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- - 
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ABSTRACT 

The t r i c h l o r o a c e t i m i d a t e  method has  been a p p l i e d  to t h e  
c o n s t r u c t i o n  of a-D-ga lacto- and a-D-glucopyranosides .  The 
r e a d i l y  a v a i l a b l e  K t r i c h l o r o a c e t i m i a a t e s  of 2 , 3 , 4 , 6 - t e t r a - g -  
benzyl- l ) -galacto-  and g lucopyranose  (1-13 and 2-13, r e s p e c t i v e l y  ) 
have be& employed i n  g l y c o s i d a t i o n s  w i t h  s e v e r a l  monosaccha- 
r i d e s  ( e i t h e r  A ,  B, C or D) under  v a r y i n g  e x p e r i m e n t a l  
c o n d i t i o n s .  With t h e  g a l a c t o s e  d e r i v a t i v e  1-p a s  a donor  and 
each  of t h e  monosaccharides  h-2 a s  a c c e p t o r s ,  t h e  co r re spond ing  
d i s a c c h a r i d e s  1A-lD, were o b t a i n e d  i n  h i g h  y i e l d  and w i t h  g o d  
a - s t e r e o s e l e c t i v i t y  when employing d i e t h y l  e t h e r  as s o l v e n t  and 
e i t h e r  t r i m e t h y l s i l y l -  or e - b u t y l d i m e t h y l s i l y l  t r i f  l u o r o -  
methane s u l p h o n a t e  as c a t a l y s t .  G l y c o s i d a t i o n s  w i t h  t h e  g l u c o s e  
d e r i v a t i v e  2-13, as donor ,  and w i t h  t h e  monosaccharide a c c e p t o r s  
A ,  g or g ,  gave  t h e  c o r r e s p o n d i n g  d i s a c c h a r i d e s  3A,  and 3D, 
i n  h igh  y i e l d  bu t  w i t h  somewhat lower a - d i a s t e r e o s e l e c t i v i t y  
than  observed  w i t h  t h e  g a l a c t o s e  d e r i v a t i v e  1-E. The s t e r e o c h e -  
mica1 outcome of t h e  r e a c t i o n s  is r a t i o n a l i s e d  i n  terms of pos- 
s i b l e  r e a c t i o n  mechanisms. 

INTRODUCTION 

a-2-Glucopyranosides  are u b i q u i  t i o u s  i n  n a t u r e  and a-2-ga- 
l a c t o p y r a n o s i d e  moieties have been i d e n t i f i e d  as c o n s t i t u e n t s  
of many n a t u r a l  g lycoconjuga  tes. A s  a consequence,  c o n s i d e r a b l e  
a t t e n t i o n  has  been pa id  to  d e v e l o p i n g  methods f o r  t h e  e f f i c i e n t  
chemica l  s y n t h e s e s  of g l y c o s i d e s  of t h e s e  p a r t i c u l a r  s u g a r s .  
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358 WEGMANN AND SCHMIDT 

Amongst t h e  most s a t i s f a c t o r y  approaches  by which t h e  r e q u i r e d  
a - d i a s t e r e o s e l e c t i v i t y  has  p r e v i o u s l y  been a c h i e v e d ,  i s  through 

t h e  u s e  of t h e  i n - s i t u  a n o m e r i s a t i o n  p r o c e d u r e ,  i . e .  by t h e  re- 
a c t i o n  of an a -ha logenose  donor  w i t h  an a c c e p t o r ,  i n  t h e  p re -  
s ence  of an a p p r o p r i a t e  c a t a l y s t .  An a l t e r n a t i v e  method , by 
which have been c la imed comparably good a - s t e r e o s e l e c t i v i t i e s ,  
is t h a t  employing 0- (R-D-galac topyranosyl  ) -N-methyl -ace t imida te  
as t h e  donor ,  w i t h  p - t o l u e n e  s u l p h o n i c  a c i d  as a c a t a l y s t .  3 - 

W e  were i n t e r e s t e d  i n  examining  t h e  u s e  of t h e  t r i c h l o -  
r o a c e t i m i d a t e  p rocedure  a s  a p o s s i b l e  a l t e r n a t i v e  t o  t h e s e  
a forment ioned  approaches .  The p o t e n t i a l  of g - g l y c o s y l - t r i -  
c h l o r o a c e t i m i d a t e s  i n  g l y c o s y l a t i o n  r e a c t i o n s  under  mild a c i d i c  

c a t a l y s i s  c o n d i t i o n s  h a s  been conf i rmed by many i n v e s t i g a t i -  
o n ~ . ~ ,  
a c c e p t o r s  is a p a r t i c u l a r l y  advan tageous  p r o p e r t y  of t h e s e  g l y -  
cosy1 d o n o r s . 4 r 6  Alcohol  components f o r  r e a c t i o n  a s  g -nuc leo -  
p h i l e s  g e n e r a l l y  r e q u i r e  t h e  p re sence  of an  a c i d  c a t a l y s t .  Bo- 

r o n  t r i f  l u o r i d e  e t h e r a t e  i n  e i t h e r  d i ch lo romethane  o r  d i c h l o r o -  
methane/hexane as s o l v e n t s ,  a t  t e m p e r a t u r e s  of between -40 OC 

and 25 OC have proved t o  be p a r t i c u l a r l y  good c o n d i t i o n s  under  

which to  c a r r y  o u t  t h e s e  g l y c o s i d a t i o n s  w i t h  r e g a r d  bo th  t o  
y i e l d  and d i a s t e r e o s e l e c t i v i t y .  T h i s  i s  e x e m p l i f i e d  by v a r i o u s  
s u c c e s s f u l  a p p l i c a t i o n s  of t h e  methodology to  hexopyranos ide  
s ~ n t h e s e s . ~ ' ~  These s t u d i e s  have shown t h a t  i n  g e n e r a l ,  w i t h  
g l y c o s y l  donor s  b e a r i n g  2-9- or 2 -N-pro tec t ive  groups  capab le  
of ne ighbour ing  group p a r t i c i p a t i o n ,  g l y c o s i d a t i o n s  proceed  to 
g i v e  t h e  1 , 2 - t r a n s - p r o d u c t s .  However, when donors  b e a r i n g  
e i t h e r  t h e  2-2-benzyl p r o t e c t i v e  g r o u p  or t h e  2-azido-2-deoxy 

group have been used, p r o d u c t s  of o p p o s i t e  anorneric con- 
f i g u r a t i o n  t o  t h a t  of t h e  s t a r t i n g  t r i c h l o r o a c e t i m i d a t e s  are 
p r e f e r e n t i a l l y  o b t a i n e d .  I t  has  t h e r e f o r e  been p o s s i b l e ,  
t h rough  u s e  of t h e  appropr  l a t e l y  p r o t e c t e d  g l y c o s y l  d o n o r s ,  t o  
o b t a i n  R-glycopyranos ides  ( 1  , 2 - t r a n s  c o n f i g u r a t i o n )  of a l l  t h e  
major 2-hexoses .  4 ' 5  Fu r the rmore ,  t h e  s t r o n g e r  c a t a l y s t  system 
t r i m e t h y l s i l y l  t r i f  l a t e  (CF3SOjSiMe3) h a s  been found t o  l e a d  t o  
t h e  fo rma t ion  of t h e  thermodynamical ly  more s t a b l e  p r o d u c t ,  
and i t s  use h a s  led t o  t h e  s y n t h e s i s  of a - g l y c o p y r a n o s i d e s  

( 1 , 2 - & - c o n f i g u r a t i o n )  of p g l u c o s a m i n e  and 2-galactosamine. 

The d i r e c t  g l y c o s y l a t i o n  of Brans t ed  a c i d s  as g l y c o s y l  
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APPLICATION OF THE TRICHLOROACETIMIDATE METHOD 359 

This paper describes in full detail 8,9 the utilisation 
of the trichloroacetimidate method in the syntheses of a-glyco- 
pyranosides (1,2-~-configuration) of g-glucose and g-galac- 
tose, and demonstrates the general applicability of this metho- 
dology to the formation of these types of glycosidic bond. 

RESULTS AND DISCUSSION 

A. SYNTHESIS OF a-D-GALACTOPYRANOSIDES. 

The readily available glycosyl donor g-(P-g-galacto- 
pyranosy1)trichloroacetimidate &-el and each of the mono- 
saccharide derivatives h-g (each of which exhibit different ac- 
ceptor properties) were reacted to give the corresponding a- 
and P-disaccharides (SCHEME 1). 

SCHEME 1 

RO 
@O 

RO OR ' 
HOR' 

- HOR' 

C - 
R O  

R O O P h  

HO OR 

OR 

1A-11 : R = B z ~  
2 A , 2 D  : R = AC - -  

HO 
R O  

R o  OMe 
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360 WEGMANN AND SCHMIDT 

The i d e n t i t y  of t h e  p r o d u c t s  ( 1 B - 1 D )  was e s t a b l i s h e d  by a 
comparison w i t h  known materials, and t h a t  of and s on t h e  

1 basis of 13C NMR da ta  and f u l l  
pounds 2 - 2  and E-2 ( d e r i v e d  from =-a and s - a  r e s p e c t i v e l y ,  
a f t e r  t h e i r  h y d r o g e n o l y t i c  d e b e n z y l a t i o n  and subsequen t  ace-  
t y l a t i o n ) .  

H-NMR s p e c t r a l  a n a l y s i s  of com- 

I n  g l y c o s i d a t i o n s  w i t h  1-a and & under  t h e  s t a n d a r d  cond i -  
t i o n s  used i n  t h e  t r i c h l o r o a c e t i m i d a t e  method, i.e. boron 
t r i f  l u o r i d e - e t h e r  as  c a t a l y s t  i n  d ich loromethane  a s  s o l v e n t ,  
t h e  co r re spond ing  d i s a c c h a r i d e s  =-a and z-5 were o b t a i n e d  i n  
h igh  y i e l d s  ( a : R  = 2:l 1 .  The poor a - s t e r e o s e l e c t i v i t y  was no t  
improved th rough  u s e  of t h e  a l t e r n a t i v e  c a t a l y s t  t r i m e t h y l s i l y l  
t r i f l a t e  (CF S O  SiMe3) i n  d ich loromethane .  D i e t h y l  e t h e r  h a s  
been observed  to be a s u i t a b l e  s o l v e n t  i n  g l y c o s i d a t i o n s  us ing  
m o d i f i c a t i o n s  of t h e  Koenigs-Knorr p rocedure , ”  and an i n v e s t i -  
g a t i o n  of g l y c o s i d a t i o n s  u s i n g  1-4 and & i n  d i f f e r e n t  

s o l v e n t s  r e v e a l e d  t h a t  t h e  a- s t e r e o s e l e c t i v i t y  could be i m -  
proved us ing  CF3S03SiMe3 i n  d i e t h y l  e t h e r  a t  room tempera tu re  
(TABLE 1 ,  Exp. 1 ) .  Lower  t e m p e r a t u r e s  d e c r e a s e d  t h e  a-stereo- 
s e l e c t i v i t y .  The a l t e r n a t i v e  c a t a l y s t  w - b u t y l d i m e t h y l s i l y l  
t r i f  l a te  ( CF3S03SiMe2t-Bu) gave  s l i g h t l y  improved y i e l d s  
compared w i t h  CF3S03SiMe3 (Exp. 1 and Exp. 2 ,  TABLE 2 ) .  

3 3  

E x c e l l e n t  a-diastereoselectivities and y i e l d s  were o b t a i n -  
ed w i t h  t h e  less r e a c t i v e  a c c e p t o r s  1 ,6-anhydro-g1ucose and - 
g a l a c t o s e  ( g  and C, r e s p e c t i v e l y ) ,  or t h e  r e l a t i v e l y  u n r e a c t i v e  
4-2-unpro tec ted  g l u c o s e  d e r i v a t i v e  D, i n  g l y c o s i d a t i o n s  
c a t a l y s e d  by e i t h e r  CF3S03SiMe3 or CF3S03SiMe3t-Bu i n  d i e t h y l  
e t h e r ,  to g i v e  t h e  co r re spond ing  d i s a c c h a r i d e s  l B ,  and 
(TABLE 1 ,  Exp. 3-7). 

T h e  s t e r e o c h e m i c a l  outcome of t h e s e  r e a c t i o n s  i s  con- 
s i s t e n t  w i t h  a mechanism i n v o l v i n g  an i n t r a m o l e c u l a r  s t a b i l i s a -  
t i o n  by t h e  4-benzyloxy g roup  of an i n t e r m e d i a t e  anomer ic  oxo- 

carbenium i o n ,  fo l lowed by a t t a c k  of  a n u c l e o p h i l e  on i t s  less 
h inde red  a - f ace .  An a l t e r n a t i v e  e x p l a n a t i o n  would i n v o l v e  r e a c -  
t i o n  of t h e  s o l v e n t  d i e t h y l  e t h e r ,  w i t h  an i n t e r m e d i a t e  oxoca r -  
benium ion  l e a d i n g  to a B-oxonium i o n  i n t e r m e d i a t e  ( o f  a type  
p r e v i o u s l y  p o s t u l a t e d  l o  ) fo l lowed  by a - a t t a c k  of a n u c l e o p h i l e  
on t h i s  s p e c i e s .  The competing R-d i saccha r ide  fo rma t ion  obse rv -  
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APPLICATION OF THE TRICHLOROACETIMIDATE METHOD 361 

TABLE 1 

R e a c t i o n  of T r i c h l o r o a c e t i m i d a t e  1-4 w i t h  t h e  G l y c o s y l  Accep- 

tors A-g i n  D i e t h y l  E t h e r  as  t h e  S o l v e n t .  F o r m a t i o n  o f  Disac- 
c h a r i d e s  =-a - =-a and g-fi - =-a. 

1 

2 

3 

4 

5 

6 

7 
- 

0.74 0 . 6 5  0.2Sb 

0.37 0.32 0.1 

0.74 0.62 0.2Sa 

0.74 0.64 0.2 

0.37 0.28 0.12Sb 

0.37 0.29 0.1 

0.8 0.42 0.2 

C 

C 

C 

b 

a F o r  H O R ' ,  see Scheme 1 ;  

f rom isolated p r o d u c t s .  

Temp. Time 

LOCI [ h l  

RT 1 .5  

RT 0.75 

RT 1 

RT 1 

RT 3.5 

0 6.5 

RT 5.25 

d Yieldd P r o d u c t  R a t i o  

[ % I  

CF3S03SiMe3 ; CF3S03SiMe2t-Bu. 

ed i n  o t h e r  so lvents  may be d u e  e i t h e r  to intramolecular  s t a b i -  
l i s a t i o n  of  an i n t e r m e d i a t e  oxonium i o n  by t h e  2-benzyloxy 
g r o u p  or by a compet ing  S N i - t y p e  i n v e r s i o n  r e a c t i o n  w i t h  t h e  
t r i c h l o r o a c e t i m i d a t e  g r o u p  (as  p r e v i o u s l y  discussed f o r  t h e  

f o r m a t i o n  of  a l k y l  1-thio-a-D-glucopyranosides. - 1 1 , 1 2  

B. SYNTHESIS OF a-D-GLUCOPYRANOSIDES 

The r e a c t i o n  of t h e  0- (D-D-glucopyranosyl  - ) t r i c h l o r o -  
acetimidate 1-4 as d o n o r  w i t h  e a c h  of the m o n o s a c c h a r i d e  accep- 
tors A ,  g and g l ed  t o  t h e  f o r m a t i o n  of t h e  c o r r e s p o n d i n g  d i -  

saccharides 3A, 2 and g (SCHEME 2 ) .  

The i d e n t i t y  of t h e  products (3B, 3J) w a s  established by 
comparison w i t h  known material, and t h a t  of 2 on t h e  bas i s  of 
I 3 C  NMR data and a f u l l  analysis of IH NMR data of compounds 
- 4A-a and 4A-g (derived from compounds 2 - a  and 3A-g respec- 
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SCHEME 2 

WEGMANN AND SCHMIDT 

____., HOR' R o e  
RO OYNH Cat .  RO OR ' 

OR CCL3 OR 

3A,  - 38,3J : R =  B z ~  
4 A  : R = Ac - 

For HOR', see SCHEME 1 

tively, after their hydrogenolytic debenzylation and subsequent 
acetylation). 

The a-stereoselectivities observed in these glycosidations 
(TABLE 2 )  were in general somewhat lower than observed in gly- 
cosidations with the galactopyranose donor 1-g (compare TABLES 
1 and 2). This may be due to the electronic and/or steric in- 
fluence of the function at C-4 of the glycosyl donor 2-k. Gly- 
cosidation with the 6-punprotected glucose acceptor & gave the 
corresponding disaccharides 2 in very good yield and with high 
a-stereoselectivity. This stereoselectivity was improved by 
using the catalyst CF3S03SiMe2t-B~ (TABLE 2 ,  Exp. 1) instead of 
CF3S03SiMe3 (TXBLE 2, Exp. 2 ) .  Although the overall yields of 
anomeric glycosides remained high in glycosidations with the 
less reactive acceptors g and D, the a-stereoselectivity fell 
(TABLE 2 ,  exp. 3-6). 

With the relatively unreactive acceptor 2, use of dichlo- 
romethane instead of diethyl ether as solvent, led to an 
improved a-stereoselectivity (compare Exp. 5 and 6, TABLE 2 ) .  
A s  a consequence, it was possible to improve the yield of 3J-5, 
through the use of dichloromethane, although the overall yield 
of anomeric disaccharides was lower than that in diethyl ether. 
The stereochemical outcome of these reactions supports a mecha- 
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APPLICATION OF THE TRICHLOROACETIMIDATE METHOD 363 

Exp. 

1 

2 

3 

4 

5 

6 

TABLE! 2 

tz-gl : [HOR' I b :  [ C a t .  I Temp. T i m e  

[ O I  [ h i  

0.37 0.31 0 . l C  RT 2 

0.37 0 .  31 0.12Sd -10 1.25 

0.74 0.47 0.2Sd RT 5 

0.74e 0.45 0.25d RT 5 . 5  

0.45 0.23 0.1 

0.58 0.29 0.15 RT 6.75 

RT 6 d 

R e a c t i o n  of T r i c h l o r o a c e t i m i d a t e  1-9 w i t h  t h e  Glycosyl  Accep- 

tors A ,  B, g. Format ion  of D i s a c c h a r i d e s  %-%/a, %-s/R, and 

- 3D-a/fia. 

I I 

f Yie ldf  P roduc t  Ratio 

[ % I  

Exper iments  1 - 4 and 6 were c a r r i e d  o u t  i n  d i e t h y l  e t h e r ;  a 

expe r imen t  5 was c a r r i e d  o u t  i n  d i ch lo romethane ;  For  HOR' , 
see Scheme; l C  CF3S03SiMe2t-Bu; CF3S03SiMe3; 0 - ( 2 , 3 , 4 , 6 -  

Tetra-O-benzyl-a-g-glucopyranosyl)-trichloroacetimidate - (2-s) 
l 1  ; f-from i s o l a t e d  p roduc t s .  

nism which p roceeds  th rough  t h e  reaction of t h e  s t a r t i n g  t r i -  
c h l o r o a c e t i m i d a t e  2-g and an a l c o h o l  w i t h  s imple  i n v e r s i o n .  

However, p a r t i c i p a t i o n  by t h e  s o l v e n t  d i e t h y l  e t h e r ,  is 
sugges t ed  by t h e  f a c t  t h a t  b o t h  t h e  l 3 - t r i c h l o r o a c e t i m i d a t e  2-5 
and t h e  co r re spond ing  a- ana logue ,  4 , 1 1  - 3-(1 g i v e  s imliar  r e s u l t s  

i n  g l y c o s i d a t i o n s  under  comparable reaction c o n d i t i o n s  (Exp. 3 
and 4 ,  TABLE 2 ) .  

C l e a r l y ,  t h e  s y n t h e s i s  of a -2-g lucopyranos ides  u s i n g  t h e  
t r i c h l o r o a c e t i m i d a t e  method needs  to  be e x p l o r e d  more f u l l y  i n  
o r d e r  t o  r a t i o n a l i s e  t h e s e  r e s u l t s .  I n  o r d e r  t o  obtain a-ste- 
r e o s e l e c t i v i t y  t h e  method needs d e t a i l e d  i n v e s t i g a t i o n s  i n  e a c h  

case. 
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364 WEGMANN AND SCHMIDT 

EXPERIMENTAL 

G e n e r a l  p r o c e d u r e s .  M e l t i n g  p o i n t s  are u n c o r r e c t e d .  ' H  NMR 

s p e c t r a  and 13C NMR spectra were recorded .  i n  t h e  s o l v e n t s  n o t e d  
(Me4Si,  0.00 ppm) w i t h  a B r u k e r  "WM 250 Cryospec"  and a JEOL 
"JNM-FX 90 Q". RF v a l u e s  r e f e r  t o  TLC performed on s i l i c a  g e l  
(Merck)  w i t h  t h e  so lvent  s y s t e m s  n o t e d .  Column chromatography 
was p e r f o r m e d  u n d e r  normal  p r e s s u r e  w i t h  s i l i c a  gel 60 (Merck,  
70-230 mesh ASTM), and u n d e r  medium p r e s s u r e  w i t h  s i l i ca  g e l  
(Merck,  "LiChroprep"  S i  6 0 ,  15-25 jm) w i t h  t h e  s o l v e n t  s y s t e m s  

n o t e d .  F o r  f l a s h  chromatography s i l i ca  ge l  60 (Merck, 230-400 
mesh ASTM) w a s  used. O p t i c a l  r o t a t i o n s  w e r e  determined w i t h  a 
P e r k i n  E l m e r  241 MC. The g l y c o s i d e  s y n t h e s e s  were per formed 
u n d e r  a d r y  n i t r o g e n  a t m o s p h e r e  w i t h  m o l e c u l a r  s i e v e  4 8. The 
s o l v e n t s  for chromatography were d i s t i l l e d .  P e t r o l e u m  e t h e r  w a s  
t a k e n  from b p  35-60 OC. 

acetimidate (l--!).' 

galactose l 3  ( 5 . 2  g ,  1 m m o l )  i n  50 mL d r y  d i c h l o r o m e t h a n e  w a s  
added  5g  p o t a s s i u m  c a r b o n a t e  and 5 mL t r i c h l o r o a c e t o n i t r i l e .  
The s u s p e n s i o n  was s t r o n g l y  st irred f o r  5 h a t  room t e m p e r a t u r e  
under  a n i t r o g e n  a t m o s p h e r e .  The m i x t u r e  was f i l t e r e d  o v e r  ce- 
l i t e ,  washed w i t h  d i c h l o r o m e t h a n e  (10 mL), t h e  f i l t r a t e  con-  
c e n t 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 ,  and t h e  o i l y  r e s i d u e  c r y s t a l -  
l i z e d  from e t h y l  e t h e r / p e t r o l e u m  e t h e r  = 1 :1 ( 5 0  mL) :  y i e l d  

5.55 g ( 8 4  % 1 ;  mp 87 OC from e t h y l  e t h e r / p e t r o l e u m  e t h e r  = 1 :1 ; 
[a1 2o = +20.9O ( c  = 1 ,  CIIC13); TLC RF = 0.55 ( p e t r o l e u m  
e t h e r / e t h y l  e t h e r  = 1 : l ;  ' H  NMR ( 2 5 0  MHz, CDC13)  6 8.62 ( s ,  lH, 

H z ) ,  4.97-3.58 ( m ,  1 4 H ) ;  I R  (KBr) 3100 cm-' 
( C = N ) .  

0-( 2,3,4,6-Tetra-O-benzyl-R-D-qalactopyranosyl ) t r i c h l o r o -  
To a s o l u t i o n  of 2,3,4,6-tetra-0_-benzyl-g- ._ 

= 7 . 9  
( N - H ) ,  1670  cm-l 

1 , 2  
N H ) ,  7.37-7.25 ( m ,  20Hr 4 C 6 H 5 ) ,  5 .75 ( d ,  lH,  H-1; J 

- Anal .  C a l c d  f o r  C36H36C13N06 ( 6 8 5 . 0 3 ) :  C ,  63.12; H ,  5 .30 ;  
N ,  2.04. Found: C ,  63.02;  H ,  5 .18 ;  N ,  1 .91.  

Phenyl  6-0- ( 2  , 3 , 4,6-Tet ra -O-benzyl -a -  a n d  - B - D - G a l a c t o w -  - 
ranosyl)-2,3,4-tri-O-benz~l-a-D-glucopyranoside ( g - a  a n d  5- 
- B ) .  Experiment 1 i n  TABLE 1 : Compound .l--! ( 5 0 0  m g ,  0 .74 mmol) 
and phenyl  2 , 3 , 4- t r i - 2 - b e n z y l  - a - g - g l u c o p y r a n o s i d e  l 5  ( 340 m g  , 
0.65 m m o l )  were d i s s o l v e d  i n  15  mL of  d r y  e t h y l  e t h e r  a t  room 
t e m p e r a t u r e .  T r i m e t h y l s i l y l  t r i f  l a t e  ( 0 . 2 5  m m o l )  was added. 
A f t e r  1 . 5  h t h e  r e a c t i o n  m i x t u r e  w a s  t r e a t e d  w i t h  e x c e s s  so l id  
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APPLICATION OF THE TRICHLOROACETIMIDATE METHOD 365 

sodium hydrogen c a r b o n a t e  and t h e n  w i t h  e t h y l  e t h e r /  sod ium hy- 

drogen  c a r b o n a t e  s o l u t i o n  i n  water. The e t h y l  e t h e r  e x t r a c t  was 
washed w i t h  water, d r i e d  w i t h  sodium s u l f a t e ,  and then  con- 
c e n t r a t e d .  The o i l y  r e s i d u e  was chromatographed on s i l i ca  g e l  
( c h l o r o f o r m / e t h y l  e t h e r  = 20: 1 , normal p r e s s u r e ) .  The p u r e  mix- 
t u r e  of compounds g - ~  and E-4 w a s  chromatographed on s i l i c a  

g e l :  pe t ro leum e t h e r l e t h y l  e t h e r  1 :1 (medium p r e s s u r e ) ;  t o t a l  
y i e l d  of 1A-s and 1A-B 410 m g  ( 6 7  % ) ;  y i e l d  346 mg of compound 
1A-a as  an o i l ;  [a) 
(c = 1 ,  CHC13) ;  TLC RF = 0.64 ( c h l o r o f o r m / e t h y l  e t h e r  = 2 0 : l ) ;  
TLC RF = 0.62 (petroleum e t h e r l e t h y l  e t h e r  = 1 : 1 )  ; ' H  NMR (250 
MHz, CDCl ) 6 7.39-6.95 ( m ,  40H, 8C6H5), 5.37 ( d ,  l H ,  H - 1 ;  J l I 2  

= 3.4 Hz), 5.04-3.43 ( m ,  27H, 7CH2-C6H5 + H - 1 ' ) ;  I 3 C  NMR (22 .5  
MHz, CDCl,)  6 98.12 ( C - l ' ) ,  95.76 ( C - 1 ) ;  y i e l d  64 mg of com- 
pound E - 4  a s  a c o l o u r l e s s  sy rup ;  [,I2' = +37.4' ( c = l ,  CHC13) ;  
[a1 2o = +36.1 ( c  = 1 ,  CHC13); TLC RF = 0.45 ( c h l o r o f o r m / e t h y l  

e t h e r  = 20:l ) ;  TLC RF = 0.51 (petroleum e t h e r / e t h y l  e t h e r  = 
1 : l  ) ;  ' H  NMR (250 MHz, CDC13) 6 7.35-6.92 (m, 40H, 8C6H5), 5.45 
( d i  1Hi H-1; J 1 , Z  = 3.4 Hz) ,  5.05-3.44 ( m ,  27H, 7CH2-C6H5 + H- 
1 ' ) ;  l 3 C  NMR (22.5 MHz, CDC13) 6 104.21 ( C - l ' ) ) ,  95.81 ( C - 1 ) .  

= +73.2O ( g  = 1 ,  CHC13) ;  [a1 2o = +70.0° - 

3 

0 

A n a l .  Calcd f o r  Cs7Hs801 (1049.27):  C ,  76.69; H ,  6.53. 

Found: %-a: C ,  76.84; H, 6.44 
- 1A-e: C ,  75.99; H, 6.40 

Experiment  2 i n  TABLE 1 was carried out  as  d e s c r i b e d  

above. 

Phenvl 6-0-(2,3,4,6-Tetra-0-acetyl-a-D-qalactop~ranos~l)- 
2 , 3  , 4-  tri -0-acetvl-a-D-qlucopyranoside - (%-a). Compound 3 - a  
(396 mg, 0.38 m m o l )  was d i s s o l v e d  i n  10 mL of d r y  e t h y l  acetate 
and 10 mL of d r y  methanol. 100 m g  pa l lad ium on carbon were ad- 
ded.  A f t e r  3.5 h of hydrogeno lys i s  t h e  reaction m i x t u r e  w a s  
f i l t e r e d  and t h e  s o l u t i o n s  were c o n c e n t r a t e d  t o  d r y n e s s .  The 
d e b e n z y l a t e d  compound [TLC RF = 0.40 (ch loroform/methanol  = 
7:5)1 was s t i r r e d  w i t h  10 mL of d r y  p y r i d i n e  and 5 mL o f  d r y  
acetic acid anhydr ide  under a calcium c h l o r i d e  seal a t  room 
temperature o v e r n i g h t .  S o l v e n t s  were e v a p o r a t e d ,  remain ing  py- 

r i d ine  was removed by r e p e a t e d  e v a p o r a t i o n  w i t h  toluene and t h e  
residue was chromatographed on silica g e l  (pe t ro l eum 
e t h e r l e t h y l  acetate ii 1:2,  normal p r e s s u r e ) :  y i e l d  233 m g  (86 

% )  w h i t e  powder of compound =-a; mp 75-77 OC from e t h y l  
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WEGMANN AND SCHMIDT 366 

e t h e r ;  [,I2' = +18S0 (c  = 1 ,  CHC13); [ a ]  2o = +177.7O ( 2  = 1 ,  
CHC13) ;  TLC RF = 0.70 (petroleum e t h e r / e t h y l  acetate = 1 : 2 ) ;  ' H  

NMR ( 2 5 0  MHz, CDC13) 6 7.38-7.06 ( m ,  5 H ,  C6H5),  5 .72 (dd ,  l H ,  

H - 3 ;  J 2 , 3  = J 3 , 4  = 9 . 9  H z ) ;  5 .68  ( d ,  l H ,  H-1; J1,2 = 3 .7  H z ) ,  
5 .43 (dd, 1H, H-4 ' ;  J 3 1 , 4 1  = 2 . 4 ,  J 4 1 , 5 1  = 

1H, H-3';  J 2 1 , 3 1  = 10 .4  Hz, J 3 1 , 4 t  = 2.4 Hz), 5.15 ( d ,  l H ,  H- 
1 ' ;  J 1 1 , ~ s  = 3.7 H z ) ,  5 .14 ( d d ,  l H ,  H-4; J 

5 .08  (dd, 1H, H-2 ' ;  J 1 q , 2 1  = 3.7 H Z ,  J 2 1 , 3 1  = 10 .4  H z ) ,  4 .98  
(ad ,  1H, H-2; J = 3.7 H z ,  J 

1 H z ) ,  5 .28  ( d d ,  

= 9 .8  H z ) ,  3 , 4  = 54 ,5  

= 10 .4  H z ) ,  4.21-3.99 ( m ,  4H, 
2 , 3  

H-5 + H-5'+ H6 + H - s B 1 ) ,  3.76-3.47 ( m ,  2H, H-6A + H-sB), 2.14 

(s, 3H, CH3), 2.07 (s, 3 H ,  C H 3 ) ,  2.06 (s, 3H, C H 3 )  2.06 ( s ,  3H, 
C H 3 ) ,  2 .04 ( s ,  3 H ,  C H 3 ) ,  2 .03  ( s ,  3 H ,  CH3), 2 .00 (s, 3 H ,  CH3) .  

A1 82 

- Anal. Calcd for  C32H4001 ( 7 1  2 . 6 5 )  : C, 53 .93 ;  H,  5 .66 .  

Found: C ,  53.78;  H, 5.77. 

1,6-Anhydro-4-0- (2 ,3 ,4 ,6- te tra-O-benzyl -a-  and -B-D-galac- 
topyranosyl  ) - 2 , 3 - d i - O - b e n z ~ l - B - D - q l u c o ~ y r a n o s e  (1B-a and 5 - 2 ) .  
Experiment  4 i n  TABLE 1 :  Compound 1-4 ( 5 0 0  m g ,  0.74 m m o l )  and 

1,6-anhydr0-2,3-di-~-benzyl-D-~-gluco~ranose l 6  (221  mg, 0.64 
mmol) were d i s s o l v e d  i n  25 mL of  d r y  e t h y l  e t h e r  a t  room t e m p e -  
r a t u r e .  m - b u t y l d i m e t h y l s i l y l  trif l a t e  ( 0 . 2  m m o l )  was added. 
A f t e r  1 h t h e  r e a c t i o n  mix tu re  was t r e a t e d  w i t h  sol id  sodium 
hydrogen c a r b o n a t e  as  d e s c r i b e d  f o r  compounds 2-1 and 2-i. 
Most of %-a could  be c r y s t a l l i z e d  as c o l o u r l e s s  n e e d l e s  from 
t h e  o i l y  r e s i d u e  by a d d i t i o n  of e t h y l  e t h e r .  The mother l i q u o r  
c o n t a i n i n g  E-0 and l i t t l e  traces of fB-2 was c o n c e n t r a t e d  t o  
d r y n e s s  and t h e  remain ing  o i l  was chromatographed for f u r t h e r  
s e p a r a t i o n  on s i l i c a  gel ( c h l o r o f o r m / e t h y l  e t h e r  = 5 :1 ,  normal 
p r e s s u r e ) ;  to ta l  y i e l d  of =-a and 5 - g  3 6 7  ng ( 6 6  % ) ;  y i e l d  
357 mg of compound 5 - 5  a s  c o l o u r l e s s  n e e d l e s ;  mp 89-90 OC from 

methanol (lit .  l 6  88-89 OC from m e t h a n o l ) ;  La1 2o = + l l . S O  (2  = 

+11.S0 ( 2  = 1 ,  CHC13)1; TLC RF = 0 . 5 6  ( c h l o r o f o r m / e t h y l  e t h e r  = 
5 : l  1 ;  TLC RF = 0.60 (petroleum e t h e r / e t h y l  e t h e r  = 1 : 3 ) ;  'H NMR 

( 2 5 0  MHz, CDCl3)  6 7.37-7.19 ( m ,  30 H ,  6C6H ), 5 .45  ( s ,  l H ,  H- 

1 ) ,  5.04-3.34 ( m ,  25H, 6CH2-C6H5 + H-I I ) ;  13C NMR ( 6 2 . 9 7  MHz,  
CDCl3)  6 100.98 (C-11, 99.29 ( C - 1 ' ) ;  y i e l d  10 mg of compound 
- 1B-g a5 an o i l  which could  be c r y s t a l l i z e d ;  mp 84-86  OC from 
e t h y l  e t h e r ;  
25.0' ( C  - = 0.93,  CHC13) (lit. l 6  [ , I2 '  

1 ,  CHC13); [a1 2 o  = +10.4O (c  = 1 ,  CHC13) [lit. l 6  [ a ]  2 0  - 

20 - - -  [ a ]  2o = -26.7O ( c  = 0.93, CHC13); I a l  

= -27.1° ( c  = 1 ,  
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C H C 1 3 ) ;  lit. l 7  [a1 22  
0.46 ( c h l o r o f o r m / e t h y l  e t h e r  = 5: l  ) ;  TLC RF = 0.60 ( p e t r o l e u m  

e t h e r / e t h y l  e t h e r  = 1 : 3 ) ;  ' H  NMR ( 2 5 0  MHz, CDC13) 6 7.40-7.21 
( m ,  30H, 6C6H5), 5 .48 (s, lH, H-1),  5.06-3.34 ( m ,  25  H, 6CH2- 
C H + H - 1 ' ) ;  13C NMR (62 .97  MHz, CDC13) 6 102.85 ( C - l ' ) ,  

= -27.2O ( c _  = 1 . 0 2 ,  CHC13)1; TLC RF = 

6 5  
101 .07 (C-1 1. 

E x p e r i m e n t  3 i n  TABLE 1 w a s  carried o u t  a s  described 

above. 

1,6-Anhydr0-2-0-(2,3,4,6-tetra-O-benzyl-a- and -R-D- - 
g a l a c t o p y r a n o s y l  ) - 3 , 4  -0- isopropylidene-R-D-qalactopyranose (s- 
- a and s - 4 ) .  E x p e r i m e n t  5 i n  TABLE 1 : Compound 1-a ( 2 5 0  mg, 

0.37 m m o l )  and 1,6-anhydr0-3,4-~-isopropylidene-R-~-galacto- - 
p y r a n o s e  ( 5 6  m g ,  0.28 m m o l )  were d i s s o l v e d  i n  20 mL of d r y  
e t h y l  e t h e r  a t  room t e m p e r a t u r e .  T r i m e t h y l s i l y l  t r i f l a t e  (0 .125  
mmol) w a s  added. A f t e r  3.5 h t h e  r e a c t i o n  m i x t u r e  w a s  treated 
w i t h  so l id  sodium hydrogen  c a r b o n a t e  as described f o r  compounds 
- 1A-a and 2 - 4 .  The o i l y  r e s i d u e  w a s  c h r o m a t o g r a p h e d  on  s i l i c a  

ge l  ( c h l o r o f o r m / e t h y l  e t h e r  = 5: 1 , normal  p r e s s u r e ) .  The p u r e  
m i x t u r e  of compounds 1C-a and 1C-R was c h r o m a t o g r a p h e d  on  s i -  
l ica  g e l ;  p e t r o l e u m  e t h e r / e t h y l  e t h e r  = 1 :1 (medium p r e s s u r e ) ;  
t o t a l  y i e l d  of 1C-a a n d  1C-R 154 mg ( 7 7  % ) :  y i e l d  137 mg co- 
l o u r l e s s  c r y s t a l s  of  compound 1C-2; mp 122 C from e t h y l  
e t h e r / p e t r o l e u m  e t h e r  ( lit. 
e t h e r / p e t r o l e u m  e t h e r ) ;  [a1 2o = +19.S0 (c  = 1 ,  CHC13); TLC RF 
= 0.33 ( p e t r o l e u m  e t h e r / e t h y l  e t h e r  = 1 :1 ) ;  ' H  NMR ( 2 5 0  MHz, 
CDC13) 6 5.40 ( s ,  lH, H - l ) ,  1 .49  ( s ,  3H, i s o p r o p y l i d e n e ) ,  1 .24  

( s ,  3H, i s o p r o p y l i d e n e ) ;  13C NMR ( 2 2 . 5  MHz, CDC13) 
( k e t a l - C ) ,  99.53 (C-1 ) ,  98.34 ( C - l ' ) ,  25.79 and  24.27 ( C H 3 - i s o -  

p r o p y l i d e n e ) ;  y i e l d  17  mg c o l o u r l e s s  c r y s t a l s  of compound 1C-R; 
0 mp 128-129 OC from e t h y l  e t h e r / p e t r o l e u m  e t h e r ;  [a1 2 o  

( c  = 1 ,  CHC13); TLC RF = 0.37 ( p e t r o l e u m  e t h e r / e t h y l  e t h e r  = 

1 : l ) ;  ' H  NMR ( 2 5 0  MHz, CDC13) 6 5.58 ( s ,  lH, H - l ) ,  1 .49  ( s ,  

3 H ,  i s o p r o p y l i d e n e ) ,  1 . 2 4  ( s ,  3 H ,  i s o p r o p y l i d e n e )  ; 
( 2 2 . 5  MHz, CDCl3)  6 108.55 ( k e t a l - C ) ,  103.49 ( C - l ' ) ,  100.72 ( C -  

l ) ,  25.79 a n d  24.27 ( C H 3 - i s o p r o p y l i d e n e ) ;  compounds s - s  and 
- 1 C - 4  g a v e  ' H  NMR s p e c t r a l  and op t i ca l  ro t a t ion  da ta  i d e n t i c a l  
w i t h  t h a t  r e p o r t e d  for a u t h e n t i c  material . 

0 

6 1 2 1  -1 22 OC f rom e t h y l  

6 108.36 

= -19.4 

3C NMR 

1 6  

E x p e r i m e n t  6 i n  TABLE 1 was carried o u t  as described 
above. 
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368 WEGMANN AND SCHMIDT 

- A n a l .  Ca lcd  for C43H48010 (724.81 ) :  C, 71.26; H, 6.68. 
Found: x-a: C,71.33; H, 6.69. x - p :  C, 71.14; H, 6.74. 

Methyl 4-0-(2,3,4,6-Tetra-O-benzyl-a- and -R-D-qalacto- 
p y r a n o s y l )  -2,3,6-tri-O-benzyl-a-D-q1ucopyranoside (lo-% and s- 
- 0 ) .  Experiment  7 i n  TABLE 1: Compound 1-fi (550 m g ,  0.8 mmol) 
and m e  t hy1  2,3,6 - tri -9-benz y l  -a-D-glucopyranos - i d e  , ' 2o ' 21 ( 1 9 5 
m g ,  0.42 mmol) were d i s s o l v e d  i n  25 mL of d r y  e t h y l  e t h e r  a t  
room t empera tu re .  T r i m e t h y l s i l y l  t r i f l a t e  (0.2 mmol) w a s  added.  
A f t e r  5.25 h t h e  r e a c t i o n  mix tu re  w a s  t r e a t e d  w i t h  s o l i d  sodium 
hydrogen c a r b o n a t e  as  d e s c r i b e d  f o r  compounds 1A-a and z - p .  
The o i l y  r e s i d u e  w a s  f l a s h  chromatographed on s i l i ca  ge l  (pe-  

t ro leum e t h e r / e t h y l  acetate = 8:2). The r e s u l t i n g  g l y c o s i d e  
f r a c t i o n  w a s  chromatographed on s i l i c a  g e l  ( c h l o r o f o r m / e t h y l  
e t h e r  = 20:1, normal p r e s s u r e ) .  A s m a l l  amount of fD-5 w a s  
chromatographed on s i l i ca  g e l  f o r  m i c r o a n a l y s i s ;  pe t ro leum 
e t h e r / e t h y l  e t h e r  = 1 :1 (medium p r e s s u r e ) :  t o t a l  y i e l d  of %-a 
and E-0 270 mg (65 % )  ; y i e l d  240 m g  of compound E-Q a s  an  

o i l ;  [a1 2o 
CHC13); TLC RF = 0.41 
RF = 0.73 ( c h l o r o f o r m / e t h y l  e t h e r  = 20:1 ) ;  'H NMR (250 MHz, 
CDC13)  6 7.32-7.17 ( m ,  35H, 7C6H5), 5.76 ( d ,  lH, H-1': J11,21 = 

3.7 Hz), 4.95-3.43 ( m ,  27H), 3.37 ( s ,  3H, CCH3) ; y i e l d  30 m g  of 
compound S-12 c o n t a i n i n g  a s l i g h t  i m p u r i t y  which could  n o t  be 

removed by chromatography;  'H NMR (250 MHz, CDC13) 6 7.32-7.17 
( m ,  35H, 7C6H5), 5.06-3.41 ( m ,  28111, 3.40 ( s ,  3H, OCH3). 

- 

0 = +41.5O ( c  = 1 ,  CHC13); [a1 2o = +40.1 ( c  = 1 ,  
(pe t ro l eum e t h e r / e t h y l  e t h e r  = 1:l); TLC 

- Anal.  Calcd f o r  CS2HS601, (987.20): C, 75.43; H, 6.74. 
Found: E-g: C, 75.32; H, 6.67. 

Methyl 4-0-( 2,3,4,6-Tetra-O-acetyl-a-D-qalactopyranosyl)- - 
2,3,6-tri-O-acetyl-a-D-qlucopyranoside (2D-z). A m i x t u r e  of lo- 
- a and 2 - p  (717 mg, 0 . 7 3  m m o l )  was d i s s o l v e d  i n  15 mL of d r y  
e t h y l  acetate  and 15 mL of d r y  methanol .  100 m g  pa l lad ium on 
ca rbon  were added.  A f t e r  3.5 h of h y d r o g e n o l y s i s  t h e  r e a c t i o n  

mix tu re  was f i l t e r e d  and t h e  s o l u t i o n s  were c o n c e n t r a t e d  to  
d r y n e s s .  The d e b e n z y l a t e d  compounds [TLC RF = 0.45 ( c h l o r o -  
form/methanol  = 1 :1 1 1  were s t i r r e d  w i t h  10 mL of d r y  p y r i d i n e  
and 5 mL of d r y  acet ic  a c i d  a n h y d r i d e  unde r  a calcium c h l o r i d e  
seal a t  room tempera tu re  o v e r n i g h t .  S o l v e n t s  were e v a p o r a t e d ,  
r ema in ing  p y r i d i n e  was removed by r e p e a t e d  e v a p o r a t i o n  w i t h  to-  
l u e n e  and t h e  r e s i d u e  was chromatographed on s i l i ca  ge l  ( p e t r o -  
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APPLICATION OF THE TRICHLOROACETIMIDATE METHOD 369 

leum e t h e r / e t h y l  ace ta te  = 1:2 ,  normal  p r e s s u r e ) ;  y i e l d  406 mg 

( 8 6  % )  of t h e  m i x t u r e .  The m i x t u r e  was chromatographed  on si-  
l i c a  g e l  ( p e t r o l e u m  e t h e r / e t h y l  acetate = 1 :2, medium p r e s s u r e )  

t o  o b t a i n  p u r e  a - g l y c o s i d e  =-a as a w h i t e  powder:  mp 70-72 OC 

from e t h y l  e t h e r / p e t r o l e u m  e t h e r ;  
CHC13) [a1 2o = +136.0° (c = 1 ,  CHC13)  [lit. z2 = 
+137.2O (c  = 1 . 7 4 ,  CHCl3);  lit. 2 2  [ a ]  2o = +136.0° ( c  = 0 . 7 ,  

C H C 1 3 ) 1 ;  TLC R F  = 0 .60  ( p e t r o l e u m  e t h e r / e t h y l  ace ta te  = 1 : 2 ) ;  

' H  NMR ( 2 5 0  MHz, CDCl,) 6 3.42 ( s ,  3H, OCH3) ,  2 .13,  2 . 0 7 ,  2 .06 ,  

2 .05 ,  2 .02 ,  1 .98  ( s ,  21H, 7CH3). 

[a1 2o = +138.9O ( c  = 1 , 

Anal .  C a l c d  f o r  C27H3801 ( 650.57)  : C ,  49.84; H ,  5 .89 .  - 
Found: g-a: C ,  49.84;  H ,  5.86. 

0- ( 2 , 3 , 4 , 6  -Tetra-0-benzyl-R-D-qlucopyranosyl ) t r i c h l o r o -  
a c e t i m i d a t e  (3-13). Compound 3-13 w a s  p r e p a r e d  from 2 , 3 , 4 , 6 - t e -  

t r a - 2 - b e n z  y l  -Q-glucose 2 3  ' 24-accord ing  t o  re€. l 4  - 3-13 c a n  be 
o b t a i n e d  now a c c o r d i n g  t o  t h e  p r e v i o u s l y  p u b l i s h e d  p r o c e d u r e  

as  c r y s t a l l i n e  material from e t h y l  e t h e r / p e t r o l e u m  e t h e r  = 1 : l  

i n  90 % y i e l d  u n d e r  a n i t r o g e n  a t m o s p h e r e ;  mp 72-73OC. 

- 

1 4  

Phenyl  6-0- ( 2 , 3  , 4 , 6 - t e t r a - O - b e n z y l - a -  and -R-D-glucopyra- 
nosyl)-2,3,4-tri-0-benzyl-a-D-qlucopyranoside ( 2 - 0  and z-13). 
E x p e r i m e n t  1 i n  TABLE 2: Compound 1-fi (250 m g ,  0 .37 m m o l )  and 

p h e n y l  2,3,4-tri-~-benzyl-a-~-glucopyranoside l 5  ( 1 6 3  mg, 0.31 
m m o l )  w e r e  d i s s o l v e d  i n  20 mL o f  d r y  e t h y l  e t h e r  a t  room t e m p e -  

r a t u r e .  - - b u t y l d i m e t h y l s i l y l  trif l a t e  ( 0 . 1  m m o l )  was added .  

A f t e r  1 .25  h t h e  r e a c t i o n  m i x t u r e  was t r e a t e d  w i t h  excess s o l i d  

sodium h y d r o g e n  c a r b o n a t e  as  described f o r  compounds 1A-a and 

- 1A-13. The o i l y  r e s i d u e  w a s  c h r o m a t o g r a p h e d  o n  s i l i c a  g e l  ( p e -  

troleum e t h e r l e t h y l  ace ta te  = 8 : 2 ,  normal p r e s s u r e ) .  The p u r e  
m i x t u r e  of  compounds 2 - 5  and 2-13 w a s  c h r o m a t o g r a p h e d  f o r  se- 
p a r a t i o n  on s i l i ca  g e l  ( c h l o r o f o r m / e t h y l  e t h e r  = 20:l , normal  

p r e s s u r e ) :  t o t a l  y i e l d  of 2-5 and 2-13 269 m g  ( 8 3  % ) .  S m a l l  

amounts  of 2 - a  and 2-13 were c h r o m a t o g r a p h e d  o n  s i l i c a  g e l  

(medium p r e s s u r e )  f o r  m i c r o a n a l y s i s :  y i e l d  238 m g  of  compound 
20 - 3A-a as a c o l o u r l e s s  o i l ;  [a1 2o = +85O (c  = 1 ,  C H C 1 3 ) ;  La1 

= +81 .6O ( c  = 1 , C H C 1 3 ) ;  TLC RF = 0.73 ( c h l o r o f o r m / e t h y l  e t h e r  
= 20:l 1;  TLC RF = 0.62 (pe t ro leum e t h e r / e t h y l  e t h e r  = 1 :1 1 ;  ' H  

NMR ( 2 5 0  MHz, CDCl3)  6 7.38-6.94 ( m ,  40H, 8C6H5), 5.37 ( d ,  lH, 

H-1; J1 ,2 = 3.7 H z ) ,  5.06-3.47 ( m ,  27H, 7CH2-C6H5 + H - 1 ' ) ;  13C 

NMR ( 2 2 . 5  MHz, CDC13) 6 97.28 ( C - 1 ' 1 ,  95.82 ( C - 1 ) ;  y i e l d  31 mg 

- 
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370 WEGMANN AND SCHMIDT 

0 of compound 3A-g as c o l o u r l e s s  c r y s t a l s :  m p  104-106 C from 
e t h y l  e t h e r / p e t r o l e u m  e t h e r :  [a1 2o = +4S0 ( c  = 0.5, CHC13); 
[a1 2o = +42.8O (c_ = 0.5, CHC13); TLC RF = 0.53 ( c h l o r o -  

fo rm/e thy l  e t h e r  = 20:l); TLC RF = 0.62 (pe t ro l eum e t h e r / e t h y l  

e t h e r  = 1:l ) ;  'H NMR (250 M H z ,  CDC13) 6 7.36-6.91 ( m ,  40H, 
= 3.4 Hz), 5.06-3.37 ( m ,  27 H, 8C6H5), 5.48 ( d ,  lHr H-1; J 

7CH2-C6H5 + H-1'); I3C NMR (22.5 MHz, CDC13) 6 103.65 (C-l'), 
95.74 (C-1). 

1,2 

g 1 .  Calcd for C67H68011 (1049.27): C, 76.69; H, 6.53. 
Found: 3-5: C, 76.44; H, 6.63. =-a C, 76.49; H, 6.68. 

Experiment  2 i n  TABLE 2 was c a r r i e d  o u t  as d e s c r i b e d  

above. 

Phenyl 6-0- (2,3,4,6-Tetra-O-acetyl-a-D-qlucopyranosyl) - 
2,3,4- tri -0-acetyl-a-D-qlucopyranoside (4A-g). Compound 2-5 
(352 m g ,  0.34 m m o l )  was d i s s o l v e d  i n  10 mL of d r y  e t h y l  ace ta te  
and 10 mL of d r y  methanol .  100 mg pa l l ad ium on carbon were ad-  

ded.  A f t e r  2.5 h of hydrogena t ion  t h e  r e a c t i o n  m i x t u r e  w a s  f i l -  

t e r e d  and t h e  s o l u t i o n s  were c o n c e n t r a t e d  t o  d r y n e s s .  The 

debenz y l a t e d  compound [TLC RF = 0.07 ( ch lo ro fo rm/methano l  = 

7:3)1 w a s  s t i r r e d  w i t h  10 mL of d r y  p y r i d i n e  and 5 mL of d r y  
acetic a c i d  a n h y d r i d e  under  a ca lc ium c h l o r i d e  seal a t  room 
tempera tu re  o v e r n i g h t .  S o l v e n t s  were e v a p o r a t e d ,  remain ing  py- 

r i d i n e  was removed by r e p e a t e d  e v a p o r a t i o n  w i t h  t o l u e n e  and t h e  

r e s i d u e  was chromatographed on s i l i c a  ge l  ( p e t r o l e u m  

e t h e r / e t h y l  acetate = 1:2, normal p r e s s u r e ) :  y i e l d  168 mg (70 
% )  w h i t e  powder of compound 4 A - 5 :  mp 68-72 OC from e t h y l  

e t h e r / p e t r o l e u m  e t h e r :  [ a ]  

= +177.7O (c  = 1 ,  CHC13); TLC R F  = 0.69 ( p e t r o l e u m  e t h e r / e t h y l  

acetate = 1:2): 'H NMR (250 MHz, CDC13) 6 7.39-7.06 ( m ,  5H, 
C6H5), 5.72 ( d d ,  lH, H-3; J = 10.1 Hz, J3,4 = 9.8 Hz), 5.66 

Hz, J31,41 = 9.8 Hz), 5.15-5.07 ( m ,  2H, H-l'+ H-4), 5.05 ( d d ,  

3.7 Hz, J2,3 = 10.1 HZ), = 3.7 Hz, 
= 9.9 Hz), 4.25-3.49 ( m ,  6H, H-5 + H-5'+ H-6 + H-6B + J2 IA3  ' 

- 

20-= +185.2O (c  = 1 ,  CHC13); La1 20 

2,3 
= 3.7 Hz), 5.44 ( d d ,  lH, H-3'; J2t,31 = 9.9 1,2 ( d ,  lH, H-1 ; J 

- 
1,2 - IH, H-4'; J3t,4i = J4i,5' = 9.8 HZ), 4.97 ( d d ,  lH, H-2; J 

4.84 ( d d ,  lH, H-2'; J1 

H-6 
3H, CH3), 2.06 ( S ,  3Hp CH3), 2.05 (S, 3H, CH3), 2.02 (s, 3H, 

+ H-6B'), 2-09 ( S ,  3H, CH3)r 2-08 (S, 3H, CH3), 2.07 (s, 

CH3), 2.01 ( s ,  3H, CH3). 
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- Anal .  C a l c d  f o r  C32H4001 ( 71 2.65 ) : C ,  53.93;  H I  5 .66.  

Found: C ,  53.67; H,  5.76. 

Phenyl  6-0- ( 2 , 3 , 4 , 6-Tetra-O-acetyl-R-D-glucopyranosyl ) - - 
2 , 3  ,4-tri-0-acetyl-a-D-qlucopyranoside (4A-R) .  Compound 3A-R 
( 5 0 8  mg, 0.48 m m o l )  was dissolved i n  10 mL of  d r y  e t h y l  ace ta te  
and 1 0  mL of  d r y  methanol .  100 mg p a l l a d i u m  on c a r b o n  were ad- 
d e d .  A f t e r  3 .5  h of h y d r o g e n o l y s i s  t h e  r e a c t i o n  mix tu re  was 
f i l t e r e d  and t h e  s o l u t i o n s  w a s  c o n c e n t r a t e d  to d r y n e s s .  The 

d e b e n z y l a t e d  compound LTLC RF = 0.25 ( c h l o r o f o r m / m e t h a n o l  = 
7 : 3 ) ]  was s t i r red  w i t h  10 mL of  d r y  p y r i d i n e  and 5 mL of d r y  

acetic a c i d  a n h y d r i d e  u n d e r  a c a l c i u m  c h l o r i d e  seal a t  room 
t e m p e r a t u r e  o v e r n i g h t .  S o l v e n t s  were e v a p o r a t e d .  Remaining py- 

r i d i n e  was removed by r e p e a t e d  e v a p o r a t i o n  w i t h  t o l u e n e .  The 

r e s i d u e  w a s  chromatographed  on s i l i ca  g e l  ( p e t r o l e u m  

e t h e r / e t h y l  ace ta te  = 1 : 2 ,  normal  p r e s s u r e ) ;  y i e l d  258 mg ( 7 5  
% )  w h i t e  powder of compound G-R, which  c o u l d  be c r y s t a l l i z e d  
to  colourless  n e e d l e s :  mp 1 4 4  OC from e t h y l  e t h e r / p e t r o l e u m  

e t h e r :  mp 145-146 OC from e t h a n o l ;  = +88.4O (c  = 1 ,  

C H C 1 3 ) ;  la1 2o 
leum e t h e r / e t h y l  acetate = 1 : 2  1 ;  ' H  NMR ( 2 5 0  MHz, CDC13) b 

7.31-6.99 ( m ,  5H, C 6 H 5 ) ,  5.66 ( d ,  lH, H-1; J l I 2  = 3.4 H z ) ,  5.64 

9.5 H z ;  J3 ,4  = 10.4  H z ) ,  5.06-4.90 ( m ,  4 H ,  H - 3 '  + H - 4 '  + H-2 + 
H - 2 ' 1 ,  4.46 (d, 1H, H - 1 ' ;  J 1 t , 2 1  = 7.9  H z ) ,  4.19-4.02 ( m ,  3H, 
H-5' + H-6A' + H-sB'), 3.89-3.47 ( m ,  3H, H-5 + H-6A + H-6 1, 
2.03 ( s ,  3H, C H 3 ) ,  2.00 ( s ,  3H, C H 3 ) ,  1 .99  ( s ,  6H, 2 x C H 3 ) ,  

1 .97 ( s ,  3H, C H 3 ) ,  1 .95  ( s ,  3H, C H 3 ) ,  1 .93 ( s ,  3 H ,  C H 3 ) .  

ial 2o 
= +84.6O (c  = 1 ,  C H C 1 3 ) ;  TLC RF = 0.61 ( p e t r o -  

= J q r 5  = 10.4  H z ) ,  5 .13  (dd ,  1H, H-3; J2 ,3  = 
3 , 4  

( d d ,  l H ,  H - 4 ;  J 

B 

Anal. C a l c d  fo r  C32H40018 (712 .65) :  C ,  53 .93;  H,  5 .66.  
Found: C ,  54.10: H I  5.72. 

1 , 6-Anhydro-4-0- (2 , 3 , 4 , 6 - t e t r a - 0 - b e n z y l - a -  and  -B-D-qluco- - 
pyranosyl~-2,3-di-O-benz~l-R-D-glucopyranose (2-5 and 2 - g ) .  
E x p e r i m e n t  3 i n  TABLE 2: Compound 3-E ( 5 0 0  mg, 0.74 m m o l )  and  

1 ,6-anhydro-2,3-di-~-benzyl-B-~-glucopyranose - ( 1 6 2  mg, 0.47 
m m o l )  w e r e  d i s s o l v e d  i n  10 mL o f  d r y  e t h y l  e t h e r  a t  room t e m p e -  
r a t u r e .  T r i m e t h y l s i l y l  t r i f l a t e  ( 0 . 2 5  m m o l )  was added. A f t e r  5 

h t h e  r e a c t i o n  mix tu re  w a s  treated w i t h  excess solid sodium hy- 

drogen c a r b o n a t e  as d e s c r i b e d  f o r  compounds 2 - a  and 5 - q .  The 

o i l y  r e s i d u e  was chromatographed  on s i l i ca  ge l  ( c h l o r o -  

f o r m / e t h y l  e t h e r  = 20:1,  normal  p r e s s u r e )  t o  g i v e  p u r e  =-a. 
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372 WEGMANN AND SCHMIDT 

P u r e  2 - g  was o b t a i n e d  by chromatography o n  s i l i ca  g e l  ( p e t r o -  
leum e t h e r / e t h y l  e t h e r  = l :3 ) .  A l t e r n a t i v e l y ,  3B-a and E-5 
c o u l d  be s e p a r a t e d  t h r o u g h  t h e  u s e  of f l a s h  chromatography on 

s i l i c a  g e l  (petroleum e t h e r / e t h y l  e t h e r  = 1 :1 1 :  t o t a l  y i e l d  of  
- 3B-a and  2-3 388 m g  ( 9 5  % ) ;  y i e l d  293 m g  of c r y s t a l l i n e  com- 
pound z-0; mp 75-76 OC f rom e t h y l  e t h e r / p e t r o l e u m  e t h e r  ( l i t .  

28 77-78 OC, s o l v e n t  n o t  n o t e d ) ;  

[a1 2o 

1 ,  C H C 1 3 ) ;  lit. 28 [ a ]  22 
0.52 ( c h l o r o f o r m / e t h y l  e t h e r  = 20:l 1; TLC R F  = 0.59  ( p e t r o l e u m  

e t h e r / e t h y l  e t h e r  = 1 : 3 ) ;  ' H  NMR ( 2 5 0  MHz, CDC13) b 7.29-7.13 

( m ,  30H, 6C6H5), 5 .46 ( s ,  lH, H - 1 1 ,  5.00 ( d ,  lH, H-1 ' ;  J 1 , , 2 ,  = 

3.7 H z ) ,  4.97-3.37 ( m ,  24H, 6CH2-C6Hs); 13C NMR ( 6 2 . 9 7  MHz, 

C M 3 l 3 )  6 100.90 ( C - 1 1 ,  98.05 ( C - 1 ' ) ;  y i e l d  95 m g  of  compound 

- 3B-g as  c o l o u r l e s s  n e e d l e s ;  mp 86-87 OC from e t h y l  

e t h e r / p e t r o l e u m  e t h e r  ( l i t .  29 86-87 OC from e t h y l  

e t h e r / p e t r o l e u m  e t h e r ) ;  [a1 2 o  
= -16.7O ( c  = 1 ,  CHC13); [lit. 2 6 , 2 7  L a ]  2o 
C H C 1 3 ) ;  l i t .  29  [ a ]  

0.37 ( c h l o r o f o r m / e t h y l  e t h e r  = 20:l 1 ;  TLC R F  = 0 . 5 3  ( p e t r o l e u m  

e t h e r / e t h y l  e t h e r  = 1:3); ' H  NMR ( 2 5 0  MHz, CDC13) 6 7.39-7.14 

( m ,  30H, 6C6H5), 5 .48  (s, lH, H - 1 1 ,  5.09-3.34 ( m ,  25H, 6CH2- 

[a1 2 o  = +8.6O ( c  = 1 ,  C H C 1 3 ) ;  

= +7.5O ( c  = 1 ,  CHC13) [lit. 2 6 r 2 7  La1 2o = +9.6O (c  = 

= +7.66O (c  = 2,  C H C l 3 ) 1 ;  TLC RF = 

20 = -17.5O (c  = 1 ,  C H C 1 3 ) ;  [ a l  

= -18.5O ( c  = 1 ,  

= -19.7O (C = 2.5, C H C 1 3 ) 1 ;  TLC RF = 25 

C H + H - 1 ' ) .  6 5  

E x p e r i m e n t  4 i n  TABLE 2 was carried o u t  a s  d e s c r i b e d  above 
w i t h  0- ( 2,3 , 4 , 6  - T e t r a  -0-benzyl-a-g-glucopyranos y l  1 
t r i c h l o r o a c e t i m i d a t e  2-5. 11 

Methyl 4-0-  (2,3,4,6-Tetra-0-benzyl-a- and -R-D-qluco- 
pyranosyl)-2,3,6-tri-O-benzyl-a-D-glucopyranoside - (%-a and s- 
- B). E x p e r i m e n t  5 i n  TABLE 2 :  Compound 3-R  (310 m g ,  0.45 m m o l )  
and m e t h y l  2 , 3 , 6 -  tri-~-benzyl-a-~-glucopyranoside '20 ' 21  ( 1 0 8  

mg, 0.23 m m o l )  were dissolved i n  25 mL of d r y  d i c h l o r o m e t h a n e  

a t  room t e m p e r a t u r e .  T r i m e t h y l s i l y l  t r i f l a t e  (0 .1  m m o l )  w a s  
added. A f t e r  6 h t h e  r e a c t i o n  m i x t u r e  was t r e a t e d  w i t h  so l id  
sodium hydrogen  c a r b o n a t e  a s  d e s c r i b e d  for compounds %-a and 

- 1A-R. The o i l y  r e s i d u e  o b t a i n e d  was c h r o m a t o g r a p h e d  on s i l i c a  
g e l  ( c h l o r o f o r m /  e t h y l  ether = 20 : 1 , normal p r e s s u r e )  : t o t a l  
y i e l d  of =-a and g - R  158  m g  ( 7 2  % ) ;  y i e l d  119 mg of compound 

- 3D-a a s  an  o i l ;  [a1 20- = +50.3O (C = 1 ,  C H C 1 3 ) ;  La1 2o = +48.6O 
(C = 1 ,  C H C 1 3 ) ;  [ lit .  [a1 2o = +48O (c  = 1 . 0 5 ,  CHC13); lit. 
27 [ a ]  2o = +39.5' (C = 1 ,  CHC13); lit. 30 [ a ]  2o = +45.4O ( c  = 
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0 . 8 2 ,  C H C 1 3 ) 1 ;  TLC RF = 0.64 ( c h l o r o f o r m / e t h y l  e t h e r  = 20:1 1 ,  
' H  NMR ( 2 5 0  MHz, CDC13) 6 7.33-7.08 ( m ,  35F, 7C6H5) 5 - 7 0  ( d r  

1H, H-1 ' ;  J 1 1 , 2 i  = = 3.7 Hz), 5.22 ( d ,  lH, H - 1 ;  J l r 2  = 3.7 H z ) ,  

5.06-3.40 ( m ,  26H), 3.37 ( s ,  3H, O C H 3 ) ;  y i e l d  39 mg of compound 

- 3D-4 which was i d e n t i c a l  w i t h  a u t h e n t i c  mater ia l  2 7 '  30 .  TLC RF 

= 0.55 ( c h l o r o f o r m / e t h y l  e t h e r  = 20:l 1 .  ' H  NMR ( 9 0  MHz, C D C 1 3 )  

b 7.40-7.29 ( m ,  35H, 7C6H5), 5.20-3.50 ( m ,  28 H I  7CH -C H + H- 2 6 5  
1 + H-1'1,  3.40 ( S p  3Hp O C H 3 ) .  

E x p e r i m e n t  6 i n  TABLE 2 w a s  c a r r i e d  o u t  as  d e s c r i b e d  

above .  
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