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ABSTRACT 

The sodium salts of the &sulfate 7, the 4-s&fate 10, and the 4,6-disulfate 12 of benzyl 3-0-(8-D- 

glucopyranosyl uronate)-/&D-galactopyranoside (5) have been synthesized. Methyl (2,3,4-tri-O-acetyl-l- 
bromo-I-deoxy-cc-o-glucopyranhnonate (1) was coupled with benzyl 2-O-benzoyl-4,6-O-benzylidene-/J-t+ 
galactopyranoside (2) to yield 3. The benzylidene acetal of 3 was hydrolyzed to give benzyl2-0-benzoyl-3-O 
[methyl (2,3,4-tri-O-acetyl-~-~-glucopyranosylfuronate]-P_utopyranoside (4). Compound 4 was uti- 

Iizedasa key intermediate to prepare thesulfateddisac~harid~s7,10, and 12. Direct sulfationof4with sulfur 
trioxide-trimethylamine for 2 days yielded the 6-sulfate 6. The 4,6-disulfate 11 was accessible by running the 
reaction under the same conditions for 14 days. The 4-sulfate 9 was obtained after protecting the 6-OH group 
of 4 by reaction with benzoyl imidazole to give the h-benzoate 8, followed by sulfation under vigorous 

conditions. Treatment of the protected compounds 4, 6, 9, and 11 with aqueous sodium hydroxide tn 
tetrahydrofuran gave the unprot~ted 5,7, IO, and 12, respectively. 

INTRODUCTION 

Sulfated oligo- and poly-saccharides like heparin or chondroitin sulfates exhibit a 
number of physiological functions ‘* The interaction of sulfate groups with protein . 

receptors or their influence on the conformation of oligosaccharides has been the focus 
of recent research7-9. To avoid the problems created by isolation of the oligosaccharides 

from natural sources”.‘““‘, synthetic strategies have been used’2-‘4. The syntheses of the 
two repeating units of dermatansulfate15 and of oligosaccharide fragments of keratan 

sulfate” and, recently, chondroitin sulfates” have been published. 

Several studies have focused on the influence of sulfate groups on the conforma- 
tion of oligosaccharides related to heparin’. It has been shown that the conformation of 
the iduronic acid ring is dependent on the pattern of sulfation on that residue and that it 
adopts conformations between the ‘C, and the “SO conformations*. 

In the preceding paper, we have reported the synthesis of sulfated disaccharides 

that contain the disaccharide ~-D-Gal-(1 +4)-j?-D-GlcA as a common structural ele- 

ment18. These compounds carry a uranic acid group and one or two sulfate groups in 
proximity to the glycosidic bond. The positions that are occupied by charged groups 

’ To whom correspondence should be addressed. 

00086215/91/$03.50 @ 1991 - Elsevier Science Publishers B.V. 



1 2 3 



DISACCHARIDES WITH SULFATE GROUPS 281 





T
A

B
L

E
 

I 

‘H
-N

.m
.r

. 
ch

em
ic

al
 

sh
if

ts
 

[p
.p

.m
.]

, 
co

up
lin

g 
co

ns
ta

nt
s 

[H
z]

” 
of

 4
, 

6,
 8

, 
9,

 a
nd

 
11

 a
nd

 
sh

if
t 

di
ff

er
en

ce
s 

[p
.p

.m
.]

 
of

 t
he

 s
ul

fa
te

d 
co

m
po

un
ds

 
6,

 9
, 

an
d 

1
1
 w

ith
 

th
e 

un
su

lf
at

ed
 

4 
or

 8
, 

re
sp

ec
tiv

el
y,

 
m

ea
su

re
d 

in
 C

D
C

l, 

6 4 
6 

1
1
 

8 
9 

H
-l

 
4
.5

3
4
 (8

.1
) 

4.
51

9 
(8

.1
) 

4.
52

6 
(7

.8
) 

4.
47

2 
(8

.1
) 

4.
43

6 
(7

.6
) 

H
-2

 
5.

52
8 

(9
.8

) 
5.

50
8 

(9
.9

) 
5.

35
2 

(1
0.

1)
 

5.
56

2 
(9

.8
) 

5.
43

4 
(9

.7
) 

H
-3

 
3.

84
7 

(3
.4

) 
3.

86
5 

(3
.3

) 
3.

91
6 

(3
.4

) 
3.

84
1 

(3
.2

) 
3.

93
2 

(3
.1

) 
H

-4
 

4.
18

5 
(1

.2
) 

4.
24

1 
(1

.1
) 

4.
90

8 
(1

.2
) 

4.
18

1 
(1

.2
) 

5.
00

4 
(1

.2
) 

H
-5

 
3.

61
3 

(4
.8

, 
6.

8)
 

3.
90

9 
(6

.3
,6

.5
) 

4.
06

2 
(6

.5
, 

5.
6)

 
3.

84
3 

(6
.5

, 
6.

2)
 

3.
94

0 
(7

.5
, 

4.
2)

 
H

-6
a 

3.
83

2 
(1

1.
6)

 
4.

29
0 

(1
0.

9)
 

4.
36

8 
(1

1.
5)

 
4.

65
0 

(1
2.

0)
 

4.
74

7 
(1

2.
1)

 
H

-6
b 

3.
98

1 
4.

35
7 

4.
47

3 
4.

69
0 

4.
84

4 
H

-l
’ 

4.
70

2 
(7

.7
) 

4.
68

8 
(7

.7
) 

4.
62

4 
(7

.1
) 

4.
66

0 
(7

.5
) 

4.
69

7 
(8

.0
) 

H
-2

 
4.

95
4 

(9
.2

) 
4.

92
1 

(9
.1

) 
4.

93
1 

(9
.2

) 
4.

93
5 

(9
.1

) 
4.

97
0h

 
H

-3
’ 

5.
06

8 
(9

.2
) 

5.
04

3 
(9

.2
) 

4.
97

3 
(9

.3
) 

5.
04

7 
(9

.2
) 

4.
97

0 
(9

.9
) 

H
-4

 
5.

15
4 

(9
.5

) 
5.

12
3 

(9
.5

) 
5.

19
9 

(1
0.

0)
 

5.
13

9 
(9

.5
) 

5.
26

2 
(9

.9
) 

H
-5

’ 
4.

04
2 

4.
00

7 
3.

92
4 

3.
95

6 
3.

95
6 

n 
C

ou
pl

in
g 

co
ns

ta
nt

s 
ar

e 
in

 p
ar

en
th

es
es

. 
b 

C
ou

pl
in

g 
co

ns
ta

nt
 

co
ul

d 
no

t 
be

 d
et

er
m

in
ed

. 

/I
s 

6-
4 

1
1
 - 

4
 

9
-8

 

-0
.0

15
 

- 
0.

00
8 

- 
0.

03
6 

-0
.0

20
 

-0
.1

76
 

-0
.1

28
 

0.
01

8 
0.

06
9 

0.
09

1 
0.

05
6 

0.
72

3 
0.

82
3 

0.
29

6 
0.

44
9 

0.
09

7 
0.

45
8 

0.
53

6 
0.

09
7 

0.
37

6 
0.

49
2 

0.
15

4 
-0

.0
14

 
- 

0.
07

8 
0.

03
7 

-0
.0

33
 

-0
.0

23
 

0.
01

5 
-0

.0
25

 
-0

.0
95

 
- 

0.
05

7 
-0

.0
31

 
0.

04
5 

0.
12

3 
-0

.0
35

 
-0

.1
18

 
0.

00
0 



284 



T
A

B
L

E
 

II
I 

‘H
-N

.m
.r.

 
ch

em
ic

al
 

sh
if

ts
 

[p
.p

.m
.] 

an
d 

co
up

lin
g 

co
ns

ta
nt

s 
[H

z]
” 

of
 5

,7
,1

0,
 

an
d 

12
 a

nd
 

ch
em

ic
al

 
sh

if
t 

di
ff

er
en

ce
s 

[p
.p

.m
.] 

of
 t

he
 s

ul
fa

te
d 

co
m

po
un

ds
 

7,
10

, 
an

d 
12

 w
ith

 

th
e 

un
su

lf
at

ed
 

5,
 m

ea
su

re
d 

in
 D

,O
 

s 
A

S 

5 
1 

10
 

12
 

7-
5 

10
 

- 
5 

12
 -

 
5 

H
-l

 

H
-Z

 

H
-3

 

H
-4

 

H
-5

 

H
-6

a 
H

-6
b 

H
-l

’ 

H
-2

 

H
-3

’ 

H
-4

 

H
-5

’ 

4.
38

 1
 (

7.
3)

 

3.
58

7 
(9

.8
) 

3.
63

6 
(2

.4
) 

4.
06

1 
(0

.5
) 

3.
56

1 
(4

.2
, 

7.
8)

 

3.
65

10
~ 

3.
65

0 
4.

53
8 

(7
.7

) 

3.
29

5 
(9

.6
) 

3.
40

9h
 

3.
40

9 
(9

.7
) 

3.
60

4 

4.
39

9 
(7

.6
) 

3.
59

4 
(9

.8
) 

3.
66

2 
(3

.3
) 

4.
11

3 
(1

.1
) 

3.
80

5 
(5

.3
, 

7.
3)

 

4.
1 

lO
h 

4.
11

0 

4.
54

9 
(7

.7
) 

3.
29

7 
(9

.5
) 

3.
40

2h
 

3.
40

2 
(8

.7
) 

3.
60

7 

4.
42

3 
(8

.0
) 

3.
62

4 
(1

0.
0)

 

3.
88

0 
(3

.2
) 

4.
68

0(
1.

1)
 

3.
69

1h
 

3.
69

1h
 

3.
69

1 

4.
62

4 
(7

.8
) 

3.
28

9 
(9

.5
) 

3.
38

7 
(8

.8
) 

3.
43

0 
(9

.7
) 

3.
57

8 

4.
41

6 
(8

.0
) 

0.
01

8 
0.

04
2 

0.
03

5 

3.
63

6 
(1

0.
0)

 
0.

00
7 

0.
03

7 
0.

04
9 

3.
90

6 
(3

.1
) 

0.
02

6 
0.

24
4 

0.
27

0 
4.

71
4 

(1
.0

) 
0.

05
2 

0.
61

9 
0.

65
3 

3.
95

2 
(8

.6
, 

3.
2)

 
0.

23
8 

0.
12

4 
0.

38
5 

4.
10

5 
(-

 
11

.3
) 

0.
46

0 
0.

04
1 

0.
45

5 
4.

20
5 

0.
46

0 
0.

04
1 

0.
55

5 
4.

63
7 

(7
.9

) 
0.

01
1 

0.
10

4 
0.

09
9 

3.
29

4 
(9

.4
) 

0.
00

2 
-0

.0
06

 
-0

.0
01

 
3.

39
1 

(8
.3

) 
0.

00
7 

- 
0.

02
2 

-0
.0

18
 

3.
43

3 
(9

.4
) 

0.
00

7 
0.

02
 

1 
0.

02
4 

3.
58

1 
0.

00
3 

-0
.0

26
 

- 
0.

02
3 

a 
C

ou
pl

in
g 

co
ns

ta
nt

s 
w

er
e 

de
te

rm
in

ed
 

by
 

fi
rs

t 
or

de
r 

an
al

ys
is

. 
* 

C
ou

pl
in

g 
co

ns
ta

nt
 

no
t 

as
si

gn
ed

 
be

ca
us

e 
of

 
sp

ec
tr

al
 

ov
er

la
p.

 





DISACCHARIDES WITH SULFATE GROUPS 287 

Ile~yE 2-O-benzo~v~-4,6-O-benzylidene-3-O-[methyl (2,3,4-tri-0-acetyl-p-D-giw 

copyranosyff uronatei’-P-D-galactopyranoside (3). - Silver carbonate (2.76 g) and fresh- 
ly powdered activated molecular sieves 4A (3-5 g) were added to a solution of benzyl 
2-0-benzoyi-4,6-0-benzylidene-P_a-galactopyranoside24 (2, 590 mg, 1.28 mmol) in 
dichloromethane (20 mL). After stirring for 1 h at room temperature with the exclusion 

of light, iodine (450 mg, 3.5 mmol) was added. A solution of methyl (2,3,4-tri-O- 

acetyl- l-bromo-l-deoxy-~-D-glucopyranosyl)uronate~~ (1, 1.46 g, 3.7 mmol) in dichlo- 
romethane (20 mL) was added drop-wise over 2 h to the reaction mixture. The mixture 
was stirred in the dark for 3 days. Dilution with dichloromethane and filtration over 
Celite, followed by evaporation of the filtrate, gave a residue which was chroma- 
tographed on silica gel (5: 1 dichloromethaneethyf acetate). The educt 2 (106 mg, 18%) 
was recovered as the first fraction Further elution gave 3 (790 mg, 79%) as colorless 

crystals: m.p. 252-253”; [a]:’ - 3.6” (c 0.7, CH,C12); m.s. (d.c.i.-ammonia): m/z 796 (M 
+ NH,)+.; 736 (M - HOAc + NH,) +; ‘H-n.m.r. (300 MHz, CDCI,): 6 1.502, 1.908, 

1.980 (3 s, CH,CO), 3.457 (m, H-5) 3.675 (s, C02CH3), 3.943 (d, H-S), 3.970 (dd, H-3), 
4.098 (dd, H&a), 4.365 (dd, H-4), 4.381 (dd, H&b), 4.557 (d, H-l), 4.641 [d, Ha(Bn)], 

4.737 (d, H-l’), 4.853 [d, Hb(Bn)], 4.927 (dd, H-2’), 5.018 (dd, H-3’) 5.151 (dd, H-4’). 

5.570 (s, PhCH), 5.666 (dd, H-2). 7&7.6,7.95 (2 m,Ar);J,,:!8.0,J,,10.2,J,,,3.5,J,,,1.2, 
J 5,6a ’ k ‘5,6b 2’ ” &,6h -12.3, J,.,. 7.5, JT,3. 9.1, JYA. 9.2, Jass 9.8, JHtBn> -12.6 Hz; 

‘3C-n,m.r. (75.5 MHz, CDCI,): 6 19.93, 20.38, 20.51 (3 x CH,CO), 52.80 (CO&H,), 
66.77 (C-5), 68.88 (C-6), 69.29 (C-4’) 69.55 [CH,(Bn)], 70.56 (C-2), 70.96 (C-2’), 72.09 

(C-3’), 72.34 (C-5’), 75.81 (C-4), 77.98 (C-3), 99.23 (C-l), 101.00 [CH(Bn)], 101.24 
(C-l’), 126.32, 127.54, 127.80, 128.03, 128.15, 128.41, 128.76, 129.71, 133.15, 137.10 

(Ar), 167.08, 2 x 168.99, 2 x 169.22 (4 x C=O and C-6’). 
Anal. Calc. for C,,H,,O,,: C, 61.69; H, 5.44. Found: C, 61.46; H, 5.49. 
Benzyi 2-O-benzoyl-3-O-(methyl (2,3,4-tri-0-acetyl-/I-D-glucopyranosy~,lurona- 

te]-&D-gaiactopyranositdr (4). - Aq. trifluoroacetic acid (90%, 2.5 mL) was added at 0” 

to a stirred solution of3 (510 mg, 0.65 mmol) in dichloromethane (25 mL). After stirring 
for 30 min, the reaction was quenched with satd. sodium hydrogencarbonate (20 mL). 

The layers were separated, and the aq. layer was repeatedly extracted with dichloro- 
methane. The combined organic phases were evaporated in ZIUCUO. Column chromatog- 

raphy (2: 1 ethyl acetate-petroleum ether) and subsequent CrystalIization from dichloro- 
methane-hexane yielded colorless crystals of 4 (415 mg, 92%): m.p. 175” (dec.); [ak 
-24.1’ (c 0.6, CH,CI,); m.s. (d.c.i.-ammonia): m/z 708 (M -t NH,).‘; 648 (M - HOAc 
+ NH~)+;‘H-n.m.r.~3OOMHz,CDCl~~:~ 1.510,1.889, 1.954(3s,CH,CO),2.950,3.232 

(2 s, OH-4, OH-6) 3.613 (ddd, H-5), 3.705 (s, CO$H,), 3.832 (dd, H-6a), 3.847 (dd, 
H-3), 3,981 (dd, H-6b), 4.042 (d, H-5’), 4.185 (dd, H-4), 4.534 (d, H-l), 4.617 [d, 

Ha(Bn)], 4.702 (d, H-l’), 4.799 [d, Hb(Bn)], 4.954 (dd, H-2’), 5.068 (dd, H-3’), 5.154 (dd, 

H-4’), 5.528 (dd, H-2), 7.0-7.15 (m, Bn), 7.4-8.0 (m, AZ); Jl,? 8.1, Jz,i 9.8, J3.4 3.4, J4,5 1.2, 
Js,sa 4.8, Jm 6.75. Jw,,, -11.6, J,.,, 7.7, J2.,3’ 9.2, J3,,J, 9.2, J4’,s, 9.5, Jwtnn) -12.8 Hz; 
13C-n.m.r. (75.5 MHz, CDCl,): 6 19.68, 20.33, 20.36 (3 x CH,CO), 52.97 (CO,CH,), 

61.82 (C-6), 68.66 (C-4), 69.12 (C-4’), 69.91 [CH,(Bn)], 70.62 (C-2’) 70.86 {C-2), 71.77 
(C-3’), 71.97 (C-5’), 74.40 (C-5), 80.89 (C-3). 99.27 (C-l), 101.11 (C-l’), 127.11, 127.53, 
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J 6a,6b - 11.5, J,.,2’ 7.1, J2.,3. 9.2, J3.,4’ 9.3, J4’,5’ 10.0, JHCBnj - 12.7 Hz; “C-n.m.r. (75.5 MHz, 

CDCl,): 6 14.97 [N(CH,CH,),], 52.71 (CO&H,), 63.59 [N(CH,CH,),], 66.75 (C-6), 
68.89 (C-4’) 70.09 [CH,(Bn)], 71.08 (C-2’), 7 1.24 (C-2), 71.90 (C-5’), 72.53 (C-3’), 73.04 
(C-5),75.12(C-4),77.65(C-3),99.33(C-1), 101.49(C-1’) 127.54,129.49,128.06, 128.44, 
128.87, 129.49, 133.26, 136.93(Ar), 165.08, 166.90,2 x 169.10, 170.00(4 x C=Oand 
C-6’). 

Anal. Calc. for C,,H,,N,O,,S,: C, 51.32; H, 6.51; N, 2.66. Found: C, 50.98; H, 
6.46; N, 2.58. 

Benzyl 2,6-di-0-benzoyl-3-0-[meth.yl (2,3,4-tri-0-acety/+D-ghKopyrano- 

syl)uronate]-P-D-galactopyranoside (8). - A 0.04~ solution of freshly prepared N- 
benzoylimidazole in dichloromethane (0.46 mL, 18 pmol) was added to a stirred 
solution of 4 (116 mg, 16.8 pmol) in dichloromethane (3 mL). After stirring at room 
temperature for 10 days, the solution was diluted with dichloromethane and washed 

with satd. sodium hydrogencarbonate and water. The organic layer was dried over 
sodium sulfate, concentrated under reduced pressure, adsorbed on silica gel, and 
purified by column chromatography (1: 1 ethyl acetate-petroleum ether). Evaporation 
and crystallization from dichloromethaneecarbon tetrachloride yielded colorless 8 (96 
mg, 72%): m.p. 168-172”; [c(]F -24.0” (c 0.7, CH$l,); m.s. (d.c.i.-ammonia): m/z 812 

(M + NH,)+; 752 (M - HOAc + NH,) ‘t; ‘H-n.m.r. (300 MHz, CDCl,): 6 1.58, 1.95, 

1.98 (3 s, 3 x CH,CO), 2.79 (s, OH-4) 3.660 (s, CO,CH,), 3.841 (dd, H-3), 3.843 (ddd, 
H-5), 3.956(d, H-5’),4.181 (dd, H-4),4.472 (d, H-l), 4.621 [d, Ha(Bn)],4.650(dd, H-6a), 
4.660 (d, H-l’), 4.690 (dd, H-6b), 4.813 [d, Hb(Bn)], 4.935 (dd, H-2’) 5.047 (dd, H-3’), 

5.139 (dd. H-4’) 5.562 (dd, H-2), 7.cT7.12 (m, Bn), 7.4-8.1 (m, Bz); J,,, 8.1, J2,3 9.8, J3,4 

3.2, J4.5 1.2, Js,c,a 6.5, Js,6,, 6.2, Jea,a, - 12.0, J,.,,. 7.5, J2’,3. 9.1, .13s,& 9.2, J4’,>, 9.5, JHtBnI - 12.6 
Hz; “C-n.m.r. (75.5 MHz, CDCl,): 6 19.78,20.04,20.45 (3 x CH,CO), 52.94 (CO&I-I,), 
63.43 (C-6), 68.51 (C-4), 69.14 (C-4’) 69.63 [CH,(Bn)], 70.67 (C-2), 70.73 (C-2’), 71.64 

(C-3’), 72.07 (C-5), 72.28 (C-5’), 80.67 (C-3), 98.73 (C-l), 101.22 (C-l’), 127.59, 127.81, 
128.11, 128.37, 128.86, 129.56, 129.65, 130.20, 130.76, 133.11, 133.18, 133.49, 136.67, 
138.11 (Ar), 164.76, 166.38, 166.78, 169.10, 169.22, 169.96 (5 x C=O and C-6’). 

Anal. Calc. for C,,H,,O,,: C, 60.45; H, 5.33. Found: C, 60.01; H, 5.28. 
Benzyl 2,6-di-O-benzoyl-3-O-(methyl (2,3,4-tri-O-acetyl-/I-D-glucopyranosyl)- 

uronute]-4-0-suEfo-b-D-gakactopyranoside, triethylammonium salt (9). - Trimethyl- 
amine-sulfur trioxide (70 mg, 7 10 pmol) was added to a solution of 8 (32 mg, 40jlmol) in 
N,N-dimethylformamide (0.3 mL). The suspension was stirred at 60-70” for 7 days 

under the exclusion of light. Purification as described for 6 yielded a syrup which was 

crystallized from dichloromethaneecarbon tetrachloride to give colorless 9 (34 mg, 
87%): m.p. 102”; [a]: - 30.0” (c 2.0, CH,Cl,); ‘H-n.m.r. (300 MHz, CDCl,): 6 1.392 [t, 
N(CH,CH,),], 1.614, 1.895, 1.939 (3 s, 3 x CH,CO), 3.20 [q, N(CH,CH,),], 3.694 (s, 

CO&H,), 3.932 (dd, H-3), 3.940 ( m, H-5), 3.956 (d, H-5’), 4.436 (d, H-l), 4.560 [d, 

Ha(Bn)], 4.697 (d, H-l’), 4.734 [d, Hb(Bn)], 4.747 (dd, H-6a), 4.844 (dd, H-6b), 4.970 (m, 
H-2’, H-3’), 5.004 (dd, H-4), 5.262 (dd, H-4’), 5.434 (dd, H-2), 7.OCk7.09 (m, Bn), 
7.40-7.62,7.95,8.10(3m,Bz),9.69(s,NH+);J,,,7.6,Jz,,9.7,J,,,3.1, J4,5 1.2,J,,e,7.5,J,,G, 

4.2, ~~~~~~ - 12.1, J,,,. 8.0, J3.,4. 9.9, Jq5. 9.9, JHCBnj -12.5 Hz; 13C-n.m.r. (75.5 MHz, , 
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‘3C-n.m.r. (75.5 MHz, D,O): 6 68.16 (C-6), 70.88 (C-2) 71.81 [CH2(Bn)], 72.10 (C-4’), 
72.61 (C-5), 73.33 (C-2’), 75.59 (C-3’), 76.39 (C-5’), 77.13 (C-4), 77.24 (C-3), 101.46 
(C-l), 103.10 (C-l’), 128.53, 128.73, 128.96, 129.01, 131.47 (Ar), 176.10 (C-6’). 

Anal. Calc. for C,9H23Na3018SZ: C, 33.94; H, 3.45. Found: C, 34.22; H, 3.51. 

Benzyl30 (/?-Isglucopyranosyl wonate)-/?-D-galactopyranoside, sodium salt (5). 
- A solution of 4 (20 mg, 29 pmol) in tetrahydrofuran (0.3 mL) was treated with M 

sodium hydroxide (145 pL) as described for 7 to yield amorphous 5 (11 mg, 8 1%): [a]: 

-41.5” (c 0.3, H,O); ‘H-n.m.r. (300 MHz, D,O): 6 3.295 (dd, H-2’), 3.409 (m, H-3’, 
H-4’), 3.567 (ddd, H-5) 3.587 (dd, H-2), 3.604 (d, H-5’), 3.636 (dd, H-3), 3.650 (m, H-6a, 
H-6b), 4.061 (dd, H-4), 4.381 (d, H-l), 4.538 (d, H-l’), 4.644 [d, Hb(Bn)], 4.834 [d, 

Ha(Bn)],7.25-7.40(m,Ar);J,,,7.3,J,,,9.8,J,,~2.4,J,,,0.5,J,,~,4.2, J5,6b7.8,J,,,~7.7,J2’,3, 

9.6, Je,y 9.7, JH(Bn) - 11.6 Hz; 13C-n.m.r. (75.5 MHz, D,O): 6 61.17 (C-6), 68.35 (C-4), 

70.04 (C-2), 71.52 [CH,(Bn)], 71.97 (C-4’) 73.36 (C-2’), 75.09 (C-5), 75.50 (C-3’), 76.37 
(C-5’), 82.95 (C-3), 101.55 (C-l), 103.83 (C-l’), 128.53, 128.67, 128.93, 129.00, 131.54 
(Ar), 176.13 (C-6’). 

Anal. Calc. for C,,H,,NaO,,: C, 48.72; H, 5.38. Found: C, 48.45; H, 5.43. 
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