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In recent  years ,  glycosides , espec ia l ly  d i -  and oligosacchar- 
i des ,  have become substances of i n t e r e s t  owing t o  t h e i r  biochemical 
and pharmacological importance a s  a n t i b i o t i c s  and antigens and many 
reports  have appeared concerning the synthesis  of these complex mol- 
ecules'. Synthesis generally involved the preparation of two poly - 
functional par tners ;  the hydroxyl component , prepared by s e l e c t i v e  
blocking of a monosaccharide u n i t  and the electrophi  1 i c  par tner  , 
generated from an act ivated species .  Various methods of ac t iva t ion  
of the anomeric center  have been devised g i v i n g  generally very good 
results. 01 igosaccharides have been obtained from halogenoses, ortho- 
esters ' ,  imidates3, acetates4 i n  the presence of ac id i c  c a t a l y s t s  
o r  heavy metal s a l t s 5 ,  a s  well as  from thiomethyl glycosides as a 
glycosyl donor and methyl t r i f l a t e  or dimethyl-(methyl thio)-sulfon-  
ium t r i f l a t e  a s  a promoter6. More complex heteroatomic ac t iva t ing  
groups have been developed such as N,N-dial kyldithiocarbamates , 
phosphorodithioates8 and 2 - b e n z o t h i a ~ o l y l ~  der ivat ives  , the  l a t t e r  
providing an e f f i c i e n t  gl ucosyl a t i o n  method. 

Sugar xanthate der ivat ives  have found  important appl i ca t ions  
i n  organic synthesis", due t o  reductive'', thermal'' and photolyt ic  
reactions13. Only one anomeric xanthate,  namely 2,3:5,6-di-0-isopro- 
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pyl idene-l-0-{ (methyl thi0)thiocarbonyl I-D-mannofuranose , has been re- 
ported14, b u t  without a study of i t s  chemical propert ies .  

Anomeric xanthates were prepared i n  a one-pot procedure accor- 
d i n g  t o  the following methodology: treatment of commercially avai la-  
ble  2,3,4,6-tetra-0-benzyl -Q-gl - ucopyranose w i t h  2 equivalents of so- 
dium hydride i n  the presence of a c a t a l y t i c  amount of imidazole, ca r -  
bon d i s u l f i d e ,  and  a n  alkyl ha l ide ,  provided very s t a b l e  anomeric 
xanthates - -  1 t o  3 a f t e r  p u r i f i ~ a t i o n l ~ .  The  configuration a t  the ano- 
merit center was proved t o  be exclusively C( (1 ,2-cis  - r e l a t i o n s h i p ) .  
Physical propert ies  of anomeric xanthates 1 t o  3 a r e  summarized i n  
Table I .  

Treatment o f  2,3,4 ,ti-tetra-O-benzyl -!-gal actopyranose16under 
the same conditions as above gave the a-xanthate 
IalD = +56" ( c ,  2.09, C C 1 4 ) ,  &H1 = 6.95 ppm, J l y 2 =  3.3 Hz. 

{(methyl thi0)thiocarbonyl 1-Q-gl ucofuranose was f i r s t  described by 
K.  Freudenberg14 and  formulated without d e f i n i t e  evidence a s  having 
proceeded w i t h o u t  inversion. The r e su l t i ng  more s t a b l e  1,2:5,6-di- 
0-i sopropyl i dene-3-S-{ (methyl thio)carbonyl)-3-thio-Q-g1 - ucofuranose 
was postulated t o  be the isomeric substance. A s imi l a r  rearrangem- 
e n t  did not,however, occur with the  corresponding de r iva t ives  o f  
2,3:5,6-di-0-isopropyl idene-Q-mannofuranose and lY2:3,4-di-0-iso- 
propyl i dene -!-gal actopyrano;elO. However, Wol from and Foster 
found t h a t  the p- - and L-enantiomorphs - of methyl -3,4-0-isopropyl idene 
-2-0-{ (methyl thi0)thiocarbonyl I-6-arabinopyranoside rearrange , 
- on py ro lys i s ,  t o  the appropr ia te  2-S-{ (methyl thio)carbonyl l  esters.  

Anomeric xanthates 1 t o  3 underwent a thermal or acid-catal-  
ysed rearrangement w i t h o u t  any evidence f o r  el imination" (Chugaev  
r eac t ion ) .  This react ion i s  cur ren t ly  t h o u g h t  t o  be a 6-cis - el imi-  
nation w h i c h  involves a c y c l i c  t r a n s i t i o n  s t a t e  complex in which 
the thionosulfur  bonds t o  the 6-hydrogen. I t  i s  possible  t h a t  the 
hydrogen 8 t o  the 0-(S-a1 kyldi thiocarbonate) g roup  i s  inact ivated 
by the oxygen function attached t o  the same carbon atom. the obser- 
ved rearrangement occurred without inversion and presumably took 
place by an intramolecular 1,3 s h i f t  involving a 4-membered r i n g  

i n  86% y i e l d ;  

Thermal isomerization of lY2:5,6-di-0-isopropyl idene- 3-0- 
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fable I11 c- - 
SMl RsCH*Ph 

R l  

om 
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I:OC 

Mainly ad 

ta 
tc, 1.0, CH,Cl,) 

61, = t 17' 

c1, = +59* 

m.p 103'C 
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a. R a t i o  d e t e r m i n e d  a f t e r  c h r o m a t o g r a p h i c  s e p a r a t i o n  a n d  c h a r a c t e r i z a -  
t i o n  o f  i s o m e r s  H a a n d  8818ayb. 

b. R a t i o  d e t e r m i n e d  by i n t e g r a t i o n  o f  O M e  s ignals  o f  t h e  300 M H z  ' H  
s p r e c t r u m  and  by p o l a t i m e t r y .  P u r e  s a m p l e  of c o m p o u n d  8a was i so -  
l a t e d  b y  f l ash  c h r o m a t o g r a p h y .  P u r e  c o m p o u n d s  80 a n d  8B h a v e  b e e n  
p r e v i o u s l y  descr ibed19.  

c. D i s a c c h a r i d e  i s o l a t e d  as t h e  p u r e  8a i s o m e r .  300 M H z  'H-n.rn.r. spec-  
t r u m  e x h i b i t e d  a s ing le  O M e  resonance  and  t h e  i n t e r g l y c o s i d i c  p r o t o n  

H1, a t  6 5.60 p p m  s h o w e d  a J l , , 2 ,  v a l u e  = 3.4 H z  in a g r e e m e n t  w i t h  
a n  e q u a t o r i a l - a x i a l  r e l a t i o n s h i p .  

d. 300 M H z  'H-n.m.r. s p e c t r u m  e x h i b i t e d  a s ing le  O M e  resonance  a n d  
t h e  i n t e r g l y c o s i d i c  p r o t o n  H , ,  a t  6 5.69 p p m  s h o w e d  a J l , , 2 ~  v a l u e  
= 3 . 4  H z .  This c o m p o u n d  was p r e v i o u s l y  r e p o r t e d 1 9  w i t h  [a], = +&no. * When t h e s e  r e a c t i o n s  w e r e  c o n d u c t e d  a t  r o o m  t e m p e r a t u r e ,  g l y c o s y l a -  
t i o n  o c c u r r e d  s l o w l y  (24 t o  30  h )  b u t  gave  e x a c t l y  t h e  same resu l t s .  
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intermediate w i t h  f r o n t  s ide  a t t ack .  Physical properties o f  the 
rearranged de r iva t ives  9 t o  2 a r e  summarized i n  Table 11. 

cohol and a c a t a l y t i c  amount of a Lewis acid (BF3-Et20), spontane- 
ous glycosylation of 1 took place,  a f f o r d i n g  e i t h e r  a mixture of 
a and 6 glucosides ( w i t h  r eac t ive  primary alcohols)  or mainly a 

disaccharides ( w i t h  l e s s  r eac t ive  a l coho l s ) .  Results a r e  summarized 
i n  Table 111. 

Every condensation was ca r r i ed  o u t  i n  dry toluene a t  65OC 
u s i n g  xan tha te  - 1 and an alcohol i n  a 1 .5  t o  1 .0  r a t i o .  I n  a typical  
experiment, a mixture of syrupy xanthate 1 (246 mg, 0.39 mF1, 1 .5  eq) 
and methyl 2,3,6-tri-0-benzyl-a-Q-glucopyranoside - (119.7 mg, 0.26 
my, 1.0 eq) was dried under vacuum and the f l a s k  was f i l l e d  w i t h  
argon. Dry toluene (5  ml) was added and the solut ion was heated a t  
65°C. BF3-Et20 (5  p l )  was injected and a f t e r  1 m i n ,  the react ion 
mixture was quenched w i t h  an excess of anhydrous sodium carbonate. 
F i l t r a t i o n  followed by concentration of the so lu t ion ,  gave a resi- 
due w h i c h  was purified by f l a s h  chromatography (hexane-ether 1 :1, 
v / v )  t o  give f i r s t  a mixture of the methyl ZY3,4,6-tetra-0-benzyl- 
l - t h io -a -  and B-Q-glucopyranosides - (60 mg) t h e n  the disaccharide 1 
as a syrup (238 mg, 94%). 

I n  every case,  glucosylation occurred in  l e s s  t h a n  1 m i n  w i t h  
evolution o f  a gas: carbon oxysulfide.  This leaving group,  an inac- 
t i v e  species ,  cannot i n t e r a c t  w i t h  the oxonium ion and this could 
be an explanation of the e f f i c i ency  of the procedure. However, the 
formation o f  methyl l- thio-a- and 8-D-glucopyranosides - due t o  the 
remaining nucleophile MeS- could not be t o t a l l y  avoided;  b u t  t h i s  
competitive react ion occurred only t o  a small extent. 

I t  was i n t e r e s t i n g  t o  discover t h a t  in the presence of an a l -  

Rearranged derivatives 5 - 1 d i d  no t  undergo glycosylation when 
submitted t o  t h i s  react ion.  ble a r e  now extending this react ion t o  
other  b io log ica l ly  important monosaccharides. 
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