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J. CARBOHYDRATE CHEMISTRY, 5 ( 4 ) ,  647-670 ( 1 9 8 6 )  
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FORMED BY TRIFLATE REARRANGEMENT' 

Roger W. Binkley" and Matthew R. Sivik 

Department of Chemistry 
Cleveland State University 

Cleveland, Ohio 44115 

Received August 4 ,  1986 - Final Form September 4 ,  1986 

ABSTRACT 

Treat men t of methyl 4 -0- benzoyl- 2, 6 - di deoxy- I3 - 
D-arabino-hexopyranoside (a )  with triflic anhydride in 
The presence of 2, 6-di-t-butyl-4-methylpyridine (1) 
produces methyl 4 -0- benzoyl-2,6 -di deoxy-3 -Q-( t ri - 
fluoromethylsulfonyl) -R-1-arabino-hexopyranoside (81, a 
compound which rearranges to a new and highly unstable 
triflate (10) upon standing at room temperature. 
Bromide ion reacts with 70 to give methyl 4-Q-benzoyl- 
3-bromo-2,3,6-trideoxy-R-Q-arabino-hexopyranoside (n), 
a product of displacement-at C-3. A similar reaction 
takes place with nitrate ion to give methyl 4-Q-ben- 
zoyl-2,6 -di deoxy-3 -0- ni t ro-R-1- arabi no- hexopyranosi de 
( = I .  Reaction of 10 with wafer and with tributyltin 
hydride results in capture of the cation 12, formed by 
ionization of IO, to give methyl 3-Q-benzoyl-2,6- 
dideoxy-R-D-ribo-hexopyranoside (14) and methyl 3, 4- 
- O-benzylidene-2, 6-dideoxy-R-Q-ribo-hexopyranoside (76 ) ,  
respectively. The cation =-also reacts with methanol 
to afford the orthobenzoates and 18. 
INTRODUCTION 

Tri f 1 uoromet hanes ulf onat e ( t ri flat e) di spl aceme nt 

from carbohydrates has added a new dimension to the 

chemistry of these compounds.2 Triflate displacement 

allows many substitution reactions to take place under 
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648 BINKLEY AND SIVIK 

much m i l d e r  c o n d i t i o n s  t h a n  o t h e r w i s e  wou ld  b e  p o s s i -  

b l e .  I n  some i n s t a n c e s  d i s p l a c e m e n t  of t h e  t r i f l y l o x y  

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

n o t  t a k e  p l a c e  u s i n g  o t h e r  l e a v i n g  g r o u p s .  I t  i s  i n  

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

t h i s  p a p e r  b e l o n g ;  t h a t  i s ,  t h e y  a r e  made p o s s i b l e  b y  

t h e  h i g h  r e a c t i v i t y  o f  t h e  t r i f l y l o x y  g r o u p .  

RESULTS A N D  D I S C U S S I O N  

2 

M e t h y l  4-0- b e n z o y l -  2 , 6  - d i  d e o x y -  R - D - a r a b i  no -  - 
h e x o p y r a n o s i d e  ( & I ,  a compound n e e d e d  f o r  s y n t h e s i s  o f  

a n a l o g s  of t h e  a n t i t u m o r  a g e n t  m i t h r a m y c i n ,  was ob- 

t a i n e d  u s i n g  t h e  s e t  of r e a c t i o n s  s h o w n  i n  Scheme  1. 

A d d i t i o n  of t r i f l i c  a n h y d r i d e  t o  a d i c h l o r o m e t h a n e  

Scheme 1 
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REACTIONS OF A NEW TYPE OF INTERMEDIATE 649 

s o l u t i o n  o f  a a n d  o f  2,6-di-t-butyl-4-methylpyridine 

(1) a t  room t e m p e r a t u r e  q u a n t i t a t i v e l y  p r o d u c e d  t h e  e x -  

p e c t e d  t r i f l a t e  & ( S c h e m e  2 ) .  R e a c t i o n  of & w i t h  

t e t r a b u t y l a m m o n i u m  b r o m i d e  p r o d u c e d  4 - Q - b e n z o y l - 3 -  

bromo-2,  3 ,  6-trideoxy-R-D-ribo-hexopyranoside (21, t h e  

n o r m a l  s N 2  s u b s t i t u t i o n  p r o d u c t .  I f ,  h o w e v e r ,  t h e  

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

t r i f l a t e  & r e a r r a n g e d  c o m p l e t e l y  t o  a new compound i n  

f o u r  h o u r s .  The new compound was s t a b l e  i n  s o l u t i o n  i n  

- 

Scheme 2 
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BINKLEY AND SIVIK 650 

t h e  p r e s e n c e  o f  t h e  h i n d e r e d  b a s e  1. f o r  a s h o r t  p e r i o d  

o f  t ime b u t  a f t e r  e i g h t  h o u r s  s h o w e d  e v i d e n c e  of 

d e c o m p o s i t i o n  ( p u r p l e  c o l o r  b e g a n  t o  d e v e l o p  ) a n d  

a f t e r  t w e n t y - f o u r  h o u r s  had become a b l a c k ,  i n s o l u b l e  

m a t e r i a l .  Even  t h o u g h  t h i s  new compound was u n s t a b l e ,  

i t  was p o s s i b l e  t o  o b t a i n  i t s  ' H  a n d  1 3 C  N M R  s p e c t r a .  

T h e s e  s p e c t r a  h a d  s e v e r a l  r e v e a l i n g  f e a t u r e s .  I n  t h e  

1 3 C  N M R  s p e c t r u m  t h e r e  was n o  r e s o n a n c e  f o r  a c a r b o n y l  

c a r b o n  a n d  t h o s e  f o r  C-3 a n d  C-4 were u n u s u a l l y  f a r  

d o w n f i e l d  ( 6  8 7 . 5 7  a n d  8 5 . 9 2 ) .  I n  t h e  'H N M R  s p e c t r u m  

r e s o n a n c e s  f o r  H-3 a n d  H - 4  a l s o  w e r e  q u i t e  f a r  

d o w n f i e l d  ( 6  6 . 3 5  a n d  5 . 8 8 ,  r e s p e c t i v e l y )  a n d  t h e  

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

c o n f i g u r a t i o n  was n o t  t h e  same a s  i n  t h e  t r i f f a t e  &. 

T h e s e  N M R  s p e c t r a  i n d i c a t e d  t h a t  t h e  u n s t a b l e  

r e a r r a n g e m e n t  p r o d u c t  was compound 70. C o n f i r m a t i o n  of 

t h i s  s t r u c t u r e  was made b y  c h e m i c a l  r e a c t i o n .  F i r s t ,  

r e a c t i o n  o f  10 w i t h  t e t r a b u t y l a m m o n i u m  b r o m i d e  o c c u r r e c  

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

4 - ~ - b e n z o y l - 3 - b r o m o - 2 , 3 , 6 - t r i d e o x y - ~ - ~ - a r a b i n o - h e x o -  

p y r a n o s i d e  ( 7 7 1 ,  a p r o d u c t  o f  d o u b l e  i n v e r s i o n  a t  C-3. 

S e c o n d ,  water was a d d e d  t o  a s o l u t i o n  o f  10 i n  

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

- 12 t o  p r o d u c e  t h e  o r t h o a c i d  u. Compound w o u l d  b e  

e x p e c t e d  t o  b e  u n s t a b l e  a n d  e x p e r i e n c e  r i n g  o p e n i n g 3  t c  

fo rm m e t h y l  3-Q-benzoyl-2,6-dideoxy-~-&-ribo-hexo- 

- 
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REACTIONS OF A NEW TYPE OF INTERMEDIATE 651 

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

r e a c t i o n .  T h u s ,  t h e  r e a c t i o n s  o f  t h e  t r i f l a t e  70 w i t h  

b r o m i d e  i o n  a n d  water ( o u t l i n e d  i n  Scheme 2 )  c o n f i r m e d  

t h e  s t r u c t u r e  f o r  t h i s  compound (70) s u g g e s t e d  b y  t h e  

N M R  s p e c t r a .  

R e a c t i o n  o f  t h e  t r i f l a t e  70 w i t h  o t h e r  

n u c l e o p h i l e s  p r o v i d e d  a d d i t i o n a l  e x a m p l e s  of t h e  two 

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

compound.  N i t r a t e  i o n ,  l i k e  b r o m i d e ,  c a u s e d  

s u b s t i t u t i o n  a t  C - 3  w h i l e  t h e  l e s s  r e a c t i v e  

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

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

c a r b o n  b e a r i n g  t h e  t r i f l y l o x y  g r o u p .  The b e h a v i o r  o f  

- I 0  i n  t h e  p r e s e n c e  o f  t h e s e  n u c l e o p h i l e s  s u g g e s t e d  t h a t  

- 10 was i n  e q u i l i b r i u m  w i t h  t h e  b e n z o x o n i u m  i o n  12 

( S c h e m e  2 )  a n d  t h a t  72 a c t u a l l y  was t h e  r e a c t i v e  

i n t e r m e d i a t e  i n  t h e  o b s e r v e d  s u b s t i t u t i o n  r e a c t i o n s .  

A n u c l e o p h i l e  s h o u l d  r e a c t  w i t h  t h e  c a r b o c a t i o n i c  

c e n t e r  i n  72 much more r e a d i l y  t h a n  i t  r e a c t s  a t  C - 3  o r  

C - 4 .  I f  r e a c t i o n  a t  t h e  c a t i o n i c  c e n t e r  l e a d s  t o  a 

s t a b l e  p r o d u c t ,  no  C - 3  o r  C - 4  s u b s t i t u t i o n  s h o u l d  b e  

o b s e r v e d ;  t h u s ,  when t r i b u t y l t i n  h y d r i d e  i s  a d d e d  t o  a 

s o l u t i o n  o f  l2, a s t a b l e  b e n z y l i d e n e  a c e t a l  (76) i s  

f o r m e d .  L i k e w i s e ,  when m e t h a n o l  r e a c t s  w i t h  ‘W, 

o r t h o e s t e r  f o r m a t i o n  r e s u l t s  ( S c h e m e  3 ) .  I n  t h o s e  

c a s e s  w h e r e  n i t r a t e  a n d  b r o m i d e  i o n s  a r e  t h e  
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BINKLEY AND SIVIK 652 

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

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

r e v e r s i b l e .  E v e n t u a l  n u c l e o p h i l i c  a t t a c k  a t  C-3 ( a  

s t e r i c a l l y  more a c c e s s i b l e  c a r b o n  t h a n  C - 4 )  i s  

i r r e v e r s i b l e  a n d  l e a d s  t o  t h e  s u b s t i t u t i o n  p r o d u c t s  71 

a n d  ’& r e s p e c t i v e l y .  

B e n z o x o n i u m  i o n s  s u c h  a s  12 h a v e  b e e n  g e n e r a t e d  i n  

o t h e r  ways.  N e i g h b o r i n g  g r o u p  p a r t i c i p a t i o n  o f  a n  

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

a common m e t h o d  f o r  f o r m i n g  t h i s  t y p e  o f  i o n .  

B e n z o x o n i u m  i o n s  a l s o  h a v e  b e e n  p r o d u c e d  b y  h y d r i d e  

a b s t r a c t i o n  u s i n g  t h e  t r i p h e n y l m e t h y l  c a t i o n  ( Scheme 

Scheme 3 

17 18 
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REACTIONS OF A NEW TYPE OF INTERMEDIATE 653 

4). ' C a t i o n s  g e n e r a t e d  i n  t h i s  way a r e  f o r m e d  i n  t h e  

a b s e n c e  of e f f e c t i v e  n u c l e o p h i l e s ;  t h u s ,  t h e  c o n d i t i o n s  

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

- 1 2  i s  p r o d u c e d .  When n u c l e o p h i l e s  a r e  a d d e d  t o  

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

r e a c t i o n s  t a k e  p l a c e  w h i c h  a r e  s i m i l a r  t o  t h o s e  

o b s e r v e d  f o r  12 ( S c h e m e  4). ' 
I n s p e c t i o n  of m o l e c u l a r  models  f o r  70 a n d  i t s  a- 

a n o m e r  (=) i n d i c a t e d  t h a t  27 s h o u l d  b e  more s t e r i c a l l y  

h i n d e r e d  t h a n  70 d u e  t o  t h e  c o n f i g u r a t i o n  a t  t h e  

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

Scheme 4 
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6 5 4  BINKLEY AND S I V I K  

e s t a b l i s h e d  b y  t h e  c a r b o n - o x y g e n  b o n d s  a t  C-I a n d  C-3 

i n  compound 21 c o u l d  b e  a d e s t a b l i z i n g  f a c t o r .  T h e s e  

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

of t h e  t r i f l a t e  20 t o  b e  more d i f f i c u l t  t h a n  t h a t  

o b s e r v e d  f o r  t h e  t r i f l a t e  g. T o  d e t e r m i n e  i f  t h e s e  

f a c t o r s  w o u l d  e f f e c t  f o r m a t i o n  of 21, m e t h y l  

4 - O - b e n z o y l - 2 , 6 - d i d e o x y - a - ~ - a r a b i n o - h e x o p y r a n o s i d e  (s) 
was c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  t r i f l a t e  20 ( S c h e m e  

5). The 'H N M R  s p e c t r u m  of t h e  r e a c t i o n  m i x t u r e  a f t e r  

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

o b s e r v e d  for 8 was o c c u r r i n g .  S u b s e q u e n t  s p e c t r a l  

o b s e r v a t i o n s  r e v e a l e d  t h a t  t h e  r a t e  of r e a r r a n g e m e n t  

a p p e a r e d  t o  b e  d e c r e a s i n g  a n d ,  i n  f a c t ,  a p p e a r e d  t o  

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

w i t h  a p s e u d o  e q u i l i b r i u m  b e t w e e n  t r i f l a t e s  20 a n d  21. 

( I t  was n o t  a t r u e  e q u i l i b r i u m  b e c a u s e  g r a d u a l  

d e c o m p o s i t i o n  of t h i s  m i x t u r e  was t a k i n g  p l a c e . )  An 

e q u i l i b r i u m  b e t w e e n  20 a n d  21, when c o m p a r e d  w i t h  t h e  

a p p a r e n t l y  c o m p l e t e  r e a r r a n g e m e n t  of 10 i n t o  12, was 

- 

Scheme 5 
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REACTIONS OF A NEW TYPE OF INTERMEDIATE 655 

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

t h e  t r i f l a t e  21 i n d i c a t e d  b y  t h e  m o l e c u l a r  m o d e l s .  

I n  c o n c l u s i o n ,  i t  is w o r t h  n o t i n g  t h a t  t h e  t r i f -  

l a t e s  72 a n d  21 a r e  t h e  most r e a c t i v e  c a r b o h y d r a t e  

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

made, The e x i s t e n c e  o f  t h e s e  compounds  s u g g e s t s  t h a t  

a n o m e r i c  t r i f l a t e s ,  p r o p o s e d  i n t e r m e d i a t e s  i n  some 

g l y c o s i d a t i o n  r e a c t i o n s , ’  may b e  s t a b l e  c o m p o u n d s  i n  

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

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

E X P E R I M E N T A L  

G e n e r a l  I n f o r m a t i o n .  ‘ H  a n d  1 3 C  N M R  s p e c t r a  were 

o b t a i n e d  u s i n g  a V a r i a n  F T - 8 0 A  s p e c t r o m e t e r  w i t h  C D C l i  

a s  t h e  s o l v e n t  a n d  Me4Si ( 6  = 0.  00) a s  t h e  i n t e r n a l  

s t a n d a r d .  

S y n t h e s i s  o f  M e t h y l  3 .  4 ,  6-Tri-O-acetyl-2-bromo-2- 

deoxy-a-D-rnannopyranoside ( 2) a n d  M e t h y l  3 ,  4 ,  6 - T r i - O -  

ace  t y l - 2 - b r o m o - 2 - d e o x u - R - D - Q l u c o p y r a n o s i  d e  ( 3 ) .  The 

g e n e r a l  p r o c e d u r e  f o l l o w e d  was a m o d i f i c a t i o n  of t h a t  

d e s c r i b e d  b y  M o n n e r e t  a n d  Choay .  ’ 3,  4 ,  6 - T r i  - Q - a c e t y l -  

I ,  5-anhydro-2-deoxy-~-arabino-hex-l-enitol (1) ( 40.  09 

g, 0. 1 4 7 3  m o l )  a n d  N - b r o m o s u c c i n i m i d e  ( 2 7 .  5 2  g, 0. 1 5 4 6  

m o l l  were c o m b i n e d  w i t h  500  mL o f  m e t h a n o l .  The f l a s k  

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

s t i r r e d  u n t i l  s o l u t i o n  was c o m p l e t e .  The r e a c t i o n  

- 
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656 BINKLEY AND SIVIK 

m i x t u r e  t h e n  was p l a c e d  i n  t h e  r e f r i g e r a t o r  a t  4 O C  for 

1 4  h. The  c r y s t a l l i n e  m a t e r i a l  ( 1 2 . 5  5) w h i c h  f o r m e d  

was removed  b y  f i l t r a t i o n  a n d  w a s h e d  tw ice  w i t h  2 0  mL 

p o r t i o n s  of m e t h a n o l .  The f i l t r a t e  a n d  t h e  w a s h i n g s  

were c o m b i n e d  a n d  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  

r e d u c e d  p r e s s u r e  t o  l e a v e  a r e s i d u e  w h i c h  was 

s t i r r e d  w i t h  300 mL o f  e t h y l  e t h e r .  The  p r e c i p i t a t e  

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

f i l t r a t i o n  a n d  w a s h e d  t w i c e  w i t h  2 0  mL p o r t i o n s  of 

e t h y l  e t h e r .  The e t h y l  e t h e r  was r e m o v e d  u n d e r  r e d u c e d  

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

b o i l i n g  h e x a n e  ( 4  x 5 0 0  m L )  u n t i l  n o  more h e x a n e  

s o l u b l e  m a t e r i a l  r e m a i n e d .  T h e  h e x a n e  i n s o l u b l e  

m a t e r i a l  c o n s i s t e d  of a d d i t i o n a l  s u c c i n i m i d e  a n d  was 

d i s c a r d e d .  The  s o l v e n t  was d i s t i l l e d  from t h e  h e x a n e  

s o l u b l e  m a t e r i a l  a n d  t h i s  m a t e r i a l  was d i s s o l v e d  i n  5 0  

mL of m e t h a n o l  a n d  p l a c e d  i n  t h e  f r e e z e r  a t  - 5 O C  

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

c o l l e c t e d ,  w a s h e d ,  a n d  c o m b i n e d  w i t h  t h e  1 2 . 5  g of 

c r y s t a l s  a l r e a d y  o b t a i n e d .  The  e n t i r e  a m o u n t  was 

r e c r y s t a l l i z e d  f r o m  m e t h a n o l  t o  g i v e  1 6 .  4 g (0. 0 4 2 7  

mol ,  29%) of 3, 4,6-tri-Q-acetyl-2-bromo-2-deoxy-f3- 

- D - g l u c o p y r a n o s i d e  (31, mp 1 3 6 .  5 - 1 3 8  O C  ( l i t . '  1 3 6 - 1 3 7  

OC). The 'H NHR s p e c t r u m  was i d e n t i c a l  t o  t h a t  

- 

r e p o r t e d  i n  r e f e r e n c e  6 .  "C NMR: 6 2 0 . 5 5 ,  2 0 . 6 7  
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REACTIONS OF A NEW TYPE OF INTERMEDIATE 657 

(CH3C=O) , 49. 35 ( C - 2 ) ,  57. 54 ( OCHs) , 61. 87 ( C-6) , 69. 26 

(C-5), 71. 92, 74. 69 (C-3, C-41, 103. 29 (C-I), 169. 4 2 ,  

169. 7 2 ,  170. 53 (C=O). 

A f t e r  r e m o v a l  o f  t h e  c r y s t a l l i n e  R-anomer (2), 

e v a p o r a t i o n  of t h e  m e t h a n o l  g a v e  41. 9 g ( 0 .  109 m o l l  

74%) of t h e  c l e a r  s y r u p y  m e t h y l  3 ,  4, 6 - t r i - Q - a c e t y l - 2 -  

bromo-2-deoxy-a-a-mannopyranoside ( 2) , i d e n t i f i e d  b y  

c o m p a r s i o n  w i t h  t h e  r e p o r t e d  'H N M R  s p e c t r u m 6  a n d  b y  

t h e  13C N M R  s p e c t r u m :  6 20.  55 (CH3C=O) , 49. 21 ( C - 2 )  , 

55. 4 5  ( O M e ) ,  62. 2 3  (C-61, 66. 09, 68. 87, 69. 10 ( C - 3 ,  C- 

- 

4, C-5), 100. 80 (C-I), 169. 37, 169. 84, 170. 55 (C=O) .  

S y n t h e s i s  o f  M e t h y l  4. 6-O-Benzylidene-2-bromo-2- 

deoxy-R-D-glucopyranoside (4). Compound 3_ (14. 62 5, 

0.0382 m o l )  was s t i r r e d  w i t h  a m i x t u r e  o f  50 mL of 

c o n c e n t r a t e d  ammonia a n d  300 mL o f  m e t h a n o l  f o r  24 h. 

The s o l v e n t  was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  

2 5 0  mL of c h l o r o f o r m  was a d d e d .  T h e  r e a c t i o n  m i x t u r e  

was h e a t e d  t o  b o i l i n g  a n d  t h e  s o l v e n t  was d i s t i l l e d  a t  

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

c l o u d y .  The r e m a i n i n g  c h l o r o f o r m  was r e m o v e d  u n d e r  

r e d u c e d  p r e s s u r e .  A n h y d r o u s  p y r i d i n e  ( 2 0 0  mL) was 

a d d e d  a n d  t h e  s o l u t i o n  h e a t e d  u n d e r  r e f l u x .  To t h i s  

b o i l i n g  s o l u t i o n  was a d d e d  6.  2 m L  (10. 0 g ,  0. 040 moll  

of a,  a - d i b r o m o t o l u e n e  a n d  t h e  h e a t i n g  was c o n t i n u e d  f o r  

90 min. The s o l u t i o n  was t h e n  a l l o w e d  t o  c o o l  t o  room 
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658 BINKLEY AND SIVIK 

t e m p e r a t u r e  a n d  w a s  t h e n  a d d e d  t o  5 0 0  m L  of a r a p i d l y  

s t i r r e d  5 %  s o d i u m  b i c a r b o n a t e  s o l u t i o n .  The e n t i r e  

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

h a d  formed,  was a d d e d  t o  t h e  s o d i u m  b i c a r b o n a t e  

s o l u t i o n .  A f t e r  s t i r r i n g  f o r  1 h,  t h e  s o l i d  m a t e r i a l  

s u s p e n d e d  i n  t h e  a q u e o u s  s o l u t i o n  was c o l l e c t e d  b y  

f i l t r a t i o n  a n d  w a s h e d  t w i c e  w i t h  I0 mL p o r t i o n s  o f  

m e t h a n o l .  T h i s  m a t e r i a l  was r e c r y s t a l l i z e d  from e t h y l  

a c e t a t e  t o  g i v e  8 . 6  g ( 0 . 0 2 4 9  mol, 6 5 % )  of m e t h y l  4 , 6 -  

O - b e n z y l i d e n e - 2 - b r o m o - 2 - d e o x y - B - ~ - g l u c o p y r a n o s i d e  (41, 

mp 2 0 2 - 2 0 3  O C  ( l i t . '  2 0 8 - 2 0 9  O C ) .  I 3 C  NMR: 6 5 4 . 2 9  

- - 

( O C H x ) ,  5 7 .  7 4  ( C-21,  6 6 .  4 0  ( C-51,  6 8 .  5 1  ( C - 6 ) ,  74 .  5 1  

( c - 3 ) ,  81. 1 6  ( C - b ) ,  102. 0 3  ( C H C b H r , ) ,  1 0 3 .  8 5  ( C - I ) ,  

1 2 6 .  3 2 ,  1 2 8 .  4 1 ,  1 2 9 .  39 ( a r o m a t i c ) .  

S y n t h e s i s  of M e t h y l  4 - O - B e n z o y l - 2 , 6 - d i b r o m o - 2 . 6 -  

dideoxy-B-D-Rlucopyranoside (5). Compound (10. 2 9  g ,  

0. 0 2 9 8  m o l l ,  5 .  83  g ( 0 .  0 3 2 8  m o l l  of N - b r o m o s u c c i n i m i d e ,  

a n d  1 7 . 8  g ( 0 . 0 6 0  m o l )  of b a r i u m  c a r b o n a t e  were 

c o m b i n e d  w i t h  4 0 0  mL o f  b e n z e n e  a n d  t h e  s t i r r e d  

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

f o r  30 min,  a n d  t h e n  a l lowed t o  c o o l  t o  room 

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

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

1 0 0  rnL o f  b e n z e n e .  The  f i l t r a t e  a n d  w a s h i n g  were 

c o m b i n e d  a n d  t h e  s o l v e n t  d i s t i l l e d  u n d e r  r e d u c e d  
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REACTIONS OF A NEW TYPE OF INTERMEDIATE 659 

p r e s s u r e .  The 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 2 . 5  x 

1 5  c m  c o l u m n  p a c k e d  w i t h  230-400 mesh s i l i c a  ge l .  The 

c o l u m n  was e l u t e d  w i t h  6 0 0  mL of 3 : l  h e x a n e - e t h y l  

a c e t a t e ;  20  mL f r a c t i o n s  were c o l l e c t e d .  F r a c t i o n s  5 -  

1 9  were c o m b i n e d  a n d  t h e  s o l v e n 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  t o  g i v e  11. 3 1  g (0. 0 2 6 5 4  m o l ,  8 9 % )  of 

m e t h y l  4 -0- b e n z o y l -  2 ,  6 - d i  b r  omo- 2 , 6 - d i  deoxy-B-  

- D - g l u c o p y r a n o s i d e  ( V ,  mp 1 4 9 - 1 5 0  ' C .  ' H  NHR: 6 2 .  6 9  

(s, O H ) ,  3. 62 (s, O C H s ) ,  3. 38-4 .  1 3  ( m ,  H - 2 ,  H-3, H-5, 

- 

H-6, H - 6 ' ) ,  4.  5 4  ( d ,  H - I ,  J 1 , 2  = 8. 3 Hz), 5. 09  ( d d ,  H 

- 4 ,  J s , ~  = J ~ , s  = 9 .  0 Hz), 7 .  44-7.  6 4  a n d  7.  9 6 - 8 .  09  ( m ,  

a r o m a t i c ) ;  I 3 C  NMR: 6 30. 9 8  ( C - 6 1 ,  5 4 .  1 4  ( C - 2 1 ,  57.  3 9  

( O C H I ) ,  73.  6 7 ,  74.  0 1 ,  75.  5 1  ( C - 3 ,  C - 4 ,  C - 5 ) ,  1 0 3 .  00  ( C -  

I ) ,  1 2 8 .  3 2 ,  1 2 8 .  6 1 ,  1 2 9 .  9 3 ,  a n d  1 3 3 .  79 ( a r o m a t i c ) ,  

1 6 5 . 8 9  ( C = O ) .  A n a l .  C a l c d  f o r  C l 4 H t b B r 2 0 ~ :  C ,  39.  75 ;  

H, 3. 90 .  Found:  C, 40 .  0 4 ,  H, 4 .  0 1 .  

S y n t h e s i s  of M e t h y l  4 - 0 - B e n z o y l - 2 . 6 - d i d e o x y - R - D -  

a r a b i n o - h e x o p y r a n o s i d e  ( 6 ) .  Raney  n i c k e l  ( 5 4  mL of a 

50% s l u r r y  i n  w a t e r )  was s t i r r e d  s u c c e s s i v e l y  f o r  f i v e  

m i n u t e s  w i t h  1 0 0  mL of m e t h a n o l  ( t w i c e )  a n d  1 0 0  mL of 

e t h y l  a c e t a t e  ( t w i c e ) .  To t h i s  c a t a l y s t  i n  3 0 0  mL of 

e t h y l  a c e t a t e  was a d d e d  compound 5 (11. 3 1  g, 0. 0 2 6 6 7  

mol) a n d  t r i e t h y l a m i n e  ( 1 5  m L ) .  T h i s  m i x t u r e  was 

s t i r r e d  v i g o r o u s l y  w h i l e  t h e  f l a s k  was p u r g e d  s l o w l y  

w i t h  h y d r o g e n  a t  a t m o s p h e r i c  p r e s s u r e .  Af te r  20  h, t h e  
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660 BINKLEY AND S I V I K  

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

( R a n e y  n i c k e l  a n d  t r i e t h y l a m m o n i u m  b r o m i d e )  was r emoved  

b y  f i l t r a t i o n  a n d  w a s h e d  tw ice  w i t h  1 0 0  mL p o r t i o n s  o f  

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

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

l i q u i d .  T h i s  m a t e r i a l  was s t i r r e d  w i t h  5 0  mL o f  e t h y l  

e t h e r .  The i n s o l u b l e  m a t e r i a l  ( t r i e t h y l a m m o n i u m  

b r o m i d e )  was r e m o v e d  b y  f i l t r a t i o n ,  w a s h e d  tw ice  w i t h  

5 0  mL p o r t i o n s  of e t h y l  e t h e r ,  a n d  d i s c a r d e d .  The 

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

w a s h i n $ s  u n d e r  r e d u c e d  p r e s s u r e  t o  a f f o r d  6 .88  g 

(0. 0 2 5 8  mol, 9 7 % )  of m e t h y l  4-Q-benzoyl-2,6-dideoxy-B- 

2-arabino-hexopyranoside ( & I ,  mp 5 4 - 5 7  'C. 'H NMR: 6 

1 . 3 0  ( d ,  3 H ,  H-6, 5 5 . 6  = 6.  2 Hz), I. 7 3  ( d d d ,  H-2a, 

Jr . z .  = 9. 5 Hz ,  J 2 a ,  2. = 1 2 .  7 Hz, J 2 a . 3  = 11. 7 Hz), 

2. 34 ( d d d ,  H-2e, J ~ , z .  = 2 .  1 Hz, J z . , ~  = 5. 2 Hz), 3 . 5 1  

(s, OCH31, 3. 48-4 .  0 5  ( m ,  H-3, H-5).  4. 46 ( d d ,  H - I ) ,  

4. 74 ( d d ,  H-4, J 3 , r  = J4.5 = 9. 1 Hz), 7. 43-7.  5 5  a n d  

7.  98-8.  I0 ( m ,  a r o m a t i c ) ;  13C NMR: 6 17. 8 0  (C-61, 

39. 36 (C-2), 56.  42 ( O M e ) ,  69 .  8 4 ,  69.  99 ( C - 3 ,  C-51, 

7 9 . 0 4  ( c - 4 1 ,  1 0 0 . 5 9  ( c - I ) ,  1 2 8 . 4 3 ,  1 2 9 . 0 3 ,  1 2 9 .  78,  

1 3 3 .  32 ( a r o m a t i c ) ,  166. 8 5  (C=O). 

S y n t h e s i s  a n d  R e a r r a n g e m e n t  of M e t h y l  4 - 0 - B e n z o ~ l -  

2 . 6  - d i  d e o x u - 3 - 0 - (  t r i  f I uorome  t h y l s u l f  o n u l )  - O - D - a r a b i  no-  

SlexoPY ranos  i d e  ( 8 ) .  

M e  t h y l  4 - 0- b e  nz o y l  - 2,  6 - d i d e ox y- B -&- a r a b i no-  - 
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REACTIONS OF A NEW TYPE OF INTERMEDIATE 661 

h e x o p y r a n o s i d e  (a )  ( 3 .  88 g, 1 4 .  6 mmol) a n d  6. 6 g ( 3 1  

m m o l )  of 2,  6-di-t-butyl-4-methylpyridine (1) were 

d i s s o l v e d  i n  7 0  mL of a n h y d r o u s  C H 2 C l 2 .  T o  t h i s  

s t i r r e d ,  c o o l e d  s o l u t i o n  ( i c e  b a t h )  was a d d e d  2 . 5 7  mL 

(4. 3 2  g, 1 5 .  2 m m o l )  of t r i f l i c  a n h y d r i d e  i n  3 5  mL of 

C H z C l 2 .  A p r e c i p i t a t e  b e g a n  t o  form a f t e r  a f ew 

m i n u t e s .  A f t e r  1 h,  t h e  i c e  b a t h  was r e m o v e d  a n d  t h e  

s o l u t i o 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 .  T l c  a n d  

N M R  a n a l y s i s  showed t h a t  t h e  s t a r t i n g  m a t e r i a l  h a d  

d i s a p p e a r e d  a n d  m e t h y l  4-Q-benzoyl-2,6-dideoxy-3- 

0-( trifluoromethylsulfonyl) - R - D - a r a b i n o - h e x o -  

p y r a n o s i d e  (& )  h a d  formed. A l t h o u g h  compound 8 was n o t  

s t a b l e  f o r  a n  e x t e n d e d  t i m e  p e r i o d ,  i t  e x i s t e d  l o n g  

e n o u g h  i n  s o l u t i o n  t o  b e  i d e n t i f i e d  b y  i t s  N M R  s p e c t r a .  

- - 

' H  NMR: 6 1. 30  ( H - 6 ,  d ,  J 5 . a  = 6. 3 H z ) ,  1. 8 8 - 2 .  0 7  ( m ,  

H-2a, 2. 5 5  ( d d d ,  H-2e, J z , ~  = 1 2 .  6 Hz, J z . ,  1 = 2. 0 Hz, 

J 2 1 , 3  = 4 . 8  H z ) ,  3 . 5 1  ( s ,  OCHJ),  3 . 8 0  ( d q ,  H-5, J 4 . 5  = 

9 .  0 H z ) ,  4 .  52 ( d d ,  H - I ,  J i  , 2 a  = 9 .  5 H z ) ,  5 .  01-5 .  2 1  ( H - 3 ,  

H - 4 ) ,  7 . 4 3 - 7 . 5 4  a n d  7 . 9 9 - 8 . 1 0  ( a r o m a t i c ) ;  1 3 C  NMR: 6 

1 7 .  5 9  ( C - 6 1 ,  37.  7 0  ( C - 2 ) ,  5 6 .  8 7  ( O C H 3 ) ,  69 .  96  ( C - 5 1 ,  

73.  5 3  ( C - Y ) ,  84 .  44  ( C - 3 ) ,  99.  5 3  ( C - I ) ,  1 2 8 .  5 5 ,  1 2 9 .  6 7 ,  

1 2 9 .  8 7 ,  1 3 3 ,  6 7  ( a r o m a t i c ) .  R e s o n a n c e s  f r o m  t h e  b a s e  1. 

were a l s o  p r e s e n t .  The t r i f l a t e  b e g a n  t o  r e a r r a n g e  

t o  a new a n d  u n s t a b l e  compound a t  room t e m p e r a t u r e .  

Af t e r  8 h,  t h e  r e a r r a n g e m e n t  was c o m p l e t e .  T h i s  new 
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662 B I N K L E Y  AND S I V I K  

m a t e r i a l  was i d e n t i f i e d  a s  c o m p o u n d  10 b y  i t s  N M R  

s p e c  t ra .  ‘ H  N M R :  6 I .  2 8  ( d ,  H-6, J 3 . 6  = 7 .  I H z ) ,  

2 .  2 9 - 2 . 6 1  ( m ,  H - 2 a ) ,  2 .  9 3  ( d d d ,  H-2e,  J2..2D = 1 6 .  9 Hz,  

J2.,3 = 4.  3 Hz, J 2 e r t  = 4 . 6  H z ) ,  3 .  4 0  ( s ,  3 H ,  O C H x ) ,  

4 .  3 3  ( d q ,  H - 5 ,  J 4 . 3  = 8 .  6 H z ) ,  4. 8 6  ( d d ,  H - I ,  Ji . 2 *  = 

5.  2 H z ) ,  5. 88 ( d d ,  H-4, 5 3 . 4  = 4 .  3 Hz), 6.  3 5  ( d d d ,  H-3, 

J2,3. = 4. 3 H z ) ,  7 .  4 4 - 8 ,  3 2  ( m ,  a r o m a t i c ) ;  l 3 C  NMR:  6 

18. 6 4  ( C - 6 1 ,  3 7 .  00 ( C - 2 1 ,  55. 5 7  ( O C H J ) ,  6 8 .  42  ( C - 5 ) ,  

85. 9 2 ,  87, 5 7  ( C - 3 ,  C-41,  96 .  0 6  ( C - I ) ,  1 2 9 .  8 9  ( P h C 0 3 ) ,  

1 3 0 .  2 1 ,  1 3 4 .  00,  1 4 1 .  1 7  ( a r o m a t i c ) .  R e s o n a n c e s  f r o m  t h e  

b a s e  3- a l s o  were p r e s e n t .  Compound 10 d e c o m p o s e d  

s l o w l y  i n  s o l u t i o n  a t  room t e m p e r a t u r e .  A f t e r  24  h, 

h a d  become  a n  i n s o l u b l e  b l a c k  m a t e r i a l .  

S y n t h e s i s  of M e t h y l  4 - O - B e n z o u l - 3 - b r o m o - 2 .  3 . 6 -  

trideoxy-R-D-ribo-hexouyranoside ( 9 ) .  T o  a s o l u t i o n  of 

0. 5 1  g ( 2. 5 m m o l )  of  di-t-butyl-4-methylpyridine (1) 

a n d  0 . 5 9  g ( 2 . 1  m m o l )  of  t r i f l i c  a n h y d r i d e  i n  5 mL of 

C D C l 3  was a d d e d  0 . 5 2  g ( 2 . 0  m m o l )  of m e t h y l  

4 -0- b e n z o y l - 2 , 6  - d i  d e o x y - R - & - a r a b i  n o - h e x o p y r a n o s i  d e  ( a) 
a t  room t e m p e r a t u r e .  A f t e r  1 5  m i n  t h e  t r i f l a t e  & h a d  

formed. To t h i s  s o l u t i o n  t h e n  was a d d e d  0.  81 g ( 2 ,  5 

m m o l )  of t e t r a b u t y l a m m o n i u m  b r o m i d e .  A f t e r  1 h 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  r e d u c e d  p r e s s u r e  a n d  t h e  

r e a c t i o n  m i x t u r e  was c h r o m a t o g r a p h e d  o n  a 2 . 5  x 1 5  cm 

c o l u m n  of 2 3 0 - 4 0 0  mesh s i l i c a  g e l .  The  c o l u m n  was 

- 
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663 REACTIONS OF A NEW TYPE OF INTERMEDIATE 

f i r s t  e l u t e d  w i t h  h e x a n e  ( 1 0 0  mL) t o  remove t h e  b a s e  1. 

a n d  t h e n  w i t h  2 5 0  mL of 8 %  e t h y l  a c e t a t e  i n  h e x a n e  t o  

g i v e  0. 6 0  g (1 .  8 mmol, 93%) o f  m e t h y l  4 - g - b e n z o y l - 3 -  

b romo-2 ,  3 ,  6-trideoxy-R-D-ribo-hexopyranoside ( 9 1 ,  a 

l i q u i d .  ' H  NMR: 6 I .  3 3  ( d ,  H-6, 5 3 . 6  = 6.  2 Hz) ,  

I .  8 5 - 2 .  6 0  ( m ,  H-2a,  H - 2 e ) ,  3 .  5 1  ( s ,  OCHs), 4. 2 1  ( d q ,  H- 

- 

5 ,  5 4 . 5  = 8. 6 H z ) ,  4. 6 7  ( d d ,  H-4, 5 3 . 4  = 3 .  4 Hz, J 4 , 5  = 

8. 7 H z ) ,  4. 8 0 - 4 .  8 9  ( m ,  H-31, 4 .  9 2  ( d d ,  H - I ,  J I  , 2 .  = 3 .  5 

Hz, J I ,  2 *  = 7 .  7 Hz), 7.  4 2 - 7 .  5 4  a n d  8.  0 0 - 8 .  1 2  

( a r o m a t i c ) ;  I 3 C  NMR: 6 1 7 . 6 9  ( C - 6 1 ,  3 8 . 8 5  1C-21 ,  

5 0 .  1 6  ( C - 3 1 ,  5 6 .  5 1  ( O C H J ) ,  6 9 .  0 7  (C-5), 7 3 .  2 5  ( C - 4 1 ,  

9 9 .  0 8  ( C - I ) ,  1 2 8 .  5 2 ,  1 2 9 .  5 3 ,  1 2 9 .  8 5 ,  1 3 3 .  4 6  ( a r o m a t i c ) ,  

7 6 5 . 5 0  ( C = O ) .  A n a l .  C a l c d .  f o r  C 1 4 H 1 7 B r 0 4 :  C ,  5 1 .  08; 

H, 5. 21 .  Found:  C ,  51. 2 2 ,  H, 5 .  2 0 .  

S y n t h e s i s  o f  M e t h y l  4 - O - B e n z o y l - 3 - b r o m o - 2 . 3 . 6 -  

trideoxu-R-D-arabino-hexouyranoside ( 11) .  The t r i f l a t e  

- 8 was s y n t h e s i z e d  f r o m  ( 0 . 5 5  5, 2 . 1  mmol) i n  t h e  

m a n n e r  d e s c r i b e d  a b o v e  ( f o r  p r e p a r a t i o n  of  3) a n d  t h e n  

a l l o w e d  t o  s t a n d  f o r  4 h w h i l e  i t  r e a r r a n g e d  t o  

compound 10. T e t r a b u t y l a m m o n i u m  b r o m i d e  (0. 8 2  g ,  2.  5 1  

mmol) 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 n d ,  a f t e r  I h ,  

t h e  s o l v e n t  was 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 .  The  

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

compound 9 t o  g i v e  0 . 5 1  g ( 1 . 6  m m o l ,  7 4 % )  of m e t h y l  

4 -0- b e  n2 o y l -  3 - b r  omo- 2 ,  3 ,  6 - t r i d e  o x y -  R-Q- a r  a b i no- h e  xo- - 
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BINKLEY AND SIVIK 664 

p y r a n o s i d e  (u), mp 1 1 9  'C.  ' H NMR: 6 1. 29  ( d ,  H-6, 

5 5 . 6  = 6 . 3  H z ) ,  2. 2 0  ( d d d ,  H-2a,  J Z . . Z .  = 1 2 .  9 Hz, 

J 2 . . 1  = J2. .3  = 9.  3 Hz) ,  2 . 6 1  ( d d d ,  H-2e, J Z . . ~  = 2.  I 

Hz, J ~ m . 3  = 5. 1 H z ) ,  3. 51 ( s ,  OCHa),  3. 5 9  ( d q ,  H-5, 

J 4 , 5 = 9 .  6 H z ) ,  4 .  1 6  ( d d d ,  H - 3 ,  J 3 . 4  = 9.  6 H z ) ,  4 .  44  ( d d ,  

H - I ) ,  5. 1 0  ( d d ,  H - 4 ) ,  7 .  4 3 - 7 .  55 a n d  8. 0 0 - 8 .  1 2  

( a r o m a t i c ) ;  I 3 C  NMR: 6 18. 11 ( C - 6 1 ,  4 1 . 9 3  ( C - 2 ) ,  

4 6 .  58 ( C - 3 1 ,  5 6 .  6 4  ( OCHz),  7 2 .  2 9  ( C - 5 1 ,  7 7 .  06  ( C - 4 1 ,  

1 0 1 .  1 3 (  C - I ) ,  1 2 8 .  4 8 ,  1 2 9 .  8 4 ,  1 3 3 .  3 6  ( a r o m a t i c ) ,  1 6 6 .  00  

( C = O ) .  A n a l .  C a l c d .  f o r  C i r H 1 7 B r 0 4 :  C ,  5 1 . 0 8 ;  H, 

5. 2 1 .  F o u n d  C ,  5 1 .  31; H, 5 .  3 7 .  

S y n t h e s i s  of M e t h y l  3 - 0 - B e n z o y l - 2 . 6 - d i d e o x y - f i - D -  

r i b o - h e x o D y r a n o s i d e  ( 1 4 ) .  Compound a ( 3 .  8 7 8  g ,  1 4 .  6 

m m o l )  a n d  6 . 6 0  g ( 3 1 .  2 m m o l )  o f  2 , 6 - d i - t - b u t y l - 4 -  

m e t h y l p y r i d i n e  (1) were d i s s o l v e d  i n  100 mL of d r y  

m e t h y l e n e  c h l o r i d e .  T h i s  s o l u t i o n  was c o o l e d  t o  0 O C  

a n d  m a i n t a i n e d  t h e r e  w h i l e  2 . 5 7  mL ( 4 . 3 2  g ,  1 5 . 3  m m o l )  

of t r i f l i c  a n h y d r i d e  i n  10 mL of m e t h y l e n e  c h l o r i d e  was 

s l o w l y  a d d e d .  Once t h e  a d d i t i o n  was 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 a l l o w e d  t o  w a r m  t o  room 

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

s i l i c a  ge l  p l a t e s  u s i n g  1: 3 e t h y l  a c e t a t e - h e x a n e )  

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

a new m a t e r i a l  h a d  f o r m e d .  Water 1. 0 mL (0. 0 5 5  moll  

w a s  added a n d  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 
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REACTIONS OF A NEW TYPE OF INTERMEDIATE 665 

t e m p e r a t u r e  f o r  t w e l v e  h. The r e a c t i o n  m i x t u r e  was 

t h e n  p o u r e d  i n t o  200  m L  o f  a s t i r r e d  s o l u t i o n  o f  

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

l a y e r s  were s e p a r a t e d  a n d  t h e  a q u e o u s  l a y e r  washed  w i t h  

two 1 0 0  mL p o r t i o n s  o f  m e t h y l e n e  c h l o r i d e .  The s o l v e n t  

was removed f rom t h e  c o m b i n e d  o r g a n i c  e x t r a c t 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  o n  a 2 . 5  x 1 5  c m  c o l u m n  o f  

s i l i c a  g e l  u s i n g  1 : 4  e t h y l  a c e t a t e - h e x a n e ;  20  mL 

f r a c t i o n s  were c o l l e c t e d .  F r a c t i o n s  2 a n d  3 c o n t a i n e d  

2 ,  6-di-t-butyl-4-methylpyridine ( ? I .  F r a c t i o n s  9 - 1 7  

c o n t a i n e d  3 . 4 2  g o f  a l i q u i d  w h i c h  c r y s t a l l i z e d  o n  

s t a n d i n g .  T h i s  m a t e r i a l  was r e c r y s t a l l i z e d  f rom h e x a n e  

t o  g i v e  3 . 0 1  g ( 0 . 0 1 1 3  mol ,  7 7 % )  of m e t h y l  3 - Q - b e n z o y l -  

2 ,  6-dideoxy-R-&-ribo-hexopyranoside (7111, mp 9 7 - 9 8  'C. 

' H  NMR: 6 I. 3 5  ( d ,  H-6, J s . 6  = 6.  2 H z ) ,  1. 8 2  ( d d d ,  H-  

2 a ,  J t , 2 .  = 9 . 3  Hz, J z . , ~ .  = 1 4 . 4  Hz, J 2 . , 3  = 2 . 9  H z ) ,  

2. 1 0  ( d d d ,  H-2e, J I , z .  = 2. 2 Hz, J 2 . . 3  = 3. 0 H z ) ,  3. 4 5  

- 

( H - 4 1 ,  3 .  86  ( d q ,  H-5, J 4 , 3  = 9. I H z ) ,  4. 6 5  ( d d ,  H - I ) ,  

5. 49 ( d d d ,  H-3, J J .  4 = 2. 7 H z ) ;  1 3 C  NMR: 6 18. 2 3  ( C -  

6 1 ,  35.  8 3  ( C - 2 1 ,  56 .  25 ( O M e ) ,  70.  6 5 ,  71.  5 9 ,  72.  2 5  ( C - 3 ,  

C-4, C-51, 9 9 . 0 9  ( C - I ) ,  1 2 8 . 5 0 ,  1 2 9 . 0 0 ,  1 3 0 .  1 6 ,  1 3 3 . 2 5  

( a r o m a t i c ) ,  1 6 6 .  3 3  ( C = O ) .  A n a l .  C a l c d  f o r  C 1 4 H i s O 5 :  

C ,  63 .  1 5 ;  H, 6. 81. Found: C ,  63 .  01 H, 6 .  90 .  

S y n t h e s i s  of M e t h y l  4-0-Benzo~l-2.6-dideox~-3-0- 

n i t r o - R - D - a r a b i n o - h e x o p y r a n o s i d e  ( 15). The t r i f l a t e  10 

( 2 .  1 m r n o l )  was s y n t h e s i z e d  as d e s c r i b e d  a b o v e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



BINKLEY AND SIVIK 666 

( p r e p a r a t i o n  of compound  11) a n d  r e a c t e d  w i t h  0. 7 6  g 

( 2 . 1  m m o l )  of  t e t r a b u t y l a m m o n i u m  n i t r a t e  f o r  1 h a t  

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

d e s c r i b e d  i n  t h e  p r e p a r a t i o n  of compound  11, a f f o r d e d  

0. 46 g ( I .  5 mmol, 7 0 % )  of 4 - Q - b e n z o y l - 2 ,  6 - d i d e o x y - 3 -  

O-nitro-R-Q-arabino-hexopryanoside (B) ,  mp 1 3 2 - 1 3 4  "C,  

' H  NMR: 6 1. 32  ( d ,  H-6, J 5 ,  6 = 6 .  2 H z ) ,  I .  6 5 - 2 .  0 3  ( m ,  

H - 2 a ) ,  2 .  5 1  ( d d d ,  H-2e,  Jz., 2 a  = 11. 7 Hz, 52.. I = 2.  0 

- - 

Hz, J2.,3 = 5 .  0 H z ) ,  3. 5 3  ( S ,  O C H a ) ,  3. 6 9  ( d q ,  H-5, 

5 4 . 5  = 9 . 4  H z ) ,  4 .  5 8  ( d d ,  H - I ,  Jt . 2 .  = 2.  0 Hz), 5 .  0 3  

( d d ,  H-4, J 3 , 4  = 9.  4 H z ) ,  5. 33 ( d d d ,  H - 3 1 ,  7. 43 -7 .  5 5  

a n d  7. 9 4 - 8 .  0 6  ( m ,  a r o m a t i c ) ;  * 3 C  NMR: 6 1 7 .  6 9  ( C - 6 1 ,  

35 .  49  ( C - 2 ) ,  5 6 .  7 8  ( O C H a ) ,  7 0 .  4 4  ( C - 5 1 ,  7 2 .  7 5  ( C - 3 ) ,  

7 9 . 4 6  ( c - Y ) ,  99.  9 7  ( c - I ) ,  728.59, 729.70, 729. 7 9 ,  

1 3 3 .  6 0  ( a r o m a t i c ) ,  1 6 5 .  3 2  ( C = O ) .  

S y n t h e s i s  of M e t h y l  3,  4-O-Benzulidene-2,6-dideoxy- 

R - D - r i b o - h e x o p y r a n o s i d e  ( 1 6 ) .  T h e  t r i f l a t e  10 ( 2 .  1 

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

of compound  71) a n d  r e a c t e d  w i t h  0.  6 1  g ( 2 .  I m m o l )  of  

t r i b u t y l t i n  h y d r i d e  t o  g i v e  0 . 4 5  g ( 1 . 7  m m o l ,  8 2 % )  of 

m e  t h y l  3 ,  4 -0- b e  nz  y l  i d e n e  - 2 ,  6 - d i d e  o x  y- R -&- r i b o - h e  x o - 
p y r a n o s i d e  (a).' The i s o l a t i o n  p r o c e d u r e  was t h e  same 

a s  t h a t  u s e d  f o r  compound  11. ' H  NMR: 6 1 . 3 2  ( d ,  H-6, 

J 3 . 6  = 6.  0 Hz), 1. 9 9  ( d d d ,  H-2a ,  J 2 . 2  = 1 4 .  7 Hz, J t  . z r  

= 8. 2 Hz, J2..3 = 5. 1 H z ) ,  2 .  3 8  ( d d d ,  H-2e,  5 1 . 2 .  = 2. 9 

- 

H Z ,  52.. 3 = 3. 0 H z ) ,  3 .  4 5  ( S ,  OCH3), 3. 5 5  ( d q ,  H-5, 
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REACTIONS OF A NEW TYPE OF INTERMEDIATE 667 

J 4 , 5  = 8. 9 Hz, J 5 . b  = 6.  0 H z ) ,  3. 8 2  ( d d ,  H-4, J 3 , 4  = 

5. I H z ) ,  4. 4 3  ( d d d ,  H-31, 4. 6 6  ( d d ,  H - I ) ,  5.  8 5  ( S, 

C g A r )  , 7. 37-7 .  4 4  ( m ,  a r o m a t i c ) .  1 3 C  NMR: 6 18.  2 1  ( C -  

6 1 ,  32.  6 2  ( C-21, 55.  9 3  ( O C H a ) ,  71.  40  ( C - 5 1 ,  75.  0 7 ,  

76. 25 ( C - 3 ,  C - 4 ) ,  99.  02  ( C - I )  , 1 0 3 .  64  ( C H A r ) ,  1 2 6 .  23 ,  

1 2 8 .  1 9 ,  1 2 9 .  09  ( a r o m a t i c ) .  

S y n t h e s i s  of M e t h y l  2 ,  6 - d i d e o x y - D - D - r i b o -  

h e x o p y r a n o s i d e  3 .  4-(  m e t h y l  o r t h o b e n z o a t e s )  ( 1 7  a n d  1 8 ) .  

The t r i f l a t e  10 ( 2 . 1  m m o l )  was s y n t h e s i z e d  as  d e s c r i b e d  

a b o v e  ( p r e p a r a t i o n  of compound 71) a n d  r e a c t e d  w i t h  I 

m L  of m e t h a n o l  t o  g i v e  0 . 5 5  g ( 2 . 0  mmol, 9 5 % )  of a 

m i x t u r e  o f  t h e  o r t h o e s t e r s  I'J- a n d  18. T h e s e  compounds  

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

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

form compound u, I t  was p o s s i b l e  t o  d e t e r m i n e  t h e  "C 

N M R  s p e c t r u m  of e a c h  b y  e x a m i n a t i o n  of t h e  s p e c t r u m  f o r  

t h e  m i x t u r e .  "C NMR: 6 ( m a j o r  isomer) 1 8 . 5 0  ( C - 6 ) ,  

32.  5 5  ( C - 2 1 ,  50 .  9 7  (ArCOCH3), 5 6 .  1 0  ( O C H a ) ,  70.  45 ( C -  

5 ) ,  73.  5 7 ,  77.  64  ( C - 3 ,  C - 4 1 ,  99.  1 4  ( C - I ) ,  1 2 6 .  1 2 ,  

1 2 8 .  21 ,  1 2 9 .  0 3  ( a r o m a t i c ) ;  ( m i n o r  isomer)  18. 7 6  ( C - 6 ) ,  

3 2 . 7 3  ( C - 2 ) ,  5 0 . 9 7  ( A r C O C H 3 ) ,  5 6 .  1 0  ( O C H a ) ,  7 0 . 4 5  ( C -  

5 1 ,  73.  33 ,  77.  11 ( C - 3 ,  C-41, 99.  1 4  ( C - I ) ,  1 2 6 .  1 2 ,  

1 2 8 .  21 ,  1 2 9 .  03 ( a r o m a t i c ) .  These  s p e c t r a ,  when c o m b i n e d  

w i t h  t h e  r e a c t i o n  of t h i s  m i x t u r e  t o  g i v e  compound 3, 

a l l o w e d  i d e n t i f i c a t i o n  of t h e s e  compounds  a s  t h e  

o r t h o e s t e r s  IJ- a n d  18. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



668 BINKLEY AND S I V I K  

R e a c t i o n  o f  M e t h y l  4 - 0 - B e n z o y l - 2 . 6 - d i d e o x u - a - D -  

a r a b i n o - h e x o D y r a n o s i d e  ( 19) w i t h  T r i f l i c  A n h y d r i d e .  To 

a s o l u t i o n  of 0 .51  g ( 2 . 5  m m o l )  o f  d i - t - b u t y l - 4 -  

m e t h y l p y r i d i n e  (1) a n d  0 ,  5 9  g ( 2 .  1 mmol) o f  t r i f l i c  

a n h y d r i d e  i n  5 mL of C D C l t  was a d d e d  0. 5 2  g ( 2 .  0 r n m o l )  

of m e t h y l  4 - 2 - b e n z o y l - 2 ,  6 - d i  d e o x y - a - Q - a r a b i  n o - h e x o -  

p y r a n o s i d e  ( = I 9  a t  room t e m p e r a t u r e .  A f t e r  1 5  min 

m e  t h y 1  4-Q- b e n z o y l - 2 ,  6 - d i d e o x y - 3 - (  t r i  f l u o r o m e t h y l -  

s u l f o n y l )  -a-g-arabino-hexopyranoside (20) h a d  f o r m e d .  

Compound 20 was n o t  a s t a b l e  m a t e r i a l  b u t  i t  was 

p o s s i b l e  t o  o b t a i n  N M R  s p e c t r a .  ' H  NMR: 6 1. 3 0  ( d ,  

H-6, J 5 . 6  = 6.  7 H z ) ,  2. 03-2 .  1 7  ( m ,  H - 2 a 1 ,  2. 4 2 - 2 ,  6 3  ( m ,  

H - 2 e ) ,  3. 36 ( O C H a ) ,  3. 9 8  ( d q ,  H-5, J 4  , s  = 9.  2 H z ) ,  4 .  86  

- 

- 

( d d ,  H - I ,  J i r 2 .  = J I , ~ .  = 3 . 2  Hz), 5 . 1 4  ( d d ,  H-4, J 3 . 4  

= 9 . 2  H z ) ,  5 . 3 5  ( d d d ,  H-3,  5 2 1 1 3  = 9 . 2  Hz, J z . , ~  = 5 . 2  

Hz) ,  6.  90-7 .  5 3 ,  8. 0 1 - 8 .  1 3  ( a r o m a t i c ) .  I 3 C  NMR: 6 

1 7 .  6 0  ( C - 6 1 ,  36. 7 0  (C-2), 5 4 .  9 8  ( O C H 3 1 ,  66 .  24 (C-51, 

73.  8 9  ( C - 4 1 ,  84 .  0 9  ( C - 3 1 ,  97.  6 2  ( C - I ) ,  1 2 8 .  54 ,  1 2 9 .  9 4 ,  

1 3 3 . 6 2  ( a r o m a t i c ) .  R e s o n a n c e s  f o r  compound 1. a l s o  were 

p r e s e n t .  A f t e r  8 h compound 20 h a d  p a r t i a l l y  

r e a r r a n g e d  21 (2'J:a = 3: 'I). The m i x t u r e  o f  t h e s e  two 

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

was p o s s i b l e  t o  o b t a i n  p a r t i a l  N M R  d a t a  f o r  compound 2'J 

even t h o u g h  compounds  &I a n d  I_ a l s o  were p r e s e n t  i n  

s o l u t i o n .  ' H  N W R  6 2.  49-2.  6 4  ( m ,  H-2a, H-2e1, 3. 2 2  

( O C H J ) ,  4 .  3 3  ( d q ,  H-5, J 5 . 6  = 6.  3 ,  J 4 , 5  = 5 .  6 Hz), 4. 88 
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7. 44-7. 78, 8. 00-8. 31 ( a r o m a t i c ) .  I 3 C  N M R :  6 19. 32 ( C -  

1) , 36. 62 ( C - 2 1 ,  55. 39 ( O C H I ) ,  63. 69 ( C - 5 1 ,  84, 36 ( C -  

41, 86. 40 (C-31, 95. 38 ( C - I ) ,  130. 21, 133. 66, 141. 21 

( a r o m a t i c ) .  
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