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3. CARBOHYDRATE CHEMISTRY, 4 ( 4 ) ,  529-543 ( 1 9 8 5 )  

1-PROPENYL 4,6-Q-BENZYLIDENE-%-D- 

MANNOPYRANOSIDE-2r3-CYCLIC SULFATE: A SUBSTRATE FOR THE 

SYNTHESIS OF CF-181 2-DEOXY-2-FLUORO-D-GLUCOSE 

T.J. Tewson* and M. S o d e r l i n d  

D i v i s i o n  o f  C a r d i o l o g y  
U n i v e r s i t y  o f  Texas H e a l t h  S c i e n c e  C e n t e r  

Houston, Texas 77030 

Received J u l y  16 ,  1985 - F i n a l  Form November 5 ,  I985 

fl.Ea&I 

1-Propeny l  4r6-P-benzylidine-~-D-mannopyranoside-2,3- 
c y c l i c  s u l f a t e  was p r e p a r e d  f r o m  m e t h y l  a-D-mannopyranoside. 
T h i s  compound r e a c t s  c l e a n l y  w i t h  te t ramethy lammon lum f l u o r i d e ,  
f o l l o w e d  by a c i d  h y d r o l y s i s  ( 2 N  HC1 1 ,  t o  g i v e  2 - d e o x y - 2 - f l u o r o -  
D-glucose. The r e a c t i o n  i s  s u i t a b l e  f o r  use w i t h  t h e  s h o r t  
l i v e d  r a d i o n u c l i d e  f l u o r i n e - 1 8  (t - 110 m i n u t e s ) .  4- 

I" 
We r e c e n t l y  i n t r o d u c e d  m e t h y l  4,6-Q-benzylidene-C-D- 

mannopyranosf de -Z r3 -cyc l  i c  s u l f a t e 1 ' *  as a s u b s t r a t e  f o r  

r e a c t i o n  w i t h  f l u o r i d e  i o n  i n  t h e  s y n t h e s i s  o f  f l u o r i n e - 1 6  

2 -deoxy -2 - f l  uoro-D-g lucose.  The c y c l  i c  s u l f a t e  r e a c t e d  r a p i d l y  

and e f f i c i e n t l y  w i t h  b o t h  f l u o r i n e - 1 9  and f l u o r i n e - 1 8  t e t r a -  

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

m e t h y l  g roup  was d i f f i c u l t ,  r e q u i r i n g  t h e  use o f  b o r o n  t r i s -  

( t r i f l  u o r o a c e t a t e ) *  f o r  t h e  r a p i d  r e a c t i o n  n e c e s s a r y  when 
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530 TEWSON AND SODERLIND 

w o r k i n g  w i t h  f l u o r i n e - 1 8  (t!, = 110  m i n u t e s ) .  To  a v o i d  t h i s  

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

oxygen  was p r o t e c t e d  as  a v i n y l  e t h e r 3  w h i c h  c o u l d  be  

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

e F s u l T S  AND DISCUSSION 
The  s y n t h e t i c  p a t h w a y  shown i n  Scheme I used  t h e  2 , 3 -  

c y c l i c  c a r b o n a t e 4  a s  a p r o t e c t i n g  g r o u p  f o r  t h e  K o e n i g s - K n o r r  

c o n d e n s a t i o n  o f  t h e  g l y c o s i d i c  b r o m i d e  w i t h  a l l y 1  a l c o h o l .  The  

4 , 6 - Q - b e n z y l i d e n e  d e r i v a t i v e  (2) was p r e p a r e d  b y  r e a c t i o n  o f  

m e t h y l  a - D - m a n n o p y r a n o s i d e  (1) and b e n z a l d e h y d e  d i m e t h y l a c e t a l  

( t o s l c  a c i d  c a t a l y s i s )  i n  DMF a t  room t e m p e r a t u r e .  The  y i e l d  

u s i n g  t h i s  m e t h o d  i s  no  b e t t e r  t h a n  t h a t  o b t a i n e d  u s i n g  o t h e r  

p r o c e d u r e s 5  b u t  t h e  r e a c t i o n  i s  more  c o n v e n i e n t  f o r  a l a r g e  

s c a l e  ( 5 0 - 1 0 0 9 )  s y n t h e s i s .  The  pub1 i s h e d  p r o c e d u r e  f o r  t h e  

s y n t h e s i s  o f  c y c l i c  c a r b o n a t e  (414 w o r k e d  w e l l  o n  a s m a l l  s c a l e  

b u t  on  s c a l i n g  up t o  509, t h e  i s o l a t e d  y i e l d  o f  (4) f e l l  t o  

10-15%. E x a m i n a t i o n  o f  t h e  r e a c t i o n  m i x t u r e  showed t h a t  i n  

s p i t e  o f  t h e  v a s t  e x c e s s  o f  e t h y l  c h l o r o f o r m a t e  and t r i e t h y l -  

a m i n e r  t h e  m a j o r  p r o d u c t s  w e r e  t h e  t w o  m o n o e t h o x y c a r b o n a t e s  (B, 

and U). However,  d u r i n g  t h i s  e x a m l n a t i o n  It a p p e a r e d  t h a t  t h e  

m o n o e t h o x y c a r b o n a t e s  (3m and 3h) and t h e  c y c l i c  c a r b o n a t e  (4) 

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

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

were  r e a c t i n g  on  t h e  GC t o  g i v e  ( 4 ) .  To d e t e r m i n e  i f  t h i s  was 

t h e  case ,  t h e  s y r u p  f r o m  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  

200 ' C  i n  an o i l  b a t h .  E t h a n o l  s l o w l y  d i s t i l l e d  and, a f t e r  

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

c a r b o n a t e  ( 4 )  I n  80-85% y i e l d .  To a v o l d  t h e  p r o b l e m s  o f  u s i n g  

e x c e s s  e t h y l  c h l o r ~ f o r m a t e ~  t h e  m o n o e t h o x y  c a r b o n a t e s  were  
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532 TEWSON AND SODERLIND 

p r e p a r e d  w i t h  o n e  e q u i v a l e n t  o f  t h e  r e a g e n t  i n  m e t h y l e n e  

c h l o r i d e / p y r i d i n e  and p y r o l y z e d  t o  g i v e  ( 4 ) .  

The m i x t u r e  o f  a and t3 a c e t a t e s  (5) was p r e p a r e d  f o l l o w i n g  

1 i t e r a t u r e  p r o c e d u r e s . 4  B r o m i n a t i o n  o f  t h e  m i x t u r e  gave  a 

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

so  t h e  m i x t u r e  was used.  The  l a r g e  s c a l e  b r o m i n a t i o n  u s i n g  

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

c o n v e n i e n t  t h a n  t h a t  w i t h  3 0 %  HBr  i n  g l a c i a l  a c e t i c  a c i d .  I n  

o u r  hands, t h e  g l y c o s y l  b r o m i d e  ( 4 )  w o u l d  n o t  c r y s t a l l i z e  

r e g a r d l e s s  o f  t h e  me thod  o f  p r e p a r a t i o n  o r  t h e  u s e  o f  e i t h e r  

p u r e  a -anomer  o f  

s t a r t i n g  m a t e r i a l .  

m e t h y l  compound f o  

e x c e l l e n t  y i e l d  t o  

5) o r  t h e  m i x t u r e  o f  a- and 6 -anomers  a s  

However r  p r e p a r a t i o n  o f  t h e  known 6-Q- 

l o w i n g  1 i t e r a t u r e  p r o c e d u r e s 4  w e n t  i n  

g l v e  one  p r o d u c t  and so t h e  s y r u p y  b r o m i d e  

was t a k e n  o n  t o  t h e  n e x t  s t a g e .  A l l y l a t i o n  o f  ( 4 )  u s i n g  s i l v e r  

o x i d e 6  gave  a m i x t u r e  o f  p r o d u c t s  u n d e r  a v a r i e t y  o f  c o n d i -  

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

b o t h  as  r e a g e n t  and s o l v e n t ,  a s i n g l e  p r o d u c t  b y  TLC was 

fo rmed.4  W i t h  a c e t o n i t r i l e  a s  a s o l v e n t ,  t w o  p r o d u c t s  a r e  

fo rmed,  one  I d e n t i c a l  t o  t h a t  I n  a l l y l  a l c o h o l ,  t h e  o t h e r  w i t h  

a h i g h e r  R f  on  TLC. The t w o  p r o d u c t s  c o u l d  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  ( s i l i c a  g e l ,  2% MeOH/CH2C12) and g a v e  i d e n t i c a l  

mass s p e c t r a .  The  I R  s p e c t r u m  showed a b s o r b a n c e s  a t  1840  and 

1 7 5 0  cm'l f o r  t h e  c a r b o n a t e  and a c e t a t e s  r e s p e c t i v e l y  and a 

weak a b s o r b a n c e  a t  1640  c m - I  c h a r a c t e r i s t i c  f o r  t h e  a l l y l  

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

compound g a v e  D-mannose (1) a s  t h e  o n l y  p r o d u c t ,  e s t a b l i s h i n g  

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

s p e c t r a  o f  t h e s e  compounds a t  270 MHz showed c o n s l d e r a b l e  

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

T h e  'H NMR 
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5 3 4  TEWSON AND SODERLIND 

a s s i g n m e n t s  d i f f i c u l t .  The  r e g i o n  a r o u n d  56, w h e r e  t h e  s i g n a l  

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

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

a t  5 . O E .  The s l o w e r  r u n n i n g  compound shows t h e  a n o m e r i c  p r o t o n  

as a d o u b l e t  a t  4.656 w i t h  J =  1.1 H z .  I n  t h e  p a i r s  o f  anomers  

i n  t h e  mannose s e r i e s  t h a t  we h a v e  e x a m i n e d  t h e  a n o m e r l c  p r o t o n  

i n  a - a n o m e r  a b s o r b s  a t  l o w e r  f i e l d ,  w i t h  a s m a l l e r  1,2 

c o u p l i n g  t h a n  does  t h e  S-anomer.  T h u s  t h e  d a t a  i s  c o n s i s t e n t  

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

a l l y 1  a l c o h o l  r e a c t i o n  b e i n g  t h e  r e q u i r e d  S-anomer and t h e  

compound w i t h  t h e  h i g h e r  R f  b e i n g  t h e  a -anomer .  C y c l i c  

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

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

p r o t o n .  The  t w o  p r o d u c t s  w e r e  h y d r o l y s i z e d  i n  b a s e  t o  remove 

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

p r e p a r e d .  A d i r e c t  c o m p a r i s o n  of  t h e  'H NMR s p e c t r a  w i t h  t h e  

known m e t h y l  4 , 6 - Q - b e n z y l i d e n e - (  cf and % I - D - m a n n o p y r a n o s i d e s  7 

was t h e n  made. T h e  s l o w e r  r u n n i n g  compound shows t h e  a n o m e r i c  

p r o t o n  as  a 1.1 H z  d o u b l e t  a t  4 . 6 5 6  w h e r e a s  t h e  f a s t e r  r u n n f n g  

component  has  a s i n g l e t  a t  4.96. The a u t h e n t i c  m e t h y l  

4 r 6 - 0 - b e n z y l i d e n e - ~ - D - m a n n o p y r a n o s l d e  showed t h e  a n o m e r i c  

p r o t o n  a t  4 . 7 6  a s  a 1 . 3 H z  d o u b l e t  w h e r e a s  t h e  a-compound showed 

a s i n g l e t  a t  4 .96.  T h u s  we c a n  a s s i g n  t h e  s l o w e r  r u n n i n g  

compound t o  t h e  6-anomer  ( 2 )  and t h e  f a s t e r  r u n n i n g  one  t o  i t s  

a -anome r . 
On t h e  p r e p a r a t i v e  s c a l e  h y d r o l y s i s  w i t h  s o d i u m  m e t h o x -  

i d e / m e t h a n o l  o c c u r r e d  n o r m a l l y  and b e n z y l i d a t l o n  w i t h  

b e n z a l d e h y d e  d i m e t h y l a c e t a l  g a v e  2 - p r o p e n y l  4 ,6 -Q-benzy l Idene-  

C-D-mannopy ranos ide  (9) i n  40% y i e l d .  T h e  r e a r r a n g e m e n t  o f  t h e  
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4,6-O-BENZYLIDENE-i3-D-MANNOPYRANOSIDE-2,3-CYCLIC - SULFATE 535 

ally1 to the v i n y l  ether was attempted with tris(tripheny1- 

phosphine)rhodlum chloride but resulted i n  decomposition of the 

catalyst a n d  incomplete r e a ~ t i o n . ~  

rearrangement with potassium tert-butoxide in DMSO gave the 

1-propenyl compound f n  85% yield.8 The H N M R  suggested 

that the double bond 1s cis (J1,2= 7Hz). 

sul p h u r y l  chloride i n  triethyl amine/ethylacetate' resulted i n  

chlorination of the v i n y l  ether rather than formation of the 

cyclic sulfate. However, treatment of (l.Q) with sodium hydride 

a n d  U,N-sulfuryl diimidazole" i n  d r y  THF gave 1-propenyl 

4,6-Q-bentylidene-%-D-mannopyranoside 2,3-cyclic sulfate (U) 

I n  excellent yield. 

The less convenient 

1 

Reaction of (Lo) with 

The latter (ll) reacts with tetramethylammonium fluoride 

(which h a d  been dried b y  azeotropic distillation of aceto- 

nitrile) i n  refluxing acetonitrlle to give a single polar peak 

on reverse phase HPLC. This is presumably the r i n g  opened 

sulfate (u) (Scheme 2). Ring opened tetraalkylammonium 

sulfates are intractable compounds with detergent properties 

a n d  so no attempts were made to characterize this intermediate. 

The acetonitrile was evaporated under vacuum a n d  the product 

SCHEME 2 

H' + 
H e 
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h e a t e d  a t  r e f l u x  i n  2N HC 

n e u t r a l i z e d  w i t h  s o d i u m  b 

vacuum, and t h e  r e s u l t i n g  

t o  a p p r o x i m a t e l y  2 0 %  o f  t h e  g 

a 50  Hz c o u p l i n g  c o n s t a n t  t y p  

each  h a l f  o f  t h i s  d o u b l e t  was 

l i n e  p a t t e r n  w i t h  no  a p p a r e n t  

TEWSON AND SODERLIND 

f o r  10 m i n u t e s .  The  H C 1  was 

c a r b o n a t e ,  t h e  w a t e r  e v a p o r a t e d  u n d e r  

s o l i d  e x t r a c t e d  w i t h  e t h a n o l .  

C r y s t a l l i z a t i o n  f r o m  e t h a n o l / e t h y l  a c e t a t e  g a v e  2-deoxy-2-  

f l u o r o - D - g l u c o s e  i n  85% o v e r a l l  y i e l d  f r o m  (U) .  The  u s e  o f  

m i l d e r  a c i d i c  c o n d i t i o n s  ( 0 . 1  N HC1 o r  t r i f l u o r o a c e t i c  a c i d )  

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

TLC p l a t e  w i t h  4 : l  e t h y l  a c e t a t e / e t h a n o l r  w h e r e a s  t h e  

2-deoxy-2-fluoro-D-glucose has  an R f  o f  -0 .5.  A p p a r e n t l y  t h e  

h y d r o l y s i s  o f  t h e  s u l f a t e  (12) r e q u i r e s  t h e  s t r o n g e r  a c i d .  

As t h e  c y c l i c  s u l f a t e  i s  p o t e n t i a l l y  a b i f u n c t i o n a l  

l e a v i n g  g r o u p D  t h e  f l u o r i n a t i o n  r e a c t i o n  was e x a m i n e d  t o  

d e t e r m i n e  i f  any  o f  t h e  a l t e r n a t i v e  p r o d u c t r  3 -deoxy -3 -  

f l u o r o - D - a l t r o s e  was f o r m e d .  

f l u o r i n a t i o n  r e a c t i o n  m i x t u r e  i n  D20 showed a s i g n a l  a t  1 0  ppm 

above  t h e  2-deoxy-2-fluoro-D-glucose s i g n a l  w i t h  an f n t e g r a t e d  

i n t e n s i t y  o f  b e t w e e n  0-10% o f  t h a t  o f  t h e  d e o x y f l u o r o - g l u c o s e .  

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

19F NMR s p e c t r u m  o f  t h e  t o t a l  

u c o s e  s i g n a l .  T h i s  s f g n a l  showed 

c a l  o f  g e m i n a l  HF c o u p l i n g s  and 

f u r t h e r  s p l i t  i n t o  a c o m p l e x  7 

c o u p l i n g  g r e a t e r  t h a n  4 Hz. 

t h i s  

1 i n e  

a c e t  

peak 

h 1 9 F  NMR s p e c t r u m  o f  t h e  t o t a l  h y d r o l y s i s  m i x t u r e  showed 

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

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

c a n h y d r f d e / p y r i d l n e  and GC o f  t h e  p r o d u c t  showed o n l y  t h e  

e x p e c t e d  f o r  t h e  lr3,486-tetra-Q-acetyl-2-deoxy-2- 

f l  uoro-D-g1 u c o p y r a n o s e .  

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

f u r t h e r  r e a c t i o n  p r o d u c t  o f  t h e  r i n g  opened  s u l f a t e  (l.2) and 
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4,6-O-BENZYLIDENE-B-D-MANNOPYRANOSIDE-2,3-CYCLIC - SULFATE 5 3 7  

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

s t e r e o s p e c i f f c  a t  c a r b o n  2. F u r t h e r  work  i s  i n  p r o g r e s s  t o  

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

s t u d i e s  w f t h  f l u o r i n e - 1 8  t e t r a m e t h y l a m m o n i u m  f l u o r i d e  a r e  

e n c o u r a g i n g  i n  t h a t  f l u o r i n e - 1 8  2-deoxy-2-fluoro-D-glucose c a n  

b e  o b t a i n e d  i n  e x c e l l e n t  y i e l d  l e s s  t h a n  20  m i n u t e s  a f t e r  t h e  

f l u o r i d e  s a l t  i s  a v a i l a b l e .  

MElILQu 

I R  s p e c t r a  were  r e c o r d e d  on  a P e r k i n  E l m e r  2998 s p e c t r o -  

m e t e r  i n  K B r  d i s c s  o r  a s  t h i n  f i l m s .  M e l t i n g  p o i n t s  were  t a k e n  

o n  an e l e c t r o t h e r m a l  m e l t i n g  p o i n t  a p p a r a t u s  and a r e  

u n c o r r e c t e d .  

s p e c t r o m e t e r .  Mass s p e c t r a  were  r e c o r d e d  on  a F l n n e g a n  

q u a d r o p o l e  mass s p e c t r o m e t e r  a t  an i o n i z i n g  v o l t a g e  o f  20 e v .  

1 9 F  NMR s p e c t r a  were  r e c o r d e d  a t  282 MHz on a B r u e k e r  3 0 0  

s p e c t r o m e t e r .  

'H NMR w e r e  r e c o r d e d  a t  270 MHz on a J E O L  270 

Gas c h r o m a t o g r a p h y  was p e r f o r m e d  on H e w l e t t - P a c k a r d  5890 

GC u s i n g  a 11530p" 10  m e t e r  co lumn.  The t e m p e r a t u r e  was 

programmed f r o m  130  t o  230 'C a t  6 'C  m f n - I .  

€xEBwxm 
t h e s i s  o f  F l e t h v l  4.6 - -  0 Benzv l i dene-a -D-manno-  

D_uranosibe (2). M e t h y l  a -D-mannopy ranos ide  ( 5 0  g r  0.26 mol  I 

was s t l r r e d  a t  room t e m p e r a t u r e  f o r  t w o  d a y s  f n  d r y  DMF 

( 4 0 0  mL) c o n t a i n i n g  b e n z a l d e h y d e  d i m e t h y l a c e t a l  (45 .6  g. 

0.3 m o l l  and p - t o l u e n e s u l f o n t c  a c i d  (0.5 9 ) .  The  s o l u t i o n  was 

t h e n  p o u r e d  I n t o  w a t e r  ( 4 0 0  mL) c o n t a i n i n g  s o d i u m  b i c a r b o n a t e  

( 3  g )  and  t h e  s o l u t i o n  f f l t e r e d  t o  remove t h e  d i b e n z y l i d e n e  
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538 TEWSON AND SODERLIND 

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

(3  x 250 mL) .  The  m e t h y l e n e  c h l o r i d e  e x t r a c t  was d r i e d  w t t h  

sod ium s u l f a t e  and e v a p o r a t e d  t o  d r y n e s s .  C r y s t a l l i z a t i o n  o f  

t h e  p r o d u c t  f r o m  c h l o r o f o r m / t o l u e n e  g a v e  3 8  g (0.13 mol ,  50% 

y i e l d )  o f  m e t h y l  4 , 6 - Q - b e n z y l l d e n e - a - D - m a n n o p y r a n o s i d e  (2) w i t h  

11 mp 146-7 'C.  L i t .  mp 145-7  " C .  

e s i s  o f  M e t h y l  4.6 - -  0 b e n z y l i d e w  - 2,3 - -  0 c a o n v l - o r  

- -  ( 4 ) .  M e t h y l  4 ,6 -Q-benzy l i dene-a -D-  

m a n n o p y r a n o s i d e  ( 2 )  ( 3 0  g, 0 . 1  m o l l  i n  m e t h y l e n e  c h l o r i d e  

(300 mL) c o n t a i n i n g  p y r i d i n e  (15 g )  was s t i r r e d  u n d e r  d r y  

a r g o n .  E t h y l  c h l o r o f o r m a t e  ( 1 3  g, 0.13 m o l )  i n  m e t h y l e n e  

c h l o r i d e  ( 1 0 0  mL) was added s l o w l y  ( 3 0  m i n ) .  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  a f u r t h e r  3 0  m i n .  TLC ( s i l i c a  g e l ,  1% 

MeOH/CH2C12) e x a m i n a t i o n  a t  t h i s  s t a g e  showed t h r e e  s p o t s :  one 

a t  R f  0.95 w h i c h  was a m i x t u r e  o f  t h e  c y c l i c  c a r b o n a t e  and 

d i e t h o x y  c a r b o n a t e ,  t h e  m a j o r  s p o t  a t  R f  0.6 w h i c h  was a 

m i x t u r e  o f  t h e  t w o  m o n o e t h o x y  c a r b o n a t e s  (u and ;Lh), and a 

t h i r d  s p o t  a t  R f  0 .1  w h i c h  was u n r e a c t e d  s t a r t i n g  m a t e r i a l .  

A d d i t i o n  o f  more  e t h y l  c h l o r o f o r m a t e  a p p e a r e d  t o  p r o d u c e  ( b y  

TLC) d i e t h o x y  c a r b o n a t e  f a s t e r  t h a n  s t a r t i n g  m a t e r i a l  was 

consumed. T h e  m e t h y l e n e  c h l o r i d e  s o l u t i o n  was washed w i t h  

1 N  HCl  (100 mL), d r i e d  w i t h  s o d i u m  s u l f a t e  and e v a p o r a t e d  t o  

d r y n e s s .  The r e s u l t i n g  o i l  was h e a t e d  w i t h  s t i r r i n g  t o  200 ' C  

u n d e r  a r g o n  w h i l e  e t h a n o l  s l o w l y  d i s t i l l e d  o u t .  When t h e  

e t h a n o l  d i s t i l l a t i o n  was c o m p l e t e  (-15 m i n )  t h e  r e s u l t i n g  o i l  

was d i s s o l v e d  i n  e t h a n o l  ( 2 0 0  mL) and a l l o w e d  t o  c r y s t a l l i z e .  

R e c r y s t a l l i z a t i o n  f r o m  e t h a n o l  g a v e  24 g (0.08 mol ,  80% y i e l d )  

o f  m e t h y l  4 , 6 - 0 - b e n z y 1 i d e n e - 2 , 3 - 0 - c a r b o n y 1 - a - D - m a n n o p y r a n o s i d e  

( 4 )  w i t h  mp 125-7 ' C .  L i t .  mp 125-7  'C. 4 
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4,6-O-BENZYLIDENE-B-D-MANNOPYRANOSIDE-2,3-CYCLlC - SULFATE 539 

p r e o a r a t i o n  o f  4 9 6  - D i  - -  0 a c e t v l  - 7.3 - -  0 c a r b o n v l - a - D -  

v- (6). l r 4 , 6 - T r i - P - a c e t y l - 2 r 3 - P -  

carbonyl-D-mannopyranoside ( 2 4  g r  0.072 m o l l  p r e p a r e d  f r o m  4 by 

t h e  p r o c e d u r e  o f  B e b a u l t  and D u l t o n 4  was d i s s o l v e d  i n  250 mL of 

a 1:l m i x t u r e  o f  m e t h y l e n e  c h l o r i d e  and a c e t i c  a c i d .  Phospho-  

r u s  t r i b r o m i d e  (39 g r  0.14 moll i n  m e t h y l e n e  c h l o r i d e  ( 5 0  mL) 

was added s l o w l y  f o l l o w e d  b y  a c e t i c  a c i d  (25 mL) c o n t a i n i n g  

10 g o f  w a t e r .  The r e a c t i o n  was s t i r r e d  f o r  t w o  h o u r s  and 

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

m e t h y l e n e  c h l o r i d e  l a y e r  was washed w i t h  i c e  w a t e r  (200 mL),  

s a t u r a t e d  s o d i u m  b i c a r b o n a t e  (200 mL), d r i e d  w i t h  sod ium 

s u l f a t e ,  and e v a p o r a t e d  t o  d r y n e s s .  The  r e s u l t i n g  b rown  s y r u p  

was c h r o m a t o g r a p h e d  q u f c k l y  on  a F l o r s i l  c o l u m n  (5 x 50  cm) 

u s i n g  m e t h y l e n e  c h l o r i d e  t o  g i v e  a c o l o r l e s s  s y r u p  o f  4,6-di-Q- 

a c e t y  1 -2,3 -Q-ca r b o n y l  -a-D-man nopy  r a n n  o s y l  b rom i de ( 22.4 g , 
0.063 m o l t  88% y i e l d )  (61, w h i c h  was homogenous b y  TLC, ( s i l i c a  

g e l ,  1% MeOH/CH2ClZ9 R f  0.6) b u t  c o u l d  n o t  b e  c r y s t a l l l z e d .  

T h i s  s y r u p  decomposed on  s t a n d i n g  and so was t a k e n  t h r o u g h  

d i r e c t l y  t o  t h e  n e x t  s t e p .  

r a t i o n  o f  7 - P r o o e n v l  4.6 - d i  - -  0 a c e t v l  - 2.3 - -  0 

c a r b o n y 1  - - -  6 D m a n n o p v r g o o s i d a  ( 8 ) .  4 ,6 -D i -Q-ace ty l -2 -3 -  

Q-carbonyl-a-D-mannopyranosyl b r o m i d e  (22.4 g, 0.063 m o l l  from 

t h e  p r e v f o u s  s t e p  was d i s s o l v e d  i n  a l l y l  a l c o h o l  ( 1 5 0  n L )  and 

m e r c u r i c  c y a n l d e  ( 2 2  g 1  0.085 moll was added. The  s o l u t i o n  was 

s t i r r e d  i n  t h e  d a r k  f o r  1 8  h o u r s ,  t h e  a l l y l  a l c o h o l  e v a p o r a t e d  

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

(250 m L ) .  The  m e t h y l e n e  c h l o r f d e  s o l u t i o n  was f i l t e r e d  t o  

remove m e r c u r y  s a l t s ,  washed w l t h  1 M  K B r  (200 mL), s a t u r a t e d  
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540 TEWSON AND SODERLIND 

sod lum b i c a r b o n a t e  so 

e v a p o r a t e d  t o  d r y n e s s  

u t  

t o  

o n  ( 2 0 0  mL) ,  d r i e d  (Na2S04) ,  and 

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

compound b y  GC and TLC ( 2 %  Me0H/CH2Cl2) b u t  c o u l d  n o t  b e  

I n d u c e d  t o  c r y s t a l l i z e .  C h r o m a t o g r a p h y  on  s l l i c a  g e l  and 

e l u t i o n  w i t h  2% MeOH/CH2C12 g a v e  a c o l o r l e s s  s y r u p  (17 g,  0.051 

mol, 81% y l e l d )  t h a t  w o u l d  n o t  c r y s t a l l i z e .  Mass Spec. Mt330,  

M-57 273, M-99 231. Cal:3= -54‘ ( c = O . l ,  CHC13) I R  ( K B r )  1 8 3 0  

cm ,1750 cm-l ,  1 6 5 0  cfn-’, I n  a s f m i l a r  e x p e r i m e n t  u t i l i z i n g  

50 m L  o f  a l l y 1  a l c o h o l  and  1 5 0  m L  o f  a c e t o n i t r i l e ,  t w o  p r o d u c t s  

were  fo rmed,  one  i d e n t l c a l  t o  t h e  compound a b o v e  and t h e  o t h e r  

w i t h  t h e  h i g h e r  Rf (0.75, 2% MeOH/CH2C12) shown t o  b e  t h e  

a-anomer .  Mt330,  M-52 273, H-99 231. = +25’ ( c  = 0.1, 

CHC13). 

-1 

P r e p a r a t f o n  o f  7 - P r o ~ e n v l  4.6 - -  0 b e n z v l i d e n e  - - -  fi D 

W n o D v r a n o s l d e  (2). 2 - P r o p e n y l  4 ,6 -D i -Q-ace ty l -Z13-Q-  

carbonyl-a-D-mannopyranoside ( 1 7  g, 0 . 0 5 1  moll was d i s s o l v e d  i n  

m e t h a n o l  ( 2 5 0  mL) and 1 0  mL o f  m e t h a n o l ,  i n  w h i c h  s o d l u m  

(10 mg) had been  r e a c t e d ,  was added. The  s o l u t i o n  was s t i r r e d  

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

exchange  r e s i n  (Rexyn  1011, and t h e  m e t h a n o l  e v a p o r a t e d .  The 

r e s u l t i n g  s y r u p  was d l s s o l v e d  i n  D M F  ( 5 0  m L )  and t h e  s o l v e n t  

e v a p o r a t e d .  T h i s  m a t e r i a l  was r e d i s s o l v e d  i n  DMF (150  m L )  and 

b e n z a l d e h y d e  d i m e t h y l  a c e t a l  ( 2 2 . 8  g, 0.15 m o l l  and 

t o l u e n e s u l f o n i c  a c i d  (0.5 g )  w e r e  added. The s o l u t f o n  was 

s t f r r e d  a t  room t e m p e r a t u r e  f o r  2 h o u r s ,  p o u r e d  i n t o  aqueous  

s o d l u m  b i c a r b o n a t e  s o l u t i o n  ( 3 0 0  m L )  and e x t r a c t e d  w i t h  

m e t h y l e n e  c h l o r i d e  (3 x 250 m L ) .  The  m e t h y l e n e  c h l o r i d e  

e x t r a c t s  w e r e  d r i e d  w i t h  s o d i u m  s u l f a t e  and e v a p o r a t e d  t o  
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d r y n e s s  t o  g i v e  an o i l .  Chromatography on s i l i c a  g e l  and 

e l u t i o n  w i t h  m e t h y l e n e  c h l o r i d e  gave t h e  d i b e n z y l i d e n e  

p r o d u c t s .  

C r y s t a l l i z a t i o n  from e t h a n o l  gave 5.6 g o f  2 -p ropeny l  

E l u t i o n  w i t h  2% MeOH/CH2C12 gave (9). 

4,6-Q-benzylidene-%-D-mannopyranoside (9) (0.02 mol, 40% 

y i e l d ) ?  mp 136-8 *C. I R  (KBr) 3600 cm'l, 1635 cm", MS 308 

( M + ) r  307 (M-1). 

Anal .  C a l c d  f o r  Cl6HZ0O6 CI 62.07 HI 6.49 Found CI 

61.81 HI 6.43 

P r e p a r a t i o n  o f  1 - P r o ~ e n v l  4 - 6  - -  0 b e n z v l i d e n e  - - -  fi L 
m r a n o s F p a  C J . Q ) .  2-Propeny l  4?6-Q-benzy l  i d e n e -  

8-D-mannopyranoside (1.6 gr  0.055 moll was d i s s o l v e d  i n  d r y  

DMSO (75  mL)? p o t a s s i u m  t - b u t o x i d e  (2.24 g )  was added and t h e  

s o l u t i o n  s t i r r e d  under  argon.  The s o l u t i o n  was h e a t e d  a t  

100 ' C  i n  an o i l  b a t h  f o r  t e n  m i n u t e =  w i t h  s t i r r f n g .  The 

s o l u t i o n  was t h e n  poured  i n t o  me thano l  and n e u t r a l i z e d  w i t h  

c a t i o n  exchange r e s i n  (Rexyn 101).  The me thano l  and DMSO were 

e v a p o r a t e d  under  reduced p r e s s u r e r  and t h e  r e s i d u e  d i s s o l v e d  i n  

m e t h y l e n e  c h l o r i d e  (100 mL). The m e t h y l e n e  c h l o r i d e  s o l u t i o n  

was washed t w i c e  w i t h  w a t e r  (100 m L I r  d r i e d  w i t h  sodium 

s u l f a t e ,  and e v a p o r a t e d  t o  d ryness .  The r e s i d u e  was d i s s o l v e d  

i n  h o t  e t h a n o l  (100 mL)? t r e a t e d  w i t h  d e c o l o r i z i n g  c h a r c o a l  

( N o r i t e  1 g )  f i l t e r e d  t h r o u g h  C e l i t e  545. The f i l t r a t e  was 

a l l o w e d  t o  c o o l  and c r y s t a l l i z e .  F i l t r a t i o n  o f  t h e  c r y s t a l s  

gave 1.4 g o f  1 - p r o p e n y l  4r6-Q-benzylldene-~-D-mannopyranoside 

(UT) (85% y i e l d ) ?  mp 164-166 'C. I R  (KBr) 3600 an'', 1680 cm'l. 

Anal .  C a l c d  f o r  Cl6HZ0O6 CI 62.07? HI 6.49. Found CI 61.84 

HI 6.70 
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P r e D a r a t i o n  o f  1 - P r p e e n v l  4,6 - -  0 b e n u l i d e n e  - - -  & D 

r a n o - i d e  - , -  2 3 c v c l i c  s u l f a t e  (JJ). 1 - P r o p e n y l  4,6- 

Q-benzylldene-%-D-mannopyranoside (u) ( 1  g, 0.003 moll was 

d i s s o l v e d  i n  d r y  THF (50 m L )  u n d e r  a r g o n  and s o d i u m  h y d r i d e  

(0 .2  gr 0.008 m o l l  was added. T h e  s o l u t i o n  was s t i r r e d  a t  room 

t e m p e r a t u r e  u n t i l  h y d r o g e n  e v o l u t i o n  had c e a s e d  ( - 1 5  m i n u t e s )  

and K r I i - s u l f u r y l  d i i m i d i z o l e 9  (0 .6  g, 0.003 m o l l  i n  d r y  THF 

(20 m L )  was added.  The s o l u t i o n  was s t l r r e d  f o r  a f u r t h e r  

t h i r t y  m i n u t e s ,  f i l t e r e d  t h r o u g h  C e l i t e  5 4 5 ,  and e v a p o r a t e d  t o  

d r y n e s s .  The  r e s i d u e  was d i s s o l v e d  i n  h o t  t o l u e n e ,  f i l t e r e d  

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

R e c r y s t a l l i z a t i o n  f r o m  t o l u e n e / h e p t a n e  gave  0.94 g o f  

1 - p r o p e n y l  4,6-Q-benzylidene-f3-0-mannopyrannopyranoside-Z~3-cyclic 

-1 s u l f a t e  (u), mp 138-139'  C. I R  ( K B r )  1680  cm", 1405 cm 

1220 cm'l, MS 3 7 0  ( M + ) ,  369  ( M - 1 )  313  (M-OCH=CH-CH3). 

, 

A n a l .  C a l c  f o r  C16H1808S C, 51 .84  H, 4.86 S, 8.64 Found 

C I  51.76 H I  4.95 S, 8.80 

S y n t h e s i s  o f  7-Deoxv - -  2 f l u o r o  - -  D a l u c o s e .  1 - P r o p e n y l  

4r6-0-benzylidine-%-D-rnannopyranoside-Z,3-cyclic s u l f a t e  (u) 
(0 .356  g,  0 . 0 0 1  moll was r e f l u x e d  i n  d r y  a c e t o n i t r i l e  (SO m L )  

c o n t a i n i n g  t e t r a m e t h y l a m m o n i u m  f l u o r i d e  (0 .169  g o f  t h e  

t e t r a h y d r a t e )  w h f c h  had been  d r i e d  b y  a z e o t r o p i c  d i s t i l l a t i o n  

o f  a c e t o n i t r i l e . '  

r e s i d u e  d i s s o l v e d  i n  ZN h y d r o c h l o r l c  a c i d  (25 m L )  and t h e  

s o l u t i o n  h e a t e d  t o  r e f l u x  f o r  10  m l n u t e s .  The  s o l u t i o n  was 

n e u t r a l i z e d  w f t h  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 ,  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  e x t r a c t e d  w i t h  e t h a n o l .  The  e t h a n o l  

e x t r a c t  was e v a p o r a t e d  and 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  

e t h a n o l / e t h y l  a c e t a t e  t o  g i v e  153 m g  (85% y i e l d )  o f  

T h e  a c e t o n i t r i l e  was e v a p o r a t e d  and t h e  
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2-deoxy-2-fluoro-D-glucose, m p  164-165 'C, m i x e d  mp w i t h  

a u t h e n t i c  sample ,  163-164 'C, o b t a i n e d  f r o m  p r e v i o u s  work .  
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