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SYNTHETIC MUCIN FRAGMENTS: METHYL-3-0-(2-ACETAMIDO-2- 

DEOXY-4-0- AND 6-O-a-g-GALACTOPYRANOSYL-a-Q- 

GLUCOPYRAN0SYL)-a-g-GALACTOPYRANOSIDE AND METHYL 3-0- 

(2-ACETAMIDO-2-DEOXY-4-0- AND 3-O-METHYL-a-Q- 

- 
- - -  - 

- - 
- - - 

GLUCOPYRANOSYL-a -Q-GALACTOPYRANOSIDE' 

* 
Rakesh 5.  Jain, Saeed A .  Ahhas, and Khushi L. Matta 

Department. of Gynecologic Oncology 
Roswell Park Memorial Tnstitute 

New York State nepartment of Health 
Buffalo, New York 14263 (U.S.A.) 

Received October 5, 1987 - Final Form December 10, 1987 

AFSTR ACT 

Glycosylation of methyl 3-~-(2-acetamido-3,h-di-c-benzyl-?-deoxy- 
~-~-~lucopyranosyl)-2,4,h-tri-~-benzyl-~-~-galactopyranoside (2) with 
7,~,4,~-tetra-O-acetyl-ct-~-~alactopyranosyl hromide (11, catalyzed hy 
mercuric cyanize, afforded a trisaccharide derivative, which was not  
separated, but directly 2-deacetylated t o  give methyl 7-0-(2-acetamido- 
3, h-di-~-henzy1-2-deoxy-4-~-4-~-galactopyranosyl-~-~-glucopyranosyl~- 
2,4,6-tri-O-benzyl-B-.-galacto5yranoside (8). Fydrogenolysis of the 
henzyl groups of 8 then furnished the title trisaccharide (2). 
similar glyccsylation of methyl ~-~-(?-acetamido-3~--acetyl-2-deoxy- 
B-D-glucopyranosyl)-2,4,6-tri~-henzyl-~ -&palactopyranoside (obtained 
by-acetylation of 4, followed by hydrolysis of the benzylidene acetal 
group) with bromide 1 gave a tribenzyl trisaccharide, which, on 
catalytic hydrogenolysis, furnished the isomeric trisaccharide (12). 
Yethylation of 2 and 2 with methyl iodide-silver oxide in 1:l dichloro- 
methane-~,~-dimethylformamide gave the 3%- and 4-2-monomethyl ethers 
(2) and ( 2 1 ,  respectively. Hydrogenolysis of the henzyl groups of 2 
and then provided the title monomethylated disaccharides (14) and 
(161, respectively. 
disaccharides 3 and 16 were all estahlished by 

4 

The structures of trisacchay3des 2 and lx and 
C NMR spectroscopy. 
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JAIN, ABBAS, AND MATTA 

TNTRODIICTION 

F o r  t h e  pas t  s e v e r a l  y e a r s ,  w e  h a v e  been a c t i v e l y  engaged in t h e  

s y n t h e s i s  of some mucin-type o l i g o s a c c h a r i d e  f r a g m e n t s  t h a t  c o u l d  

e f f e c t i v e l y  be u t i l i z e d  i n  s t u d i e s  r e l a t e d  t o  g l y c o s y l t r a n s f e r a s e s ,  

s e r v i n g  e i t h e r  a s  a c c e p t o r - s u b s t r a t e s  o r  a s  r e f e r e n c e  compounds.' 

Moreover ,  on b e i n g  l i n k e d  t o  a p p r o p r i a t e  a g l y c o n s ,  some of t h e s e  o l i g o -  

s a c c h a r i d e  f r a g m e n t s  c o u l d  r e a d i l y  he d e r i v a t i z e d  t o  s e r v e  a s  s y n t h e t i c  

o r  a r t i f i c i a l  a n t i g e n s . 3  

O f  p a r t i c u l a r  i n t e r e s t  t o  t h o s e  s y n t h e s e s  was t h e  p r o c u r e m e n t  o f  

c e r t a i n  compounds t h a t  c a n  be employed i n  t h e  s t u d y  of g a l a c t o s y l  

t r a n s f e r a s e s .  T h i s  c lass  of enzymes h a s  b e e n  e n t h u s i a s t i c a l l y  s t u d i e d  

for some time b e c a u s e  t h e y  may s e r v e  a s  good m a r k e r s  f o r  a number of 

r n a l i g n a n c i e ~ . ~  T t  t h u s  seemed o f  i n t e r e s t  t o  c h a r a c t e r i z e  t h e  enzyme(s)  

t h a t  c a t a l y z e  t h e  i n t r o d u c t i o n  of  t h e  v a r i o u s  g a l a c t o s y l i c  l i n k a g e s .  Tn 
t h i s  r e g a r d ,  w e  h a v e  r e c e n t l y  r e p o r t e d  t h e  c h a r a c t e r i z a t i o n  of an enzyme 

t h a t  c a t a l y z e s  t h e  i n c o r p o r a t i o n  of p g a l a c t o s e  - i n  a B-( l+?) - l inkage  

i n t o  2-acetamido-2-deoxy-~-glucopyranose - (D-CrlcNAc) - i n  a sc i t e s  from 

o v a r i a n  c a n c e r  ~ a t 1 e n t . s . ~  The s y n t h e t i c  d i s a c c h a r i d e  B-~-GlcpMAc-(l+33)- - 

B-E-Galp-l+OR - (Q = m e t h y l  o r  p - n i t r o p h e n y l )  was employed as  an a c c e p t o r -  

s u b s t r a t e  for  t h e  c h a r a c t e r i z a t i o n  of t h i s  enzyme. Thus,  i n  an e f f o r t  

t o  ob ta in  t h e  d e s i r e d  r e f e r e n c e  compounds, w e  s y n t h e s i z e d  t h r e e  

t r i s a c c h a r i d e s  which were e x p e c t e d  t o  form o n  i n c o r p o r a t i o n  of a 

B-2-ga lac topyranosyl  g r o u p  i n t o  t h e  2-acetamido-2-deoxy-~-glucopyrano- - 

s y l  r e s i d u e  of t h e  a f o r e m e n t i o n e d  d i saccha r ide  ( R  = Me). These are: 
6 -D-G a 1 p- ( 1' 3 ) -a -E4  1 c pM A c- ( 1 '3 -6 -! G a 1 p- 1 + OMe ; 

B-D-GlcpNAc-(l+3)-~-D-c,alp-l+ - - - OYe;  and B - ~ ~ a l p - ( k 6 ) - B - 2 - r l c p N A c -  - - 

(1 -+3)-@-Galp-l - 'OMe. W e  h a v e  p r e v i o u s l y  desc r ibed  t h e  s y n t h e s i s  o f  

t h e  f irst  o n e  of t h e s e  t r i s a c c h a r i d e s , 6  and we h e r e i n  describe t h e  

s y n t h e s i s  of t h e  l a t t e r  two isomeric t r i s a c c h a r i d e s .  Tn a d d i t i o n ,  w e  

a l s o  r e p o r t  t h e  s y n t h e s i s  of two rnonomethylated d e r i v a t i v e s  of t h e  

d i s a c c h a r i d e  ~-~-GlcpMAc-(1-+3)-f3-~-Salp-1 -+Ope, which are  t o  be u s e d  a s  

m o d i f i e d  s u b s t r a t e s  i n  t h e  s t u d y  of  t h i s  c l a s s  of enzymes. As we h a v e  

p r e v i o u s l y  arguer?,  such  modi f ied  compounds would be e x p e c t e d  t o  ac t  a s  

s u h s t r a t e s  for  a u n i q u e  and s i n g l e  enzyme, d e s p i t e  t h e  p r e s e n c e  of 

o t h e r ,  r e la ted  enzymes. 

6 -D-Ga 1 p- ( 1+ 4 - - - - - - 
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SYNTHETIC MUCIN FRAGMENTS 379 

RESULTS AND DISCUSSIOM 

Glycosylation of methyl 36--(?-acetamido-3,h-di-0_.-benzyl-2-deoxy- 

a ->-glucopyranosyl - -2,4, 6-tri-~-benzyl-8-~-~alactopyranosideA (2) with 
2,3,4,6-tetra-O-a~etyl-cl-8-palactopyranosyl - bromide ('I-) in 1:l benzene- 

nitromethane and in the presence of powdered Hg(CM),, followed by 

- 0-deacetylation of the product mixture (containing trisaccharide 

derivative z) with 0.05 M methanolic sodium methoxide afforded, in 67% 
overall yield, trisaccharide derivative i. 
in glacial acetic acid and in the presence of 10% Pd-C furnished, in 

excellent yield, methyl 3-0-(2-acetamido-2-deoxy-4+-~-~-galactopyrano- 

syl-!3-~-glucopyranosyl)-8-~-galactopyranoside - - Q. 

(2-acetamido-3~-acetyl-2-deoxy-@-~-glucopyranosyl)-7,4, - - Fj-tri+-benzyl- 
B-D-galactopyranoside - (5) was required as a starting material. Compound 
- 6 was readily obtained, in high yield, by acetylation of 2 (ref 6 )  in 
1:2 acetic anhydride-pyridine, followed by hydrolysis of the benzylidene 
acetal group of the intermediate 2. 
compound 6 afforded the trisaccharide derivative lo, which was not 
isolated, but directly - 0-deacetylated to give, in 72% yield, the tri- 
henzyl trisaccharide 2. 
furnished methyl 3-~-(2-acetamido-2-deoxy-6-~-~-~-galactopyranosy1- 

B-&glucopyranosyl)-&--galactopyranoside 12. 
both 2 and 2 were in agreement with the structures assigned (see Table 
1). 

Catalytic hydrogenation of 8 

- - 

For the synthesis o f  the isomeric trisaccharide E, methyl 7-2- 

On Rlycosylation with bromide l, 

Hydrogenolysis of the benzyl proups of 2 then 

The 13C NMR spectra of 

Tn an earlier attempt to synthesize trisaccharide 2, we chose to 
utilize the readily accessible methyl 3-~-(7-acetamido-7+-benzyl-2- 

deoxy-6-D-glucopyranosyl) - - -2,4,6-tri-O-benzyl- &~-galactapyranoside' (1) . 
Yowever, instead of the desired 12, a product mixture, which appeared to 
be homogeneous by TLC (solvent R), was isolated after removal of the 

protecting groups. As it could be gathered from its 13C NVR spectrum, 
this mixture contained, in addition to the expected 2, a trisaccharide 
contaminant, presumably, the 6-(1+4)-1inked isomer. That the contami- 

nant was a closely related trisaccharide was implied by the presence of 
only three anomeric carbon-atom resonances at 6 104.23-102.2n. 

rather than a single carbon-atom resonance for C-3 of the methyl 

Also, 
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3 80 J A I N ,  A B B A S ,  AND MATTA 

A y C H 2 0 A c  

AcO L A  
AcO I 

Br 
I - 

BnO 
R 2 O n m  C H ~ O R ~  

OMe R'O - 
NHAc BnO 

2 R ' = R 3 = B n ,  R 2 = H  
3 R ' = B n , R 2 = R 3 = H  
2 
5 
6 

- 
- 

R'  = t i ,  R2, R3  = PhCH 
R '  = Ac, R2,  R3 =PhCH 
R '  = Ac, R 2 =  R3=  H 

- 
- 

OMe R *O 

NHAc 

- 7 R '  = B n , R 2 = A c  
- 8 R '  = B n , R 2 = H  
9 R '  t R 2 0 H  - 
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SYNTHETIC MUCIN FRAGMENTS 381 

R'O 

R30 

OMe 

NHAc 

6-galactoside residue of 2, three resonances ( 6  82.56, 82.25, and 
81.28) were observed, suggesting the presence of two additional 
interglycosidic-linkages, involving secondary carbon-atoms. 

?t would thus appear that the presence of a henzyl group at C-3 of 
the 2-acetamido-2-deoxy-~-glucopyranosy1 - residue o f  disaccharide 2 
exerted an activation sufficient enough to a l low for glycosylation at. 
the normally unreactfve hydroxyl group at C-4 of such a compound. Ry 

contrast, such activation was practically absent in the presence of an 
acetyl group at C-3 of disaccharide 6, allowing for an overall good 
yield of pure 2. 

R'O 
CHzOR' 

~ 3 0  

OMe 

R'O 
R 2 0  

NHAc 

13 - R' = Bn, R2 =Me, R3,R4.PhCH 
14 R t  = R3 = R4= H, R 2 =  Me 
- 15 R' = R 2  = R4= Bn, R3=  Me 
- 16 R t  = R 2  = R4= H, R3 = Me 
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382 J A I N ,  A B B A S ,  AND MATTA 

n i s a c c h a r i d e s  5 and 2 were m e t h y l a t e d  w i t h  m e t h y l  i o d i d e - s i l v e r  

o x i d e ,  i n  a 1 : l  ( v / v )  m i x t u r e  of dichloromethane-~,~-dimethylformamide 

t o  a f f o r d ,  i n  69 and 74% y i e l d s ,  t h e  3-0- - and 44--monomethylated 

d i s a c c h a r i d e  d e r i v a t i v e s  (3) and (E), r e s p e c t i v e l y .  The u s e  o f  s u c h  a 

mixed s o l v e n t  s y s t e m  i n  t h e  m e t h y l a t i o n  react ion a p p e a r e d  t o  he s u p e r i o r  

t o  t h e  u s e  o f  n e a t  N,N-dimethylformamide a s  s o l v e n t ;  t h e  p r o p o r t i o n  of 

f a s t e r - m i g r a t i n g  (TLC) c o n t a m i n a n t s  ( p r e s u m a b l y ,  d u e  t o  M - a l k y l a t i o n ) ,  

D r e v i o u s l y  e n c o u n t e r e d  i n  a n a l o g o u s  r e a c t i o n s ,  was s u b s t a n t i a l l y  

reduced .  

H y d r o g e n o l y s i s  of t h e  b e n z y l  g r o u p s  of 2 and 5 t h e n  f u r n i s h e d  t h e  

d e s i r e d  m e t h y l  3 -0 -~2-ace tamido-2 -deoxv-3 -~-me thy l -~ -~ -~ lucopyranos~ l~ -  - - 
& & g a l a c t o p y r a n o s i d e  - (2) and i t s  44--isomer (16). r e s p e c t i v e l y .  The 

'% FIFR s p e c t r a  were i n  f u l l  a c c o r d  w i t h  t h e  s t r u c t u r e s  a s s i g n e d  (see 

T a b l e  1 ) .  

EXPERTFEMTAL 

G e n e r a l  Methods. M e l t i n g  p o i n t s  were d e t e r m i n e d  w i t h  a F i s h e r -  

J o h n s  a p p a r a t u s  and a r e  u n c o r r e c t e d .  O p t i c a l  r o t a t i o n s  were measured a t  

25OC w i t h  a Perkin-Elmer 241 p o l a r i m e t e r .  TLC was c o n d u c t e d  on 

aluminum s h e e t s  p r e c o a t e d  w i t h  0.2 mm l a y e r s  o f  s i l i c a  g e l  60F-254 (F. 

Merck, O a r m s t a d t ,  Germany); t h e  components  were l o c a t e d  e i t h e r  by 

e x p o s u r e  t o  u v  l i g h t ,  or by  s p r a y i n g  t h e  p l a t e s  w i t h  5% H7?O4 i n  e t h a n o l  

and h e a t i n g .  S i l i c a  Gel u s e d  f o r  column chromatography was Raker  

Analyzed (60-200 mesh) .  U n l e s s  o t h e r w i s e  i n d i c a t e d ,  t h e  s o l v e n t  s y s t e m s  

used  for chromatography were ( v / v ) :  ( A )  2% a c e t o n e  i n  c h l o r o f o r m ,  (R) 

5:4:1 ch loroform-methanol -water ,  and (C) 13:6:1 ch loroform-methanol -  

water. NMR s p e c t r a  were r e c o r d e d  a t  ~ 2 5 ' C ;  'H NMR s p e c t r a  a t  90 F4Hz 

w i t h  a Var ian  SM-390, and 13C MMR s p e c t r a  a t  e i t h e r  25.2 o r  100.6 YHz 

w i t h  a V a r i a n  XL-100 or a R r u k e r  AM-400 i n s t r u m e n t ,  r e s p e c t i v e l y .  The 

p o s i t i o n s  of t h e  p e a k s  (6) a r e  r e l a t i v e  t o  t h e  Me4Si s i g n a l  (6= 0.0). 
O r g a n i c  s o l u t i o n s  were g e n e r a l l y  d r i e d  w i t h  a n h y d r o u s  Wa2S04. 

p r e p a r e d  b y  t h e  method of H e l f e r i c h  and K l e i n ? '  

were per formed by R o b e r t s o n  L a b o r a t o r y ,  29 Samson Avenue, Madison,  Y e w  

J e r s e y ,  U.S.A. 

A g $ J  was 

F l e m e n t a l  a n a l y s e s  
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Methyl 3-0-~2-Acetamido-3-0-acetyl-4,6-0-benzylidene-2-deoxy-~-~- 
glucopyranosyl~-2,4,6-tri-O-benzyl-~-~-galactopyranoside (5) .  Methyl 
3-0~-~2-acetamido-4,6-~-benzylidene-2-deoxy-B-~-~lucopyranosyl~-2,4,h- - 

tri-~-benzyl-B-~-galactopyranoside' - (5; 2.9 g, 3.8 mmol) was kept 
overnight at room temperature in a mixture of 1:2 (v/v) acetic 
anhydride-pyridine (60 mL). It was then processed in the usual manner 

to give a solid residue, which was dissolved in a small volume of ethyl 
acetate. 
98%), amorphous, 

6 7.50-7.20 (m, 20 H, arom), 5.47 (9, 1 H ,  PhCK), 3.50 (5, 3 H, We), 
2.00 (5, 3 Y, OAc), and 1.57 (s, 3 U, NAc). 

Addition of ether-hexane caused the precipitation of 5 ( 3  g, 

a 1, -57.8' (c - 0.7, chloroform); 'V NFlR (CnC13): 

Anal. Calc for C45H51N012: C, 67.73; Y, 6.46; W ,  1.76. Found: C, 

Methyl 3-0-(2-Acetamido-3-0-acetyl-2-deoxy-~-~-glucopyranosyl~- 
67.48: H ,  6.27; N, 1.78. 

?,4,6-tri-O-benzyl-~-&-galactopyranoside (5) .  Compound 5 (3.5 g) in 
A0X aqueous acetic acid (100 mL) was stirred for 1 h at ~ 8 0 ' C .  The 
acetic acid was evaporated under diminished pressure, the last traces 
being removed by co-evaporation with several added portions of toluene. 
The residue was purified in a column of silica gel by using ethyl 
acetate as the eluant, t o  afford amorphous F; (3.1 p, 94%); r al,, -34.8' 
(2 1.37, chloroform); 'FI W R  (CDC13): 6 7.50-7.20 (m, 15 H, arom), 3.50 

( s ,  3 H, OMe), 1.97 ( s ,  3 H, OAc), and 1.55 (s ,  3 H, M A C ) .  

4nal. Calc for C3*H4?NO12: C, 64.29; U, 6.69; N, 1.97. Found: C, 

Methyl ~-0-(2-Acetamido-~,6-di-O-benzyl-2-deoxy-4-0-~-D-galacto- - 
64.18; H ,  6.72; N, 1.A8. 

- 
pyranosyl-~-~-~lucopyranosy1~-2,4,6-tri-0-benzyl-8-D-galactopyranoside - - 

(5).  
deoxy-8-~-glucopyranosyl~-2,4,6-tri-~-benzyl-~-~-galactopyranoside - - (3 
2.5 g, 2.9 mmol) and powdered HgtCN), (2.3 g, 9 m m o l )  in 1:1 benzene- 
nitromethane (350 mL) was boiled until ~100 mL of the solvent had 
distilled off. The temperature was then adjusted to -J50°C, and a 
solution of 2,3,4,6-tetra-~-acetyl-~---galactopyranosyl - bromide (1; 3.7 
g, 9.0 mol) in 1:l benzene-nitromethane (20 mL) was added and the 

stirring was continued for 26 h at 50°C, more portions of Ug(CN)2 (0.3 
g) and bromide 1(1 g, in 10 mL of 1:1 benzene-nitromethane) were added 
after 16 h. The mixture was then cooled, diluted with benzene, 

A stirred mixture of methyl 3-0-(2-acetamid0-3,6-di-g-henzyl-2- 
6 
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s u c c e s s i v e l y  washed w i t h  s a t u r a t e d  aqueous  NaWC03, 10% aqueous  KI 
s o l u t i o n  and w a t e r ,  d r i e d ,  and e v a p o r a t e d  t o  a s y r u p .  Examinat ion  h y  

TLC (9: l  c h l o r o f o r m - a c e t o n e )  showed t h e  d i s a p p e a r a n c e  of 2 and t h e  

p r e s e n c e  of a major p r o d u c t ,  f a s t e r - m i g r a t i n g  t h a n  2; s e v e r a l  slower- 
m i g r a t i n g ,  minor  c o n t a m i n a n t s  were also r e v e a l e d  i n  rLC. The c r u d e  

p r o d u c t  m i x t u r e  ( -7  g ,  c o n t a i n i n g  1) was t h o r o u g h l y  d r i e d  i n  vacuo,  
d i s s o l v e d  i n  0.05 M sodium methoxide  i n  methanol  (200 m L ) ,  and s t i r r e d  

for  3 h a t  room t e m p e r a t u r e .  The b a s e  was n e u t r a l i z e d  b y  t h e  dropwise 

a d d i t i o n  of g l a c i a l  a c e t i c  a c i d .  The s o l u t i o n  was e v a p o r a t e d  t o  
d r y n e s s ,  and t h e  r e s i d u e  a p p l i e d  t o  a column o f  s i l i c a  ge l .  On e l u t i o n  

w i t h  7% methanol  i n  c h l o r o f o r m ,  e v a p o r a t i o n  of t h e  f r a c t i o n s  

c o r r e s p o n d i n g  t o  p r o d u c t  gave  amorphous 8 (2  g ,  6 V ) ,  [ a  1, +1.6’ (2  
1.2, c h l o r o f o r m ) ;  ’H N M R  ( C n C 1 3 ) :  6 7.00-7.50 (m, 25 H, arom) ,  3.47 ( s ,  

3 P, O M e ) ,  and 1.47 (s ,  3 H, NAc). 

Anal. C a l C  fo r  C56H,j6”016: c, 66.64; q ,  6.61; H, 1.39. Found: c ,  
66.68: Y, 5.79; N, 1.58. 

Methyl  ~-0-(2-Acetamido-?-deoxy-4-0-~-~-galactopyranosyl~-~-gluco- - 

pyranosy1)-a-&galactopyranoside (2). 
Pd-C (1.4 g )  in g l a c i a l  ace t ic  a c i d  (35 mL) was shaken  u n d e r  P2 a t  4 3 4 5  

4 m i x t u r e  of 1 (1.4 g )  and 10% 

kPa for  2 d a y s  a t  room temperat .ure .  The s u s p e n s i o n  was f i l t e r ed  ( a  bed 

of Celite) and t h e  s o l i d s  were t h o r o u g h l y  washed w i t h  water. The 

f i l t r a t e  and w a s h i n g s  were combined and c o n c e n t r a t e d .  The r e s i d u e  so 

o b t a i n e d  was p u r i f i e d  i n  a column o f  s i l i c a  g e l  by  u s i n g  s o l v e n t  a s  

t h e  e l u a n t  t o  a f f o r d  2 (0.72 g, 9391, amorphous, [ a  1, +4.5’ (c 1.3, 
water);  13C NMR, see T a b l e  1. 

Anal. Calc for C2,H37N016: C ,  45.07; H, 6.68. N ,  2.50. Found: 

Methyl  ~-0-(2-Acetamido-2-deoxy-6-O-~-~-~alactopyranosyl-~~-gluco- - 

C, 44.98; H, 6.52; N, 2.42. 

pyranosyl)-2,4,6-tri-O-benzyl-8-D--~alactopyranoside - (11). niol 5 (1 .05 

g,  1.5 mmol) was t r e a t e d  w i t h  bromide  l ( 0 . 9 5  g, 2.3 mnol) i n  t h e  
p r e s e n c e  of Hg(CN), (0.6 g ,  2.4 mnol) i n  a manner a n a l o g o u s  t o  t h a t  

d e s c r i b e d  for  2 ( t o  g i v e  1). After t h e  u s u a l  p r o c e s s i n g ,  t h e  c r u d e  

product, ( c o n t a i n i n g  2) was 2 - d e a c e t y l a t e d  i n  0.05 fi m e t h a n a l i c  sodium 

methoxide  (50 mL), and t h e  m i x t u r e  was p u r i f i e d  on a column o f  S i l i c a  

g e l  w i t h  4:l  ( v / v )  ch loroform-methanol  a s  t h e  e l u a n t  t o  g i v e  11 (0.9 B, 

72%);  amorphous; [ a ] ,  -8.65’ ( c  - 0.47, m e t h a n o l ) .  
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Anal. C a l c  f o r  C42Y55M016.H20: C ,  59.48; H ,  6.79; N ,  1.65. Found: 

C ,  59.25; H ,  6.49; N ,  1.68. 

Methyl  ~-0-(2-Acetamido-2-deoxy-6-~-~-2-galactopyranosyl-&~-~luco- - 

pyranosyl-6-1-galactopy-anoside - (12). Compound 11 (0.F a )  was 

hydrogenolyzed  e x a c t l y  a s  descr ibed f o r  5 ( t o  g i v e  2) t o  a f f o r d ,  a f t e r  

column-chromatographic  p u r i f i c a t i o n  w i t h  s o l v e n t  5 a s  t h e  e l u a n t ,  

amorphous 2 (0.43 g ,  80%) ;  [ a l ,  +10.76' (2 1.2,  w a t e r ) ;  l3C N M R ,  see 

T a b l e  1. 

Anal. C a l c  f o r  C21H37N016:  C ,  45.07; H ,  6 .68 ;  N ,  2.50. Found: C, 

44.80; q, 6.73; N, 2.39. 
At tempted  P r e p a r a t i o n  of 12  from m e t h y l  3-0-(?-acetamido-3-0- 

- benzyl-2-deoxy-~-~-glucopyranosyl~-2,4,6-tri-~-benzyl-~~-galactopyrano- - 

- s i d e  (2). Compound 2 (ref 8; l .P  g, 2.37 mmol) was a l lowed t o  r e a c t  

w i t h  bromide l ( 1 . 5  g, 3.6 m m o l )  i n  t h e  p r e s e n c e  o f  H g ( C N ) 2  (0.95 g, 3.5 

m m o l )  i n  a manner s i m i l a r  t o  t h a t  descr ibed for  3 ( t o  g i v e  1). T t  was 

t h e n  processed, and t h e  c r u d e  p r o d u c t  m i x t u r e  2 - d e a c e t y l a t e d  i n  0.05 5 
m e t h a n o l i c  sodium m e t h o x i d e ,  and p u r i f i e d  on a column o f  s i l i c a   el w i t h  

9: l  ( v / v )  ch loroform-methanol  as  t h e  e l u a n t  t o  g i v e  an amorphous s o l i d  

(1.2 g ) ,  [al, +4.7' (2 1.6, chloroform). 

Anal. Calc for  c4gH61N076.H20: 

T h i s  m a t e r i a l  (0.8 g )  was hydrogenolyzed  a s  j u s t  descr ibed t o  g i v e ,  

I:, 62.73; I4, 6.78; N, 1.49. Found: 

C ,  62.A1; Y, 6.58; M, 1.67. 

i n N 9 3 A  y i e l d ,  an amorphous s o l i d ,  h a v i n g  ra 1, +8.Ro ( c  1.3, water);  
13C NMR (DMSO-d6): 6 104.23 and 102.20 (C-I, G I 1 * ,  and C-1'1, R2.25 (C-3  

of  121, 82.56 and 81.28 (presumably ,  C-3 and C-4' of c o n t a m i n a n t ) .  

- 

Methyl  3-0-(2-Acetamido-4,6-O-benzylidene-2-deoxy-3-0-methyl-B-~- - . 

g lucopyranosy l ) -2 ,4 ,6 - t r i -O-benzy l -~ -~ -~a lac topyranos ide ,  - (13). To a 

s t i r r e d  m i x t u r e  of m e t h y l  3-~-(2-acetamido-4,6<-benzylidene-2-deoxy- 

~ - D - g l u c o p y r a n o s y l ) - 2 , ~ , 6 - t r i ~ - b e n z y l - ~ ~ - g a l a c t o p y r a n o s ~ d e  = - (5; 1 .Q) 

and f r e s h l y  p r e p a r e d  Ag20 (2 g) i n  1:l ( v / v )  d ich loromethane-x ,z -  

d imethyl formamide  ( 6 0  mL) was added m e t h y l  i o d i d e  (2  m L ) ,  and t h e  

m i x t u r e  s t i r red i n  t h e  d a r k  for  4 h a t  room t e m p e r a t u r e .  The s u s p e n s i o n  

was f i l t e r e d  t h r o u g h  a bed of  Cel i te  and t h e  s o l i d s  t h o r o u g h l y  washed 

w i t h  d i c h l o r o m e t h a n e .  The f i l t r a t e  and w a s h i n g s  were combined and t h e  

s o l v e n t  e v a p o r a t e d  u n d e r  d i m i n i s h e d  p r e s s u r e  t o  g i v e  a r e s i d u e  which was 

t a k e n  up i n  chloroform. The suspended  so l id  was f i l t e r e d  o f f  and 

- 
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t h o r o u g h l y  washed w i t h  c h l o r o f o r m .  The f i l t r a t e  and w a s h i n g s  were 

combined,  s u c c e s s i v e l y  washed w i t h  w a t e r ,  d i l u t e  Na2,S203, and water: 

d r i e d ,  and c o n c e n t r a t e d  t o  a s m a l l  volume. The c o n c e n t r a t e  was a p p l i e d  

t o  a column o f  s i l i c a  g e l .  

t h e  s o l v e n t  f r a c t i o n  c o r r e s p o n d i n g  t o  p r o d u c t  a f f o r d e d  amorphous 3 (0.7 
g ,  69%); [ a  ID -25.5' (c  - 0.9, chloroform); 

(m, 20 H, arom), 5.47 (s ,  1 H, PhCH), 3.47 (s, 3 H, O M e ) ,  and 1.57 (5, 3 
Y, N A c ) .  

E l u t i o n  w i t h  s o l v e n t  & and e v a p o r a t i o n  of 

YWR (CDCll): 67.20-7.50 

Anal. C a l c  f o r  C44H51N011: C ,  68.63; H, 6.69; N, 1.P.2. Found: C ,  

68.52; H, 6.85; V ,  1.73. 

8 - b p ; a l a c t o p y r a n o s i d e  - - (E). 
described for  4 ( t o  g i v e  2) t o  a f f o r d ,  a f t e r  s i l i c a  g e l  column 

chromatography w i t h  s o l v e n t  C a s  t h e  e l u a n t ,  amorphous 2 (0.25 g, 67%); 
r a ID  -2.7' (2 0.9, w a t e r ) ;  I3C NMR, see T a b l e  1. 

Methyl  ~-0-~2-Acetamido-2-deoxy-3-0-methyl-~-~-glucopyranosyl~- = 

Compound 2 (0.7 g) was h y d r o g e n o l y z e d  as  

Anal. Calc for  C16Y29N011.H20: C, 44.74; Y, 7.29; V ,  3.26. Found: 

C ,  44.50; f ? ,  6.96; 8 ,  3.14. 
Methyl  ~-0-~2-Acetamido-~,6-di-0-benzyl-2-deoxy-4-0-methyl-~-~- - 

glucopyranosyl~-2,4,6-tri-~-benzyl-~-D-galactopyranoside (El. Compound 

- 2 (0.8 g) was 0-methyla ted  i n  a manner a n a l o g o u s  t o  t h a t  descr ibed for  2 
( t o  g i v e  3) and t h e  p r o d u c t  m i x t u r e  p u r i f i e d  i n  a column o f  s i l i c a  g e l  

w i t h  s o l v e n t  A, t o  a f ford  - 75 (0.6 g, 7471, amorphous, r a  3, +4.1° (c 
0.7, c h l o r o f o r m ) ;  'Y NMR (CDCl7):6 7.20-7.50 (m, 25 H, arom),  1.50 (s ,  3 
H, OMe) ,  and 1.47 (s ,  3 H, N A c ) .  

Anal .  C a l c  for  C51Y59bJ011: C, 71.05; q, 6.91; N ,  1.63. Found: C, 

Methyl  ~-0-~2-Acetamido-7-deoxy-~-0-~-~-~-gluco~yranosyl~- 

- =  

70.94; H, 7.18; N, 1.51. 

B-D-galac topyranos ide  - (3). Compound (0.8 g) was h y d r o g e n o l y z e d  
e x a c t l y  as  d e s c r i b e d  for  S ( t o  g i v e  s), and t h e  c r u d e  p r o d u c t  m i x t u r e  

p u r i f i e d  by column chromatography w i t h  s o l v e n t  a s  t h e  e l u a n t  t o  a f f o r d  

amorphous 2 (0.25 g, 6 5 % ) ;  [ a  1, +5.5' (2 0.7, water);  13C N M R ,  see 
T a b l e  1. 

- 

Anal. C a l c  for  C16Y29N011.H20: C, 44.74; H, 7.29; N, 3.26. Found: 

c, 44.97; n, 6.90; N, 2.99. 
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