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SYNTHESIS OF THE TETRASACCHARIDE REPEATING UNIT 

OF THE ANTIGEN PROM KLBBSIELLATPPE 55 

* 
S a i b a l  K u m a r  Das and Nirmolendu Roy 
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Indian  Association f o r  t h e  Cultivation of Science 

Calcutta - 700 032, Ind ia  

Received August 16, 1994 - Final Form December 22, 1994 

ABSTRACT 

Star t ing from D-galactose, D-glucose and L-rhamnose, methyl  
2-0-acetyl-34 - (3-0-ally1-2,4,6-tri-O- benzyl-a-D-galactopyranosyl)-4- 0- 
(2,3,4,6-tetra- 0-benzyl-B-D-glucopyranosyl)+Y -L-rhamnopyranoside ( 7 )  
and methyl  2-0-acetyl-4-0-< 2,3,4,6-tetra-O-benzyl-B-D-glucopyrano- 
s yl)-3- U [ 2,4,6-tri-O- benzyl -34  -( 2,3,4-tri- 0- benzyl-a- D-gluco p yrano- 
sy luronic  a c i d  )-a-D-galactop yranosyl ]  -a -L-rhamnop yranos ide  (19) 
h a v e  been s y n t h e s i s e d .  Removal of a l l y 1  and benzyl  groups from 
7 and 1 9  g a v e  t h e  t r i s a c c h a r i d e  ( 9 )  and t h e  t e t r a s a c c h a r i d e  repea- 
t ing  u n i t  of t h e  ant igen from KZebsielZa t y p e  55 i n  t h e  form of 
its methyl  g l y c o s i d e  (20), r e s p e c t i v e l y .  

INTRODUCTION 

Prepara t ion  of a s y n t h e t i c  ant igen involves  s y n t h e s i s  of a 

corresponding hapten bear ing e i t h e r  narrow o r  wider  spec i f ic i ty .  

Generally,  f ragments  of c a r b o h y d r a t e  c h a i n s  bear ing t h e  correspond-  

ing determinants ,  t h e  so-called O-factor' o r  a whole repea t ing  unit 

itself, are employed as  haptens.  In t h e  case when w i d e r  s p e c i f i c i t y  

of an  ant igen i s  needed ,  more complicated combination of t h e  hapten  

fragments is  a p p a r e n t l y  r e q u i r e d .  Synthes is  of o l igosacchar r ides ,  
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418 DAS AND ROY 

which are s u c h  s p e c i f i c  f ragments ,  i s  p r e s e n t l y  one of t h e  i m p o r t a n t  

a s p e c t s  of c a r b o h y d r a t e  c h e m i s t r y .  

The s t r u c t u r e  of t h e  repeaLing u n i t  o f  t h e  c a p s u l a r  polysaccha-  

r i d e  from H e b s i e l l a  t y p e  55 h a s  been e s t a b l i s h e d  b y  Bebaul t  and 

Dutton.2 As a p a r t  of ou r  programme t o  de t e rmine  t h e  

structure/immunochemical specificity. '  r e l a t i o n s h i p  of c a r b o h y d r a t e  

moiet ies ,  it is n e c e s s a r y  t o  s y n t h e s i s e  t h e  t e t r a s a c c h a r i d e  r e p e a t -  

ing u n i t  of t h e  ant igen from ECZebsielZa t y p e  55 t o g e t h e r  with 

some r e l a t e d  di-  and t r i s a c c h a r i d e s .  We h a v e  a l r e a d y  r e p o r t e d  t h e  

s y n t h e s i s  of a t e t r a s a ~ c h a r i d e ~  which is b a s i c a l l y  t h e  same tetra- 

s a c c h a r i d e  r e p e a t i n g  u n i t  b u t  without  t h e  a c e t y l  group a t  t h e  

2-position of t h e  L-rhamnose moiety. It was n e c e s s a r y  t o  t a k e  

r e c o u r s e  t o  an  e n t i r e l y  d i f f e r e n t  s t r a t e g y  in o r d e r  t o  h a v e  t h e  

a c e t y l  g roups  on t h e  tri- and t e t r a s a c c h a r i d e s ,  t h e  s y n t h e s e s  of 

wh ich  are t h e  s u b j e c t  matter of t h i s  communication. 

RESULTS AND DISCUSSION 

Methyl 4- i3 ( 2,3,4,6-tetra- 0- benz yl-  &D-glucop yranosyl)-2,  3- 0- 

i s o p r o p y l i d e n e - a - L - r h a m n o p y r a n ~ s i d e ~  (1) was d e i s o p r o p y l i d e n a t e d  

w i t h  85% acetic a c i d 5  t o  g i v e  2 which  on s e l e c t i v e  a c e t y l a t i o n  wi th  

t r i e t h y l  o r thoace ta t e6  g a v e  m e t h y l  2-0 -acetyl-4-0-(2,3,4,6-tetra-o- 

benzyl-8-D-glucop yranosyl)%-L-rhamnopyranoside ( 3 ) .  A port ion 

of 3 was hydrogeno lysed  w i t h  10% Pd-C i n  e t h a n o l  t o  a f f o r d  me thy l  

2-O-acetyl-4~-B-D-glucopyranosyl-a-L-rhamnopyranoside (4). The  

'H N M R  spec t rum of t h e  compound confirmed t h e  B-glucosidic  and  

a - rhamnos id i c  l i n k a g e s  a n d  also t h e  p r e s e n c e  of a c e t y l  group a t  

t h e  2-position as e v i d e n t  f rom t h e  6 v a l u e s  of H-1, H-2 and H-3 

and t h e i r  coupl ings.  T h e  1 3 C  NMR spec t rum of 4 contained signals 

from 15 c a r b o n  a toms  including one C H  CO a t  6 21.2, two  anomeric  

c a r b o n  signals a t  6 98.76 (C-1) and 6 103.85 ( C - l ' ) ,  and t h e  

c a r b o u y l  c a r b o n  a t  6 174.06 (CH CO). 

- 3  

3- 
T h i s  g l y c o s y l  a c c e p t o r  (3)  was a l lowed  to condense with 

me thy l  

( 6 )  

3-0 - a l ly l -2 ,4 ,6 - t r i4  - b enzyl-1-thio-B-D-galactop y ranos id  e' 

i n  e t h y l  e t h e r  t o  g i v e  i n  t h e  p r e s e n c e  of m e t h y l  triflate8 
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TETRASACCHARIDE REPEATING UNIT OF ANTIGEN 419 

1. R',R2=CMe2, R3= Bn 
2. d=$= H R3= Bn 

R1 =R3=H I R2 =Ac 

3. R1=H,R 2 =Ac,R3=Bn 

4. 

7. R1=Bn,R2=All 

a R1=Bn,R2=H 
9. R ~ = R ~ = H  

5. R = H  
6. R =  B n  

O g &  R O  M e 

10. R ~ = R ~ = A C  

11. R ~ = R ~ = H  

13. R ~ = B " , R ~ = T ~  
12. R1 = H  ,R2=Tr 

14. R1 =Bn,R2=H 
0 

1 2 " 15. R =Bn,R =CCH2CI 

16. R'=Bn.R2 =CH2OCOCH2CI 

17. R1=8n, R 2  =CH2OH 

18. R1=Bn,R2=CH0 
19. R1 =Bn, R2=COOH 

20. H, R ~ = C O O H  
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420 DAS AND ROY 

methy l  

ranos yl)-4-0- ( 2,3,4,6-tetra-O- b enz yl-8- D-gluco p y ranos y l )  -@- L-rha mno- 

p y r a n o s i d e  ( 7 )  in  91% y i e l d .  D e d l y l a t i o n  of 7 wi th  PdC12 gave 

me thy l  Z-+acetyl-4-0-(2,3,4,6-tetra-O- benzyl-$-D-glucopyranosyl)-3- 
0 - ( 2 , 4 , 6 - t r i - o - b e n z y l ~  - D-galactop yranosy1)-a-L-rhhamnop y ranos ide  

(8 ) .  Hydrogenolysis  of a port ion of 8 wi th  10% Pd-C i n  e t h a n o l  

g a v e  m e t h y l  2-0-acetyl-3-0-a-D-gdlactop y r a n o s y l - 4 4  -6 -D-glucop yra-  

nosyl-a-L-rhamnopyranoside (9 ) .  T h e  proton NMR spectrum of 9 con- 

f i rmed  t h e  configuration of rhamnop yranose,  glucopyranose and 

ga lac topyranose  moiet ies  a s  a ,  B, and  a ,  r e s p e c t i v e l y .  T h e  1 3 C  

N M R  s igna l s  a t  6 94.00 (C-l"),  98.81 (C-1) and 103.13 (C-1') a l s o  

suppor t ed  t h e  p re sence  of a-galactosidic ,  U - rhamnosidic  and 6 -glu- 

c o s i d i c  l inkages,  r e s p e c t i v e l y .  

Deacetylation" of m e t h y l  2,3,4,6-tetra-O-acetyl-l-thio-8-D-glu- 

copyranoside" (10) fol lowed by t r i t y l a t ion"  of t h e  p roduc t  11, 

using t r i p  heny lme thy l  c h l o r i d e  in p y r i d i n e ,  and subsequen t  

benzylation13 of t h e  p r o d u c t  12 g a v e  m e t h y l  2,3,4-tri-0-benzyl-1- 

t hio-6-0-trityl-$-D-glucopyranoside (13) .  T h e  compound 13 was 
15 d e t r i t y l a t e d 1 4  t o  g i v e  14 which on s u b s e q u e n t  ch lo roace ty l a t ion  

g a v e  me thy l  2 , 3 , 4 - t r i - ~ b e n z y l - 6 - ~ c h l o r o a c e t y l - l - t h i o ~ - D - g l u c o p  y- 

r a n o s i d e  (15) .  T h e  t r i s a c c h a r i d e  8 was then  al lowed t o  condense 

with t h e  g l y c o s y l  donor  15 in  t h e  presence of m e t h y l  triflate as 

promoter  t o  afford m e t h y l  2-0-acety1-4+-(2,3,4,6-tetrai,-benzyl-8 - 
D-glucop y ranosyl)-3-+ [ 2,4,6-tri-O-benzy1-3-0-(2,3,4-tri-O-benzyl-6-0- 

c hloroacet  y l-a - D-gluco p y r anos  y1)-a- D-galacto p y ranos  pl ] * - L-rha mno p y- 

r a n o s i d e  (16) in 63% y i e l d .  T h e  c h l o r o a c e t y l  group i n  16 was 

removed b y  treatment with th iou rea15  t o  p roduce  17, as confirmed 

by  t h e  d i s a p p e a r a n c e  of t h e  signal from t h e  c h l o r o a c e t y l  g roup ,  

a l though t h e  s p e c i f i c  r o t a t i o n a l  v a l u e s  of 16 and 17 were q u i t e  

c lose .  Compound 17  was t h e n  o x i d i s e d  with d i m e t h y l  s u l p h o x i d e  

and o x a l y l  c h l o r i d e 1 6  t o  g i v e  t h e  a l d e h y d e  18 which,  without  

f u r t h e r  pu r i f i ca t ion ,  was t r e a t e d  with N a C 1 0 2 ,  l7 in a buffer  

medium, t o  g i v e  m e t h y l  2-0-acetyi-4-0-(2,3,4,6-tetra-O-benzyl-~-D- 

glucop y ranos  yl)-3-O- [ 2,4,6-tri-o- b enzyl-3-0- ( 2,3,4-tri-0- benz yl-a-  D- 

glucop y ranos y lu ron ic  

2-0-acetyl-3-0- ( 3-0 -dy l -2  , 4,6-tri-o- benz yi-a- D-galacto p y- 

9 

8 

a c i d  )-a-D-galactop yranosyl l -a-  L-rhamnop yrano- 
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TETRASACCHARIDE REPEATING UNIT OF ANTIGEN 42 1 

s ide  (19). Compound 19 was then  hydrogenolysed using 10% Pd-C t o  

g i v e  t h e  d e s i r e d  t e t r a s a c c h a r i d e  methyl  2-0-acetyl-3-@( 3-o-a-D- 

glucopyranosyluronic  acid-u-D-galactopyranosyl)-4-O-$-D-glucopyrano- 

syl-u-L-rhamnopyranoside (20). T h e  'H N M R  signals a t  6 4.75, 

5.24, 4.67 and 5.14 ind ica ted  t h e  presence  of 4 anomeric  protons 

corresponding t o  a -rhamnosidic,  a -galactosidic,  &glucosidic and U- 

glucuronosidic moieties,  respec t ive ly .  The 13c N M R  spectrum 

exhib i ted  t h e  presence of 27 carbon atoms and t h e  signals a t  6 
101.34 (C-l) ,  94.09 (C-1"), 103.34 (C- l ' ) ,  97.20 (C-1 ), 171.88 

Iff 

(COOH) and 172.52 (CHGO) a l s o  supported t h e  assignment of 

anomeric l lnkages.  

EXPERIMENTAL 

General - Reactions were monitored by T L C  on silica g e l  G 

(Merck).  Column chromatography was performed using s i l i c a  g e l  

100-200 mesh (SRL, I n d i a ) ,  and a l l  so lvents  were removed below 40 

" C  under  reduced pressure unless s ta ted  o therwise .  Opt ica l  

rotat ions were measured with a Perkin-Elmer 241 MC polar imeter .  

and 1 3 C  N M R  s p e c t r a  were recorded  with a J e o l  FX-100 o r  

Bruker  300 MHz spectrometer .  Chemical s h i f t s  a r e  re la ted to  

(CH3)4Si (0  ppm).  Melting poin ts  were determined using a paraff in  

o i l  b a t h  and are r e p o r t e d  uncorrected.  The  organic  e x t r a c t s  were 

d r i e d  o v e r  anhydrous Na SO 2 4' 
Methyl 2-0-Acetyl-4-~(2,3,4,6-tetra-0-benzyl-B-D-glucopyrano- 

sy1)-WL-rhamnopyranoside (3). A solut ion of methyl  4-0-(2,3,4,6- 

te t ra -  0-b enzyl-6- D-gluco p yranosy1)-2, 3-0 -isop rop y l i d  ene-a- L-rha mno- 

pyranoside4 (1; 2.5 g,  3.4 mmol) i n  85% acetic acid (10.4 mL) 

was s t i r r e d  a t  90 O C  f o r  2 h .  Acetic a c i d  was removed t o  g i v e  2 

(2.35 g, quant i ta t ive  y i e l d ) .  To a solution of  2 i n  benzene (71.6 

mL), t r i e t h p l  or thoace ta te  (17.6 m L) and p-toluenesulp honic a c i d  

(15 mg) were added  and t h e  mixture  was stirred f o r  1.5 h a t  room 

temperature .  Tr ie thylamine  (88 pL) was then  a d d e d  and t h e  mixture  

was s t i r r e d  f o r  a n o t h e r  15 min. T h e  so lvents  and reagents  were 

removed b y  evapora t ion  and t h e  r e s i d u e  was d isso lved  i n  80% a c e t i c  
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422 DAS AND ROY 

a c i d  ( 8  mL) and s t i r r e d  f o r  2 h .  T h e  r eagen t s  were evapora t ed  

off and t h e  r e s i d u e  was chromatographed using 6 : l  toluene-ether  t o  

g i v e  3 (2.14 g,  8 6 % ) )  wh ich  was c r y s t a l l i s e d  from ether-petroleum 

e t h e r  (40-60 "C) :  mp 130-131 ' C ;  [ a ] ,  25 -12.86" ( c  0.65, CHC13); 

'H N M R  (CDC13) 6 1.38 ( d ,  3H, J5,6=6.0 Hz, H-61, 2.1 (s, 3H, 

Ac), 3.36 ( s ,  3H, OMe), 4.6 ( d ,  l H ,  J l , ,21=6.0 Hz, H-1'))  4.78 

( b r o a d  s, l H ,  H - 1 ) )  7.24-7.36 (m, 20H, 4 P h ) .  

Anal. C d c d  f o r  C43H50011: C ,  69.52; H ,  6.78. Found: C ,  

69.40; H ,  6.80. 

Methyl 2-~-Acetyl-4-O~-D-glucopyranosyl~-L-rhamnopyranoside 

(4). Compound 3 (220 mg, 296 umol)  was hydrogenolysed using 

10% Pd-C ( 5 3  mg) i n  E t O H  f o r  24 h a t  room tempera tu re .  T h e  

mix tu re  was f i l t e r e d  t h r o u g h  a cellte bed  and concentrated t o  a 

g l a s s  which was c r y s t a l l i s e d  from water t o  g i v e  p u r e  4 (96 mg, 

85%):  m p  123-124 " C ;  [ a ] ,  30 -44.6" (c 1.0, H20);  'H N M R  (D20) 

6 1.34 ( d ,  3H, J =6.0 H z ,  H-6), 2 - 1 4  (S, 3H, Ac),  3-37 (S, 3 H ,  
596 

OMe), 4.1 ( d d ,  l H ,  J2,3- -3.6 Hz, J3,4=8.98 H z ,  H-3)) 4.685 ( d ,  

l H ,  J 1 1 , 2 , = 8 . 0 1  Hz, H - l ' ) ,  4.7 ( b r o a d  s, l H ,  H-1)) 5.05 ( d d ,  l H ,  

-3.5 Hz, H-2); 1 3 C  N M R  ( D 2 0 ,  i n t e r n a l  s t a n d a r d  
J1,2=1.6 Hz, J2,  3- 
1,4-dioxane) 6 17.71 ( C C H 3 ) ,  - 21.15 (CH3CO), - 55-80 (OCH3), 61-50 

( C - 6 ' ) )  67.80, 69.64, 70.41, 73.25, 74.57, 76.60, 76.78, 81.03, 

98.72 (C-1), 103.83 ( C - l ' ) ,  173.98 ( C H S O ) .  

Methyl  3-0-Allyl-2,4,6-tri-O -benzyl-1-thio-B-D-gdactop y r a n o s i d e  

(6). Methyl  1-thio-ED-galactopyranoside (7.77 g ,  37.0 mmol), 

ob ta ined  from m e t h y l  2,3,4,6-tetra-O-acetyl-l-thio-$-D-gaJactopyra- 

nos ide , '  and d i b u t y l t i n  o x i d e  (9.13 g ,  37.2 mmol) were s t i r r e d  

u n d e r  r e f l u x  in  benzene (150 m L )  w i t h  a z e o t r o p i c  r e m o v a l  of wa te r  

f o r  1 5  h .  Ally1 b r o m i d e  (4.74 m L ,  55.5 mmol) and te t rabutylammo- 

nium b romide  (14.28 g ,  44.4 mmol) were a d d e d  a n d  t h e  mix tu re  

was s t i r r e d  a t  57 " C  f o r  6 h .  T h e  s o l v e n t  was removed,  t i n  

compounds p r e c i p i t a t e d  b y  a d d i n g  methanol  were f i l t e r e d  off and 

t h e  f i l t r a t e  was concen t r a t ed  t o  d r y n e s s .  The  r e s i d u e  was chromato- 

g r a p h e d  using 5% M e O H  i n  E t O A c  t o  g i v e  p u r e  m e t h y l  3-0-allyl-l- 

thio-6-D-galactopyranoside (5;  4.7 g ,  51%).  T h e  p r o d u c t  was 

c r y s t a l l i s e d  from EtOAc-ether: mp  102 ' C ;  [ 0 l D  24 +17.4" (c 0.6, 
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TETRASACCHARIDE REPEATING UNIT OF ANTIGEN 423 

CHC13) ;  'H N M R  (CDC13)  6 2.22 ( 6 ,  3 H ,  SMe), 4.10 ( m ,  2H, 

CH2-CH=CH2), - 4.26 ( d ,  J1,2=10.0 Hz, H-11,  5.80-6.20 ( m ,  l H ,  

Anal. Calcd f o r  C10H1805S: C ,  47.98; H ,  7.25. Found: C ,  

To a solut ion of 5 (4.5 g,  18.0 mmol) in N,N-dimethylforma- 

mide (40 m L )  was a d d e d  N a H  (3.5 g,  60% o i l  coa ted )  and BnBr (8.0 

m L )  and t h e  mix tu re  was s t i r r e d  a t  room tempera tu re  f o r  6 h .  

Excess  N a H  was t h e n  des t royed  wi th  methanol and t h e  mix tu re  was 

d i lu t ed  with C H 2 C 1 2 .  T h e  o rgan ic  l a y e r  was washed t h r i c e  with 

water ,  d r i e d  and concentrated t o  d r y n e s s .  Column ch romatography  

wi th  9 : l  toluene-ether gave  s y r u p y  6 (7.49 g ,  80%): [ c Y ] ~ ~ ~  -6.65' 

( C  1.5, CHC13); lit.7b [ a l D  -7.8" (c 0.9);  'H N M R  (CDC13) 6 2.20 

( s ,  3 H ,  SMe), 4.3 ( d ,  lH, J1,2=9.0 Hz, H - 1 1 ,  5.67-6.20 ( m ,  I H ,  
C H  -CU=CH2), 7.23-7.43 ( m ,  15H, 3 P h ) .  

Methyl 2-0-Acetyl-3- c+(3-0-aIlyl-2,4,6-tri-O-benzyl~ -D-galacto- 

pyranosyl)-4-0-( 2,3,4,6-tetra-C-benzyl- &D-glucopyranosyl)-a-L-rham- 

nopyranos ide  ( 7 ) .  To a mix tu re  of 3 (1.6 g ,  2.15 mmol) and 6 

(1.78 g,  3.43 mmol) i n  e t h e r  ( 2 5  m L )  containing 4 A  molecular s i e v e s  

( 3  g )  u n d e r  A r  was in j ec t ed  me thy l  triflate ( 2  m L )  and t h e  mixture  

was s t i r r e d  a t  room tempera tu re  f o r  98 h .  The  r eac t ion  mix tu re  was 

f i l t e r e d  th rough  a celite bed and concentrated t o  d r y n e s s .  Column 

ch romatography  of t h e  p r o d u c t  with 6: 1 toluene-ether a f fo rded  

p u r e  7 (2.32 g, 91%) as s y r u p :  [ u I D 3 l  +24.48' (c 1.2, CHC13); 'H 
N M R  ( C D C 1 3 )  6 1.38 ( d ,  3H, J5,6=6.0 Hz, C M e ) ,  1.84 (s ,  3 H ,  Ac), 

3.22 (s, 3 H ,  OMe), 4.78 ( d ,  l H ,  J1,,2, 17.5 H z ,  H- l ' ) ,  4.93 ( d ,  

l H ,  J =2.0 H z ,  H-l), 5.4 ( d ,  l H ,  J ,,=3.0 H z ,  H-l"), 5.78-6.16 

(m, lH, CH2-CH=CH2), - 7.20-7.34 (m, 35H, 7Ph) .  

C H ~ - C H = C H ~ ) .  - 

47.90; H ,  7.31. 

2 -  

192 1" ,2  

Anal. Calcd f o r  C73H82016: C ,  73.96; H ,  6.97. Found: C ,  

Methyl  2- o-Acetyl-4+-(2,3,4,6-tetra-O-benzyl- bD-glucop yrano- 

syl)-3-0-( 2,4,6-triQ-benzyl-a-D-galactopyranospl)-Q-L-rhamnopyrano- 

s i d e  ( 8 )  A mix tu re  of 7 (2.3 g ,  1.89 mmol), PdC12 (462 mg, 2.62 

mmol) and sodium acetate t r i h y d r a t e  (1.04 g )  i n  2O:l acetic ac id -  

wa te r  (26 m L )  was s t i r r e d  a t  room tempera tu re  f o r  18 h. T h e  

74.10; H ,  6.90. 
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424 DAS AND ROY 

reac t ion  mixture  was t h e n  f i l t e r e d  through a celite bed and washed 

with E t O A c .  The  combined organic  l a y e r  was concentrated t o  

dryness .  T h e  r e s i d u e  was d i s s o l v e d  i n  CH2C12 (30 mL) and t h e  

solut ion was washed s u c c e s s i v e l y  w i t h  s a t u r a t e d  aqueous NaHC03 

solut ion and water ,  d r i e d  and concentrated t o  dryness .  Column chro- 

matography with 4:l toluene-ether g a v e  pure  8 (1.47 g, 66%); 

[ a ] ,  24 +34.45' (c 1.7, CHC13); 'H N M R  (CDC13) 6 1.38 ( d ,  3H, 

J5,6=5.5 Hz, H-6), 1.8 (s, 3H, Ac), 1-87 (s, 1 H ,  OH), 3-24 (s, 

3 H ,  OMe), 4.8 ( d ,  l H ,  J l , ,21=7.5 Hz, H - 1 ' 1 ,  4.96 ( b r o a d  s, 18, 

H-l), 5.3 ( d ,  l H ,  J1,,,2,,=3.5 Hz, H-I"), 7.20-7.30 (m, 35H, 7 P h ) .  
71.53; H ,  6.69. Found: C ,  71.20; 

8, 6.70. 

Anal .  Calcd f o r  C70H78016: C ,  

Meth y1 2- 0-Acetyl-3-0- eD-galactop y ranos yl-4-@ -D-ghcop yrano- 

syl- +L-rhamnopyranoside ( 9 ) .  Compound 8 (220 mg) was 

hydrogenolysed using 10% Pd-C (72 mg) i n  E t O H  ( 7  m L )  a t  24 " C  

f o r  12 h .  T h e  reac t ion  mixture  was f i l t e r e d  through a c e l i t e  bed 
30 

and concentrated to  d r y n e s s  giving 9 (90.5 mg, 89%): [ a ] ,  

+31.61' ( c  1.2, H20); 'H N M R  ( D 2 0 )  6 1.34 ( d ,  3H, J5,6=6.35 Hz, 

H-6), 2.12 (s, 3H, Ac), 33.37 (s, 3 H ,  OMe), 4.67 ( d ,  l H ,  

J11,2,=7.81 Hz, H-l ' ) ,  5.04 ( d ,  l H ,  Jl,,,2,,=3.67 Hz, H-l"), 5.39 

(broad  s, 1 3 C  N M R  (D 0, i n t e r n a l  s t a n d a r d  1,4-dioxane) 2 
6 17.95 (CCH3), - 55.85 (OCH3), 61.66 (C-6"), 62.24 

(C-6') ,  67.34, 68.25, 68.57, 70.10, 70.24, 70.63, 71.69, 73.95, 

76.51, 76.60, 76.66, 76.87, 94.00 (C-l") ,  98.81 (C- l ) ,  103.13 

(C- l ' ) ,  173.61 (CH3GO). 

l H ,  H-1); 

21.10 (CH3CO), - 

Methyl 2,3,4-Tri-C- benz yl-1-thio-60-trityl-B -D-glucop yranosid e 
(13). Methyl 2,3,4,6-tetra-O-acetyl-l-thio-@-D-glucopyranoside (10; 

6.5 g ) ,  was deace ty la ted  using 0.05 M N a O M e  as usua l  t o  g i v e  

methyl  1-thio-a-D-glucopyranoside (11) .  Compound 11 was t r e a t e d  

with t r i p h e n y l m e t h y l  c h l o r i d e  (5.1 g,  1.1 molar equiva len t )  i n  

p y r i d i n e  (32 mL)  i n  t h e  d a r k  a t  room tempera ture  f o r  48 h. 

Solvent was evapora ted  off ,  traces of p y r i d i n e  were removed by 

co-evaporation with toluene and t h e  p r o d u c t  was pur i f ied  by column 

chromatography t o  g i v e  p u r e  12; [ a ] ,  2o -22.2' (c 1.0, CH30H). 
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TETRASACCHARIDE REPEATING UNIT OF ANTIGEN 425 

Compound 12 was t h e n  benzylated as d e s c r i b e d  f o r  the 

p r e p a r a t i o n  of 6 t o  g i v e  13 (6.2 g ,  52% o v e r a l l  y i e l d  from 10): 
28 +3.3" (c 2.0, C H C 1 3 ) ;  'H NMR (CDC13) 6 2.26 (s, 3 H ,  

SMe), 4.49 ( d ,  18, J1,2=9.0 Hz, H-l), 4.85, 4.92, 4.95 (3d,  6H, 

3Ph CH ), 7.26-7.40 ( m y  30H, 6Ph) .  

Anal. Calcd f o r  C47H4605S: C ,  81.47; H ,  6.69. Found: C ,  

Methyl 2,3,4-Tri-O-benzyl-l-thio-~-D-glucopyranoside (14). The  

t r i t y l  e t h e r  13 ( 6  g ,  8.16 mmol) was s t i r r e d  in 80% acetic a c i d  (70 

inL) a t  80 " C  f o r  1 h .  T h e  r e a c t i o n  mix tu re  was coo led ,  f i l t e r e d ,  

and t h e  f i l t r a t e  was concentrated t o  d r y n e s s .  Column 

ch romatography  w i t h  20: l  toluene-ether g a v e  p u r e  14 (4.12 g,  99%): 

[(TID +57.1" ( c  1.2, C H C 1 3 ) ;  'H N M R  (CDC13) (s, 3H, 

SMe), 4.44 ( d ,  l H ,  J =9.0 Hz, H-l) ,  4.84, 4.92, 4.94 (3d,  68,  

3PhCH2), - 7.32-7.40 ( m ,  15H, 3 P h ) .  

69.98; H ,  6.80. 

2 -2 

81.10; H, 6.70. 

6 2.26 

192 

Anal. Calcd f o r  C28H3205S: C ,  69.97; H ,  6.71. Found: C ,  

Methyl 2,3,4-Tri-O-benzyl-6-0-chloroacetyl-l-thio-~-D-ghcop y ra- 

noside (15). Compound 1 4  (1.2 g ,  2.5 mmol) was d i s s o l v e d  i n  

CH2C12 (60 m L )  containing p y r i d i n e  ( 1 . 2  m L ) .  T h e  solut ion was 

cooled t o  0 " C .  Ch lo roace ty l  c h l o r i d e  (1.2 m L )  i n  C H 2 C 1 2  (10 m L )  

was a d d e d  d r o p w i s e  and t h e  r e a c t i o n  mix tu re  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  4 h .  T h e  r eac t ion  mix tu re  was washed t h r i c e  wi th  

c o l d  water, d r i e d  and concentrated t o  d ryness .  T h e  r e s i d u e  was 

c r y s t d l l i s e d  from ether-petroleum e t h e r  (40-60 "C) t o  g i v e  p u r e  15 
(1.29 g,  93%): mp 80-81 O C ;  +27.65" ( c  0.77, CHC13); 'H 

NMR (CDC13) 6 2.20 ( s ,  38,  SMe), 4.00 (s, 2H, COCH2C1) ,  4.60 ( d ,  

lH, J =10.0 Hz, H-11,  7.24-7.40 ( m ,  15H, 3Ph) .  
192 

Anal. Calcd f o r  C30H33C106S: C ,  64.68; H ,  5.97. Found: C ,  

Methyl 2-CrAcetyl-4-O-( 2,3,4,6-tetra4)-benzyl-$-D-glucopyrano- 

64.80; H ,  5.90. 

syl)-3-0-[2,4,6-tri-U-benzyl-3-O-(2,3,4-tri-O-benzyl-6-O-chloroacetyl- 
a-D-gluco p yranosy1)- *D-galacto p yranos yl] -a-L-rhamnop yranoside (16). 
A mix tu re  of 8 (670 mg, 0.57 mmol) a n d  15 (680 mg, 1.22 mmol) 

d i s s o l v e d  i n  e t h e r  (10 m L )  containing 4A molecular s i e v e s  ( 1  g )  
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426 DAS AND ROY 

was s t i r r e d  i n  t h e  presence  of methyl  t r i f l a t e  (1 m L )  f o r  46 h a t  

24 O C  a s  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  of 7. The  reac t ion  mixture  

was worked up i n  t h e  usua l  way. Column chromatography with 9:1 
toluene-ether g a v e  p u r e  16 (605 mg, 63%): [ a ] D  25 +68.2' (c 0.79, 

C H C 1 3 ) ;  'H NMR (CDC13) 6 1.42 ( d ,  3H, J5,6=6.0 Hz, H-6), 1.88 

( s ,  3H,  Ac), 3.24 (s, 3H, OMe), 3.35 ( d ,  2H, 5 4 . 0  H Z ,  COCH2C1), 

4.76 ( d ,  l H ,  J11,21=7.5 Hz, H - 1 ' 1 ,  4.94 ( b r o a d  s ,  l H ,  H - l ) ,  5.04 

( d ,  l H ,  J1//t,2m=3.0 Hz, H-r), 5.32 ( d ,  1 H ,  J1,,,2.,=3.0 H z ,  H-l"), 

7.16-7.38 (m, 50H, 10Ph).  

Anal. Calcd f o r  C g g H l O 7 C 1 0  22: C ,  70.60; H ,  6.40. Found: C ,  

Methyl 2-0-Acetyl-4-0-(2,3,4,6-tetra-O-benzyl-~-D-glucopyrano- 
70.86; n ,  6.61. 

s yl)-3-+ [ 2,4,6-tri+ benzyl-3-O-( 2,3,4-tri-O- benz yl-a-D-gluco p y rano- 
syl)-~D-g~ctopyranosyl]-~-L-rhamnopyranoside (17). A solution 

of compound 16 (600 mg, 0.36 mmol) and t h i o u r e a  (130 mg) i n  1:l 

benzene-MeOH (65 m L )  was ref luxed  f o r  1 2  h .  The  so lvents  were 

evapora ted  off and t h e  r e s i d u e  was d i lu ted  wi th  C H 2 C 1 2  (20 m L ) ,  

washed with water and d r i e d .  T h e  r e s i d u e  was chromatographed 
26 

using 1 5 : l  toluene-ether t o  g i v e  pure  1 7  (438 mg, 76%): [ a ] ,  

i65.6" ( c  0.88, CHC13); 'H NMR (CDC13) 6 1.4 ( d ,  3 H ,  J5,6=6.0 

Hz, H-6), 1.74 ( s ,  3 H ,  Ac),  3.22 ( s ,  3 H ,  OMe), 4.6 ( d ,  I H ,  

=7.75 H z ,  H- l ' ) ,  4.69 ( d ,  L H ,  J1,2- -2.0 Hz, H-l),  5.18 ( d ,  
J1 I , 2 '  I// 
I H ,  J 111 ~ ~ 3 . 5  Hz, H-1 ), 5.3 ( d ,  l H ,  J1,,,2,,=3.5 H z ,  H-1"). 

1 9 2  

Anal. C a l c d  f o r  Cg7H106021:  C ,  72.46; H ,  6.64. Found: C ,  

Methyl 2-0-Acetyl-4-~(2,3,4,6-tetra-Gbenzyl-B-D-glucopyrano- 
72.40;  H ,  6.84. 

syl)-3- G [ 2,4,6-tri-O- benz p 1-3-O-( 2,3,4-tri-O - benz yl-a-D-gluco p y rano- 
sy luronic  acid)-a-D-galactopyranosyl]-Q-L-rhamnopyranoside (19). 
To a solution of  o x a l y l  c h l o r i d e  ( 3 3  P L Y  0.37 mmol) i n  C H 2 C 1 2  ( 2  

m L )  a t  -45 O C  under  N a solution of D M S O  (58.5 !JL) i n  C H  C 1  2' 2 2  
( 2  m L )  was a d d e d  with s t i r r i n g  dur ing  5 min. After  20 min, a 

solut ion of 17 (400 mg, 0.25 m m o l )  i n  C H 2 C 1 2  ( 3  m L )  was added  

during 5 min. S t i r r i n g  was continued fo r  15 min and N,N-diisopro- 

py le thylamine  (0.3 m L )  was a d d e d  dur ing  5 min. T h e  reac t ion  

mixture  was t h e n  al lowed t o  a t t a i n  room temperature. Water ( 7  m L )  
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TETRASACCHARIDE REPEATING UNIT OF ANTIGEN 427 

was t h e n  a d d e d  and t h e  mixture  was s t i r r e d  f o r  another  20 min. 

T h e  product  was e x t r a c t e d  with C H 2 C 1 2  (3x15 mL) and washed 

success ive ly  with 0.5 M H C 1 ,  sa tura ted  aqueous NaHCO solution and 

water, d r i e d  and concentrated t o  d r y n e s s  t o  o b t a i n  18. Compound 

18 was d i s s o l v e d  i n  t-BuOH (10 mL) and 2-methyl-2-butene (26.8 

mL) was a d d e d .  T h e  mixture  was s t i r r e d  o v e r n i g h t  with a solut ion 

of NaC102 (631 mg, 6.97 mmol) and NaH2P04 (631 mg) in water  

(6.31 mL). T h e  mixture  was concentrated t o  a s o l i d  mass and t h e  

r e s i d u e  was d isso lved  i n  C H  C 1  (20 mL), washed with M H C l  and 

water  i n  succession,  d r i e d  and concentrated.  Column chromatography 

with 80:20:1 toluene-ether-Ac0H g a v e  19  (322 mg, 80%): [ a ] ,  28 

t51.2" (c 0.5, CHC13); 'H N M R  (CDC13) 6 1.39 ( d ,  3H, J5,6=6.0 

Hz, H-6), 1.83 (s, 3H, Ac), 3.21 (s ,  3H, OMe), 4.63 ( d ,  l H ,  

=7.5 Hz, H- l ' ) ,  4.7 ( d ,  l H ,  J1,2=2.0 Hz, H-l) ,  5.18 ( d ,  l H ,  

J1ut,T=3.5 Hz, H-l"), 5.29 ( d ,  l H ,  J1,,,2,,=3.0 Hz, H-l"), 

7.14-7.36 (in, 50H, 10Ph).  

Anal. Calcd f o r  Cg7HlO4Oz2:  C ,  71.89; H ,  6.46. Found: C ,  

Methyl  2-u-Acetyl- 3-0-( 3-M-D-glucopyranosyluronic a c i d 4  -D- 

3 

2 2  

J 1 ' , 2 '  

71.71; H ,  6.59. 

galactop yranosyl)-4-0+3 -D-glucop yranosyl-a-L-rhamnop yranos ide  (20). 

Compound 19 (300 mg) was hydrogenolysed f o r  48 h a t  26 O C  i n  

presence of 10% Pd-C i n  1 :2  toluene-EtOH i n  t h e  usua l  manner. 

Coolumn chromatography with 100: 50: 10 : 1 CHC13-MeOH-H20-AcOH gave  

pure  20 (115 mg, 86%): [ a I D z 8  +72.1* (c 0.6, H20);  'H N M R  (D20) 

6 1.3 ( d ,  3H, J5,6=6.0 Hz, H-61, 1.9 (s, 3H, Ac), 3-41 ( s ,  3H, 
OMe), 4.67 ( d ,  l H ,  J1, ,2,=8.0 Hz, H- l ' ) ,  4.75 ( d ,  l H ,  J1,2=2.5 
Hz, H-l), 5.14 ( d ,  l H ,  J ~ i , j l ( = 3 . 6  Hz, H-l"'), 5.24 ( d ,  l H ,  

J1,,,2,,=3.52 Hz, 24.10 

(CH3CO), 55.76 (OCH3), 61.45 (C-6"), 62.11 (C-6'), 65.59, 65.80, 

67.17, 67.49, 68.29, 70.52, 71.79, 72.03, 72.44, 73.01, 73.39, 

74.01, 76.35, 76.71, 76.92, 81.92, 94.09 (C-l"),  97.20 ( C - 1  1, 
101.34 ( C - l ) ,  103.34 ( C - l a ) ,  171.88 (COOH), 172.52 ( C H g O ) .  

H-1"); 1 3 C  N M R  (D20) 6 17.93 (CCH3), - 

111 
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