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NOVEL ROUTE TO 5 - T H I O F U R A N O S I D E S .  S Y N T H E S I S  OF METHYL C - T H I O -  

a - D - T A L O F U R A N O S I O E  - 

Bjorn Classon*, Per J .  Garegg, Bertil Sarnuelsson and Zhengchun L i u  

Department of Organic Chemistry, Arrhenius Laboratory, 
University of Stockholm, 5 - 1 0 6  9 1  Stockholm, Sweden. 

Received May 11, 1987 - EnaZ Form September 14, 1987 

ABSTRACT 

Treatment with triiodoimidazole and triphenylphosphine of 
2,3.5,6-tetra-Q-benzyl-C!-mannose diethyl dithioacetal, obtained in 
three standard reaction-steps from methyl a-D-rnannofuranoside, gave 
ring closure to ethyl 2,3,5,6-tetra-2-benzy1-1,4-dithio-a-D-talo- 
furanoside, with sulfur in the furanose ring. 

I N T R O D U C T I O N  

Carbohydrates with sulfur in the furanose ring are of potential 

biological interest, e.g. as glycoside inhibitors. Their synthesis 

has been reviewed. 1 , 2  

In general, these syntheses have involved displacement of  a 

leaving group at C - 4  of a suitably protected carbohydrate using a 

nucleophilic reagent, e.g. thiocyanate, thiolacetate or  thiol- 

benzoate. We now report on a synthesis of methyl l-thio-a-C!-talo- 

furanoside, illustrating a novel use of the triphenylphosphine-tri- 

iodoimidazo-le reagent system, previously used, inter alia. for 

converting hydroxy into deoxyiodo compounds. 3 
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594 CLASSON ET AL. 

RESULTS AND DISCUSSION 

4 
Methyl a-0-mannofuranoside was benzylated and the product was 

hydrolysed to give 2,3,5,6-tetra-2-benzyl-~-mannopyranose, which 

was converted into the diethyl dithioacetal 1. Treatment of 1 with 

triphenylphosphine and triiodoimidazole afforded ethyl 2.3,5,6- 

tetra-Q-benzy1-1.4-dithio-a-E-talopyranoside (2) i n  8 6 2  yield. The 

corresponding a- or f?-0-mannopyranoside were not observed. 

The tala configuration of 5 was deduced from coupling con- 

stants. Thus, an analogous c-manno compound, 1 , 2 . 3 , 5 , 6 - t e t r a - k  

-acetyl-4-thio-a-0-mannofuranose has J 3 , , ,  = 3.9 H z  and J = 10.0 

Hz whereas the corresponding coupling constant for 3 are 8.9 and 

4.5 Hz respectively. 

- 
5 

-c,5 

The thioglycoside 2 was converted into the methyl a-0-glycoside 
3 by treatment with bromine in methanol, followed by catalytic 

hydrogenolysis to yield the compound 

Replacement of a hydroxyl group by a deoxyiodo is known to 

proceed with inversion of configuration. Since 2 has the w- 
configuration it seems probable, according to previous mechanistic 

proposals, recently corroborated by 3 1 P  NHR studies, that one of 

the sulfur atoms in the dithioacetal 1 has intervened before 

nucleophilic attack of iodide anion can occur upon the presumed 

4-phosphonium intermediate of 1. 

6 7 

Oialkyl dithioacetals of aldoses with a free 4-OH and benzyl 

groups in the other positions are readily obtained from glyco- 

furanosides. The above formation of a 4-thiofuranoside, probably 

Proceeding an intermediate 4-phosphonium derivative represents 

a novel entry into the 4-thio-glycofuranoside series. 

2 RI -SEt  R2-Bn 
3 RI-OMe R2-Bn 
4 Rl-OMe R2-OH 
5 Rl-OMe R2-0Ac 
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NOVEL ROUTE TO 4-THIOFURANOSIDES 595 

EXPERIMENTAL 

G e n e r a l  m e t h o d s .  T h e s e  w e r e  t h e  same a s  t h o s e  d e s c r i b e d  
8 

b e f o r e .  

2.3.5.6-Tetra-0-benzvl-D-mannose d i e t h v l  d i t h i o a c e t a l  (1). 
M e t h y l  a - D - m a n n o f u r a n o s i d e  ( 8 . 0  g )  was  b e n z y l a t e d  a t  r o o m  t e m p e -  

r a t u r e  w i t h  b e n z y l  b r o m i d e  ( 6 3 . 2  g )  a n d  s o d i u m  h y d r i d e  ( 8 . 9  g )  in 

& , N - d i m e t h y l  f o r m a m i d e  (250 m L ) .  The p r o d u c t  was w o r k e d  up a n d  

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

a c e t a t e  1 0 : 3 )  t o  y i e l d  m e t h v l  2 . 3 . 5 . 6 - t e t r a - O - b e n z v l - a - 0 - m a n n o -  

f u r a n o s i d e  ( 1 9 . 1  g ,  8 3 % ) :  a + 1 8  (c  3 . 6 ,  CHC13);  hC (25 HHZ, 

4 

0 

0 
C 0 C l 3 )  

8 5 . 0  ( C - 4 1 ,  1 0 7 . 2  ( C - 1 ) .  

5 5 . 8  (OCH ) , 7 0 . 5  ( C - 6 1 ,  7 6 . 2  ( C - 5 1 ,  7 8 . 1  ( C - 3 ) .  7 8 . 2  ( C - 2 1 ,  
3 

A n a l .  C a l c d  f o r  C H 0 C ,  7 5 . 8 ;  H ,  6 . 9 .  Found :  C ,  7 5 . 8 :  H ,  
35 3 8  6 :  

6 . 8 .  

The f u r a n o s i d e  ( 1 0 . 0  g )  was t r e a t e d  w i t h  8OZ t r i f l u o r o a c e t i c  

a c i d  (20 mL)  a t  0 C f o r  7 2  h .  The  s o l u t i o n  was e x t r a c t e d  w i t h  

c h l o r o f o r m .  The c h l o r o f o r m  e x t r a c t  was w a s h e d  w i t h  w a t e r ,  s a t u r a t e d  

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

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

a c e t a t e  8 5 : 1 5 )  g a v e  2.3,5.6-tetra-O-benzvl-~-mannose 16 .72  g ,  6 9 % ) :  

0 

0 a - 3 5  (2 3 . 2 ,  CHC13):  hC ( 2 5  M H z .  C D C 1 3 )  6 9 . 7  ( C - 6 ) .  7 7 . 3  
D 

( C - 5 1 ,  7 7 . 9  ( C - 3 ) .  7 8 . 1  ( C - 2 ) .  7 9 . 8  ( C - 4 1 ,  9 6 . 1  ( C - 1 ) .  

A n a l .  C a l c d  f o r  C H 0 C ,  7 5 . 5 :  H ,  6 . 7 .  Found :  C ,  7 5 . 8 ;  H. 
34 3 6  6 :  

6.7. 

The t e t r a b e n z y l  m a n n o s e  ( 6 . 5  g )  was t r e a t e d  a t  r o o m  t e m p e r a t u r e  

w i t h  e t h a n e t h i o l  ( 2 . 9 9  g )  i n  d i c h l o r o m e t h a n e  ( 8 0  m l )  c o n t a i n i n g  a 

c a t a l y t i c  a m o u n t  o f  t i t a n i u m ( I V 1  c h l o r i d e .  T h e  m i x t u r e  w a s  d i l u t e d  

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

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

o c t a n e  - e t h y l  a c e t a t e  1 0 : 2 )  t o  y i e l d  1 ( 6 . 8  g ,  8 7 2 ) :  a -32 ’  (c  
1 .  e t h a n o l ) ;  6 14 .6  ( 2 x C H 3 ) .  2 5 . 2  a n d  2 6 . 2  ( 2 x S C H 2 ) .  5 3 . 8  ( C - 4 1 ,  

0 

C 

7 0 . 0  ( C - 5 ) .  7 0 . 7  ( C - 6 1 ,  7 7 . 5  ( C - 3 1 ,  7 8 . 7  (C-21, 8 3 . 2  ( C - 1 ) .  

A n a l .  C a l c d  f o r  C H 0 5 . C ,  7 0 . 6 ;  H,  7 . 2 ;  S ,  9 . 9 .  F o u n d :  C. 
38 46 5 2 ’  

7 0 . 9 :  H ,  7 . 3 ;  S .  9 . 7 .  
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596 CLASSON ET AL. 

E t h v l  2.3.5,6-tetra-O-benzvl-1,4-dithio-a-~-talofuranos1de 

(2). T r i p h e n y l  p h o s p h i n e  ( 7 . 1  g )  and t r i i o d o i m i d a z o l e  ( 7 . 2 4  g )  w e r e  

added t o  a s o l u t i o n  o f  1 i n  t o l u e n e  - a c e t o n i t r i l e  ( 2 : l .  6 0  ml) and 
0 9 

t h e  s o l u t i o n  was k e p t  a t  90 C f o r  2 4  h .  A f t e r  t h e  u s u a l  w o r k - u p ,  

t h e  p r o d u c t  was p u r i f i e d  by s i l i c a  g e l  co lumn c h r o m a t o g r a p h y  

( t o l u e n e  - e t h y l  a c e t a t e  9 : l )  t o  y i e l d  2 ( 2 . 8  g .  8 6 % ) :  a -15' (2 

4 . 4 .  C H C l  ) ;  6c  ( 2 5  MHz, C D C 1 3 )  1 4 . 6  ( C H 3 ) ,  26.4 ( S C H 2 ) .  50.7 and 

50.9 (C-1  and C - 4 ) .  72 .1  ( C - 6 ) .  77 .5  ( C - 5 ) .  80 .6  ( C - 3 ) .  83.5 ( C - 2 ) .  

A n a l .  C a l c d  f o r  C H 0 S : C ,  7 2 . 0 ;  H .  6 . 7 ;  5. 10.7 .  Found:  

D 

3 

36 4 0  4 2 
C ,  7 2 . 4 ;  H .  6 . 7 ;  S ,  9 . 9 .  

M e t h v l  2.3.5.6-tetra-O-benzv1-4-thi.o-a-~-talofuranos~de (2). 
Compound 2 ( 2 . 5  g )  was t r e a t e d  w i t h  a 3 %  ( w / v o l )  s o l u t i o n  o f  

b r o m i n e  i n  m e t h a n o l  ( 5 0 0  m L )  a t  0 C f o r  1 h ,  w o r k e d  u p  and p u r i f i -  

ed  as d e s c r i b e d  above and t h e n  p u r i f i e d  b y  s i l i c a  g e l  c h r o m a t o -  

g r a p h y  ( i s o o c t a n e  - e t h y l  a c e t a t e  1 0 : 2 )  t o  g i v e  3 ( 1 . 6 4  g ,  6 9 % ) :  

- 1 6  (g 1 ,  e t h a n o l ) ;  s c  ( 2 5  M H z ,  COCL3) 49.9 ( C - 4 ) .  5 6 . 2  

( O C H 3 ) ,  72 .9  ( C - 6 ) .  77 .1  ( C - 5 ) .  81 .2  and 81.3 (C-2  and C-31, 8 9 . 3  

( C - 1 ) .  

0 

0 
a 

A n a l .  C a l c d  f o r  C H 0 S :  C .  7 3 . 7 ;  H ,  6 . 7 ;  S. 5.6. Found:  C ,  35 3 8  5 
7 3 . 4 ;  H ,  6 . 8 ;  S ,  5.5. 

M e t h v l  4-thio-a-~-talofuranoside ( A ) .  A s o l u t i o n  o f  3 ( 0 . 3  g )  

i n  9 5 %  aqueous e t h a n o l  ( 5 0  m L )  was h y d r o g e n o l y s e d  w i t h  1 0 %  p a l l a -  

d i u m  on c a r b o n  ( 1 . 0 1  g )  a t  400 K P a  f o r  5 d a y s ,  f i l t e r e d  and 

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

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

1 2 : 3 : 3 : 2 )  a f f o r d e d  k ( 5 6  mg, 5 1 % ) :  a +55O (c  1 ,  H 2 0 ) ;  ( 2 5  

74.3 ( C - 3 1 ,  7 8 . 1  ( C - 2 ) ,  91.3 ( C - 1 ) .  A s a t i s f a c t o r y  e l e m e n t a l  

a n a l y s i s  c o u l d  n o t  be  o b t a i n e d  f o r  t h i s  compound. I t s  p u r i t y  was,. 

however ,  d e m o n s t r a t e d  b y  TLC and t h e  NMR was i n  a g r e e m e n t  

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

a c e t y l a t i o n  i n t o  m e t h y l  2,3,5,6-tetra-O-acetyl-(-thio-a-D-talo-a-!-talo- 

f u r a n o s i d e  ( $ 1  w h i c h  had a +12Z0 (c 0 . 1 3 ,  C H C 1 3 ) :  6 c  ( 2 5  MHz. 

C D C l  1 20.7 and 2 0 . 9  (4x&H3CO) 4 7 . 2  ( C - 4 ) ,  56.6 ( O C H 3 ) .  6 4 . 2  

D 
MHz, ( C O  S O )  51.8 ( C - 4 1 ,  55.7 ( O C H 3 ) ,  65.6 ( C - 6 ) .  7 1 . 1  ( C - 5 1 ,  3 2  

D 

3 
( C - 6 1 ,  69.8 (C-51,  7 3 . 7  ( C - 3 ) ,  7 6 . 7  ( C - 2 )  8 9 . 2  ( C - 1 ) ;  dH ( C O O  M H z ,  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



NOVEL ROUTE TO 4-THIOFURANOSIDES 597 

CDC13) .  5 . 4 8  ( d d ,  J 2 , 3  = 3 . 5  Hi!, H - 2 1 ,  5 . 3 3  ( d d ,  J 3 , 4  = 8 . 9  H z ,  

H-31 ,  5 . 2 6  ( m ,  H - 5 1 ,  4 . 8 5  ( d ,  Jl,2 = 1 . 7  Hz,  H - 1 ) .  4 . 2 8  a n d  4 . 1 5  

( H - 6  a n d  H - 6 ' ) ,  3 . 8 3  ( d d ,  J = 4 . 5  Hz. H - 4 ) .  
- 4 . 5  

A n a l .  C a l c d  f o r  C15H220gS:  C .  4 7 . 6 ;  H ,  5 . 9 ;  0 .  3 8 . 1 ;  s .  8 . 5 .  

F o u n d :  C ,  4 7 . 1 ;  H ,  5 . 8 ;  0 ,  3 8 . 0 ;  S ,  8 . 3 .  
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