n d e r  

vacuum ,  a n d  t h e  r e s i d u e  w as  c h r o m a t o g r a p h e d  o n  a  s i l i c a  g e l  

c o lum n  ( 6 0 - 2 0 0  m e s h ,  45 x 3 . 5  cm) w i t h  t o l u e n e  : e t h y l  

a c e t a t e =  8 : 1 .  E v a p o r a t i o n  o f  t h e  s o l v e n t s  g a v e  5 . 1 2  g 

(76 %) o f  t h e  o i l y  p r o d u c t .  C a l c u l a t e d :  C 4 6 . 3 0 % ,  H 6 .28% .  

F o u n d :  C 4 6 . 1 8 % ,  H 6 . 3 1 % .
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?MR H 5 . 7 2  ( l H / d , J 1 ^2 = 3 H z , C 1H ) , 4 . 7 5

( i H , t , J 1 9 = J 7 3 = 3Hz , C 2H ) ,  3 . 3 0 - 4 . 3 0  

( /H , in, C^H , C3 i H2 , C^H ,

CgH9 ) f 1 . 4 0  ( 1 2 H f m,4CH3 )

D . 5 .  3 - D e o x y - 3 - C - ( b r o m o m e t h y l ) - 1 , 2 - 0 - i s o p r o p y l i d e n e - o (  

- D - a l l o f u r a n o s e  ( 9 7 ) .

A s o l u t i o n  o f

3 - d e o x y - 3 - C - ( b r o m o m e t h y 1 ) - 1 , 2 : 5 , 5 - d  i - O - i s o p r o p y l i d e n e - ( X  

- D - a l l o f u r a n o s e  ( 3 . 3 7  g ,  0 . 0 1  m o l e ) ,  m e t h a n o l  (49 m L ) , 

c h l o r o f o r m  (16mL) a n d  1 . 5  % H2S0^ ( 7 . 8  mL) w a s  k e p t  

a t  room t e m p e r a t u r e  f o r  3 d a y s .  The p r o g r e s s  o f  t h e  

r e a c t i o n  w a s  m o n i t o r e d  on  TLC p l a t e s  (K odak  13179)  w i t h  

d e v e l o p i n g  s o l u t i o n  o f  t o l u e n e  : e t h y l  a c e t a t e  = 10 : 1.  

When t h e  h y d r o l y s i s  w as  c o m p l e t e d ,  t h e  s o l u t i o n  was  

t r e a t e d  w i t h  2 g o f  s o d i u m  b i c a r b o n a t e  a n d  e v a p o r a t e d  t o  

d r y n e s s .  T h e  r e s i d u e  was  p a r t i t i o n e d  b e t w e e n  w a t e r  (20 mL) 

and  c h l o r o f o r m  (5 x 20 m L ) . The  c h l o r o f o r m  s o l u t i o n  was 

d r i e d  w i t h  a n h y d r o u s  s o d i u m  s u l f a t e  an d  e v a p o r a t e d  t o  o i l y  

r e s i d u e .  Y i e l d  2 . 7 2  g (95 %). C a l c u l a t e d :  C 4 0 . 4 2 % ,  H 

5 .77% .  F o u n d :  C 4 0 . 1 5 % .  H 5.60%

<*]2T)2= 9 9 . 5

NMR H 5 . 8 0  ( 1H, d , J x 2 = 3 H z ,C ]_H), 4 . 8 0  

( l H , t , J 1 2 = 2 , 3 = 3 H Z ) ' 4 *0 0 - 2 *90
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(6H ,m ,C 3 I H2 , C 4H f C5H ,C 6H2 ) , 2 . 5 0  

( l H , m , C 3H ) ,  1 . 4 7  (6 H ,d ,2 C H 3 )

IR (cm- 1 ) :  3 5 0 0 ,  2 9 9 0 ,  2 9 4 0 ,  1 4 5 5 ,  1 3 8 5 ,  1 3 7 5 ,  1240 ,

1 1 6 7 .

D . 6 . 3 - D e o x y - 3 - C - ( b r o m o m e t h y l )  - 1 , 2 - O - i s o p r o p y l i d e n e - c X  

- D - r i b o f u r a n o s e  ( 9 8 ) .

A f l a s k  w i t h  a  s o l u t i o n  o f  

3 - d e o x y - 3 - C - ( b r o m o m e t h y l ) - 1 , 2 - i s o p r o p y l i d e n e - o <  

- D - a l l o f u r a n o s e  ( 2 . 8 6  g ,  1 0 .0  m m o l e ) ,  e t h a n o l  (130 mL) a n d  

w a t e r  (80 mL) w a s  c o v e r e d  w i t h  a  l i g h t - r e f l e c t i n g  f o i l  a n d  

t r e a t e d  w i t h  a s o l u t i o n  o f  s o d i u m  m e t a - p e r i o d a t e  ( 2 . 2 2  g ,

1 0 . 3  mmole) i n  w a t e r  (42 mL) f o l l o w e d  b y  a d d i t i o n  o f  s o d i u m  

b i c a r b o n a t e  ( 1 . 0  g ) . T h e  r e a c t i o n  m i x t u r e  was  s t i r r e d  a t  

room t e m p e r a t u r e  f o r  3 h r s . . S o d iu m  b o r o h y d r i d e  ( 1 . 9 3  g ,

3 2 . 4  mmole) w as  a d d e d  i n  s m a l l  p o r t i o n s  w h i l e  t e m p e r a t u r e  

was m a i n t a i n e d  b e l o w  2 5 °C  w i t h  e x t e r n a l  c o o l i n g .  The 

m i x t u r e  w as  s t i r r e d  o v e r n i g h t ,  t h e  e x c e s s  o f  s o d iu m

b o r o h y d r i d e  w as  d e c o m p o s e d  by a d d i t i o n  o f  50 % a c e t i c  a c i d  

u n t i l  t h e  pH r e a c h e d  5 .  The s o l u t i o n  w a s  d e c o l o r i z e d  by  

t i t r a t i o n  w i t h  10 % a q u e o u s  s o l u t i o n  o f  s o d i u m  b i s u l f i t e  

f o l l o w e d  by  e x t r a c t i o n  w i t h  c h l o r o f o r m  (5 x 50 mL). The 

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

t h e  r e s i d u e ,  a f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t  was
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c h r o m a t o g r a p h e d  o n  a  s i l i c a  g e l  c o l u m n  ( 6 0 - 2 0 0  m e sh ,  48 x 

2 . 7  cm) w i t h  t o l u e n e  : e t h y l  a c e t a t e  = 55 : 45 .  E v a p o r a t i o n

o f  t h e  e l u a t e  g a v e  1 . 9 3  g (72  %) o f  t h e  p r o d u c t .
99
P ) = 1 0 6 . 8o(

NMR H 5 . 8 1  ( l H f d , . ^  2 = 3K z ,C 1 ) ,  4 . 8 0  ( 1H, t , 2 = J ? f 3 =3Hz ,

C2H ) , 4 . 1 0 - 2 . 8 0  (7H,m,OH,C3 , H , C 4 H ,C 5H ) ,

2 . 5 0  ( l H , m ,  C3H) 1 . 5 3  ( 3 H , s , C H 3 ) ,  1 . 3 7  

(3H , s ,CH3 )

IR  (cm- 1 ) :  3 5 0 0 ,  3 5 0 0 ,  3 0 0 0 ,  2 9 5 0 ,  2 8 9 0 ,  145 0 ,  1 3 8 5 ,  

1 3 7 5 ,  1 2 6 0 ,  1 1 7 0 .

D . 7 . 5 - ( 3 - B e n z o y l p r o p i o n y l )  - 3 - d e o x y - 3 - C - ( b r o m o m e t h y l )  -

1 , 2 - O - i s o p r o p y l i d e n e - D - r i b o f u r a n o s e  ( 9 9 ) .

A s o l u t i o n  o f  

3 - d e o x y - 3 - C -  ( b r o m o m e t h y l )  - 1 ,  2 - 0 - i s o p r o p y l i d e n e - o (

- D - r i b o f u r a n o s e  ( 2 . 8 6  g ,  1 0 . 0  m m o l ) ,  3 - b e n z o y l p r o p i o n i c  

a c i d  ( 7 . 1 3  g ,  4 0 . 0  mmol) an d  d i c y c l o h e x y l c a r b o d i i m i d e  (DCC) 

( 1 0 . 8 3  g ,  5 2 . 0  mmole) i n  d r y  p y r i d i n e  (100  mL) was  s t o r e d  

a t  room t e m p e r a t u r e  f o r  24 h r s .  . T h e  e x c e s s  o f  DCC w as  

d e s t r o y e d  b y  s t i r r i n g  t h e  m i x t u r e  w i t h  w a t e r  (20 mL) f o r  3 

h r s . .  T h e  p r e c i p i t a t e  was  f i l t e r e d ,  t h e  s o l v e n t  r e m o v e d  b y  

r e p e a t e d  e v a p o r a t i o n  w i t h  t o l u e n e ,  t h e  r e s i d u e  was p u r i f i e d  

on  a s i l i c a  g e l  c o l u m n  ( 6 0 - 2 0 0  m e s h ,  48 x 2 . 7  cm) w i t h  

h e x a n e  : e t h y l  a c e t a t e  = 3 : 1 .  T h e  y i e l d  2 . 2 9  g ( 5 3 . 5  %).
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C a l c u l a t e d :  C 5 1 . 4 8 % ,  H 5 .23%.  F o u n d :  C 5 1 . 7 9 % ,  H 5 ,19% .  

® = 4 9 . 0

NMR H 8 . 2 0 - 7 . 8 0  (5 H ,m ,C gH5 ) ,  5 . 8 0  ( 1H , d , J x  ̂2 =4Hz , C-jH) ,

4 . 7 2  ( l H j t , ^  2 = J 2 3 = 4Hz, C2H) , 4 . 4 0 - 3 . 8 0  

(3H ,m ,C 4H2 ) 3 . 1 0 - 3 . 4 0  

( 4 H , m , J 7 , i g i i = 6 H z , C g , i , C3 iH2 ) , 2 . 8 0  

( 2 H , t , J 7 , , f 8 , , = 6 H z ,C 7 , , H 2) , 2 . 4 0  

( l H , m , C 3H ) ,  1 . 5  ( 3 H , s ,C H 3) ,  1 . 3  ( 3 H , s , C H 3 )

IR  (cm- 1 ) :  2 9 8 0 ,  2 9 3 0 ,  2 8 5 0 ,  1 7 3 5 ,  1 6 8 5 ,  1 5 9 5 ,  1450,

1 3 8 5 ,  1 3 7 5 ,  1 2 3 0 ,  1 1 6 5 .

D . 8 .

5 -  ( 3 - B e n z o y l p r o p i o n y  1) - 3 - d e o x y - 3 - C -  ( b r o m o m e t h y l )  - 1 , 2 - d i a c e t y l -  

■4J5) - D - r  i b o f u r a n o s e  ( 1 0 1 ) .

A s o l u t i o n  o f  

5 -  ( 3 - b e n z o y l p r o p i o n y l )  - 3 - d e o x y - 3 - C -  ( b r o m o m e t h y l )  -  

1 ,  2 - 0 - i s o p r o p y  l idene-<X .-D-r  i b o f u r a n o s e  ( 2 . 1 4  g ,  0 . 0 1  mol)  i n  

80% a c e t i c  a c i d  (100  mL) was s t i r r e d  a t  80°C f o r  24 

h r s .  The  s o l v e n t  w as  e v a p o r a t e d  i n  v a c u o ,  t h e  r e s i d u e  was  

r e p e a t e d l y  e v a p o r a t e d  w i t h  t o l u e n e  a n d  d r i e d  u n d e r  vacuum  

o v e r  t>2°5  ^o r  ^4 ^ r s * T h i s  g l a s s y  m a t e r i a l  was  

d i s s o l v e d  i n  a  m i x t u r e  o f  d r y  p y r i d i n e  (12  mL) and a c e t i c  

a n h y d r i d e  (6 m L ) . The  s o l u t i o n  w as  s t i r r e d  o v e r n i g h t  a t  

room t e m p e r a t u r e ,  t h e  s o l v e n t s  w e r e  r e m o v e d  by  r e p e a t e d
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^ = 8 . 4 7

e v a p o r a t i o n  w i t h  t o l u e n e  a n d  t h e  r e s i d u e  w as  p u r i f i e d  on a  

s i l i c a  g e l  c o l u m n  ( 6 0 - 2 0 0  m e sh ,  45 x 3 .5 c m )  w i t h  h e x a n e  : 

e t h y l  a c e t a t e  = 7 : 3 .  The  y i e l d  3 . 5 6  g (7 6 % ) .  C a l c u l a t e d :

C 5 0 .9 7 % ,  H 4 . 9 2 % .  F o u n d :  C 5 0 .7 1 % ,  H 4 . 3 5 % .

(X
- J j )  -

NMR H 8 . 0 0  (5 H ,m , P h H 5) ,  6 . 0 0  ( l l ^ s , ^ ) ,  5 . 2 3  ( l H , d , J 2 3 = 4Hz,  

C2H) , 4 . 3 1  ( 3 H , s , C 4 H ,C 5H2 ) , 3 . 7 0 - 3 . 1 0  

(4H,m, J y |  | g i  ,= 6 H z ,C g i  , H2 , C g , H2 ) ,

2 . 8 0  ( 3 H , t , J 7 , , , _g H z '  C7 , , H 2 , C 3H ) ,

2 . 1 0  ( 3 H , s ,CH3 ) ,  2 . 0 5  ( 3 H , s , C H 3 )

IR (cm- 1 ) :  2 9 8 0 ,  2 9 5 5 ,  2 8 5 5 ,  1 7 4 5 ,  1 6 9 0 ,  1 5 9 5 ,  1 4 5 0 ,

1 3 7 5 ,  1 2 3 5 ,  1 1 6 5 .

D. 1 0 . . 5 - ( 3 - B e n z o y l p r o p i o n y l ) - 3 - d e o x y - l , 2 - d i a c e t y l - 3 - C -  

( d i i s o p r o p o x y p h o s p h i n y l m e t h y l ) - ( o(+J3 ) - D - r i b o f u r a n o s e  (104) .

A s o l u t i o n  o f

5 - ( 3 - b e n z o y l p r o p i o n y l ) - 3 - d e o x y - l ,  2 - d  i a c e t y l - 3 - C - ( b r o m o m e t h y l ) -

+jb) - D - r  i b o f u r a n o s e  ( 2 . 3 5  g ,  0 . 0 0 5  m o le )  i n

t r i i s o p r o p y l p h o s p h i t e  (15 mL) was  h e a t e d  t o  1 6 0 - 1 8 0 ° c

w i t h  e x c l u s i o n  o f  m o i s t u r e  f o r  3 d a y s .  The  s o l v e n t  was

e v a p o r a t e d  i n  v a c u o  and t h e  r e s i d u e  w a s  p u r i f i e d  o n  a

s i l i c a  g e l  c o l u m n  ( 6 0 - 2 0 0  m e sh ,  48 x 2 . 7  cm) w i t h

c h l o r o f o r m  : e t h y l  a c e t a t e  = 1 : 1 .  The  y i e l d  1 . 7 3  g
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(6 8 %).  C a l c u l a t e d :  C 5 6 . 11%,  H 6 . 7 0 .  F o u n d :  C 5 6 . 4 5 % ,  H 

6 . 6 0 %.

r e g i o n  2 . 2 - 3 . 4 ,  2 . 1  ( 6 H , 2 x s , a c e t y l C H 3 ) , 1 . 3 7  and  

1 . 2 3  ( 6 H , 2 x s , i s o p r o p y l C H g )

IR (cm- 1 ) :  2 9 8 5 ,  2 8 3 0 ,  17 4 5 ,  1 6 9 0 ,  1 5 9 5 ,  1 4 5 0 ,  1 3 9 0 ,  

1 3 7 5 ,  1 2 3 5 ,  1 1 7 0 .

2 ' - A c e t v l - 5 ' - ( 3 - b e n z o y l p r o p i o n y l )  - 3 ' - d e o x y - 3 ' - d e o x y - 3 -  

C - ( d i i s o p r o p o x y p h o s p h i n y l m e t h y l )  u r i d i n e ( 1 0 5 ) .

To a  s o l u t i o n  o f  5 - ( 3 - b e n z o y l p r o p i o n y l ) - 3 - d e o x y -

1 , 2 - d i a c e t y  1 - 3 - C - ( d i i s o p r o p o x y p h o s p h i n y l m e t h y l )  -  (<X+J3 

) - D - r i b o f u r a n o s e  ( 2 . 5 0  g ,  0 . 0 0 4 5  m o l e )  i n  d r y  a c e t o n i t r i l e  

(90 mL) a t  0°C w i t h  e x t e r n a l  c o o l i n g  w a s  a d d e d  

b i s ( t r m e t h y I s i l y  1 ) u r a c i l  ( 1 . 2 5  g ,  4 . 9  mmol)  an d  SnCl ^

( 0 . 6 2  mL, 5 . 3  m m o l ) .  The  s o l u t i o n  was  s t i r r e d  a t  r oom 

t e m p e r a t u r e  f o r  24 h r s . ,  d i l u t e d  w i t h  m e t h y l e n e  c h l o r i d e  

(125 mL) a n d  e x t r a c t e d  w i t h  a  s a t u r a t e d  s o l u t i o n  o f  s o d i u m

NMR H 8 . 0 0 - 7 . 3 0  (5H,m, PhH5 ) ,  6 . 0 1  ( I H ^ C j H ) ,  5 . 1 6  

( l H , d , J 2 3 = 4 H z , C 2H ) ,  5 . 0 0 - 4 . 0 0  

( S H ^ e s t e r C ' t ^ C 1 ' H ,  C5H2 , C 4 ) ,  3 . 3 0  

( 2 H , t , J ? , , ^ g , i = 6H z , C g i , H 2 ) , 3 . 0 0 - 2 . 2 0

(m,C? , H2"U,CgH)  '  a l s o  c 3 ,H2 i s  i n  t h e

D. 11
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b i c a r b o n a t e  (100  m L ) . The o r g a n i c  l a y e r  was  d r i e d  w i t h  

a n h y d r o u s  s o d i u m  s u l f a t e .  E v a p o r a t i o n  i n  v a c u o  g a v e  2 . 2  g 

(80%) o f  t h e  p r o d u c t  w h i c h  was  s u f f i c i e n t l y  p u r e  f o r  

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

f r o m  e t h y l  e t h e r .  C a l c u l a t e d :  C 5 5 . 2 5 % ,  H 6 . 1 3 % ,  N 4 . 60 %.  

F o u n d :  C 5 4 . 9 1 % ,  H 5 . 98 %,  N4 . 43%.

[ < X g = 5 5 . 1 6

NMR H 9 . 5 8  ( 1 H , S , N 3 H ) ,  7 . 0 0 - 8 . 0 0  (6H , m , P h H g , C g H ) ,

5 . 6 4  ( 2 H , m, C 5H , C 1 ,H) , 5 . 9 8  ( l H , q , C 3 , H ) ,

4 . 8 0 - 3 . 8 0  ( 5 H , m , , H,C4 , H , e s t e r C ' H , C ' 'H) 3 . 2 3  

( 2 H , m , C g , , ,H? ) , 2 . 9 0 - 2 . 5 0  

(3H, m, , C3 ,H) , 2 . 0 1

( 3 H , s , a c e t y l C H 3 ) , 2 . 0 0 - 1 . 5 8  ( 2 H , m , C 3 ,H2 ) ,

1 . 1 8  ( 1 2 H , 2 x s , i s o p r o p y l 4 x C H 3 )

D. 12 . . 2 ' - A c e t y l - 5  1 -  ( 3 - b e n z o y l p r o p i o n y l )  - 3  ' - d e o x y - 3  1 - C -

( d i h y d r o x y p h o s p h i n y l m e t h y l )  u r  i d i n e  ( 1 0 6 ) .

To a s o l u t i o n  o f  

2 1- a c e t y l - 5 ' - ( 3 - b e n z o y l p r o p i o n y l ) - 3 1- d e o x y - 3 1- C -  

( d i i s o p r o p o x y p h o s p h i n y l m e t h y l ) u r i d i n e  ( 2 . 1 0  g ,  3 . 4 5  mmol) 

i n  d r y  c h l o r o f o r m  (25 mL) w a s  a d d e d  t r i m e t h y l s i l y l b r o m i d e  

( 5 . 2  mL) . T h e  p r o g r e s s  o f  t h e  r e a c t i o n  was  m o n i t o r e d  w i t h  

NMR ( c h a n g e  i n  t h e  c h e m i c a l  s h i f t  o f  i s o p r o p y l  p e a k s )  and
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a f t e r  7 h r s .  t h e  m i x t u r e  was e v a p o r a t e d  a n d  d r i e d  u n d e r  

vacuum.  The r e s i d u e  was s t i r r e d  w i t h  a  s o l u t i o n  o f  w a t e r  

(35 mL) and  p y r i d i n e  (14 mL) f o r  1 h r s . ,  f o l l o w e d  by 

e x t r a c t i o n  o f  t h e  r e s u l t i n g  s o l u t i o n  w i t h  e t h e r  ( 10  mL).

The w a t e r  l a y e r  was  e v a p o r a t e d  t o  d r y n e s s  a n d  c r y s t a l l i z e d  

f rom an e t h a n o l / e t h e r  s o l u t i o n .  Y i e l d  1 . 8 5  ( 8 0 ? ) .

C a l c u l a t e d :  C 5 2 . 7 3 ? ,  H 5 - 0 1 ? ,  N 6 . 9 6 ? .  F o u n d :  C 5 2 . 9 5 ? ,

H 4 . 9 7 ? ,  N 6 . 7 5 ? .

[ ] § 2 = 4 4 . 5

NMR H 7 - 9 ,  p r o t o n s  f r om p y r i d i n e ,  P h H ^ , CgH,

5 . 5 0  ( 2 H , m , C 5 H , C 1 , H ) ,  5 . 2 2  ( 1 H , m , C 2 , H ) ,

3 . 1 7  ( 2 H , d , C 8 , , , H2 ) , 2 . 4 6  

( 3 H , s , C 7 , , »H2 , C 3 , h j f 2 . 2 5 - 1 - 3 0  

( 5 H , m , a c e t y l C H ^ , C8 t »2 )

D . 13.  - A c e t y l - 5 ' - ( 3 - b e n z o y l p r o p i o n y l ) - 3 ' - d e o x y - 3 ' - d i h y d r o x y p h o s  = 

= p h i n y l m e t h y l u r  i d y l y  1 - 3 ( 3 ' - 5 ' ) - 2 ' , 3 ' - i s o p r o p y l i d e n e u r i d i n e  

( 1 0 8 ) .

A m i x t u r e  o f  2 ' - a c e t y l - 5 ' - ( 3 - b e n z o y l p r o p i o n y l ) - 3 - d e o x y -  

3 - C - ( d i h y d r o x y p h o s p h i n y l m e t h y l ) u r i d i n e , p y r i d i n i u m  s a l t  

( 0 . 4  g 0 . 6 6 4  m m o l e ) ,  2 '  , 3 ' - i s o p r o p y l i d e n e u r i d i n e  ( 0 . 5 3  g ,

1 . 87  mmol ) ,  Dowex 5 0 ,  p y r i d i n i u m  fo rm ( 1 . 5 2  g )  was r e n d e r e d  

a n h y d r o u s  by r e p e a t e d  e v a p o r a t i o n  w i i t h  a n h y d r o u s  p r y d i n e
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and d r i e d  u n d e r  v a c u u m  o v e r  . T h e  r e s i d u e  was

d i s s o l v e d  i n  d r y  p y r i d i n e  (8 mL) , t h e  f l a s k  was  c o v e r e d  

w i t h  a  l i g h t - r e f l e c t i n g  f o i l ,  d i c y c l o h e x y l c a r b o d i i m i d e  

(DCC) ( 1 . 8  g ,  8 . 7 4  mmol) w a s  a d d e d  a n d  t h e  m i x t u r e  was  k e p t  

a t  room t e m p e r a t u r e  f o r  a  p e r i o d  o f  6 d a y s .  The  e x c e s s  o f  

d i c y c l o h e x y l c a r b o d i i m i d e  was  d e s t r o y e d  b y  d i l u t i n g  t h e  

r e a c t i o n  m i x t u r e  w i t h  w a t e r  (8 mL) , r e s u l t i n g  p r e c i p i t a t e  

was  f i l t e r e d ,  a n d  t h e  f i l t r a t e  was  e x t r a c t e d  w i t h  e t h y l  

e t h e r  (10 m L ) . T h e  w a t e r  l a y e r  was  e v a p o r a t e d  t o  d r y n e s s  

and  t h e  r e s i d u e  wa s  p u r i f i e d  on a  s i l i c a  g e l  c o l u m n  ( 6 0 - 2 0 0  

me sh , )  w i t h  c h l o r o f o r m  : m e t h a n o l  = 20 : 1 .  E v a p o r a t i o n  o f  

t h e  e l u a t e  g a v e  0 . 4 5  g (71%) o f  t h e  p r o d u c t .  C a l c u l a t e d :  C 

51 . 64%,  H 4 . 9 8 % .  F o u n d :  C 51 . 95%,  H 5 . 0 1 % .

and 2 . 7 5  (2xCH9 f r o m  b e n z o y l p r o p i o n y l ) , 2 . 0  

( a c e t y l ) ,  1 - 1 . 6  ( i s o p r o p y l ) .

D . 14.  2 ' - A c e t v 1 - 3 ' - d e o x y - 3 ' - d i h y d r o x y p h o s p h i n y l m e t h y l u r i d y l y l -  

( 3 1- 5 ' ) - 2  ' , 3 ' - i s o p r o p y l i d e n e u r i d i n e  (10 9) .

A m i x t u r e  o f  d i n u c l e o t i d e  D . 1 3 .  ( 0 . 5  g ,  0 . 8 2  mmole)  i n

p y r i d i n e / a c e t i c  a c i d  b u f f e r  (4 : 1 ) ,  ( 2 . 5  mL) and  98%

71

NMR H 1 0 . 1  ( s ,  N-H) , 7 - 8  (CgH, Ph) , 5 . 2 - 6  (C5H 

C1 , H ) ,  4 . 9 8  ( s ,  C2 , H ) ,  4 . 7  ( s ,  C2 , H ) ,  3 . 2
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h y d r a z i n e  h y d r a t e  ( 0 . 0 4 1  mL, 0 . 8 4  mmole)  wa s  k e p t  a t  room 

t e m p e r a t u r e  f o r  24 h o u r s .  The  s o l u t i o n  w a s  e v a p o r a t e d  

s e v e r a l  t i m e s  w i t h  f r e s h  95% e t h a n o l  a n d  t h e  r e s i d u e  was  

c h r o m a t o g r a p h e d  o n  a  s i l i c a  g e l  c o l u m n  w i t h  CHCl^/MeOH 

= 7 : 1 .  E v a p o r a t i o n  o f  t h e  e l u a t e  g a v e  0 . 2 5  g (50%) o f  

t h e  p r o d u c t .  C a l c u l a t e d :  C 4 5 . 7 4 % ,  H 4 . 9 2 % .  F o u n d :  C 

4 5 . 4 8 %,  H 4 . 9 0 % .

-
NMR H 8 - 7 . 5  (m, CgH) , 5 - 6  (m, C-pH,  C2 , H ) ,

1 . 2 - 1 . 7  ( i s o p r o p y l ) .

22.
J ) = 5 4 . 1

D. 15.  2 ' - A c e t y l - 5 ' -  ( 3 - b e n z o y l p r o p i o n y l ) - 3 ' - d e o x y - 3 ' - d i h y d r o x y p h o  

= p h i n y l m e t h y l u r  i d y l y l - ( 3  * —5 ' ) —2 *- a c e t y 1 - 3 ' - d e o x y - 3 1- d i h y d r o =  

= x y p h o s p h i n y l m e t h y l - ( 3 ' - 5 1) - 2 ' , 3 ' - i s o p r o p y l i d e n e u r i d i n e  ( 1 1 0 ) .

A m i x t u r e  o f  d i n u c l e o t i d e  ( D . 1 4 . )  ( 0 . 1 8  g ,  0 . 2 3 6

mmole) , 2 ' - a c e t y 1 - 5 1- ( 3 - b e n z o y l p r o p i o n y l ) - 3 1- d e o x y - 3 ' - C -  

( d i h y d r o x y p h o s p h i n y l m e t h y l )  u r i d i n e  ( 0 . 2 1 5  g ,  0 . 3 6  m m o l e ) ,

Dowex 5 0 - p y r i d i n e  f o r m  ( 0 . 5 7  g) was  r e n d e r e d  a n h y d r o u s  by 

r e p e a t e d  e v a p o r a t i o n  w i t h  a n h y d r o u s  p y r i d i n e  u n d e r  vacuum 

o v e r  P 2° 5  ^o r  h o u r s .  To t h i s  m i x t u r e ,  p y r i d i n e  

( 2 . 5  mL) a n d  d i c y c l o c a r b o d i i m i d e  ( 0 . 6  g) w e r e  a d d e d ,  t h e  

f l a s k  was  w r a p p e d  i n  a l i g h t - r e f l e c t i n g  f o i l  a n d  k e p t  6 

d a y s  a t  r o o m  t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  was  t r e a t e d  

w i t h  w a t e r  ( 2 . 5  mL) and  k e p t  f o r  2 h o u r s  a t  room
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t e m p e r a t u r e .  A p r e c i p i t a t e  was  f i l t e r e d ,  t h e  f i l t r a t e  was  

e x t r a c t e d  w i t h  c h l o r o f o r m  (5 m L ) . The  a q u e o u s  l a y e r  was  

e v a p o r a t e d  t o  d r y n e s s  a n d  c h r o m a t o g r a p h e d  on  a  s i l i c a  g e l  

co l umn  w i t h  CHCl^/MeOH = 1 0  : 1 a s  a  e l u a n t .

C a l c u l a t e d :  C 4 8 . 6 0 % ,  H 4 . 7 9 % ,  N 7 . 3 9 %.  F o u n d :  C 4 8 . 1 4 % ,  H 

4 . 69%.

NMR H 7 - 9 ,  N- H,  C - 6H,  P h ,  5 - 6 ,  C - 1 ' H ,  C - 2 ' H ,  2 . 1 ,  ( a c e t y l s ) ,

1 . 2 - 1 . 6  ( i s o p r o p y l )  .

D. 16.

3 ' - D e o x y - 3 ' - d i h y d r o x y p h o s p h i n y l m e t h y l u r i d y l y 1 - ( 3 1- 5 ' ) -  

3 1- d e o x y - 3 ' - d i h y d r o x y p h o s p h i n y l m e t h y l u r i d y l y l - ( 3 ' - 5 ' ) - u r i d i n e  

(93) .

A s o l u t i o n  o f  p r o t e c t e d  t r i n u c l e o t i d e  ( D . 1 5 . )  ( 0 . 3  g)

a n d  m e t h a n o l  s a t u r a t e d  w i t h  ammonia  (10 mL) w a s  k e p t  a t  

room t e m p e r a t u r e  f o r  24 h o u r s .  The  s o l v e n t  w a s  e v a p o r a t e d  

a n d  t h e  r e s i d u e  was  d i s s o l v e d  i n  w a t e r  (10 mL) and  

e x t r a c t e d  w i t h  p o r t i o n s  (5 mL) o f  e t h y l  a c e t a t e  u n t i l  t h e  

o r g a n i c  l a y e r  b e c a m e  c o l o r l e s s .  The  w a t e r  l a y e r  was  

e v a p o r a t e d .  T h e  r e s i d u e  was  d i s s o l v e d  i n  80% a c e t i c  a c i d  

(10 mL) a n d  s t i r r e d  a t  t h e  t e m p e r a t u r e  8 0 - 9 0 ° C  f o r  24 

h o u r s .  T h e  s o l v e n t s  w e r e  e v a p o r a t e d  a n d  t h e  r e s i d u e  

c r y s t a l l i z e d  f r o m  a b s o l u t e  e t h a n o l .  TLC ( t w o - d i m e n s i o n a l ) :
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m e t h a n o l  : c h l o r o f o r m = 4  : 2 0 ,  f o l l o w e d  b y  i s o p r o p a n o l  : 

ammonia  : w a t e r =6 : 3 : 1.  C a l c u l a t e d :  C 44 . 94%,  H 4 . 4 9 % .  

F o u n d :  C 3 3 . 1 0 % ,  H 5.78% ( f o r  h y d r a t e  w i t h  11 m o l e c u l e s  o f  

w a t e r )  .

NMR H 8 . 2 - 7 . 5  (CgH) , 6 . 0 - 5 . 5  ( C ^ H ,  C j . H ) ,

2 . 5 - 1 . 5  (C3 , H,  C3 „H2) .

D. 17 . 1 , 2 - 0 - i s o p r o p y l i d e n e - 3 - d e o x y - 3 - C - m e t h y l e n e -  

- D - g l u c o f u r a n o s e  (111)  .

A s o l u t i o n  o f  

1 , 2 : 5  , 6 - d  i - 0 - i s o p r o p y l i d e n e - 3 - d e o x y - 3 - C - m . e t h y l e n e -  

- D - r i b o f u r a n o s e  ( 5 . 1 2  g ,  20 m m o l ) ,  a c e t i c  a c i d  (43 mL) , 

w a t e r  ( 27  mL) a n d  e t h a n o l  (15 mL) w a s  s t i r r e d  f o r  24 h r s  a t  

r oom t e m p e r a t u r e .  T h e  a c i d  was  n e u t r a l i z e d  w i t h  s o d i u m  

h y d r o x i d e  ( c o n c .  30%) w i t h  e x t e r n a l  c o o l i n g  a t  1 0 - 2 0 ° C .

The  s o l u t i o n  w a s  e x t r a c t e d  s e v e r a l  t i m e s  w i t h  e t h y l  a c e t a t e  

(20 mL) u n t i l  t h e  TLC i n d i c a t e d  no  f u r t h e r  p r o d u c t  i n  a 

s u c c e s s i v e  p o r t i o n  o f  t h e  e x t r a c t .  The  o r g a n i c  e x t r a c t  w a s  

d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l f a t e ,  e v a p o r a t e d ,  and  t h e  

r e s i d u e  w a s  p u r i f i e d  on  a s i l i c a  g e l  c o l u m n  ( 50 - 20 0  m e s h ,

45 x 3 . 5  cm) w i t h  c h l o r o f o r m  : e t h y l  a c e t a t e  = 3 : 7 .  Y i e l d  

3 . 0  g ( 6 9 % ) .  C a l c u l a t e d :  C 5 5 . 5 5 % ,  H 7 . 4 5 % .  Found :  C 

5 5 . 6 5 % ,  H 7 . 4 4 .
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-p = 1 3 6 . 9

NMR H 5 . 8 5  ( 1 H , d , ^ ^ 2= 4 H z , C j ) , 5 . 4 8  ( 2 H , s , C 3 ,H2 ) , 

4 . 9 5  ( l H , d , J ,  3 = 4 H z , C 2H) ,  4 . 9 7  ( 1 H , s , C 4 H ) ,

3 . 7 5  ( 5H , C 5H , C 6H2 , 2 0 H ) , 1 . 4 0  an d  1 . 5 0  

( 6 H , 2 x s f 2xCH3 )

IR  (cm- 1 ) :  3 4 5 0 ,  2 9 9 0 ,  2 9 3 0 ,  2 8 8 0 ,  1 3 8 2 ,  1 3 7 2 ,  1205 ,  

1 1 5 8 .

D. 18 .  3 - D e o x y - 3 - C - m e t h y l e n e - l , 2 - 0 - i s o p r o p y l i d e n e - < *

- D - r i b o f u r a n o s e  ( 1 1 2 ) .

A s o l u t i o n  o f  

3 - d e o x y - 3 - C - m e t h y l e n e - 1 , 2 - 0 - i s o p r o p y l i d e n e - o ^  

- D - a l l o f u r a n o s e  ( 6 . 2 0  g ,  2 8 . 7  mmol) i n  e t h a n o l  (387 mL) and  

w a t e r  (248  mL) was  c o v e r e d  w i t h  a  l i g h t  r e f l e c t i n g  f o i l  an d  

t r e a t e d  w i t h  a  s o l u t i o n  o f  s o d i u m  m - p e r i o d a t e  ( 6 . 9 0  g ,  3 2 . 2  

mmol) i n  w a t e r  (139  mL) and s o d i u m  b i c a r b o n a t e  ( 2 . 7 0  g) a t  

room t e m p e r a t u r e  a n d  s t i r r e d  f o r  3 h r .  Th e  m i x t u r e  was  

c o o l e d  t o  1 0 - 1 5 °  w h a t  was  f o l l o w e d  by  a d d i t i o n  o f  

s o d i u m  b o r o h y d r i d e  ( 4 . 9 6  g ) . T h e  r e a c t i o n  m i x t u r e  was 

s t i r r e d  o v e r n i g h t ,  e x c e s s  o f  s o d i u m  b o r o h y d r i d e  was t h e n  

r e move d  b y  a c i d i f i c a t i o n  o f  t h e  m i x t u r e  t o  pH 5 w i t h  50% 

a c e t i c  a c i d .  T h e  r e s u l t i n g  b r own  s o l u t i o n  w a s  t i t r a t e d  w i t h  

1 0 % s o d i u m  b i s u l f i t e  t o  r emove  i o d i n e  ( d e c o l o r i z a t i o n )  .
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The p r o d u c t  w a s  e x t r a c t e d  s e v e r a l  t i m e s  w i t h  c h l o r o f o r m  

u n t i l  TLC i n d i c a t e d  no f u r t h e r  p r o d u c t  i n  a s u c c e s s i v e  

p o r t i o n  o f  t h e  e x t r a c t .  T h e  c h l o r o f o r m  s o l u t i o n  was  d r i e d  

w i t h  a n h y d r o u s  s o d i u m  s u l f a t e ,  t h e  s o l v e n t  wa s  e v a p o r a t e d  

and  t h e  r e s i d u e  wa s  p u r i f i e d  on  a  s i l i c a  g e l  c o l umn  ( 6 0 - 2 0 0  

me s h ,  45 x 3 . 5  cm) w i t h  c h l o r o f o r m  : e t h y l  a c e t a t e  = 3 : 2 .  

E v a p o r a t i o n  o f  t h e  e l u a t e  g a v e  a  c o l o r l e s s  o i l ,  5 . 0 8  g 

(95%) .  C a l c u l a t e d :  C 5 8 . 05 %,  H 7 . 5 8 % .  F o u n d :  C 5 8 . 2 2 % ,  H 

7 . 56 %.

NMR H 5 . 8 0  ( l H , ™^ ^ ^  2 = 4Hz , C1H) , 5 . 3 6  ( 1H, s ,  C3 , Hb ) ,

5 . 1 1  ( 1 H , s , C 3 ,Ha ) , 4 . 9 5  ( 2 H , m , C 4H, C „ H ) ,

4 . 9 5 - 4 . 3 1  ( 2 H , m, C 4H,C2H) , 4 . 0 0 - 3 . 1 1  

( 3 H , m , C 5 H2 , OH),  1 . 4 5  a n d  1 . 3 0  

( 6 H , 2 x s , 2 x C H 3 )

IR (cm- 1 ) : 3 5 8 0 ,  3 4 6 0 ,  2 9 7 5 ,  2 9 2 0 ,  2 8 7 0 ,  1 4 4 5 ,  1 3 6 7 ,

1 2 2 0 ,  1 1 5 2 .

115 = 18.8

D. 1 9 .  5 - ( 3 - B e n z o y l p r o p i o n y l )  - 3 - d e o x y - l , 2 - 0 - i s o p r o p y l i d e n e - - 

3 - C - m e t h y l e n e - D - r i b o f u r a n o s e  ( 113 )  .

A s o l u t i o n  o f  3 - d e o x y - l , 2 - i s o p r o p y l i d e n e - 3 - C - m e t h y l e n e -  

- D -  r i b o f u r a n o s e  ( 2 . 8 8  g ,  1 5 . 5  m m o l ) ,  3 - b e n z o y l p r o p i o n i c  

a c i d  ( 1 1 . 1  g ,  6 6 . 9  mmol) ,  d i c y c l o h e x y l c a r b o d i i m i d e  (DCC)
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( 1 7 . 1  g ,  8 3 . 0  mmol) i n  a n h y d r o u s  p y r i d i n e  (175 mL) wa s  k e p t

a t  r o o m  t e m p e r a t u r e  f o r  24 h r s .  T h e  e x c e s s  o f  DCC w as

d e s t r o y e d  w i t h  w a t e r  (15 mL) a n d  r e s u l t i n g  p r e c i p i t a t e  was

f i l t e r e d .  The  f i l t r a t e  was  e v a p o r a t e d  u n d e r  v a c u u m  t o

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

p y r i d i n e  d i s a p p e a r  a n d  t h e  r e s i d u e  was  c h r o m a t o g r a p h e d  o n  a

s i l i c a  g e l  c o l u m n  ( 6 0 - 2 0 0  m e s h ,  45 x 3 . 5  cm) w i t h  h e x a n e  :

e t h y l  a c e t a t e  = 3 : 2 .  E v a p o r a t i o n  o f  t h e  e l u a t e  g a v e  a

y e l l o w  v i s c o u s  l i q u i d ,  3 . 8 1  g ( 65 %) .  C a l c u l a t e d :  C 6 5 . 8 8 % ,

H 5 . 4 0 % .  F o u n d :  C 6 6 . 0 7 % ,  H 5 . 3 6 .
V)z2.
CA 3) = - 6 4  . 74

NMR H 8 . 1 0 - 7 . 1 0  ( 5H, m, PhH5 ) , 5 . 9 0  ( 1H , d ,  2=4Hz , C-jH) ,

5 . 4 8  ( l H , m , C 3 ,Hb ) , 5 . 2 0  ( l H , m , C 3 ; Ha ) ,

4 . 9 0  ( 2H, m, C4H , C 9H) , 4 . 4 5 - 3 . 8 0

( 2 H , m , C 5H? ) , 3 . 3 8

( 2 H , t , J 7 , , 8 , , = 6H z , C g , , H 2 ) 2 . 8 3

( 2 H , t , J 7 , , 8 , , = 6H z , C 7 , , H 2 ) , 1 , 5 3  and  1 . 4 0

( 6 H , 2 x s , 2 xCH3)

IR  (cm- 1 ) :  2 9 8 0 ,  2 9 2 0 ,  2 8 4 0 ,  1 7 5 0 ,  1 5 5 0 ,  1 5 9 0 ,  1 4 4 2 ,

1155

D . 2 0 .  5 - ( 3 - B e n z o y l p r o p i o n y l ) - 3 - d e o x y - l , 2 - d i a c e t y l -  

3 - C - m e t h y l e n e - D - r i b o f u r a n o s e  ( 1 1 4 ) .
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A s o l u t i o n  o f  

5 - ( 3 - b e n z o y l p r o p i o n y l )  - 3 - d e o x y - l . 2 - i s o p r o p y l i d e n e -  

- C - m e t h y  l e n e - < X - D - r i b o f u r a n o s e  (2g)  i n  30% ( v / v )  a c e t i c  a c i d  

(100 mL) was  s t i r r e d  a t  8 0 ° C  f o r  24 h r s .  The  s o l v e n t  

was  r e m o v e d  by  r e p e a t e d  e v a p o r a t i o n  w i t h  t o l u e n e  a n d  t h e  

r e s i d u e  w a s  d r i e d  u n d e r  v a c u u m  o v e r  P 2° 5 * T5ie 

p r o d u c t  was  d i s s o l v e d  i n  d r y  p y r i d i n e  (30 mL) an d  a c e t i c  

a n h y d r i d e  (15 m L ) . Th e  s o l u t i o n  was  k e p t  o v e r n i g h t  a t  room 

t e m p e r a t u r e ,  e v a p o r a t e d  r e p e a t e d l y  w i t h  t o l u e n e  a n d  

c h r o m a t o g r a p h e d  on  a  s i l i c a  g e l  c o l u m n  ( 6 0 - 2 0 0  m e s h ,  48 x 

2 . 7  cm) w i t h  a  s o l u t i o n  o f  h e x a n e  : e t h y l  a c e t a t e  = 3 : 2 .  

E v a p o r a t i o n  o f  t h e  s o l v e n t s  g a v e  y e l l o w ,  v i s c o u s  o i l ,  1 . 6 8  

g," ( 74%) .  C a l c u l a t e d :  C 6 1 . 5 3 % ,  H 5 . 6 8 %.  F o u n d :  C 6 1 . 2 5 % ,

H 5 . 6 3 %.

D. 21.
2 - A c e t y 1 - 5 - ( 3 - b e n z o y l p r o p i o n y l ) - 3 - d e o x y - 3 - C - m e t h y l e n e u r  i d i n e  

( 1 1 5 ) .

A s o l u t i o n  o f

5 - ( 3 - b e n z o y l p r o p i o n y l )  - 3 - d e o x y - l , 2 - d i a c e t y l - 3 -  C - m e t h y l e n e -  

- D - r i b o f u r a n o s e  ( 6 . 5 5  g ,  1 5 . 8  mmol) i n  d r y  a c e t o n i t r i l e  was  

t r e a t e d  a t  0°C w i t h
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2 , 4 - b i s ( t r i m e t h y l s i l y l o x y ) p y r y m i d i n e  ( 4 . 6 3  g ,  1 8 . 0  n m o l ) ,  

SnCl^  ( 2 . 3 4  mL) and  w a s  s t i r r e d  a t  r oom t e m p e r a t u r e  f o r  

24 h r s .  The  r e a c t i o n  m i x t u r e  was  p a r t i t i o n e d  b e t w e e n  a 

s a t u r a t e d  s o l u t i o n  o f  s o d i u m  b i c a r b o n a t e  (390 mL) and  

m e t h y l e n e  c h l o r i d e  ( 39 0  m L ) , t h e  o r g a n i c  l a y e r  was  d r i e d  

w i t h  a n h y d r o u s  s o d i u m  s u l f a t e .  E v a p o r a t i o n  o f  t h e  s o l v e n t s  

f o l l o w e d  b y  c h r o m a t o g r a p h y  on  a  s i l i c a  g e l  c o l u mn  ( 6 0 - 2 0 0  

m e s h ,  45 x 3 . 5  cm) w i t h  c h l o r o f o r m  : e t h y l  a c e t a t e  = 3 : 2  

g a v e  a  v i s c o u s  o i l ,  5 . 1 3  g ( 69 %) .  C a l c u l a t e d :  C 5 9 . 7 2 % ,  H 

5 . 0 1 %.  F o u n d :  C 5 9 . 9 7 % ,  H 5 . 0 8 %.

= 1 0 4 . 7

NMR H 8 . 1 0 - 7 . 1 0  (6H ,m , P h H 5 , CgH ) , 6 . 1 0 - 5 . 5 0  (2H, m, Cj . H, C^ , H)  

5 . 4 2  ( 1 H , s , C 3 , , H b ) , 5 . 3 0  ( 1 H , s , C 3 , ,Ha ) ,

4 . 9 0  ( 1 H , S , C , , H ) ,  4 , 3 9  

( 2 H , d , J 4 , ^ 5 , = 4 H z , C 5H2 ) , 3 . 3 6  

( 2 H , t , J ? I , ,  g , , , = 6H z , C g , , ,H2 ) , 2 . 7  9 

(2H , t ,  , | , g ,  , , =5Hz , Cy m i ' ^ )  / 2 . 1 8  

( 3 H , s , a c e t y l )

IR (cm- 1 ) :  1 7 3 5 ,  1 6 8 7 ,  1 4 4 8 ,  1 3 7 0 ,  1 2 7 5 ,  12 3 0 ,  1 1 5 5 .

D . 2 2 .  3 - D e o x y - 3 - C - m e t h y l e n e u r i d i n e  ( 1 1 6 ) .

A s o l u t i o n  o f  2 - a c e t y 1 - 5 - ( 3 - b e n z o y l p r o p i o n y l ) - 3 - d e o x y -  

- 3 - C - m e t h y l e n e u r i d i n e  ( 2 . 2 1  g ,  1 0 . 0  mmol) i n  m e t h a n o l
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s a t u r a t e d  w i t h  ammonia  was  k e p t  a t  a m b i e n t  t e m p e r a t u r e  f o r  

18 h r s .  The  v o l a t i l e  c o m p o n e n t s  w e r e  e v a p o r a t e d  u n d e r  

v acuum,  t h e  r e s i d u e  was  c h r o m a t o g r a p h e d  on  a  s i l i c a  g e l  

co l umn  ( 6 0 - 2 0 0  m e s h ,  48 x 2 . 7  cm) w i t h  e t h y l  a c e t a t e  = 

e t h a n o l  = 5 : 1 , w h a t  was f o l l o w e d  b y  l i q u i d  c h r o m a t o g r a p h y  

u s i n g  t h e  LC- 50 0  a p p a r a t u s  a n d  a  s o l u t i o n  o f  h e x a n e  : 

a c e t o n e  = 1 : 1 .  C a l c u l a t e d :  C 5 0 . 0 0 % ,  H 5 . 0 3 %.  F o u nd :  C 

4 9 . 88 %,  H 4 . 99%

D . 2 3 .  3 ' - H y d r o x y m e t h y l u r i d i n e s  ( 1 1 7 ) ,  ( 1 1 8 ) .

To a  s o l u t i o n  o f  3 1- d e o x y - 3 ' - C - m e t h y l e n e u r i d i n e  ( 0 . 4 8  

g ,  2 . 0  mmole)  a n d  p o t a s s i u m  c h l o r a t e  ( 0 . 3 2  g ,  2 . 6  mmole)  i n  

t e t r a h y d r o f u r a n e  (2 mL) and  w a t e r  (4 mL) was  a d d e d  osmium 

t e t r o x i d e  ( 0 . 1  g ,  0 . 3 9  m m o l e ) .  A f t e r  4 h o u r s  o f  s t i r r i n g  a t  

room t e m p e r a t u r e ,  TLC showed c o m p l e t e  c o n v e r s i o n  o f  

3 ' - d e o x y - 3 1- C - m e t h y l e n e u r i d i n e . T h e  s o l u t i o n  was  t r e a t e d

w i t h  Na2 s . 9 H 2 o ( 0 . 3 8  g ,  1 . 5 7  m m o l e ) ,  t h e

p r e c i p i t a t e  wa s  f i l t e r e d ,  t h e  f i l t r a t e  was  e v a p o r a t e d  t o

NMR H 7 . 9 2  ( l H , d , J 5 g= 8 . 2 H z , C g H ) , 5 . 8 1  ( l H ^ , ^ ,  

2 , = 6 . 7 H z , C 1 ,H) 5 . 7 3  

( l H , d , J 5 6 = 8 . 2 H z , C 5H) , 5 . 3 5  

( l H , t , C 3 , ,Hb ) , 5 . 2 3  ( l H , t , C 3 , ,Ha ) , 4 . 6 4  

( 2H, m, C4 , H , C 2 , H ) , 3 . 7 5  ( 2H , m , C 5H2 )
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d r y n e s s  a n d  t h e  r e s i d u e  was c h r o m a t o g r a p h e d  on a s i l i c a  g e l  

c o l u m n  w i t h  e t h y l  a c e t a t e  : e t h a n o l  : w a t e r  = 10 : 10 : 2 . 

E v a p o r a t i o n  o f  e l u a t e s  g a v e  0 . 4  g (75%) o f  t h e  p r o d u c t .  

C a l c u l a t e d :  C 4 3 . 8 0 % ,  H 5 . 14%.  F o u n d :  C 4 3 . 6 6 %,  H 5 . 1 0 %.

NMR H 8 . 8 - 8 . 1  (1H,  2 x d ,  J 5 g = 8Hz) , 6 . 1 0 - 5 . 8 0  (3H, m,

C5H,  Cl t H,  C2 , H ) ,  3 . 7 - 4 . 4  (8 H,  m) .
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E.  SUMMARY.

T h e  i n t e n t  o f  t h i s  t h e s i s  p r o j e c t  was  t h e  s y n t h e s i s  o f  

an  a n a l o g u e  o f  a n  o l i g o n u c l e o t i d e  w h i c h  would  i n c o r p o r a t e  

a  r e d u c e d - l a b i l i t y  p h o s p h o r u s  l i n k a g e  ( p h o s p h o n a t e  o r  

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

o l i g o n u c l e o t i d e .  Su c h  an  a n a l o g e  s h o u l d  b e  c a p a b l e  o f  

t e s t i n g  f o r  s t i m u l a t i o n  o f  r i b o s o m a l  b i n d i n g  o f  t - RNA,  i . e .  

i t  s h o u l d  i n c o r p o r a t e  t h r e e  n u c l e o t i d e  u n i t s .

T h e  s y n t h e s i s  o f  s u c h  a n  a n a l o g u e  h a s  b e e n  a c c o m p l i s h e d  

w i t h  UCI^pUCH^pU a s  d e s c r i b e d  h e r e i n .  Such  

p h o s p h o n a t e  l i n k a g e s  h a v e  b e e n  n o t e d 1 t o  be  v i r t u a l l y  

i s o s t e r i c  w i t h  n a t u r a l  p h o s p h a t e  e s t e r s .  To d a t e  t h i s  

m a t e r i a l  h a s  n o t  b e e n  t e s t e d  f o r  b i o l o g i c a l  a c t i t v i t y .
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Î

,

> ' I
r . -
CJ r o

r~~
>I

r *
r “ 1

1 — -
. —

r-J i-'*
.. |

c
C'
•*_-

r 1
Q r-i
c ^  .
*■ •

***•
/-> *rW •
N *_•
r-‘ C".
c r-~' o
r- r-H

7 ----■>
r" 4J

£ c
1 C.. c

— r—! •f—t
i r ►s r ~

l r •M
1---; -f-'

r” «—;
JJ C-’ C’
c; V) r;
c o C

r" r—
r C; • <H

- i—’
o * »✓* S ,

C C
>—>

•i r - V—i
! r .

* - !
• •rH r :

C; I~  .• r-•

106

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Ul

1' f--. 
C ~ 
<  -
I cv

-  i
c  -—

l
m

107

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

v 
1

-1
' 

-•
•l

eo
xy

-3
1 -

'I 
i 

v 
.1 

ro
xy

 
? 

ho 
so 

h 
i n

y 
lm

<*
 t

hy
 

lu 
r 

id 
y 

ly 
1

- 
-i

so
n

ro
o

y
li

d
e

n
e

u
ri

d
in

e
 

(1
00

) 
.



DO o  o  e» o IS S «• © o
A . t D N N O ’ O O
— ru >ru re n  c

5s5h:"5?Js£?K;£ii2S^iEtsi:i:isIs55“;&2j

I  I  I  I  i

I *15 °
r  S' I
's i 111
a § 8 I '□ 5 8 I  ! ;

•'tr*t e r

* jil .

n
k

n o
0  r-:i-J r—I

XT O
•*-H •rH p
r—•• >

1
r "
T

•rH 
r*»

- _ • rH
r ~

I
r “

!
s . , , p  .■ 0
X V* P
c C CJ
0 o;

i—
V 'i •

- -
r~-

1
r*.

I
c

rH H
rH r .

4J C
. c C' c?
r 6 •rH

•rH n 1
P - i _
r> _
c r .
c . 1 .

r-J „—_ r 1
_ 1
IP

t? 1 •.
r; - IT'
c ; C~ I

j p
~i 1 r~
r*> H
"— * - 1

1 I—: i—■
- p .,
LT r “ j -

1 j j
i—! V; r •

P
J J rH
o
V r-1 c

c • rH
! o X*» rr r ,

P ’ r—1 x
c

*] c XT
I P ! •H P ,
H <—•

• | 7>_, ?,<
CM ii II

108

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



w p & l  : •  v - : : - 3 3 s ^

i&£s&iBtt£s&&*sa&i£?fi&s£*;

109

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission

:D
oo

:r
/-3

 
' -

.1 
iiv

/-
li'

o:
:\

r>
ho

sp
hi

ny
 

lu
e 

t’
v/

lu
 

r 
i/l

y 
ly 

1- 
(3 

1 -
5 

1) 
- 

• l
eo

xy
-3

 
1 -

3 
i’

iy
-I

ro
M

yp
ho

r.
oh

in
yl

ue
th

y 
l.u

r 
i 

Iv
ly

1-
(3

 
1 -

5 
1) 

-n
r 

iJ
in

e



lT

r-

00

OJ
.X

c_

<D
C
0)

pH
> -

JC
OJ
CD
£|

C J11
CO11
>
Xo
<u

x s11
CO11
CD
c
<JJ

T 3
•H •
rH ,___„

Q .
o r—f
Ui *■—'

Q <v
tn

« *-*i O
co

O J a
i—; o

u
• !3

r—!
r ^ CP
,—i

• a
Os*

110

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



( % )  a o N v u i w s N v a i

111

Reproduced with permission of the copyright owner Further reproduction prohibited without permission.



c c
c.c. e.

I
G

c.o'V;

I
r*
Y

!
c;r
C'

4J
o;
E1
1̂
r':I

I

112

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

(e
ll) 

c/,l 
-i lij 

u<;



a'c
o
T?
*  i—4
r — !

&-■c
P:
O
11

• f-i

c

«H

0c
o
pH

r* •

4J
a; c'
£ H

iH
r j '—'

rr cv
m

0 t C
X c
o c
e u
G
1 U.i

m C
r*

• • r - i

CO
r*—1

• G
o

(%) 3DNVUIWSNVai

113

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

^



ST
A

BT
 

OF
 

SH
EE

P 
>—

H
^-

 
EN

D 
OF

 
SH

E
E

P

C. a
clo

o.
Cl

Q.a. Q.
CL
1/1o

114

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

. 
r> - 

(
•

■
>

•
•

/ 
Ip 

::o
n 

io
nv

 
It 

-?•
- 

lo
o

x
y

-1
, 2

-
0

- 
is

oo
ro

py
 

1 
id 

o
n

e-
;io 

t’
v/

lo
.i

o-
O

-r
 

ih
of

u 
r.n

in
no

 
(1

.1
.3

) 
.



SNOl
3=1 :o;

CM

I
C
c
CJ

C.:
c
c.
Q
ui

c
■

C

r “
t
I

1
K.
J* •
c
Q) ro
irr ■—■ |

— c*
r— v:>■ n
c c
0 Cj

‘1— u
c - *“t
0

C
r . rj

r—1 •«—t
■ VJc

M C
Cc Cj
r ci <vro f-J
1

i r j  j
c*• s

r-1
1

r  >
• T

115

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ST
AR

T 
Or
 

SI
VT

EP
 

V 
l|->

 
EN

D 
OF
 

SW
EE

P

>

CL

j j

rj
c?

I
C:

X •
c —
C J t ;

rr  rH
I 5—*r '
l

0, '  
»— ( ^
c c 
C  £
• f-4 u
c ■ -
C  1r*
c
r—i *̂4
^ ^ n I 
N O  
£  IC‘ c 
r? £i c

t—1
I _c -iJ

c 
•IF. Cl I 

o :  V

116

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



:o
.00 I'O

C l

o

(%) 3DNVLL1WSNVU1

Oc
•iH
Tv
■i—i

J-l
S'c
cr*H

J.J
C'
EI
01
O'.I

co

cc
• <—I
r v
C
c-

o

CL
q |c

J j
OJ • 
V  — 
^  in 
I >—!

117

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ST
A

R
! 

or
 

SW
E

E
P

CVi

118

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

- 
O

-b
o

m
o

y
 

ly 
ro

n 
io

n-
/ 

]) 
-?

 
' -

rl
oo

xy
-l

 
• -

O-
ni

o 
th

y 
le

n
eu

ri
d

in
n



tk.''S55?S*5*SS2S5JgSaKS55*S55Si2s3*S2SSŜ  M s 5 is *
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