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ABSTRACT 

Synthetic deoxygenated derivatives of methyl /I-glycosides of (l-+6)-jI-D-galacto-oligosaccharides 
were prepared, and their binding to antigalactan monoclonal antibodies X24 and 5539 (Fab’) was studied. 
The results suggest the involvement of an additional, critical hydrogen bond in the highest affinity subsite 
(A), which now appears to require two hydrogen bondsfrom the 2- and 3-hydroxyls of the galactosyl residue 
to the protein, and one from the protein to O-4 of that residue. The data obtained with a series of 
oligosaccharides deoxygenated at position 3’, 3*, 33, 4’, 4*, or 43 support the binding patterns and subsite- 
arrangement inferred previously from studies with large numbers of deoxyfluoro-substituted ligands and 
this family of antibodies. 

INTRODUCTION 

This laboratory has reported on the subsite arrangements of monoclonal anti- 
galactan’” and antidextran2 antibodies. Hitherto, we have only evaluated (oligo)saccha- 
rides bearing deoxytluoro groups at specific locations in order to elucidate the binding 
patterns. We here report the use of corresponding and related deoxygenated saccharides 
for a dual purpose: these experiments could verify the previous results, and also might 
reveal the presence of additional hydrogen bonds playing a role in the binding of 
ligands. Changes in binding resulting from the replacement of a hydroxyl group by 
fluorine or hydrogen in carbohydrate ligands that bind with proteins are interpreted in 
the following way: if a hydroxyl group is replaced by fluorine, and diminished (or no) 
binding is the result, it indicates H-bonding from the ligand to the protein (if no change 
in binding takes place there could still be H-bonding from the protein to the ligand, since 
fluorine can be a proton acceptor). If a hydroxyl group was replaced by fluorine and no 
change in binding occurred, and the hydroxyl group at the same position is now 
replaced by hydrogen, causing diminished (or no) binding, it indicates H-bonding from 
the protein to that hydroxyl of the carbohydrate ligand. Finally, if a hydroxyl group is 
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replaced sequentially by fluorine and hydrogen, and in either case no change of binding 
occurs, it indicates that that hydroxyl is not involved in H-bonding to the protein. 

Based on the studies with deoxyfluoro sugars we have proposed’” that binding to 
antigalactan antibodies of the X24 genetic family lb is mediated by hydrogen bonds from 
the 2- and 3-hydroxyls of the galactosyl residue bound in the highest affinity subsite (A). 
Thus, that site should not bind a galactosyl residue deoxygenated at position 3. With a 
view to testing this inference, saccharides containing such a moiety were prepared (see 
Table IV for references). In the present work the methyl/&glycosides of (l-+6)-linked di- 
and tri-D-galacto-oligosaccharides containing a4-deoxy-fi-D-xylo-hexopyranosyl resid- 
ue at each of the possible positions were prepared, and these and the previously 
synthesized saccharides were evaluated for binding. 

RESULTS AND DISCUSSION 

~y~~~~~. - We have previously described3 improve syntheses of the 2-, 3-, and 
Cdeoxy derivatives of methyl ~-D*gala~topyranoside (1) using tributyltin hydride 
reduction of the corresponding imidazolethiocarbonyl derivatives for the deoxy- 
genation step. In order to prepare j?-( l-*6)-linked D-galacto-oligosaccharides having 
4-deoxy-/I-D-xylo-hexopyranosyl units as any desired residue in the chain, we have now 
extended this methodology to the deoxygenation of various methyl 6-O-(terb-bu- 
tyldiphenylsilyl)-fl-D-galactopyranosides. Selective regeneration of OH-6 in the prod- 
ucts then allowed further extension of the oligosaceharide chain at that position. The 
partial benzoylation of methyl 6-O-{tert-butyldiphenylsilyl)-B-D-galactopyranoside (2), 
which was prepared from methyl ~-D-galactopyranoside (1) by a modification of the 
published procedures4,‘, resulted in a mixture of compounds 3,4,5, and 6 (lo%, 5%, 
14%, and 70%, respectively), all of which were isolated by c~omatography and fully 
characterized. Treatment of the main product 6 with thiocarbonyldiimidazole (TCDI) 
gavemethyl 2,3-di-O-benzoyld-O-(tert-butyldiphenylsilyl)-4-O-(imidazol-l-ylthiocar- 
bonyl)$-D-galactopyranoside (7, 94%), which reacted smoothly with tributyltin hy- 
dride to give the corresponding 4-deoxy glycoside 8 (95%). 

This laboratory reported the use of the tert-butyidiphenylsilyl group in the 
synthesis of galacto-oligosaccharides*, and the use of methanolic HCl for desilylations. 
The latter procedure requires much solvent, and so is not convenient for work on a large 
scale. Instead, we have found that the BFs-methanol complex is a more efficient reagent 
for desilylation. For example, treatment of a relatively con~ntrated solution (c$ ref. 4) 
of methyl 2,3,4-tri-0-benzoyl-6-0-(tert-butyldiphenylsilyl)-8-D-galactopyranoside (3) 
with this reagent furnished compound 17 in a virtually theoretical yield. Analogously, 
selective deprotection of compound 8 with the same reagent yielded methyl 2,3-d&U- 
benzoyl-4-deoxy-j?-D-xylo-hexopyranoside (9, 9 lo!), which on debenzoylation, gave 
methyl 4-deoxy-lJ-D-xyZ&hexopyranoside (10). Alternatively the glycosyl acceptor 9, 
which allows further extension of the chain at O-6, was synthesized from independently 
prepared3 deoxyglycoside 10 via tritylation and benzoylation in a one-pot procedure, 
followed by iodotrimethylsilane-mediated detritylation of the formed intermediate 11, 
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R5 ,0R6 

R’ 

Cod. R’ R2 R’ R4 RS R6 

1 OMe H H H OH 
2 OMe H H H OH 

3 OMe H Bz Bz OBz 

4 OMe H H Bz 0B.z 

5 OMe H H Bz OH 

6 OMe H Bz Bz OH 

I OMe H Bz Bz OTC1 

8 OMe H Bz Bz H 

9 OMe H Bz Bz H 

10 OMe H H H H 

11 OMe H Bz Bz H 

12 OMe H Bz Bz H 

13 H Cl Bz Bz H 

14 H OMe Bz Bz H 

15 H Cl Bz Bz H 

16 H BC Bz Bz OBz 

17 OMe H Bz Bz OBz 

18 OMe H Bz Bz OH 

19 H Cl Bz Bz OBz 
TBDPS = tert-Butyldiphenylsilyl; OCTI = Imidazol-1-ylthiocarbonyloxy 

H 

TBDPS 
TBDPS 
TBDPS 

TBDPS 

TBDPS 
TBDPS 
TBDPS 
H 
H 

Tr 
Bz 
Bz 
Bz 
TBDPS 
Bz 
H 

H 
TBDPS 

The construction of methyl p-glycosides of p-( l-6)-linked D-galacto-oligosac- 
charides containing a terminal 4-deoxygenated D-galactosyl group requires a 4-deoxy- 
D-xylo-hexopyranosyl donor. This was readily obtained by treatment of methyl 2,3,6- 
tri-O-benzoyl-4-deoxy-p-D-xylo-hexopyranoside3 (12) with dichloromethyl methyl 
ether (DCMME), which yielded the crystalline chloride 13. As we have observed in 
other conversions6*7 of methyl /3-glycosides to glycosy1 chlorides by DCMME, a small 
amount of compound 14, formed by anomerization of the starting material, could also 
be isolated. Under these conditions, compound 8 was converted into the complex 
glycosyl donor 15 (85%), which permits extension of the saccharide chain at the primary 
position of the 4-deoxy-D-xylo-hexopyranosyl group after coupling to an acceptor. The 
facile, high yielding reduction of imidazolethiocarbonyl derivatives, previously used on 
simple galactosides?, was also successfully applied to the deoxygenation of suitably 
protected disaccharides. Silver trifluoromethanesulfonate (silver t&late)-promoted, 
selective galactosylation of methyl 2,3-di-O-benzoyl-P-D-galactopyranoside’ (18) with 
2,3,4-tri-O-benzoyl-6-O-(tert-butyldiphenyIsilyl)-~-~-galactopyranosyl chloride4 (19), 
or with 2,3,4,6-tetra-O-benzoyl-a-D-galactopyranosyl bromide’ (16), under carefully 
controlled conditions, gave mainly the O-4’ unprotected /?-( l-6)-linked disaccharide 
glycosides 20 and 21, respectively, isolated in 73% and 81% yields. The ‘3C-n.m.r. 
spectra of the latter compounds (Table III) clearly showed that the 6’ positions were 



T
A

B
L

E
 I

 

‘H
-N

.m
.r

. d
at

a 

C
om

po
un

d 
C

he
m

ic
al

 sh
if

rs
 (S

) a
nd

 m
ul

ti
pI

ic
it

ie
s”

b 

H
-l

 

4 5 6 7 @
 

9;
 

11
’ 

13
 

14
 

1
5
 

u
) 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

30
 

4.
40

6 
4.

01
dd

 
4.

29
d 

4.
04

dd
 

4.
6&

l 
5.

79
d

d
 

4.
9&

l 
5.

59
d

d
 

4.
78

d 
5.

28
dd

 
4.

75
d 

5.
26

dd
 

4.
8O

d 
5.

29
dd

 
6.

51
d 

5.
48

dd
 

5.
17

d 
5.

32
dd

 
6.

49
d 

5.
4l

dd
 

4.
43

d 
5.

6&
5.

61
m

 
4.

89
d 

5.
72

d
d

 
4.

47
d 

5.
68

dd
 

4.
99

d 
5.

83
dd

 
4.

56
61

 
5.

56
-5

.5
4m

 
4.

89
6 

4.
68

dd
 

4.
62

6 
5.

61
-5

.5
4m

 
4.

89
d 

5.
78

dd
 

4.
3l

d 
5.

27
-5

.2
4~

11
 

4.
88

d 
5.

73
dd

 
4.

47
-4

.3
4m

 
5.

29
-5

.2
7m

 
4.

97
d 

5.
84

dd
 

4.
39

d 
5.

2%
5.

22
m

 
4.

87
d 

5.
82

d
d

 
4.

56
d 

5.
79

d
d

d
 

4.
92

d 
5.

69
dd

d 
6.

42
d 

5.
72

dd
 

4.
9O

d 
5.

77
dd

 
4.

54
d 

5.
67

dd
 

4.
7&

l 
5.

43
5.

38
m

 

H
-2

 
H

-3
 

5.
39

dd
 

5.
96

bd
 

5.
08

dd
 

4*
34

bd
 

5.
32

dd
 

4.
46

bd
 

5.
69

dd
 

6.
56

bd
 

5.
49

dd
d 

2.
44

dd
d 

5.
49

dd
d 

2.
39

dd
d 

5.
48

dd
d 

2.
39

dd
d 

5.
87

dd
d 

2.
56

dd
d 

5.
79

dd
d 

2.
47

dd
d 

5.
84

dd
d 

2.
44

dd
d 

5.
6&

5.
61

m
 

4,
22

bt
 

5.
21

dd
 

6.
03

bd
 

5.
25

dd
 

4.
31

bs
 

5.
65

dd
 

6.
01

bd
 

5.
56

-5
.5

4m
 

6.
39

bd
 

5.
59

dd
 

6.
02

bd
 

5.
61

-5
.5

4m
 

6.
46

bd
 

5.
61

-5
.5

1m
 

5.
96

bd
 

5.
21

-5
.2

4m
 

2.
24

-2
.1

9m
 

5.
63

dd
 

6.
04

bd
 

5.
2%

5.
27

m
 

2.
28

bd
d 

5.
64

dd
 

6.
02

bd
 

5.
2!

%
5.

22
m

 
2.

26
bd

d 
5.

83
dd

 
4.

37
bd

 
5.

58
dd

d 
5.

95
bd

d 
5.

S
2d

dd
 

5.
87

bd
d 

5.
96

dd
 

6.
01

bd
d 

5.
57

dd
 

5.
93

bd
d 

4.
50

dd
 

5.
85

bd
 

5.
4%

5.
38

m
 

2.
43

m
 

H
-4

a 
H

-4
b 

1.
93

-1
.8

1m
 

1.
78

m
 

1.
87

m
 

2.
01

m
 

1.
9O

m
 

1.
9&

q 

1.
70

-1
.5

8m
 

1.
69

m
 

1.
6~

1.
59

m
 

1.
87

m
 

H
-5

 
’ 

3.
98

bt
 

3.
64

bt
 

3.
75

bt
 

4.
08

bt
 

4.
0&

4.
O

O
m

 
3.

89
m

 
4.

08
m

 
4.

72
m

 
4.

5C
4.

33
m

 
4.

41
m

 
3.

8&
3.

77
m

 
4.

08
bt

 
4.

37
bt

 
3.

89
bt

 
4.

15
bt

 
4.

O
O

bt
 

4.
24

bt
 

4.
33

-4
.2

9m
 

3.
8S

3.
78

m
 

4.
09

bt
 

3.
91

-3
.7

7m
 

4.
47

-4
.3

4m
 

3.
8&

3.
73

m
 

4.
10

bt
 

4.
46

m
 

4.
3&

I.
 1

7m
 

4.
77

bt
 

4.
24

bt
 

4.
15

-4
.0

7m
 

4.
01

m
 

H
-6

a 

3.
79

m
 

3.
98

dd
 

4.
04

dd
 

3.
84

dd
 

3.
93

dd
 

3.
77

-3
.6

2m
 

3.
34

dd
 

4.
68

-4
.4

6m
 

4.
5@

-4
.3

3m
 

3.
79

6 
4.

14
dd

 
3.

95
dd

 
4.

65
dd

 
4.

23
dd

 
4.

06
dd

 
3.

78
dd

 
4,

16
dd

 
4.

49
dd

 
3.

94
dd

 
3.

85
-3

.7
8m

 
4.

04
66

 
4.

71
dd

 
3.

96
dd

 
4.

72
dd

 
4.

3@
-4

.1
7m

 
4.

30
-4

.1
7m

 
4.

38
dd

 
4.

22
-4

.1
3m

 
4.

15
-4

.0
7m

 
4.

4&
4.

31
m

 

H
-6

b 

3.
79

m
 

3.
92

dd
 

3.
98

dd
 

3.
72

dd
 

3.
89

dd
 

3.
77

-3
.6

2m
 

3.
25

dd
 

4.
68

-4
.4

6m
 

4.
50

-4
.3

3 
3.

79
d 

3.
84

-3
.7

7m
 

3.
84

-3
.7

7m
 

4.
46

dd
 

4.
03

dd
 

3.
67

-3
.6

4m
 

3.
67

-3
.6

4m
 

3.
89

dd
 

4.
33

4.
29

m
 

3.
72

dd
 

3X
%

-3
.7

8m
 

3.
91

-3
.7

7m
 

4.
47

-4
.3

4m
 

3.
84

-3
.7

3m
 

4.
62

dd
 

3.
87

m
 

4.
3@

-4
.1

7m
 

3.
90

dd
 

4.
22

-4
.1

3m
 

3.
83

dd
 

4.
40

-4
,3

 lm
 

3.
69

s 
3.

56
s 

3.
51

s 
3.

51
s 

3.
49

s 
3.

47
s 

3.
53

s 

W
,)

,C
 

0.
99

s 
1.

05
s 

1.
07

s 
1.

02
s 

1.
08

s 

3.
45

s 
1.

08
s 

3.
21

s 
1 .

O
O

s 
3.

23
s 

3.
24

s 
0.

96
s 

3.
27

s 

3.
19

s 
1.

00
s 

3.
23

s 

3.
21

s 

3.
23

s 

3.
24

s 



31
 

4.
SO

d 
S.

6S
dd

 
5.

47
dd

 
5.

79
bd

 
3.

81
-3

.6
1m

 
4.

09
-4

.O
O

m
 

3.
81

-3
.6

1m
 

3.
17

s 
4.

68
d 

.5
.3

8-
5.

35
m

 
5.

38
-5

.3
5m

 
2.

4O
dd

d 
1.

8~
1.

65
m

 
3.

81
-3

.6
1m

 
4.

~.
~ 

3.
81

-3
.6

1m
 

0.
99

s 
32

 
4.

58
d 

5.
69

dd
 

5.
53

dd
 

5.
97

bd
 

3.
51

-3
.4

4m
 

4.
09

-4
.0

2m
 

4.
09

-4
.0

2m
 

3.
36

s 
4.

67
d 

5.
36

5.
32

m
 

5.
36

5.
32

m
 

2.
23

-2
.1

6m
 

1.
92

-1
.8

8m
 

3.
87

-3
.8

2m
 

3.
66

.3
.6

2m
 

3.
51

-3
&

m
 

35
 

4.
7O

d 
5.

67
dd

d 
5.

S1
dd

d 
5.

82
bd

d 
4.

03
-3

.9
7m

d 
3.

80
dd

d 
3.

6s
3.

54
m

d 
3.

26
s 

4.
W

 
5.

6S
dd

d 
S.

43
dd

d 
S.

78
bd

d 
4.

0%
3.

97
m

d 
3.

76
dd

d 
3.

6%
3.

S4
m

d 
4.

48
d 

S.
38

-5
.2

3m
 

5.
38

-5
.2

3m
 

2.
41

bd
d 

1.
69

-1
.5

7m
 

4.
12

bd
d 

3.
44

dd
 

3.
6S

-3
.5

4m
d 

0.
99

s 
36

 
4s

18
d 

5.
73

-5
.6

8m
 

5.
52

dd
 

5.
97

bd
d 

4.
16

-4
.0

7m
 

3.
84

-3
.7

6m
 

3.
84

-3
+7

6m
d 

3.
2%

 
4.

56
d 

5.
73

-5
.6

4m
 

5.
52

dd
 

S.
87

bd
d 

4.
16

-4
.0

’7
m

 
3.

84
-3

.7
6m

 
3.

84
3.

76
m

d 
4.

49
d 

5.
28

m
 

S.
28

m
 

2.
13

m
 

1.
86

m
 

4.
O

im
 

3.
35

m
d 

3.
35

m
” 

37
 

4.
74

d 
5.

69
dd

 
5,

56
-S

.4
O

m
 

5.
86

m
 

4.
27

-3
.6

6m
 

4.
27

-3
&

m
 

4.
2?

-3
.6

6m
 

3.
29

s 
4.

6I
d 

5.
69

dd
 

5.
56

-5
.4

O
m

 
5.

86
m

 
4.

27
-3

.6
6m

 
4.

27
-3

&
m

 
4.

27
-3

.6
6m

 
4.

61
d 

5.
56

-5
.4

O
m

 
5.

56
5.

4O
m

 
2.

4O
bd

d 
1.

84
m

 
3.

96
m

 
4.

27
-3

.6
6m

 
4.

27
-3

.6
6m

 
39

 
4.

8l
d 

5.
67

dd
 

S.
63

dd
d 

6.
00

bd
d 

3.
77

-3
.6

7m
 

3.
99

dd
d 

3.
77

-3
.6

7m
 

3.
24

s 
4.

58
d 

5.
33

-5
.1

9m
 

5.
33

-5
.1

9m
 

2.
29

bd
d 

1.
78

-1
.6

O
m

 
4.

08
m

 
4.

71
dd

 
4.

42
dd

 
4S

Sd
 

5.
7l

dd
 

S.
49

dd
d 

S.
83

bd
d 

4.
33

bt
 

3.
92

dd
d 

3.
77

-3
.6

7m
 

41
 

4.
33

d 
.5

.2
3-

5.
19

m
 

5.
23

-5
.1

9m
 

2.
2O

bd
 

1.
48

-1
.3

6m
 

4.
42

m
 

3.
76

-3
.6

Sm
 

3.
89

dd
 

3.
17

5 
4.

9O
d*

 
S.

78
dd

d 
5.

S7
dd

d 
S.

94
bd

d 
4.

33
-4

.1
8m

 
4.

33
-4

.1
8m

 
3.

76
3.

6S
m

 
4.

8 
ld

* 
S.

74
dd

d 
5.

54
dd

” 
5.

9O
bd

d 
3.

76
-3

.6
Sm

 
3.

76
-3

.6
5m

 
3.

54
dd

 

’ D
at

a 
in

 th
e 

1s
t r

ow
 o

f 
ea

ch
 e

nt
ry

 r
ef

er
 t

o 
su

ga
r 

re
si

du
e 

1;
 da

ta
 i

n 
th

e 
2n

d 
an

d 
3r

d 
ro

w
, 

if 
pr

es
en

t, 
re

fe
r 

to
 s

ug
ar

 r
es

id
ue

s 
2 

an
d 

3,
 re

sp
ec

tiv
el

y.
 

Pe
ak

 m
ul

tip
lic

iti
es

: 
b,

 
br

oa
d;

 d
, d

ou
bl

et
; 

m
. m

ul
tip

le
t; 

q,
 q

ua
rte

t; 
s, 

si
ng

le
t; 

t, 
tri

pl
et

. 
b M

ea
su

re
d 

in
 c

hl
or

of
or

m
-d

un
le

ss
 

ot
he

rw
is

e 
in

di
ca

te
d.

 
’ M

ea
su

re
d 

in
 a

ce
to

ne
-d

,. 
*A

ss
ig

nm
en

ts 
in

 th
e 

sa
m

e 
co

lu
m

n 
m

ay
 b

e 
re

ve
rs

ed
. 

._
 

_ 
_ 

._
. 

_ 
__

 
. -

.. 
_l

-l-
.._

 .“
_.

_.
 -,

 ..
- 



172 T. ZIEGLER et al. 

TABLE II 

‘H-N.m.r. coupling constants 

Compound Coupling constants (Hz) 

4 
5 
6 
7 
8 
9 
11 
13 
15 
20 

21 

22 

23 

24 

25 

26 

27 

2.8 

30 

31 

32 

35 

36 

37 

39 

41 

7.7 
7.6 
7.9 
7.6 
8.0 
7.8 
7.8 
3.9 
3.8 
7.9 
7.7 
7.9 
7.8 
7.5 
7.6 
7.4 
7.8 
7.6 
7.8 
0 

7.9 
7.7 
7.9 
7.9 
7.8 
3.8 
7.9 
7.9 
7.3 
7.9 
7.5 
7.9 
7.4 
7.9 
7.8 
7.3 
7.8 
7.8 
7.3 
7.7 
7.7 
7.9 
7.8 
7.4 
7.9 
7.5 
7.8’ 

10.1 
10.0 
10.2 
10.5 
9.7 
9.7 
9.4 
9.9 
10.0 
0 

10.4 
10.2 
10.4 
(I 

10.4 
(1 

10.4 
(1 

10.5 
” 

10.4 
” 

10.3 
10.4 
10.4 
10.4 
10.4 
10.4 
(1 

10.4 
(1 

10.4 
(I 

IO.36 
10.4* 
(1 

10.4 
10.4 
(1 

10.2 
10.2 
0 

10.4 
” 

10.4 
0 

10.76 
7.9O 11.W 

3-4 
3.1 
3.1 
3.2 
5.4 
5.4 
5.4 
5.2 
5.1 
0 

3.1 
3.1 
3.4 
” 

3.3 
” 

3.3 
Y 

3.3 
II 

3.3 
3.1 
3.1 
3.4” 
3.36 
3.3 
3.3 
3.2 
1.7 
3.4 
0 

3.3 
” 

3.2* 
3.6 
4.0 
3.3 
3.3 
II 

3.3 
3.3 
ti 

3.3b 
-4 
3.4b 
n 

3.3* 
3.4* 

11.5 12.6 
11.6 11.6 
11.4 11.4 
12.9 12.9 
11.4 12.9 

I 0 

12.3 

I? 

12.3 

12.9 

11.5 

Y 

11.5 

-13 

u 

Y 12.0 

(1 
Y 

(I 

11.6 11.6 

-12 -12 

Cl 0 

<l 
<l 
<I 
<l 
1.8 
1.9 
1.9 
2.2 
2.2 
<1 
<1 
<l 
<l 
<l 
<l 
<I 
<I 
” 

<l 
2.0 
<l 
0 

<l 
<l 
<I 
<l 
<l 
<I 
1.7 
<l 
3.5 
<I 
” 

tl 
41 
” 

41 
<l 
(I 

2.8 
41 
L1 

<1 
II 

<l 
<l 

Y 

11.6 
11.4 
12.9 
u 

Y 

12.3 

” 

11.5 

” 

” 

Y 

(1 

11.6 

a 

u 

II 

6.1 
5.7 
5.8 
4.7 
L1 

5.4 
II 
II 

4.6 
7.0 
6.5 
4.9 
5.1 
7.0 
5.1 
8.7 
2.9 
6.9 
2.6 
6.3 
2.6 
6.4 
L1 
Y 

5.3 
u 
Y 
u 
u 
ti 
u 
u 

6.2” 
5.P 
6.5” 
u 
u 
” 
Y 
Y 
Y 

4.1” 
6.3 
4.2’ 
Y 
L( 
P 

L1 

4.9 
4.7 
8.2 
4.5 
(1 

4.5 
u 
” 
(1 
(1 

6.3 
6.9 
(1 
” 

7.1 
Y 

7.0 
” 
u 
Y 
0 

6.4 
L1 
” 

7.2 
” 
Y 
L1 
(I 
0 
L1 
” 
(1 
(I 
Y 
(1 
(1 
(1 
Y 
(1 
L1 
Y 

6.8 
Y 

8.5 
II 

6.5 

0 

10.7 
10.6 
10.3 
10.0 
(I 

9.6 
0 
” 

10.7 
10.6 
11.3 
10.6 
10.0 
10.0 
10.0 
13.6 
10.4 
0 

10.2 
11.0 
9.9 

11.4 
(1 
” 

10.7 
Y 
(1 
(1 
(L 
L1 
(1 
(1 
(1 
II 
Y 
(1 
(1 
” 
Y 
(I 
(1 

10.5b 
11.0 
9.8b 
11.2 
(1 

10.3 

a Undetermined owing to overlap of signals. b Assignments in the same column may be reversed. 



DEOXY LIGANDS OF ANTIGALACTAN ANTIBODIES 173 

TABLE III 

“C-N.m.r. chemical shifts 

4 
5 
6 
7 
8 
9 
10’ 
11 
13 
14 
15 
20 

21 

22 

25 

24 

25 

26 

28 

w 

30 

31 

32 

33 

35 

36 

37 

38’ 

104.3 10.2 73.7b 68.0 
104.3 69.6 74.1 68.0 
102.3 69.7 74.2 68.1 
102.3 69.9 71.7 76.2 
102.1 73.p ?2.ob 33.1 
102.3 72.8b 71.8’ 32.3 
103.7 75.1 70.6 35.1 
102.1 72.9b 71.2’ 33.5 
92.0 72.0b 67.8b 32.5 
97.9 72.76 66. lb 33.2 
92.6 72.4’ 68.2’ 32.3 

102. I 70.0$ 73.7 67.6 
101.5 69.6d 71.9 67.9 
102.1 69.7* 71.6 67.5 
101.8 69.6d 71.6 68.3 
102.1 7o.od 72.7 76.6 
101.0 69.7d 71.8 67.7 
102.1 69.8d 71.6 76.8 
101.1 69.7’ 71.6’ 68.0 
102.0 72.7& 7l.ob 32.9 
101.6 70.1 71.9 68.0 
102.0 72.1” 71@ 32.9 
101.7 69.8 71.6@ 68.1 
102.0 72.76 71.0b 32.9 
101.5 69.6 74.0 67.4 
91.4 68.0 69.0 68.5 

101.4 69.7 71.7 68.0 
103.7 75.2” 70.8b 34.4 
103.4 71.5 72.8 68.7 
102.2 69.9 71.8 69.8 
101.3 76.6’ 71.sb 33.0 
102.1 69.9 71.8 68.9 
101.2 73.56 71.8’ 33.1 
102.4 69.8 71.9 68.5 
101.1 72.8’3’ 71 6’.* 31.9 
103.9 10.7” 72131 68.8 
103.2 75.0 70.4’ 34.3 
102.2 70.0 71.8 68.7 
101.2 70.0 71.8 67.9 
100.9 72.8b 71.7” 33.2 
102.2 7o.od 71.9 68.7 
101.3 69.9“ 71.9 68.0 
100.8 72.3b 71.9 31.7 
102.2 69.9 69.9 68.8d 
101.4d 69.9 71.9d 68.2d 
101.3d 73.ol’s 71.8” 32.8 
103.9 70.8’ 72.7’ 68.8 
103.4d 70.8” 72.y’ 74.08 
103.3d 75.0 70.4” 34.3 

73.8b 
76.0 
74.5 
73.7 
72.4b 
72.4b 
72.7 
72.0b 
69.0b 
68.4b 
71.46 
74.1 
74.1 
74.16 
73.7* 
71.3 
73.8 
71.4 
72.76 
71.6’ 
74.0 
71.1b.e 
71.2 
71.6’ 
72.6 
71.7 
71.4 
70.46 
74.9” 
73.3 
72.6’ 
73.5 
72,3b 
72.9” 
?2.4& 
74.0 
72.6 
73.0 
72.8 
72.26 
73.1 
72.7 
72.3” 
72.8d 
72 6“= 
71:5* 
73.98 
73.99 
72.8’ 

61.4 
63.3 
63.4 
61.3 
66.0 
64.9 
63.7 
65.8 
65.3 
65.4 
65.4 
68.0 
61.4 
68.5 
62.2 
66.7 
60.9 
67.0 
61.8 
71.1 
61.5 
71.0 
62.1 
70.9 
62.8 
67.1 
61.7 
71.5 
61.1 
68.8 
68.2 
68.0 
65.7 
67.4 
64.4 
69.1 
63.1 
68.1 
66.4 
65.5 
68.0 
66.3 
64.2 
67.2 
68.3 
65.6 
69.3 
69.3 
63.7 

51.4 
57.0 
56.5 
57.0 
56.6 
57.0 
57.2 
56.5 

55.4 

56.5 

56.5 

56.8 

56.8 

56.5 

56.5 

56.5 

57.4 

56.8 

56.7 

57.0 

57.4 

56.8 

56.8 

56.8 

57.4 

19.0 
19.2 
19.2 
19.0 
19.3 

19.3 

19.0 

19.1 

19.2 

19.2 
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TABLE III continued 

“C-N.m.r. chemical shifts 

Compound Chemical shifts (6) 

C-1 c-2 c-3 c-4 c-5 C-6 OCH, WHJ ,C 

39 102.2 69.9‘+ 70.7 68.9 72.8 68.2 56.8 
101.8 73.26 71.7b.d 33.0 71.9”d 71.1 
101.3 69.8d 71.V 68.2 7 1.4b+j 62.0 

40 103.9 70.7 72.@ 68.V 73.9 69.2 57.4 
103.4 75.2’ 70.3 34.3 71.6 70.8 
103.2 71.5’ 72.7d 68.7d 74.9’ 61.1 

41 101.9 73.2b 70.96 32.7 72.7’ 71.1 54.5 
101.6 69.9 71.7 68.7 71.6 68.1 
101.2 69.9 71.7 68.1 71.4 61.8 

42 103.Sd 75.3 70 4bf 
73:9 

34.4 70.8* 71.7 57.4 
103.5d 7o.w 68.7 72.7e 69.2 
103.4d 71.5 72.98 68.7 75.0 61.1 

a Measured in chloroform-d unless otherwise indicated. * Assignments in the same line may be reversed. ’ 
Measured in D,O. d Assignments in the same column may be reversed. ‘AU Assignments of the corresponding 
signals may be reversed. 

glycosylated (6,, 68.0 in 20, and 68.5 in 21). Proton spectra (Tables I and II) showed the 
positions 4’ in 20 and 21 to be unsubstituted, by the presence of signals for H-4’ at 6 4.22 
and 4.3 1, respectively. Subsequent benzoylation of 21 afforded compound 27. The free 
OH groups in 20 and 21 reacted smoothly with TCDI to give the intermediates 22 and 
23, which were treated with tributyltin hydride to furnish the corresponding 4’-deoxyg- 
enated disaccharides 24 and 25 in 50% and 97% yield, respectively. The somewhat 
lower yield in the case of the conversion 22+24 was due to the formation of side- 
products during the reduction step. 

Treatment of compound 24 with boron trifluoride-methanol reagent, essentially 
under the same conditions as those applied for the high yielding conversion 3+17, gave 
a single product (91%). Its proton-n.m.r. spectrum showed signals for H-4*, H-62a and 
H-62b at 4.37, 4.72, and 4.62 p.p.m. In the spectrum of related compound 17 the 
corresponding signals appear4 at 5.88, 3.86, and 3.70 p.p_m., respectively. This upfield 
shift of the signal of H-4 (AS - 1.51 p.p.m.), and the downfield shift of the signals of 
H-6a and H-6b (da +0.86 and +0.92 p.p.m.), in the spectrum of the product of 
desilylation of 24, was evidence of O-42 *O-6’ benzoyl group migration during desilyla- 
tion. The carbon-n.m.r. spectrum of the material also supported the presence of a 
benzoyl group at position O-62: the signals of C-42 and C-6’ (S 67.4 and 62.7, respec- 
tively) appeared at essentially the same position as those for the corresponding carbon 
nuclei of methyl 2,3,6-tri-O-benzoyl-/?-D-galactopyranoside’” (6 67.2 and 62.9, respec- 
tively). Therefore, we assigned the product of the desilylation of 24 the structure 26, and 
by benzoylation of the remaining OH group obtained the disaccharide 25. An altema- 
tive synthesis of the fully benzoylated disaccharide 25 comprised condensation of 
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methyl 2,3-di-O-benzoyl-4-deoxy$-D-xylo-hexopyranoside (9) and the galactosyl bro- 
mide 16, which furnished the compound in 63 % yield. Debenzoylation afforded methyl 
O-/3+galactopyranosyl-( 1+6)-4-deoxy+D-xylo-hexopyranoside (29). The corre- 
sponding disaccharide 33, having the 4-deoxy-B-D-xylo-hexopyranosyl reducing end 
group, was prepared similarly: first, the fully benzoylated deoxyglycosyl donor 13 was 
condensed with methyl 2,3,4-tri-O-benzoyl$-D-galactopyranoside (17) to give the ben- 
zoylated disaccharide 30 (85%), and this was subsequently deblocked. 

R5 ,0R6 

R30 0 

R30 

R30 R’ 

RZ 

Cpd. R’ RZ R’ R’ R5 R6 

20 OMe H 

21 OMe H 

22 OMe H 

23 OMe H 

24 OMe H 

25 OMe H 

26 OMe H 

27 OMe H 

28 H Cl 

29 OMe H 

30 OMe H 

31 OMe H 

32 OMe H 

33 OMe H 

34 OMe H 
OTC1 = Imidazol-l-ylthiocarbonyloxy 

BZ 

BZ 
BZ 

Bz 
BZ 
BZ 
BZ 

Bz 
Bz 

H 
BZ 

Bz 
Bz 

H 
Bz 

OH 
OH 

OTC1 

OTC1 
H 

H 
H 

OBz 
OBz 

H 
OBz 

OBz 
OBz 

OH 
OBz 

OBz 
OBz 
OBz 

OBz 
OBz 

OBz 
OH 

OBz 

OBz 
OH 
H 

H 
H 

H 
OBz 

TBDPS 
Bz 
TBDPS 

Bz 
TBDPS 

Bz 
Bz 

Bz 
BZ 

H 
Bz 

TBDPS 
H 

H 
H 

All three possible trisaccharide sequences having one 4-deoxygalactosyl moiety 
were synthesized. For the construction of the trisaccharide 38, deoxygenated at position 
43, we chose two approaches. Condensation of each of the glycosyl chlorides 13 and 15 
with methyl O-(2,3,4-tri-O-benzoyl+D-galactopyranosyl)-(1 +6)-2,3,4-tri-O-benzoyl- 
/3-D-galactopyranoside”*‘2 (34), resulted in intermediates 35 (93%) and 37 (86%) 
respectively. Compound 35 was further converted, in virtually theoretical yield, to the 
trisaccharide 36 by selective deprotection with boron trifluoride-methanol reagent. 
Trisaccharides 36 and 37 were then conventionally deprotected (Zemplen), in 85% and 
96% yields, to give compound 38. The trisaccharide 40, having a Cdeoxy-#?-D-x+ 
hexopyranosyl internal residue, was prepared as follows: Condensation of the glycosyl 
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donor 15 with the glycosyl acceptor 17 gave the disaccharide 31. Subsequent desilyla- 
tion of 31 gave compound 32 (98%), and this nucleophile was galactosylated at position 
O-6*, using 16 as the glycosyl donor. Deprotection of the resulting fully benzoylated 
trisaccharide 39 gave the target compound 40. For the synthesis of the trisaccharide 
deoxygenated at position 4’, we chose the disaccharide chloride 28 as the glycosyl 
donor. It was prepared by coupling bromide 16 to the galactosyl acceptor 17, to give the 
fully benzoylated methyl digalactoside 27, and this was treated with DCMME to give 
the corresponding, crystalline glycosyl chloride 28. Silver triflate promoted condensa- 
tion of compounds 28 and 9 gave the blocked trisaccharide 41 (70%) and this on 
debenzoylation afforded the trisaccharide methyl /?-glycoside 42 in 76% yield. 

R’ ,ORS 

a2 

0 
R’O 

b “\ 

OMe 

R’O 
CM. R’ R’ R’ R4 RS 

35 BZ 

36 BZ 

37 Bz 

38 H 

39 Bz 
40 H 

41 Bz 
42 H 

OBz 
OBz 

OBz 
OH 
OBz 
OH 
H 
H 

OBz 
OBz 
OBz 
OH 
H 
H 
OBz 
OH 

H 
H 
H 
H 
OBz 
OH 

OBz 

OH 

TBDPS 
H 

Bz 
H 
Bz 
H 

Bz 
H 

Binding studies. - Table IV shows the affinity constants and the maximal 
ligand-induced fluorescence changesI (LIFC,,) for the saccharides studied, some of 
them previously prepared14. To facilitate interpretation of the data a schematic illustra- 
tion of the binding mode proposed for these saccharide epitopes and this class of 
antibodies, based on earlier findings’, is shown in Fig. 1. It should be recalled that 
subsite A is the one that was shown to have critical hydrogen bonds from the 2- and 
~-OHS of the ligand to the antibody. The approximate location in the combining 
area’a”5 of the two solvent-exposed tryptophanyl residues (TRPs) is indicated as well. 

We reported16 that methyl 4-deoxy-4-fluroro-/3-D-galactopyranoside exhibited 
binding equal to that of the the parent glycoside 1, showing there is no hydrogen bond 
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conlpound 

177 

1 Gal-bMC 

45 Gal + 

48 Gal + Gal + 

46 Gal + 

47 3dGal + Gal-die 
29 Gal + 
33 4dGaI -_) Gal+Me 
49 JdGal + Gal + 
50 Gal + 
51 Gal + Gal --f 
38 4dGal + Gal --t 
40 Gal + 
42 Gal + Gal --t 

GaljMe 

Gal+Me 

3dcM+Me 

4dGal+Me 

0il-aM.z. 
3dGal + 

fdGal+Me 
Gd-+Me 

4dGal -_) 

4dGal+Me 

GabMe 

Gal-Me 

C A B D 

ANTIBODY COMBINING AREA 

Fig. 1. Schematic depiction of the binding of various ligands to immunoglobulins X24 and 5539. The letters 
C, A, B, and D represent the four galactosyl-binding subsites, and the location of the two solvent-exposed 
tryptophan residues in subsites A and B is indicated. For the meaning of the abbreviations see footnote a, 
Table IV. Note that subsite A always accomodates an unaltered (except for possible 6-substitution) 
galactopyranosyl residue. 

donation from the 4 position of the galactosyl residue to the protein in the highest 
affinity subsite (A). Now, it can be seen that methyl 4-deoxy-j?-D-galactopyranoside fails 
to bind, suggesting a critical requirement for a hydrogen bondfrom the antibody to O-4 
of the residue in subsite A. And if that is so, di- and tri-saccharides containing a 
4-deoxygalactosyl residue in various parts of their sequence should possess predictable 
binding patterns. For example disaccharide 29 should bind in subsites A-B, so that the 
4-deoxygalactosyl residue would not occupy the “forbidden” subsite 4, and the 
LIFC,, indicates this to be the binding mode. There is a somewhat reduced binding 
affinity, however, compared with that of 45, showing that the 4-deoxygalactosyl residue 
has a K, for subsite B of 13 in the case of 5539, and 15 in the case of X24, compared to the 
affinities of 50 (5539) and 33 (X24) that a galactosyl residue has in that subsite (dGA_B = 
dG, + dG,, where dG is the free energy of binding). By contrast, ligand 33 must shift to 
subsites C-A in order to avoid having its 4-deoxygalactosyl moiety in subsite A. Table IV 
shows that this is so, as the LIFC,,, has reverted to the value indicating perturbation of 
only one TRP residue. The affinity is exactly as expected for C-A (for A, X24 = 600, 
5539 = 103; for C, X24 = l&J539 = SO). Thus, subsite C shows no involvement with 

the 4-OH of the residue it binds, while B shows some (noncritical) interaction with the 
4-OH of its galactosyl residue. Trisaccharides 38,40, and 42 can all utilize subsites A-B, 
so they all show the high values of LIFC,, indicative of perturbation of both solvent- 
exposed TRP residues. However, both 38 and 42 can occupy C-A-B, while 40 must shift 
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TABLE IV 

Binding constants (Q and maximal ligand induced fluorescence changes (LIFO for a series of ligands of 
IgAs X24 and 5539 (Fab’) 

Ligand” Immunoglobulin 

X24 3539 Fab 

K, LIFC_ (%) K. LIFC,,,_ (%) 

1 Gal-Me 
43 2dGal-rMe 
44 3dGal+Me 
10 4dGal+Me 
45 Gal+Gal+Me 
46 Gal+3dGal+Me 
47 3dGal+Gal+Me 
29 Gal+4dGal+Me 
33 4dGal+Gal+Me 
48 Gal+Gal+Gal+Me 
49 3dGal+Gal+Gal+Me 
50 Gal+3dGal+Gal+Me 
51 GaldGal+3dGal+Me 
38 4dGal+Gal+Gal+Me 
40 Gal-+ldGal+Gal+Me 
42 Gal-tGal+ldGal+Me 

0.6 x 10’ 18.2 
0 0 
0 0 
0 0 
2.0 x 104 30 
1.9x 104 31 
6.8 x 10’ 19 
0.9 x 10’ 31 
1.2x IO4 21 
3.2 x 10’ 41 
1.9 x lo5 34 
2.6 x lo4 31 
3.5 x 105 37 
2.3 x lo5 41 
2.2 x 104 31 
1.6x IO5 30 

1.0 x IO3 18.8 
0 0 
0 0 
0 0 
5.2x 104 35 
5.8x 10’ 30 
7.4x 103 19 
1.3~10~~ 36 
1.3x104b 22 
4.8 x 105 43 
4.8x lo5 37 
5.2x 104 36 
4.4x lo5 38 
4.8x IO5 b 44 
4.7 x 104 35 
1.8x 10’ 38 

’ Names are abbreviated as follows: 2dGal-*Me = methyl 2-deoxy-b-p-lyxo-hexopyranoside (“methyl 
2-deoxy$-D-galactopyranoside”), etc.; Gal+3dGal+Me = methyl O-j?-p-galactopyranosyl-(1+6)-3-de- 
oxy-p-u-xylo-hexopyranoside (“methyl 0-p-p-galactopyranosyl-(1 -+6)-3-deoxy-p-D-galactopyranoside”), 
etc. All residues are in the pyranose form, and all linkages are B-( l-+6). The synthesis of compounds 43,44, 
and 10 (ref. 3), and 4647, 49,50, and 51 (ref. 14) has been reported. ’ Measured on whole antibody. 

to A-B-D in order to avoid having the 4-deoxy residue in subsite A. The K,s computed 
for these modes for 38,40, and 42 (4.8 x lo’, 1.6 x 104, and 1.4 x lo5 respectively) are 
quite close to the values found (Table IV). The trisaccharides 4951 show by their 
LIFC,,, values that they too can all occupy subsites A-B, and the affinities reveal that 49 
and 51 utilize the sequence C-A-B, while ligand 50 utilizes A-B-D, as would be expected 
knowing that in subsite A there is a critical hydrogen bond to the protein from OH-3 of 
the galactosyl residue. Thus, the data collected here on the 3- and 4-deoxygenated 
ligands related to (1+6)-B-D-galactopyranans completely confirm the binding modes 
proposed in earlier reports from this laboratory’. Also, an additional hydrogen bond 
from the protein to the ligand (position O-4) in subsite A is indicated by the data. 

EXPERIMENTAL 

General methods. - Optical rotations were measured at 25” with a Perkin-Elmer 
automatic polarimeter, model 241 MC. Thin-layer chromatography (t.1.c.) on precoat- 
ed slides of Silica Gel G F254 (Analtech) was performed with solvent mixtures of 
appropriately adjusted polarity consisting of: A, carbon tetrachloride-acetone; B, 



DEOXY LIGANDS OF ANTIGALACTAN ANTIBODIES 179 

toluene-acetone; C, dichloromethane-methanol; D, carbon tetrachloride-ethyl ace- 
tate; and Z?, toluenHthy1 acetate. Detection was effected by charring with 5% sulfuric 
acid in ethanol and, when applicable, with U.V. light. Preparative chromatography was 
performed by elution from columns of Silica Gel 60 (particle size 0.04-0.063 mm). 
N.m.r. data were extracted from spectra measured at 25” with a Varian XL 300 
instrument, using tetramethylsilane as internal standard for solutions in CDCl,. For the 
13C spectra ta k e n in D,O methanol was used as the internal standard (c&,,us. Me,Si is 
49.0 p.p.m.). Proton signal assignments were made by first-order analysis of the spectra, 
and were supported by homonuclear decoupling experiments. Of two magnetically 
nonequivalent geminal protons, the one resonating at lower field is denoted Ha and the 
one resonating at higher field, Hb. The superscripts used in reporting the n.m.r. data for 
oligosaccharides denote the sugar residues containing the designated proton or carbon 
atom. These are serially numbered, beginning with the residue bearing the aglycone. For 
example, H-l2 refers to H-l of the second sugar unit. Reactions requiring anhydrous 
conditions were performed under argon using common laboratory glassware, and 
reagents and solvents were handled with Hamilton series 1000 gas-tight syringes. Boron 
trifluoridemethanol complex (50% BF,) was purchased from the Aldrich Chemical 
Co. Unless stated otherwise, solutions in organic solvents were dried with anhydrous 
sodium sulfate, and concentrated at 2 kPa and 40”. 

Affinity constants were measured by the change in antibody tryptophanyl fluo- 
rescence as a function of incremental additions of putative ligands13. 

Immunoglobulins. - The purification of the monoclonal immunoglobulins has 
heen described’. 

Methyl 6-0-(tert-butyldiphenylsilyl)-B-~-gaZactopyranoside (2). - A solution of 
methyl &D-galactopyranoside (1; 9.68 g, 50 mmol), imidazole (7.51 g, 110 mmol) and 
tert-butylchlorodiphenylsilane (14.35 mL, 55 mmol) in NJ-dimethylformamide (150 
mL) was stirred for 14 h at room temperature, and poured into water (N 500 mL) with 
vigorous stirring. The precipitate was collected by filtration, dissolved in dichloro- 
methane (100 mL), and combined with the dichloromethane extract of the filtrate. The 
organic phase was washed with aqueous sodium chloride solution (5%), and concen- 
trated to give 2 in virtually theoretical yield, m.p. 91”; lit.4 m.p. 92-93”. 

Methyl 2,3-di-O-benzoyl-6-0-(tert-butyldiphenylsilyl)-~-D-galactopyranoside 
(6). - A solution of benzoyl chloride (0.63 g, 4.5 mmol) in toluene (1 mL) was added at 
- 20” to a solution of 2 (0.87 g, 2 mmol) in pyridine (2 mL), and the mixture was stirred 
at - 20” until t.1.c. (solvent A, 5: 1) showed complete conversion of compound 2 (N 1 h). 
The mixture was diluted with dichloromethane and washed successively with dilute 
hydrochloric acid and aqueous sodium hydrogencarbonate solution. After evaporation 
of the solvent, the residue was chromatographed (gradient, carbon tetrachloride to 
solvent A, 10: 1) to give first methyl 2,3,4-tri-0-benzoyl-6-O-(tert-butyldiphenylsi- 
lyl)$-D-galactopyranoside (3; 0.15 g, lo%), m.p. 192-193”; lit.4 m.p. 193-194”. 

Eluted next was compound 6 (0.90 g, 70%, white foam), [a], + 56” (c 1 .O, CHCl,). 
Anal. Calc. for C,,H,O$i: C, 69.35; H, 6.29. Found: C, 69.92; H, 6.32. 
Eluted next was methyl 3,4-di-O-benzoyl-6-O-(tert-butyldiphenylsilyl)-~-D-ga- 

lactopyranoside (4; 67 mg, 5%, white foam), [a],, + 31” (c 0.8, CHCI,). 
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Anal. Calc. for C,,H,O,Si: C, 69.35; H, 6.29. Found: C, 69.37; H, 6.25. 
Eluted next was methyl 3-O-benzoyl-6-O-(tert-butyldiphenylsilyl)-~-~-galacto- 

pyranoside (5; 0.15 g, 14%), m.p. 88-91” (from ethyl acetatehexane), [a],, + 13.1” (c 
1.2, CHCl,). 

Anal. Calc. for C,,H,O,Si: C, 67.14; H, 6.76. Found: C, 67.03; H, 6.81. 
Methyl 2,3-di-0-benzoyl-6-0-(tert-butyldiphenylsilyl)-4-0-(imidazol-l-ylthio- 

carbonyl)-/3-D-galactopyranoside (7). - A solution of compound 6 (6.46 g, 10 mmol) 
and thiocarbonyldiimidazole (2.32 g, 13 mmol) in toluene (100 mL) was stirred at 100” 
until t.1.c. (solvent A, 5:l) showed complete conversion of 6 into a slower moving 
product (- 15 h). After concentration, the residue was chromatographed (gradient, 
carbon tetrachloride to solvent A, 1O:l) to give 7 (7.08 g, 94%), m.p. 79-81.5” (from 
acetone-hexane), [a],, + 100” (c 1.1, CHCl,). 

Anal. Calc. for C,,H,N,O,SSi: C, 65.58; H, 5.64; N, 3.73; S, 4.27. Found: C, 
65.36; H, 5.91; N, 3.60; S, 4.20. 

Methyl 2,3-di-O-benzoyl-6-0-(tert-butyldiphenylsilyl)-4-deoxy-~-~-xylo-hexo- 
pyranoside (8). - A solution of compound 7 (6.80 g, 9 mmol) in toluene (20 mL) was 
added to a solution of tributyltin hydride (5 mL, 15 mmol) in toluene (20 mL). The 
mixture was heated under reflux until t.1.c. (solvent B, 1O:l) showed complete con- 
version into a single, faster moving product ( - 45 min). After concentration, the residue 
was chromatographed (gradient, carbon tetrachloride to solvent A, 30: 1) to give 8 (5.32 
g, 95%, white foam), [a], +49.6” (c 0.7, CHCI,). 

Anal. Calc. for C,,H,O,Si: C, 71.13; H, 6.45. Found: C, 70.89; H, 6.47. 
Methyl 2,3-di-O-benzoyl-4-deoxy-jksxylo-hexopyrunoside (9). - (a). A solution 

of compound 8 (0.63 g, 1 mmol) and boron trifluoride-methanol (0.2 mL) in 1:l 
dichloromethane-methanol (10 mL) was kept at room temperature with occasional 
swirling until t.1.c. (solvent A, 5: 1) showed complete conversion of the starting material 
into a slower moving product (- 1.5 d). After concentration the residue was chroma- 
tographed (solvent A, 8: 1) to give 9 (0.35 g, 91%, white foam), [a], + 64” (c 1 .O, CHCl,). 

Anal. Calc. for C,,H,,O,: C, 64.47; H, 5.61. Found: C, 64.43; H, 5.65. 
(6). Chlorotrimethylsilane (1.2 mL, 10 mmol) was added at 0”, with stirring, to a 

solution of ll(2.1 g, 3.3 mmol) and sodium iodide (1.5 g, 10 mmol) in acetonitrile (50 
mL). After 3 min, water (50 mL) was added, and the brown solution was decolorized by 
the addition of aqueous sodium thiosulfate. After concentration to - 50 mL the mixture 
was extracted with dichloromethane, and the combined organic phase was washed with 
water and concentrated. The residue was chromatographed to give compound 9 (0.96 g, 
75%). 

Methyl 4-deoxy$-D-xylo-hexopyranoside (10). - A solution of compound 9 (386 
mg, 1 mmol) and a catalytic amount of sodium methoxide in methanol (20 mL) was kept 
at room temperature for - 16 h. After neutralization of the mixture with Dowex (H+) 
ion-exchange resin, and evaporation of the solvent, the residue was crystallized from 
methanol-ethyl acetate to give 10 (105 mg, 59%), m.p. 147”; lit.3 m.p. 14&148.5”. 

Methyl 2,3-di-O-benzoyl-4-deoxy-6-O-trityl-8-D-xylo-hexopyranoside (11). - To 
a solution of methyl 4-deoxy-/I-rr-xylo-hexopyranoside’ (10; 0.89 g, 5 mmol), triethyla- 
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mine (0.5 mL), and 4-dimethylaminopyridine (24 mg, 0.2 mmol) in iV,N-dimethylfor- 
mamide (10 mL) was added trityl chloride (1.54 g, 5.5 mmol), and the mixture was 
stirred at room temperature until t.1.c. (solvent C, 1O:l) showed almost complete 
conversion of the starting material into a major, faster moving product (- 12 h). 
Pyridine (5 mL) was added, followed by benzoyl chloride (1.7 mL, 15 mmol) at - 30”, 
and the mixture was stirred at room temperature for additional 3 h. After conventional 
processing, the crude product was chromatographed (solvent A, 10: 1) to give ll(2.87 g, 
91%, white foam), [a], + 61” (c 0.6, CHCI,). 

Anal. Calc. for C,,H,,O,: C, 76.40; H, 5.78. Found: C, 76.53; H, 5.78. 
2,3,6- Tri-0-benzoyl-4-deoxy-a-D-xylo-hexopyranosyl chloride (13). - A solution 

of methyl 2,3,6-tri-0-benzoyl-4-deoxy-P-D-xylo-hexopyranoside3 (12; 1.5 g, 3 mmol), 
dichloromethyl methyl ether (5.5 mL), and zinc chloride (-50 mg) in chloroform (5.5 
mL) was heated and stirred under reflux until t.1.c. (solvent A, 35:l) showed complete 
conversion of the starting material into one major and one minor faster-moving product 
(N 0.5 h). After concentration, and coevaporation with toluene, the residue was chro- 
matographed (solvent A, 40: 1) to give first compound 13 (1.02 g, 69%), m.p. 155.5-156” 
(from carbon tetrachloride), [a],, + 165.7” (c 0.9, CHCl,). 

Anal. Calc. for C,,H,,ClO,: C, 65.56; H, 4.69; Cl, 7.17. Found: C, 65.29; H, 4.65; 
Cl, 7.30. 

Eluted next was methyl 2,3,6-tri-O-benzoyl-4-deoxy-a-D-xylo-hexopyranoside 
(14; 0.17 g, 12%), m.p. 118-l 19.5” (from methanol), [a], + 128” (c 0.8, CHCl,). 

Anal. Calc. for C,,H,,O,: C, 68.54; H, 5.34. Found: C, 68.48; H, 5.36. 
2,3-Di-O-benzoyl-6-O-(tert-butyldiphenyfsilyl)-4-deoxy-a-~-xylo-hexopyranosyl 

chloride (15). - A solution of compound 8 (3.00 g, 4.8 mmol), dichloromethyl methyl 
ether (8 mL), and zinc chloride (N 5 mg) in chloroform (10 mL) was stirred at 55” until 
t.1.c. (solvent D, 15: 1) showed complete conversion of the starting material into a major, 
faster moving product (1.5 h). Workup as described for the preparation of compound 
13, and chromatography (gradient, carbon tetrachloride to solvent E, 1O:l) gave 15 
(2.56 g, 85%, white foam), [a], + 138” (c 0.8, CHCl,). 

Anal. Calc. for C,,H,,ClO,Si: C, 68.72; H, 5.93; Cl, 5.63. Found: C, 68.59; H, 5.96; 
Cl, 5.70. 

Methyl 2,3,4-tri-0-benzoyl-/?-D-galactopyranoside (17). - A solution of com- 
pound 3 (0.75 g, 1 mmol) in 1: 1 dichloromethane-methanol (10 mL) was treated with 
boron trifluoridemethanol(0.2 mL) as described for the preparation of compound 9. 
Chromatography (solvent A, 5:l) gave 17 (0.5 g, 99%), m.p. 90” (from diethyl ether- 
hexane); lit.(j m-p. 90-91”. 

Methyl 0-[2,3,4-tri-O-benzoyl-6-0-(tert-butyldiphenylsilyl)-~-~-galactopyrano- 
syl]-(I~6)-2,3-di-O-benzoyl-~-~-galactopyrunoside (20). - A solution of methyl 2,3- 
di-0-benzoyl-fi-D-galactopyranoside’ (18; 402 mg, 1 mmol), methyl 2,3,4-tri-O-benzo- 
yl-6-O-(lert-butyldiphenylsilyl)-a-~-galactopyranosyl chloride4 (19; 749 mg, 1 mmol), 

and 2,4,6_trimethylpyridine (109 mg, 0.9 mmol) in dichloromethane (5 mL) was added 
at - 50” to a suspension of silver triflate (0.52 g, 1 mmol) and pulverized molecular 
sieves (4 A, 1 g) in dichloromethane (5 mL), and the mixture was slowly warmed to 0”, 
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when t.1.c. (solvent A, 5: 1) showed complete conversion of the starting materials (- 1 h). 
After neutralization with 2,4,6_trimethylpyridine, filtration, and washing of the filtrate 
with aqueous sodium thiosulfate, the solvent was evaporated. Chromatography of the 
residue gave 20 (0.81 g, 73%, white foam), [a], +87.6” (c 0.8, CHCl,). 

Anal. Calc. for C,H,,O,,Si: C, 68.93; H, 5.60. Found: C, 68.68; H, 5.66. 
Methyl 0- (2,3,4,6-terra-0-benzoyl-P-D-galactopyranosyl) -(I +6) -2,3-di-O-ben- 

zoyl+D-galactopyranoside (21). - A solution of compotind 18 (1.21 g, 3 mmol), 
2,3,4,6-tetra-0-benzoyl-a-D-galactopyranosyl bromide’ (16; 1.98 g, 3 mmol), and 2,4,6- 
trimethylpyridine (0.35 g, 2.9 mmol) in dichloromethane (10 mL) was added at - 70” to 
a suspension of silver triflate (1.03 g, 4 mmol) and pulverized molecular sieves (4 A, 2 g) 
in dichloromethane (10 mL), and the mixture was slowly warmed to - lo”, when t.1.c. 
(solvent A, 5:l) showed complete conversion of the starting materials (- 0.5 h). Workup 
as described for the preparation of compound 20 gave 21(2.38 g, 8 1 “A), m-p. 137-140” 
(from ethyl acetate-hexane), [a], + 85” (c 0.8, CHCI,). 

Anal. Calc. for C,,H,,O,,: C, 67.34; H, 4.93. Found: C, 67.27; H, 4.97. 
Methyl 0-f2,3,4-tri-O-benzoyl-6-O-(tert-butyldiphenylsiIyl)-~-~-galactopyranosyl]- 

(146) -2,3-di-O-benzoyl-4-O- (imidazol- I-ylthiocarbonyl) -P-D-galactopyranoside (22). 
- A solution of compound 20 (669 mg, 0.6 mmol) and thiocarbonyldiimidazole (143 
mg, 0.8 mmol) in toluene (20 mL) was heated under reflux until t.1.c. (solvent E, 4:l) 
showed complete conversion into a single, slower moving product (- 2 h). Workup as 
described for compound 7, and chromatography (solvent A, 15:1), gave 22 (622 mg, 
85%, white foam), [a], + 142” (c 0.3, CHCl,). 

Anal. Calc. for C,H,N,O,,SSi: C, 66.65; H, 5.26; N, 2.29; S, 2.62. Found: C, 
66.48; H, 5.33; N, 2.22; S, 2.57. 

Methyl 0-(2,3,4,6-tetra-O-benzoyl_8-~-galactopyranosyZ)-(l -+6)-2,3-di-O-ben- 
zoyl-4-O-(imidazol-I-ylthiocarbonyl)-~-D-galactopyranoside (23). - A solution of 
compound 21 (1.96 g, 2 mmol) and thiocarbonyldiimidazole (0.45 g, 2.5 mmol) in 
toluene (20 mL) was heated at 100” until t.1.c. (solvent E, 4:l) showed complete 
conversion into a single, slower moving product (-4 h). Workup, as described for 
compound 7, and chromatography (solvent E, 6:1), gave 23 (2.08 g, 95%, white foam), 
[a], + 120” (c 0.3, CHCl,). 

Anal. Calc. for C,,H,,N,O,,S: C, 64.95; H, 4.62; N, 2.57; S, 2.94. Found: C, 64.86; 
H, 4.64; N, 2.56; S, 2.90. 

Methyl 0-[2,3.4-tri-O-benzoyl-6-O-(tert-butyldiphenylsilyl)-~-~-galactopyrano- 
syl]-(l~6)-2,3-di-O-benzoyl-4-deoxy-~-~-xylo-hexopyranoside (24). - A solution of 
compound 22 (490 mg, 0.4 mmol) in toluene (5 mL) was added to a solution of 
tributyltin hydride (233 mg, 0.8 mmol) in toluene (10 mL), and the mixture was heated 
under reflux until t.1.c. (solvent A, 5: 1) showed complete conversion into a major, faster 
moving product (- 1 h). Workup, as described for compound 8, and chromatography 
(gradient, carbon tetrachloride to solvent A, 5: l), gave 24 (218 mg, 50%, white foam), 
[a],, f68” (c 0.7, CHCI,). 

Anal. Calc. for C,H,,O,,Si: C, 69.93; H, 5.94. Found: C, 69.82; H, 5.67. 
Methyl 0-(2,3,4,6-tetra-O-benzoyl_8-~-gaZactopyranosy~)-(l~6)-2,3-di-O-ben- 
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zoyl-l-deoxy-~-r>-xylo-hexopyrunoside (25). - (a). Compound 23 (1.86 g, 1.7 mmol) 
was treated with tributyltin hydride (0.64 g, 2.2 mmol) as described for the preparation 
of compound 24. T.1.c. (solvent A, 51) showed complete conversion into a single, faster 
moving product after - 1 h. Workup as described for compound 8, and chromatog- 
raphy (solvent A, lO:l), gave 25 (1.55 g, 97%), m.p. 150-152” (from aceton+hexane), 
[a], + 84” (c 1.1, CHCl,). 

Anal. Calc. for C,,H,O,,: C, 68.46; H, 5.0 1. Found: C, 68.30; H, 5.06. 
(b). A solution of 9 (0.63 g, 1.6 mmol), 16 (1.3 g, 1.9 mmol), and 2,4,6-trimethyl- 

pyridine (0.23 mL, 1.7 mmol) in dichloromethane (8.2 mL) was added at -25” to a 
suspension of silver triflate (0.6 g, 2.3 mmol) in dichloromethane (5 mL), and the 
mixture was stirred at room temperature until t.1.c. (solvent B, 15: 1) showed complete 
conversion of the starting materials ( - 2 h). Workup as described for compound 20, and 
chromatography (solvent B, 10: l), gave 25 (1.2 g, 63%). 

(c). A portion of compound 26 was benzoylated in the usual way to give 25. 
Methyl 0- (2,3,6-tri-0-benzoyZ-@galactopyranosyl)-(1 +6)-2,3-di-0-benzoyl-4- 

deoxy-@xylo-hexopyrunoside (26). - A solution of 24 (167 mg, 0.15 mmol) in 1: 1 
dichloromethane-methanol (2 mL) was treated with boron trifluoride-methanol(O.1 
mL), as described for the preparation of compound 9. Chromatography (solvent A, 

1O:l) gave 26 (117.5 mg, 91%, white foam), [a& f54.5” (c 0.3, CHCl,). 
Anal. Calc. for C,,H,O,,: C, 66.97; H, 5.15. Found: C, 66.90; H, 5.17. 
Methyl 0-(2,3,4,6-tetra-O-benzoyl-~-~-galactopyranosyl)-(l~6)-2,3,4-tri-O- 

benzoyl-P-D-galactopyrunoside (27). - (a). A solution of 17 (1 .Ol g, 2 mmol), 16 (1.45 g, 
2.2 mmol), and 2,4,6_trimethylpyridine (0.24 g, 2 mmol) in dichloromethane (10 mL), 
was added at 0” to a suspension of silver triflate (0.77 g, 3.3 mmol) in dichloromethane 
(10 mL), and the mixture was stirred at room temperature until t.1.c.; solvent A, 5:l 
showed complete conversion of the starting materials. Workup as described for com- 
pound 20 gave 27 (1.86 g, 86%), m.p. 248.5-250” (lit.” m.p. 251-252”). 

(b). A portion of compound 21 was benzoylated in the usual way to give 27, m.p. 
250-251”. 

0-(2.3,4,6-Tetra-O-benzoyl-~-~-galactopyranosyl)-(l +6)-2,3,4-tri-O-benzoyl-a- 

D-galactopyranosyl chloride (28). - A stirred mixture of 27 (1 g, 0.92 mmol), dichloro- 
methyl methyl ether (2.5 mL), and zinc chloride (- 10 mg) in chloroform (5 mL) was 
heated at 65” until t.1.c. (solvent A, 5: 1) showed complete conversion into a major, faster 
moving product (- 2.5 h). Workup as described for compound 13 gave, after chroma- 
tography (gradient, carbon tetrachloride to solvent A, lO:l), 28 (0.62 g, 62%), m.p. 
228-229” (from acetone-hexane), [a], + 155” (c 0.2, CHCl,). 

Anal. Calc. for C,,H,ClO,,: C, 67.25; H, 4.53; Cl, 3.25. Found: C, 66.75; H, 4.56; 
Cl, 3.05. 

Methyl 0-/_-mgalactopyranosyl-(I +6)-4-deoxy-@xylo-hexopyranoside (29). 

- A solution of 25 (1 g, 1 mmol) and a catalytic amount of sodium methoxide in 
methanol (50 mL) was heated at - 35” for 2 h. After neutralization of the mixture with 
Amberlite IR-120 (H+) ion-exchange resin, the solvent was evaporated. Chromatog- 
raphy (solvent C, 2: 1) gave compound 29 (0.3 g, 88%, hygroscopic, amorphous solid). A 
carefully dried sample showed [a], - 22.4” (c 0.8, H,O). 
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Methyl 0-(2,3,6-tri-O-benzoyl-4-deoxy-~-~-xylo-hexopyranosyl)-(l +6)-2,3.4- 
tri-O-benzoyl-/T-D-galactopyranoside (30). -A solution of 17 (506 mg, 1 mmol), 13 (594 
mg, 1.2 mmol), and 2,4,6_trimethylpyridine (0.14 mL, 1.1 mmol) in dichloromethane (5 
mL) was added at room temperature to a suspension of silver triflate (0.36 g, 1.4 mmol) 
in dichloromethane (10 mL), and the mixture was stirred until t.1.c. (solvent B, 15:t) 
showed complete conversion of the starting materials ( - 30 min). Workup as described 
for compound 20, and chromatography (solvent B, 25: l), gave 30 (0.82 g, 85%), m-p. 
154-155” (from methanol), [a], + 115” (c 0.8, CHCl,). 

Anal. Calc. for C,,H,,O,,: C, 68.44; H, 5.02. Found: C, 68.18; H, 5.11. 
Methyl O-[2,3-di-O-benzoyl-6-0-(tert-butyldiphenylsilyl)-4-deoxy-~-~-xylo-he- 

xopyranosylj-(I +6)-2,3,4-tri-0-benzoyl-@%galactopyranoside (31). - A solution of 
compound 17 (0.51 g, 1 mmol), compound 15 (0.69 g, 1.1 mmol), and 2,4,6_trimethyl- 
pyridine (0.11 g, 0.9 mmol) in dichloromethane (5 mL) was added at room temperature 
to a suspension of molecular sieves (4 A, 1 g) and silver triflate (0.5 1 g, 2 mmol) in 
dichloromethane (5 mL), and the mixture was stirred until t.1.c. (solvent A, 5: 1) showed 
complete conversion of the starting materials. Workup as described for compound 20, 
and crystallization from methanol, gave 31(0.8 g). Concentration of the mother liquor 
and chromatography (solvent A, 15: 1) of the residue gave additional material (0.29 g, 
total yield of 31, 1.09 g, 99%) m.p. 224225”, [a], + 120” (c 0.8, CHCl,). 

Anal. Calc. for C,H,,O,,Si: C, 69.93; H, 5.69. Found: C, 69.77; H, 5.76. 
Methyl 0-(2,3-di-O-benzoyl-4-deoxy-~-~-xylo-hexopyranosyl)-(I +6)-2,3,4-tri- 

0-benzoyl-/?-D-galactopyranoside (32). - A solution of 31 (0.55 g, 0.5 mmol) in 1:l 
dichloromethane-methanol(6 mL) was treated with boron trifluoride-methanol (0.15 

mL) as described for the preparation of compound 9. Chromatography (solvent A, 7: 1) 
gave 32 in virtually theoretical yield, m.p. 235-236” (from acetone-hexane), [a], + 134” 
(c 0.3, CHCl,). 

Anal. Calc. for C,H,O,,: C, 66.97; H, 5.15. Found: C, 66.84; H, 5.17. 
Methyl 0- (4-&oxy-/%D-xylo-hexopyranosyl)- ( I-6) -fi-D-galactopyranoside (33). 

-A solution of 30 (1 g, 1 mmol) and a catalytic amount of sodium methoxide in metha- 
nol (300 mL) was kept at - 30” with occasional swirling. Workup as described for the 
preparation of compound 9, and chromatography (solvent C, 2:1), gave 33 (0.27 g, 
80%) crystallysed from ethanol, m.p. 176”, [cr], - 33” (c 0.8, H,O). 

Methyl O-[2,3-di-O-benzoyl-6-0-(tert-butyldiphenylsilyl)-4-deoxy-~-~-xylo-he- 
xopyranosyl]- (I +6) -O- (2,3,4-tri-0-benzoyl-p-D-galactopyranosyl)-(1+6) -2,3,4-tri- 
0-benzoyl-p-D-galactopyranoside (35). - A solution of 15 (0.5 g, 0.8 mmol) and 
2,4,6_trimethylpyridine (85 mg, 0.7 mmol) in dichloromethane (4 mL) was added at 
room temperature to a suspension of methyl o-(2,3,4-tri-@benzoyl-+galactopyra- 
nosyl)-(1 -+6)-2,3,4-tri-0-benzoyl-B-D-galactopyranoside”,‘2 (34,0.59 g, 0.6 mmol), sil- 
ver triflate (0.89 g, 1.6mmol), and molecular sieves (4 A, 1 g) in dichloromethane (5 mL), 
and the mixture was stirred until t.1.c. (solvent A, 5: 1) showed complete conversion of 
the starting materials (- 15 min). Workup as described for compound 20 gave crude 35, 
which on crystallization from methanol furnished 0.75 g of product. Concentration of 
the mother liquor and chromatography (solvent A, 1O:l) of the residue gave additional 
material (0.13 g, total yield 0.88 g, 93%), m.p. 219”, [a], + 104” (c 0.7 g, CHCl,). 
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Anal. Calc. for C,,H,,O,,Si: C, 69.45; H, 5.38. Found: C, 69.35; H, 5.37. 
MethylO-(2,3-di-O-benzoyl-4-deoxy-~-D-xylo-hexopyranosyl)-(l -+6)-O-(2,3, 

4-tri-O-benzoyl-~-D-galactopyranosyl)-(1-+6)-2,3,4-tri-O-benzoyl-~-D-galactopyrano- 
side (36). - A solution of 35 (472 mg, 0.3 mmol) in 1: 1 dichloromethane-methanol(5 
mL) was treated with boron trifluoride-methanol (0.1 mL) as described for the prep- 
aration of compound 9. Chromatography (solvent A, 7:l) gave 36 (389 mg, 99%), m.p. 
234” (from acetonehexane), [a], + 134” (c 0.9, CHCl,). 

Anal. Calc. for C,,H,O,,: C, 67.46; H, 4.98. Found: C, 67.20; H, 5.01. 
Methyl 0-(2,3,6-tri-O-benzoyl-4-deoxy-B-D-xylo-hexopyranosyl)-(l +6)-O-(2, 

3,4-tri-0-benzoyl-b-D-galactopyranosyl)-(1 -+6)-2,3,4-tri-0-benzoyl-p-D-galactopyra- 
noside (37). -This compound was prepared from 34 (0.53 g, 0.54 mmol) and 13 (0.35 g, 
0.7 mmol) as described for the preparation of compound 30. Chromatography (solvent 
B, 20: 1) gave 37 (0.67 g, 86%), m.p. 152-l 54” (from dichloromethane-methanol), [a],, 
+ 116” (c 0.8, CHCl,). 

Anal. Calc. for C,,H,,O,: C, 68.42; H, 4.99. Found: C, 68.01; H, 5.00. 
Methyl 0- (4-deoxy-/?-D-xylo-hexopyranosyl) - (1+6)-O$-D-galactopyranosyl- 

(2+6)-/I-D-galactopyranoside (38). - (a). A solution of 36 (133.5 mg, 0.1 mmol) and a 
catalytic amount of sodium methoxide in 1:l toluene-methanol (10 mL) was kept at 
room temperature, with occasional swirling, for -20 h. After neutralization with 
Dowex (Hf) ion-exchange resin the solvent was evaporated. Chromatography of the 
residue (solvent C, 1: 1) gave 38 (42.9 mg, 85%). A carefully dried sample showed [a], 
-20.7” (c 0.3, HzO). 

(b). Deprotection of 37 (143.9 mg, 0.1 mmol), as described in (a), gave 38 (48.1 mg, 
96%). 

Methyl 0-j3-D-galactopyranosyl)-(1 +6)-O-(4-deoxy-p-D-xylo-hexopyranosyl)- 
(1-6)~/?-D-galactopyranoside (40). - Compound 39 was prepared from 32 (23 1.2 mg, 
0.27 mmol) and 16 (264 mg, 0.4 mmol) as described for the synthesis of compound 35. 
Chromatography (solvent B, 20: 1) gave 39 (0.3 g, 78%, white hygroscopic foam), [a],, 
+ 112” (c 0.2, CHCl,). Deprotection of 39 (143.9 mg, 0.1 mmol), as described for the 
preparation of compound 38 (a), gave 40 (40.8 mg, 8 1%). A carefully dried sample 
showed [aID - 19.8” (c 0.2, H,O). 

Methyl 0-(2,3,4,6-tetra-O-benzoyl_8-D-galactopyranosyl)-(I~6)-0-(2,3,4-tri- 
O-benzoyl$-D-galactopyranosyl) - (1+6)-2,3-di-0-benzoyl-4-deoxy-j?-D-xylo-hexopy- 
ranoside (41). - This compound was prepared from 9 (0.12 g, 0.3 mmol) and 28 (0.39 g, 
0.36 mmol) as described for the synthesis ofcompound 35. Chromatography (solvent A, 
15:l) gave 41 (0.3 g, 70%, white foam), [a]n + 108” (c 0.4, CHCl,). 

Anal. Calc. for C,,H,,O,,: C, 68.42; H, 4.90. Found: C, 68.28; H, 4.92. 
Methyl O-~-D-galactopyranosyl-(1~6)-O-~-D-galactopyranosyl-(1~6)-4-deo- 

xy-/3-D-xylo-hexopyranoside (42). - Deprotection of 41 (143.9 mg, 0.1 mmol), as 
described for the preparation of compound 38 (a), gave 42 (38.2 mg, 76%). A carefully 
dried sample showed [a], - 18.2” (c 0.4, H,O). 
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