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ABSTRACT 

S t a r t i n g  from D-galactose,  D-glucose and L-rhamnose, methyl 2-0- 
benzyl-3-0- ( 3-0-allyl-2,4,6- t r i-0- benzyl-a-D-g a l a c  topyrano s y  1 ) -4-0- ( 2,3,4 6- 
t etra-O-benzyl-B-D-galactopyranosyl)-a-L-rhamnopyranoside (9 )  and methyl 
2-C+benzyl-3-0-[2,4,6-tri-0-benzyl-3-O-(methyl 2,3,4-tri-O-benzyl-a-D- 
g lucopyranosyluronate)  -a-D-galactopyranosyl ] -4-0 - ( 2,3,4,6-tetra-O-'aeczyl- 
6-D-galactopyranosy1)-a-L-rhamnopyranoside (1%) have been syn thes i sed .  
Removal of p r o t e c t i n g  groups  from 9 and 1% gave  t h e  t r i s a c c h a r i d e  (11) 
and t h e  t e t r a s a c c h a r i d e  r e p e a t i n g  u n i t  of t h e  a n t i g e n  from Klebsiella 
t ype  8 3  i n  t h e  form of i t s  methyl e s t e r  methyl g l y c o s i d e  ( 1 4 A )  respec- 
t i v e l y  . 

INTRODUCTION 

The s t r u c t u r e  of t h e  r e p e a t i n g  u n i t  of t h e  c a p s u l a r  po lysaccha r ide  

o f  Nebsiel la  t y p e  8 3  has  been r epor t ed . '  I n  suppor t  of ou r  con t inu ing  
2 

programme t o  de t e rmine  t h e  s t r u c t u r e  / immunological s p e c i f i c i t y  

r e l a t i o n s h i p  of ca rbohydra t e  m o i e t i e s ,  i t  i s  necessa ry  t o  s y n t h e s i z e  

o l i g o s a c c h a r i d e s  r e l a t e d  t o  a s p e c i f i c  a n t i g e n .  The s y n t h e s i s  o f  t he  

t e t r a s a c c h a r i d e  r e p e a t i n g  u n i t  o f  t h e  a n t i g e n  from Klebsiella type  

8 3  i s  desc r ibed  h e r e .  
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694 KUMAR DAS, GHOSH, AND ROY 

RESULTS AND DISCUSSION 
3 Condensation of methyl 2,3-G-isopropylidene-~-L-rhamnopyranoside 

4 (1) with 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide (2) in 
the presence of mercury( 11) cyanide5 gave methyl 4-0-( 2,3,4,6-tetra-0- 
acetyl-~D-galactopyranosyl)-2,3-O-isopropylidene-~-L-rhamnopyranos ide 
(4) in 82% yield. ZLmplen deacetylation6 of 4 followed by 

benzylation7 gave methyl 4-0-( 2,3,4,6-tetra-C+benzyl-8-D-galactopyrano- 
syl)-2,3-~isopropylidene-@-L-rhamnopyranoside ( 6 ) .  Removal of  the 
isopropylidene group from 6 followed by selective benzylation of the 
product (7) using phase transfer method' yielded methyl 2-0-benzyl-4- 
0-( 2,3,4,6-tetra-0-benzyl-~D-galactopyranosyl)-~-L-rhamnopyranoside 

( 8 ) .  This glycosyl acceptor was condensed with ethyl 3-0-allyl-2,4,6- 
9 tr i-0-benzyl-1-thio-&D-galactopyranoside (3), using methyl triflate 

as promoter, to give methyl 2-@benzyl-3-0-( 3-0-allyl-2,4,6-tri-O-ben- 

zyl-~-D-galactopyranosy1)-4-0- (2,3,4,6-tetra-O-benzyl-8-D-galactopyrano- 

sy1)-a-L-rhamnopyranoside ( 9 )  in 74% yield. Subsequent removal of the 
ally1 group from 9 using palladium chloride" gave methyl 2-0-benzyl- 
3-0-(2,4,6-tri-O-benzyl-~-D-galactopyranosyl)-4-0-(2,3,4,6-tetra-O-ben- 

zyl-&D-galactopyranosy1)-0-L-rhamnopyranoside (10). Debenzylation 

of 10 by hydrogenolysis gave methyl 3-0-(a-D-galactopyranosyl)-4-0-( 8- 
D-galactopyranosyl)-cl-l-rhamnopyranoside (11). The 3C NMR of this 

compound had signals for 19 carbon atoms in the expected regions. 
Methyl (2,3,4-tri-O-benzyl-(Y-D-glucopyranosyl chloride) uronate12 (12) 
prepared from methyl (Y-D-glucopyranoside,ll was treated with 10 in 
the presence of mercury(I1) bromide5 to give methyl 2-0-benzyl-3-0- 
[ 2,4,6-tri-O-benzyl-3-O-(nethyl 2,3,4-tri-o-benzyl-a and 8-D-gluco- 
pyranosyl uronate)-a-D-galactopyranosyl] -4-0-( 2,3,4,6-tetra-O-benzyl- 
8-D-galactopyranosy1)-@-L-rhamnopyranoside (1% and 13B) i n  8 3% com- 

1 bined yield. Data from the H NMR spectrum of this material suggested 

an approximately 70:30 mixture of a and 6-anomers. The mixture compo- 

nents could not be separated by column chromatography. The mixture 

was therefore subjected to hydrogenolysis to give 14A and 14B which 
were then separated by column chromatography. Both 14A and 14B had 

signals for 26 carbon atoms in their 13C NMR spectra. The a-anomeric 
configuration of the tetrasaccharide 14A was confimed by its signals 

.I I 
1 at 6 5.14 (H-1 H NMR spectrum and 6 96.72 

(C-1 ) and 173.2 (COOCH3) - in the 13C NMR spectrum. Similarly 8-ano- 
) and 3.81 (COOCH3) in the - 

0 .  I 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF TETRASACCHARIDE REPEATING UNIT 695 

1 2 

Me 

4. RIp2 = Me2C R3= Ac 
5. Rl, R2= Me& 7 R3- H 
6. Rl,R2=Me2C9 R 3 = B n  
7, R,=R2= H R3 = Bn 
8. R1=R3= Bn R3= H 

OMe 

9. R1= En, R, = Ally1  
10. R,= En, R2 = H 
11. R1z R2 = H  

Me 

13A. R : Bn 
1 4 A ,  R = H 
15. R = A c  

RO 

138. R = Bn 
14B. R =  H. 
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696 KUMAR DAS, GHOSH, AND ROY 

meric c o n f i g u r a t i o n  of  14B was conf i rmed by i t s  s i g n a l  a t  6 4.73 

(H-1 ) 

and 171.9  (€OOCH3) - i n  t h e  1 3 C  NMR spec t rum.  Compound 14A was f u r t h e r  

c h a r a c t e r i s e d  via i t s  c r y s t a l l i n e  p e r - 0 - a c e t y l  d e r i v a t i v e  15. 

I 
I. I 

) and 3.82 (COOCH3) - i n  t h e  'H NMR spec t rum and 6 104.76 (C-1 

EXPERIMENTAL 

General - R e a c t i o n s  were moni tored  by TLC on s i l i c a  g e l  G 

(Merck) .  Column chromatography was performed u s i n g  s i l i c a  g e l  (SRL, 

I n d i a ) ,  and a l l  c o n c e n t r a t i o n s  were conducted  below 50 "C u n l e s s  s ta-  

t e d  o t h e r w i s e .  O p t i c a l  r o t a t i o n s  were measured w i t h  a Perkin-Elmer 

241MC p o l a r i m e t e r .  'H NMR s p e c t r a  were r e c o r d e d  w i t h  a J e o l  FX-100 o r  

Var ian  XL-300 s p e c t r o m e t e r .  M e l t i n g  p o i n t s  were d e t e r m i n e d  on a p a r a -  

f f i n  o i l  b a t h  and a r e  r e p o r t e d  u n c o r r e c t e d .  P a p e r  chromatography was 

performed on Whatman No. 1 p a p e r  w i t h  9:2:2 EtOAc-acetic a c i d - w a t e r  

as s o l v e n t  and a l k a l i n e  s i l v e r  n i t r a t e  as  t h e  s p r a y  r e a g e n t  f o r  compo- 

n e n t  v i s u a l i s a t i o n .  

Methyl  4-~(2,3,4,6-Tetra-0-acety1~-D-ga1actopyranosy1)-2,3~-iso- 

propylidene-a-L-rhamnopyranoside (4). To a s o l u t i o n  of m e t h y l  2,3-0- 

isopropylidene-a-L-rhamn~pyranoside~ (1) ( 3 . 3  g ,  15.2 mmol) and 

m e r c u r y ( I 1 )  c y a n i d e  ( 4 . 8  g ,  1 8 . 9  mmol) i n  a c e t o n i t r i l e  (36  mL) c o n t a i -  

n i n g  4A m o l e c u l a r  s i e v e  ( 6  g )  u n d e r  a r g o n ,  was added a s o l u t i o n  of  

2 ,3 ,4 ,6- te t ra -0-ace ty l -a -D-galac topyranosyl  bromide  (2) ( 7 . 1  g ,  17.1 

mmol) i n  a c e t o n i t r i l e  ( 1 0  mL). The m i x t u r e  was s t i r r e d  a t  room tempera- 

t u r e  f o r  24 h ,  t h e  c o n t e n t 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  and f i l t e r e d  

t h r o u g h  a c e l i t e  bed.  The o r g a n i c  l a y e r  was washed s u c c e s s i v e l y  w i t h  

water, aqueous 5% K I  s o l u t i o n ,  and water, and t h e n  d r i e d  (Na SO ) and 

c o n c e n t r a t e d .  The r e s i d u e  was chromatographed ( 3 :  1 to luene-Et  0 )  g i v i n g  

4 (7 .76  g ,  8 2 % ) .  The p r o d u c t  was c r y s t a l l i s e d  from d i c h l o r o m e t h a n e :  

mp 182-184 O C ;  -24.3" ( C  0.75,  CH2C12); 'H NMR (CDC13) 6 1.19  

( d ,  3 H ,  J = 6 . 0  Hz, H-6), 1 .35  and 1 .54  ( 2 s ,  6H, Me2C), 2 .00,  2.05, 2.09 

and 2.16 ( 4 s ,  12H, 4Ac), 3.38 ( s ,  3 H ,  OMe), 4 .92 ( d ,  l H ,  J=7 .5  Hz, 

H-1 >, 4.83  ( b r o a d  s ,  l H ,  H-1). 

0 

4 

2 4  

2 

I 

Anal .  Calcd f o r  C H 0 C ,  52.55; H ,  6 .62 .  Found: C ,  52.37;  H ,  24 36 14:  
6 .78.  

Methyl  4-~(2,3,4,6-Tetra-o-benzyl-~-D-galactopyranosyl)-2,3-0- 

isopropylidene-a-L-rhamnopyranoside (6). Compound 4 ( 2.3 g , 4.2  

mmol) was s t i r r e d  w i t h  m e t h a n o l i c  0.05 M sodium methoxide  ( 2 0  mL) f o r  
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SYNTHESIS OF TETRASACCHARIDE REPEATING UNIT 697 

+ 
5 h.  The  s o l u t i o n  was t r e a t e d  w i t h  Dowex-50W X8(H ) r e s i n ,  f i l t e r e d  

and c o n c e n t r a t e d  t o  d r y n e s s  t o  g i v e  5. To a c o l d  s o l u t i o n  o f  5 i n  

N,N-dimethylformamide ( 1 4  mL) was added  sodium h y d r i d e  ( 1 . 2  g ,  25.2 

mmol, 50% o i l  c o a t e d )  and b e n z y l  bromide  ( 2 . 4  mL,  20.2 mmol), and 

m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  11 h .  Methanol  ( 1  

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

t h e n  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  ( 1 0 0  mL), t h e  o r g a n i c  l a y e r  

washed w i t h  water (3x50 mL), d r i e d  (Na2S04),  and  c o n c e n t r a t e d .  

t h e  

mL) 

was 

was 

The 

c r u d e  p r o d u c t  was chromatographed  and c r y s t a l l i s e d  from E t  0 -pe t ro leum 

e t h e r  (40-60 "C), t o  g i v e  6 (1 .88  g ,  6 0 % ) :  mp 94-95 'C; -22.8'  

(c 1 . 4 ,  CHC13) ;  'H NMR (CDC13) 6 1 .3  ( d ,  3H, J=6 .0  Hz, H-6), 1 . 3 2  and 

1 . 4 4  ( 2 s ,  6H, Me2C), 3 .39 ( s ,  3 H ,  O M e ) ,  4 .7  ( d ,  l H ,  J=8.0 Hz, H-1  ), 

4.84 ( b r o a d  s, l H ,  H-1), 7.28-7.4 ( m ,  20H, 4Ph) .  

I 

Anal. C a l c d  f o r  C44H52010: C ,  71.33;  H ,  7.07. Found: C ,  70.98;  H ,  

Methyl 2~-Benzyl-4-~(2,3,4,6-tetra-O-benzyl-&D-galactopyrano- 

sy1)-a-L-rhamnopyranosude ( 8 ) .  Compound 6 ( 1 . 2  g ,  1 .6  mmol) w a s  s t i r r e d  

w i t h  85% a q u e o u s  ace t i c  a c i d  ( 5  mL)  a t  90  ' C  f o r  2 h .  Acetic a c i d  was 

t h e n  removed by c o - e v a p o r a t i o n  w i t h  water and then w i t h  t o l u e n e  t o  

g i v e  compound 7 ,  [ a ]  26 -21.1' ( c  2.2,  CHC13). T h i s  material was d i s s o l -  

ved  i n  d i c h l o r o m e t h a n e  (19 .5  m L )  and  t h e n  v i g o r o u s l y  s t i r r e d  a t  room 

t e m p e r a t u r e  f o r  60  h w i t h  10% sodium h y d r o x i d e  ( 2 . 3  mL), b e n z y l  

bromide  (0 .29  mL, 2.0 mmol) and  te t rabuty lammonium bromide  ( 0 . 1 3  g ,  

0.7 mmol). The o r g a n i c  l a y e r  was washed w i t h  water ,  d r i e d  (Na SO ) 

and c o n c e n t r a t e d  t o  a s y r u p .  Column chromatography w i t h  5 : l  t o l u e n e -  

E t 2 0  g a v e  8 ( 6 9 8  mg, 5 5 % ) :  [ ( Y  ] i 2  -17.2' (c 1 .05 ,  CHC13); 'H NMR 

(CDC13) d 1 . 3 6  ( d ,  3H, J=6.0 Hz, H-6), 3.33 ( s ,  3H, OMe),  4 .62 ( d ,  l H ,  

J=7 .8  Hz, H - i ) ,  4.46-4.9 ( 2 s ,  10H, 5PhCH2), 4 .84  ( s ,  l H ,  H - l ) ,  7.32- 

7 . 3 6  (m, 25H, 5Ph) .  

7.15. 

D 

2 4  

Anal. C a l c d  f o r  C H 0 C ,  72.89;  H ,  6 .88.  Found: C ,  72 .66;  H,  48  54 10:  
6 .98 .  

Ethyl ~Allyl-2,4,6-tri-O-benzyl-l-thio-~-D-galactopyranoside (3). 

A m i x t u r e  of e t h y l  l-thio-~-D-gala~topyranoside~~ ( 5  g ,  22 .3  mmol) and 

d i b u t y l t i n  o x i d e 1 4  (5 .7  g ,  22.9 mmol) was s t i r r e d  u n d e r  r e f l u x  i n  ben- 

z e n e  w i t h  a z e o t r o p i c  removal  of  water f o r  17  h.  A l l y 1  bromide  (2 .8  

m L )  and te t rabuty lammonium bromide  ( 8 . 3 6  g )  were t h e n  added  and t h e  

m i x t u r e  was s t i r r e d  a t  6 3  'C f o r  6 h .  The s o l v e n t  was e v a p o r a t e d  and 

t h e  unwanted s o l i d  p r e c i p i t a t e d  from c o l d  m e t h a n o l  was f i l t e r e d  o f f .  
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698 KUMAR DAS, GHOSH, AND ROY 

The f i l t r a t e  was c o n c e n t r a t e d  and chromatographed w i t h  e t h y l  ace t a t e  

as e l u e n t ,  t o  g i v e  e t h y l  3-0-allyl-1-thio-8-D-galactopyranoside (3 .6  

g ,  60%).  The p r o d u c t  was c r y s t a l l i s e d  from e t h y l  ace ta te :  mp 122-123 

O C ;  
'H NMR (CDC13) 6 1 .32 ( t ,  3H, 

J=8.0 Hz, SCH CH ), 2.76 (4, 2H, J=7.5 Hz, SCH2CH3), 4.22-4.3 (m, 2H, 

a l l y 1  H),  4.36 ( d ,  l H ,  J=10 Hz, H - 1 1 ,  5.2-5.44 ( m ,  2H, v i n y l  H),  5.82- 

6.24 ( m ,  l H ,  v i n y l  H). 

-14.38" ( c  0 . 6 ,  CHC13); 

2 -3 

Anal .  Calcd f o r  C H 0 S: C ,  49.98; H ,  7.63. Found: C ,  49.8;  11 20 5 
H ,  7.71. 

The 3 - p a l l y l  d e r i v a t i v e  was b e n z y l a t e d  as d e s c r i b e d  f o r  p r e p a r a -  

t i o n  o f  6. The mater ia l  t h u s  o b t a i n e d  was p u r i f i e d  by column 

chromatography t o  g i v e  syrupy 3 (4 .39  g ,  72%):  +67.7" ( c  0.9 ,  

CHC13); 'H NMR (CDC13) 6 1.3 ( t ,  3 H ,  J=8.0 Hz, SCH2Cg3), 2.75 (4, 

2H, J=8 .0  H z ,  SCH CH ) ,  4.4 ( d ,  l H ,  J=9.0 Hz, H-1), 5.1-5.5 ( m y  2H, 

v i n y l  H) ,  5.7-6.1 (m, l H ,  v i n y l  H) ,  7.3-7.4 ( m y  15H, 3Ph) .  
-2 3 

Anal .  Calcd f o r  C H 0 S: C ,  71.88; H ,  7 .16 .  Found: C ,  71.76; 32 38 5 
H ,  7.26. 

Methyl 2-O-Benzyl-3-0-(3-O-allyl-2,4,6-tri-~benzyl-crD-galacto- 
pyranosyl)-4~(2,3,4,6-tetra~benzyl-~-D-galactopyranosyl)-crL-rhamno- 

pyranoside (9). To a m i x t u r e  of t h e  d i s a c c h a r i d e  8 (670 mg, 0 .8  mmol) 

and t h e  t h i o g l y c o s i d e  3 (690  mg, 1 . 3  mmol) i n  E t  0 c o n t a i n i n g  4A 

m o l e c u l a r  s i e v e  ( 3  g ) ,  m e t h y l  t r i f l a t e 7  ( 1  mL) was added.  The m i x t u r e  

was s t i r r e d  u n d e r  a r g o n  a t  22 O C  f o r  96 h .  The r e a c t i o n  was t h e n  

quenched w i t h  t r i e t h y l a m i n e ,  t h e  m i x t u r e  was s t i r r e d  f o r  1 h ,  f i l t e r e d  

t h r o u g h  a Cel i te  bed and t h e  f i l t r a t e  was c o n c e n t r a t e d .  Chromatography 

of t h e  c r u d e  p r o d u c t  ( 3 : l  hexane-Et 0) g a v e  9 as a s y r u p  (792  mg, 

7 4 % ) :  'H NMR (CDC13) 6 1.34 ( d ,  3H, 

J=6.0 Hz, H-6), 3.22 ( s ,  3 H ,  OMe), 4 .66 ( d ,  l H ,  J=8.0 Hz, H-1 ) ,  4.92 

( b r o a d  s, l H ,  H - l ) ¶  5.16 (m, l H ,  v i n y l  H),  5.34 ( m ,  2H, v i n y l  H ,  and 

H-1 ), 5.7-6.1 ( m ,  l H ,  v i n y l  H) ,  7.2-7.3 (my 40H, 8 P h ) .  

78 86  15:  

0 

2 

2 
+32.3' ( c  1.8,  CHC13); [ U ] i 2  

I 

Anal. Calcd  f o r  C H 0 C. 74.15; H,  6.86. Found: C ,  73.91; 

h y  6.98.  

Methyl 2~-Benzyl-3-0-(2,4,6-tri-~benzyl-~-D-galactopyranosyl)-4- 

O-( 2,3,4, C-tetra-~benzyl-~-D-galactopyranosyl)-a-L-rhamnopyranos ide 

(10). A m i x t u r e  of  9 (502  mg, 0 . 4 1  mmol), PdC1210 (98.2 mg, 0 .63  mmol) 

and sodium ace ta te  t r i h y d r a t e  (222  mg) i n  2 0 : l  AcOH-H 0 ( 6  mL) was 

s t i r r e d  a t  24 C f o r  18 h .  The r e a c t i o n  m i x t u r e  was t h e n  worked up i n  
2 

0 
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SYNTHESIS OF TETRASACCHARIDE REPEATING UNIT 699 

t h e  u s u a l  way. Column chromatography w i t h  1 2 : l  to luene-Et  0 t h e n  gave  
p u r e  10 (308 mg, 61.3%):  [ a ] :  +39.4" ( c  0.7 ,  CHC13); 'H NMR (CDC13) 

6 1.34 ( d ,  3 H ,  J=6 .0  Hz, H-6), 2.2 (broad  s ,  l H ,  OH), 3.28 ( s ,  3 H ,  OMe), 

4.68 ( d ,  l H ,  J=8.0 Hz, €I-1'1, 4 .9  ( b r o a d  s, l H ,  H- l ) ,  5 .4  ( d ,  1 H ,  5 4 . 0  

Hz, H-1  ) ,  7.2-7.32 ( m y  40H, 8Ph) .  

2 

Anal. Calcd f o r  C75H82015: C ,  73.64; H,  6.71. Found: C ,  73.51; 

H ,  6.88. 

Methyl  3-c~(a-D~alactopyranosyl)-4-~(~-D-galactopyranosyl)-a-L- 
rhaamopyranosude (11). A s o l u t i o n  of compound 10 (177 mg, 0.15 mmol) 

i n  e t h a n o l  (7 .0  mL) was hydrogenolyzed  f o r  1 2  h i n  t h e  p r e s e n c e  of  10% 

Pd-C ( 6 0  mg) a t  24 O C .  The r e a c t i o n  m i x t u r e  was f i l t e r e d  ( C e l i t e ) ,  

c o n c e n t r a t e d ,  membrane f i l t e r e d  and c o n c e n t r a t e d  t o  g i v e  11 (68 .8  mg, 

94.5%). Paper  Chromatography o f  t h i s  compound f o r  60 h showed a s i n g l e  

s p o t  (R 0 . 7 ) :  [ a ] ,  33 +42.6O ( C  1.2,  H20); 'H NMR (D20) 6 1.33  ( d ,  

3H,  J=6 .5  Hz, H-6), 3.36 ( s ,  3H,  OMe), 4.61 ( d ,  l H ,  J=7.8 Hz, H- l ' ) ,  
g a1 

4.72 ( b r o a d  s, I H ,  H - l ) ,  5 .18 ( d ,  l H ,  J=3.66 Hz, H-1 );  13C NMR ( D 2 0 )  

6 17.97 (C-CH3), - 55.77 (O-CH3), - 61.85, 62.22, 65.9, 67.44, 68.51, 69.02, 

69.58,  70.28, 71.87, 71.91,  73.85,  74.05, 75.76, 76.40, 94.10 (C-1 ), 

101.39 (C- l ) ,  103.68 ( C - 1  ). 
I 

Anal. Calcd f o r  C19H34015: C ,  45.42; H ,  6.82. Found: C ,  45.27; 

H ,  6 .90.  

Methyl  (2,3,4-Tri-o-benzyl-~-D-glucopyranosyl c h 1 o r i d e ) u r o n a t e  (12). 
11 

A c e t y l  2 ,3 ,4- t r i -o-benzyl -  a-D-glucopyranosiduronic a c i d  m e t h y l  ester 
12  

(1.0 g ,  1.92 mmol) was c o n v e r t e d  t o  12 u s i n g  an e s t a b l i s h e d  method. 

P u r i f i c a t i o n  by column chromatography u s i n g  to luene-Et20  ( 6 0 : l )  g a v e  
11 24 

p u r e  12 (690  mg, 73%):  +67.5' (c 0.3, CHC13); L i t  : [ a ] ,  

+78.6O (c 1.4,  CHC13); 'H NMR (CDC13) 6 3.64 ( s ,  3 H ,  COOCH3), 4.9 ( d ,  

lH, J=8.0 Hz, C-5 H ) ,  5.96 ( d ,  l H ,  J=2.4 Hz, H-1), 7.23-7.28 (m, 15H, 

3Ph) .  

Methyl 2-~Benzyl-3-~[2,4,6-tri-o-benzyl-3-~(methyl 2,3,4- t r i -o-  

benzyl-u and &D-glucopyranosyluronate)-~D-galactopyranosyl]-~-c~ 

(2,3,4,6-tetra-~benzyl-&D-galactopyranosyl)-~L-rh~opyr~oside ( 1 3 A  

and 13B). To compound 12 (240  mg, 0.48  mmol) i n  1 , 2 - d i c h l o r o e t h a n e  

(10 m L ) ,  were added 4 i  m o l e c u l a r  s i e v e  ( 2  g )  and  m e r c u r y ( I 1 )  bromide 

(860  mg, 2.4 mmol) and t h e  m i x t u r e  was s t i r r e d  u n d e r  a r g o n  f o r  30 min. 

Compound 10 (290  mg, 0.24 mmol) i n  l Y 2 - d i c h l o r o e t h a n e  ( 4  mL) was t h e n  

i n j e c t e d  i n t o  t h e  above  m i x t u r e  and s t i r r e d  a t  24 'C f o r  96 h .  The 
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mixture  was d i l u t e d  w i t h  chloroform and f i l t e r e d  through C e l i t e .  The 

f i l t r a t e  was processed  a s  desc r ibed  f o r  t h e  p r e p a r a t i o n  of 4. Chromato- 

graphy ( 2 5 : l  toluene-Et 0) gave  a syrupy m i x t u r e  ( 3 3 2  mg, 83%) having 

[ a ] ,  +48.8O (c 0 . 5 ,  CHC13). 'H NMR (CDC13) 6 1 .30  ( d ,  3H,  J = 6 . 0  Hz, 

H-6 of 1 3 ,  i n t e n s i t y  3 7 ) ,  1.32 ( d ,  3 H ,  J=6 .0  Hz, H-6 of 13A, i n t en -  

s i t y  8 8 ) ,  3.28 ( s ,  3H, OMe of 13A and 13B combined, i n t e n s i t y  1281,  
3 .75  ( s ,  3H, COOCl-13 of 13B, i n t e n s i t y  4 0 ) ,  3 .76 ( s ,  3H,  COOCH3 - of 1 3 ,  

i n t e n s i t y  9 1 ) ,  5 .36  (broad s ,  l H ,  H-1  f o r  1 3 ,  i n t e n s i t y  8 4 ) ,  5.44 

(broad s, I H ,  H-1 f o r  13A and 13B combined, i n t e n s i t y  1 1 8 ) .  

30 2 

( 1  I 

Methyl 3-0-[ 3-p(Methyl a -D-glucopyranosyluronate)-WD-galacto- 

pyranosyl] -4-p( f3-D-galactopyranosyl)-U-L-rhamnopyranoside (14A). The 

mix tu re  of 13A and 13B ( 3 0 0  mg, 0 . 1 8  mmol) and 10% Pd-C ( 1 1 0  mg) 

i n  2 : l  e thanol - to luene  (10 mL) was s t i r r e d  under hydrogen f o r  1 2  h a t  

25 O C .  The mix tu re  was f i l t e r e d  through C e l i t e  and concen t r a t ed .  

Chromatography of t h e  mix tu re  ( 1 0 : 5 : 1  C H C l  -MeOH-H 0) gave  f i r s t  t h e  

a-isomer 14A ( 7 7  mg, 5 8 % ) ;  +72.5O (c 1 . 2  H 0)  and f u r t h e r  e lu -  

t i o n  gave  t h e  &isomer 143 (33 mg, 2 4 % ) ;  [ a ] ,  +27.8'  (c 0 . 4 ,  H20). 

'H NMR from 14A ( D  0 )  6 1 . 3 3  ( d ,  3 H ,  J = 6 . 1  Hz, C-5 Me), 3 .39  ( s ,  3 H ,  

OMe), 3.81 ( s ,  3H, COOCH3), 4 .57 ( d ,  l H ,  .J=7.9 Hz, H - I # ) ,  4.7 ( d ,  l H ,  

J=10.9  Hz, H-5 ) ,  4.73  (broad  s ,  l H ,  H-I ) ,  5 .14 (d ,  l H ,  J=3 .7  Hz, 

34 3 2 

34 2 

2 

0 ,  I 

I 1  ,on 

H-1 ), 5 . 2 3  ( d ,  l H ,  J=3 .4  Hz, H-1 ). 13C NMR from 14A (D20) 6 17 .85  

( c ~ H ~ ) ,  53.87 (O-CH3), 5 5 , 7 2  (COOCH3), 61 .86 ,  62 .15 ,  65 .53 ,  67.12,  - - 
67.33 ,  67 .51 ,  68 .22 ,  69.66,  71 .49 ,  71 .78 ,  71.80,  71.85,  72 .49 ,  7 3 - 2 8 >  

73 .84 ,  75.57,  75 .88 ,  76.04,  93.45 (C-1 ) , 9 6 . 7 2  (C-1 1, 101.42 (C-11, 

103 .81  ( C - I ' ) ,  1 7 3 . 2  (COOCH3). 'H NMR d a t a  from 14B (D20) 6 1 .35  ( d ,  

3 H ,  5=6.1 Hz, C-5 Me), 3.39 ( s ,  3 H ,  OMe), 3.82 ( s ,  COOCH3), 4 .66  (d ,  

I 

- 

I (I I 

l H ,  J=7.5 Hz, H-1 ), 4 . 7 3  ( d ,  lH, 5 ~ 6 . 3  Hz, H-1 1, 4 - 7 4  (broad  S ,  ~ H Y  

H - I ) ,  4 .75  ( d ,  l H ,  J = 1 1 . 0  H z ,  H-5 1, 5.22 ( d ,  l H ,  J = 3 . 5  H z ,  H - 1  ) .  
I* 1 

1 3 C  NMR from 14B (D20) 6 17.94 (C-CH3), 54 .02  (O-CH3), 55 .72  (COoSH3), 

61 .79 ,  62.08,  65.74,  67 .41 ,  67 .51 ,  68 .02 ,  68.41,  69.47,  69.89, 71 .61 ,  

7 1 . 7 ,  72 .17 ,  73.68,  74.33,  75.36,  75.73,  76.48,  80 .58 ,  93.78 (C-1 1, 
101.40  ( C - l ) ,  103 .73  (C-1 ), 104.76 (C-1  

- - 

1 .I I 

1 ,  171 .9  (COOCH3). - 
Anal. Calcd f o r  C H 0 C ,  45.09;  H ,  6 .40.  Found f o r  14A: 26 44 21: 

C ,  44.98;  H ,  6.52. Found f o r  14B: C ,  44 .91;  H ,  6 .55.  

Methyl 2-o-Acetyl-3-0-[2,4,6-tri-0-acetyl-3-0-(rnethyl 2,3,4-tri- 

pacetyl-ol-D-glucopyr~osyluronate)-~D-galactopyr~osyl~-~-~~2,~, 4,6- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF TETRASACCHARIDE REPEATING UNIT 70 1 

tetra-Pacetyl-6-D-galac topyranosy1)-+L-rhamnopyranoside (15) .  Com- 
pound 14A (65 mg, 0.09 mmol) was a c e t y l a t e d  wi th  a c e t i c  anhydr ide  (1.1 
mLO and p y r i d i n e  (1.1 mL) a t  room tempera ture  f o r  4.5 h t o  g i v e  15 

(102 mg, 94%); mp 116-117 "C [from Et20-petroleum e t h e r  (40-60 "C)]; 
[ a ] :  +68.5" (c 0.6, CHC13); 'H NMR (CDC13) 6 1.30 ( d ,  3H, J=5.9 HZ, 

H-6), 1.97, 2.00, 2.04, 2-10, 2.15, 2.17 ( s ,  33H, 11Ac), 3-3 ( s ,  3H, 
OMe), 3.74 ( s ,  3H, COOCH3), 4.59 ( d ,  lH, J=1.9 Hz, H-l), 4.65 ( d ,  l H ,  

J=10.3 Hz, H-5 ), 4.89 (d ,  l H ,  J=7.0 H z ,  H-1 ), 5.30 ( d ,  1H, 5~3.7 
Hz, H-1 ), 5.36 (d ,  lH, 5~3.5 Hz, H - 1  ). 

*. I I 

I. I 

Anal. Calcd f o r  C48H66032: C, 49.91; H, 5.76. Found: C, 49.81; 

H, 5.88. 
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