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Abstract

Chondroitin di-, tri- and tetrasaccharides, as well as their 4-, 6-mono- and 4,6-disulfates as
their 4-methoxyphenyl glycosides, were systematically synthesized. Target disaccharides
having BGalNAc-(1 — 4)-BGIcA sequences were obtained starting from the corresponding
pivotal chondroitin disaccharide precursor. A trisaccharide intermediate, which was synthe-
sized by coupling of glucuronate imidate with a known disaccharide acceptor, was trans-
formed into the sulfated and non-sulfated chondroitin trisaccharides. Chondroitin tetrasaccha-
ride and the corresponding 4-disulfate, 6-disulfate as well as 4,6-tetrasulfate were also
obtained based on the strategy developed above starting from the reported tetrasaccharide
having [ BGalN,-(1 — 4)-BGIcA,] sequence. © 1998 Elsevier Science Ltd.
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1. Introduction

Chondroitin sulfates are sulfated only at the hy-
droxyl groups, in contrast to heparin and heparan
sulfate that bear N-sulfo groups. Especially the 4-O-
and 6-O-positions of the GalNAc residue, and in
some cases, the 2-O-position of GlcA residue are
found sulfated. Several types of chondroitin sulfate
monomers (A, C, D, E and K) having sulfate(s) at the
various positions are well known. Those sulfation
patterns give rise to biologically important roles
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deeply related to the position and the number of
sulfate groups. For example, chondroitin 6-sulfate
immunologically participates as an inhibitor of hu-
man Clq [1]. As found for heparan sulfate [2], chon-
droitin 6-sulfate could also be a potent ligand for
NKR-P1 protein which activates NK cells and in-
duces cytotoxity of tumour cells [2]. Furthermore,
oversulfated chondroitin acts in the blood coagulation
system. The anticoagulant activity of rabbit thrombo-
modulin is due to the accumulated sulfates at both of
the 4,6-positions of the GalNAc residue at the non-re-
ducing end of the saccharide chain [3]. Additionally,
a disulfated GalNAc unit at the non-reducing end
might induce the chain termination during biosynthe-
sis [4]. Chondroitin and its 6-sulfate exist in human
colon carcinoma in increased levels [5]. A new type
of branched glycosaminoglycan, fucosylated chon-
droitin sulfate, from an echinoderm that had anti-
coagulant activity was reported recently [6]. In order
to be able to study the biological mechanisms in
detail, the availability of synthesized chondroitin
oligosaccharides displaying various sulfation patterns
was investigated.

The synthesis of the chondroitin repeating disac-
charide having GlcAGalNAc(4S) sequence as the
methyl glycoside was first reported by Sinay’s group
in 1989 [7]. The following year, chondroitin disac-
charide methyl glycosides which have both GIcA-
GalNAc and the reverse sequences with sulfate group
at 4- or 6-position of the GalNAc residues were
synthesized by Jacquinet [8]. His group also reported
the synthesis of the chondroitin 4-sulfate trisaccha-
ride as the methyl glycoside in 1995 via conversion
of the stereochemistry at the 4-position of the internal
GlcNAc moiety of the hyaluronic acid [9]. In the
same year, Tamura et al. [10] reported the syntheses

R=H R!'=SO3;Na R'=H

of chondroitin 4-sulfate di- and tetrasaccharide as
4-methoxyphenyl glucosides by the use of a disac-
charide intermediate suitably designed for chain elon-
gation aimed towards higher chondroitin type poly-
saccharides. The common disaccharide (13) has 4-
methoxyphenyl and levulinoyl groups at the reducing
and non-reducing end, respectively. These protecting
groups were independently removable; therefore, 13
was readily converted into the corresponding glyco-
syl donor and acceptor. Additionally, we used 4-
methoxybenzoyl ester as one of the protecting groups
of which the methyl group is suitable as a marker in
NMR spectrum.

In the present paper, we describe a systematic
approach towards chondroitin di-, tri- and tetrasac-
charides having 4-, 6-mono and 4,6-disulfate groups,
along with their non-sulfates, as 4-methoxyphenyl
glycosides (1-12) (Scheme 1). The enclosed 'H and
C NMR data, as well as FABMS data, proved to be
of high importance for the determination of the sulfa-
tion pattern and structure elucidation.

2. Results and discussion

Starting from methyl (2-acetamido-4,6-O-benzyl-
idene-2-deoxy-3-O-levulinoyl-B-D-galactopyranosyl)-
(1 = 4)-(4-methoxyphenyl 2,3-di-O-4-methylbenzo-
yl-B-D-glucopyranosid)uronate (13) [10], chondroitin
disaccharides (1-4) were synthesized as follows. The
azido derivative of 13 was converted to the corre-
sponding acetamide with thioacetic acid (AcSH) in
pyridine [11] in 96% yield. The levulinoyl group of
14 was quantitatively removed using hydrazine ac-
etate [12] to give 15. The target non-sulfated disac-
charide 1 was obtained by the hydrogenolytic re-

R!=SO;Na

R2=H R*=H R?= SO3Na R%= SO;3Na
rlo OF° HO
Ho%'&%ow 1 2 3 4
NaDOC R'O OR? o HO
ngﬁo%s%om 5 6 7 8
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Scheme 1. Target oligosaccharides.
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moval of the benzylidene acetal of 15 and subsequent
saponification. '"H and C NMR data of the target
compounds (1-12) are given in Tables 1-6.

Ph

09 Tol0 TolO
RZO%%W omp
R COOMe
R R?
13 Nj Lev
14 NHAc Lev
15 NHAc H
16 N3 H
17 NHAc Ac
18 | Nj Piv
19 NHAc Piv
r7o OF° TolO
o O Tolo o owr
NHAc COOMe
R' R? R®
20 Ac H H
21 Piv H H

22 Piv SO3Na 503Na
23 Piv Ac H
24 Piv Piv H
25 | Piv H H

Reviewing our planned synthetic route towards
regioselective sulfation, we were concerned about the

Table 1

'"H NMR data® for compounds 1-4

Proton 1 2 3° 4
GlcA H-1 4.99 500 504 5.01
H-2 3.60 359 362 3.6l
H-3 3.70 370 373 373
H-4 3.84 382 384 3.83
H-5 3.84 380 396 3.83
GalNAc H-' 449 456 452 459
H-2' 3.89 387 391 391
H-3 3.70 388 374 3.88
H-4 3.92 468 399 472
H-5' 3.70 382 397 4.12
H-6' 376,383 382 423 425,432
NAc 2.04 205 203 204
OMe 3.79 380 3.80 3.80

45
Table 2
"H NMR data* for compounds 5-8
Proton 5 6" 7 8
GlIcA H-1 4.99 4.99 5.00 5.02
H-2 3.60 3.59 3.61 3.62
H-3 3.69 3.70 3.71 3.73
H-4 3.83 3.83 3.81-3.86 3.84
H-5 3.83 3.82 3.81-3.86 3.88
GalNAc H-1' 4.53 458 4.56 4.62
H-2' 4.01 4.06 4.03 4.08
H-3 3.80 4.04 3.99 4.08
H-4' 4.17 4.82 423 4.84
H-5 3.76 3.77-3.82 3.81-3.86 4.13
H-6' 3.76-3.83 3.77-3.82 4.23 4.23,4.30
GlcA H-1" 448 445 4.49 4.47
H-2" 3.30 333 3.31 3.34
H-3" 345 3.45 3.46 3.46
H-4" 348 3.51 3.46 3.53
H-5" 3.67 3.64 3.67 3.68
NAc 2.02 2.03 2.02 2.03
OMe 3.80 3.80 3.80 3.80

"Measured at 400 MHz referenced by BuOH in deu-
teriom oxide as & = 1.23 ppm.

PAt 600 MHz.
Table 3
'"H NMR data® for compounds 9-12
Proton 9 10 11 12
GIcA H-1 4.99 5.00 5.09 5.08
H-2 3.59 3.59 3.63 3.63
H-3 3.69 3.79-3.85 3.77 3.77
H-4 3.77 3.86 3.89 3.88
H-5 3.83 3.82 4.12 4.08
GalNAc H-I' 4.52 4.58 458 4.64
H-2' 4.00 4.04 4.03 4.06
H-3 3.79 4.02 3.87 4.08
H-4' 4.11 4.74 4.16 4.79
H-5' 3.70-3.76 * 397 4.12
H-6' 3.68-3.80 3.79-3.85 4.21 4.21-4.32
GlcA H-V 448 4.45 457 443
H-2" 3.34 3.36 3.38 3.40
H-3" 3.56 3.57 3.64 3.64
H-4" 373 3.77 377 3.82
H-5" 3.84 3.65 3.95 3.91
GalNAc H-1" 4.45 4.53 450 4.59
H-2" 3.87 3.88 3.80 391
H-3” 3.67 3.84 3.73 391
H-4" 3.90 4.67 398 4.71
H-5" 3.70-3.76 * 3.97 4.12
H-6" 3.68-3.80 3.79-3.85 4.21 4.21-4.32
NAc 2.01 2.03 1.99 2.01
2.03 2.04 2.02 2.02
OMe 3.80 3.80 3.80 3.80

*Measured at 400 MHz referenced by ¢-BuOH in deu-

terium oxide as & =1.23 ppm.
°At 600 MHz.

“Measured at 400 MHz referenced by ¢-BuOH in deu-

terium oxide as 6 = 1.23 ppm.
°3.70 or 3.79-3.85.
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Table 4 Table 6
>C NMR data® for compounds 1-4 C NMR data® for compounds 9-12
Carbon 1 2 3° 4 Carbon 9 10 11 12
GlcA C-1 102.33  102.27 102.70° 102.69 GlcA C-1 102.83 102.71  102.66 102.64
C-2 73.64 73.56 73.85 73.82¢ C-2 74.06 74.01 b 73.52
C-3 74.79 74.74 75.33 75.48 C-3 77.85 76.15 75.48 75.31
C-4 80.52 80.88 82.22 83.01 C-4 81.06° 81.83 83.03 81.33
C-5 77.66 77.65 76.93 78.13 C-5 78.16° 81.43 76.99 75.48
GalNAc C-I' 102.10 102.06 103.22° 103.19 GalNAc C-1' 102.48 102.36  103.01 103.09
c-2 53.37 53.61 53.68 53.92 c-2 52.53 53.07 52.89 52.41
Cc-3 72.11 71.02 72.17 71.33 Cc-3 76.50 76.94 b 72.02
c-4 68.86 76.78 68.88 76.93 Cc-4 69.28" 78.14 77.47 ¢
C-5 76.30 75.56 74.24 73.91¢ C-5 75.288  71.61 b 74.11%
C-6 62.14 62.09 68.63 69.23 C-6 62.56"  62.51 69.31 ¢
NCOCH, 23.52 23.55 23.96 24.02 GlcA C-1" 105.85 105.23 105.29 105.87
OMe 56.84 56.87 57.30 57.30 c-2" 74.03 73.78 73.44 73.67
C=0 175.06 17498 176.49 176.56 Cc-3 75.18 75.03 75.26 75.23
176.12  176.12 c-4" 81.86¢ 76.02 83.31 82.24!
s - Cc-5 81.11° 78.14 77.29 82.19"
M.easure(.i at 100 MHz referenced by #+-BuOH in deu- GalNAc C-1"  102.42 102.71  103.40 103.30
terium oxide as & =31.1 ppm. c-2" 53.86 5410 5392  53.69
At 150 MHz. C-3” 7263 7127 7127 7126
“May be exchanged. Cc-4" 69.33' 7725 76.84 ¢
C-5" 76.76¢  75.28' b 74.24¥
possible reduction of the levulinoylitic ketone moi- C-6" 62.63  62.61 69.09 ¢
eties during benzylidene acetal cleavage. To avoid gCOCH3 ?7‘2(1) g;gg ?71(3)(1) g;gg
this qndeswed react'lon, we decided to interchange the C=0 17547 ND. 17652 176.41
levulinoyl group with acetyl. However, as reported in 176.23
the previous paper [10], some portion of the acetyl 176.56
group at O-3 of the non-reducing end GalNac in the 176.59

Table 5
C NMR data® for compounds 5-8
Carbon 5 6° 7 8
GlcA C-1 102,82  102.79 1027  102.68
C-2 74.06 74.01 740 74.01
C-3 75.28 75.28 752 75.51
C4 81.12 81.52 827 83.19
C-5 78.16 78.16 814 77.75
GalNAc C-1' 10243 10243 103.0 103.02
Cc-2 52.56 53.18 523 52.98
C-y 81.81 76.51  74.2 76.33
C-4 69.21 78.04  69.0 77.58
C-5 76.53 76.20  78.1 73.86
C-6 62.64 62.64 69.0 69.32
GlcA C-1" 105.67 10495 1055 104.93
c-2" 74.24 74.08 743 73.95
c-3 76.83 76.61 76.7 76.58
c-4 73.34 7337 732 73.27
Cc-5" 77.65 7783 715 77.58
NCOCH, 24.02 2406 240 24.07
OMe 57.30 5730 573 57.30
C=0 175.49 17545 N.D. N.D.

176.54 176.51

177.49 177.46

*Measured at 100 MHz referenced by #BuOH in deu-
terium oxide as & = 31.1 ppm.
°At 150 MHz.

*Measured at 100 MHz referenced by #BuOH in deu-
terium oxide as 6 = 31.1 ppm.

*73.75, 73.80, 73.91.

°68.63, 68.81, 68.90.

d_lmay be exchanged.

chondroitin tetrasaccharide 37 migrated to the 4-posi-
tion during the reductive conversion. Therefore, we
finally adopted the less migratable pivaloyl ester as
protecting group at O-3 and examined the synthetic
route for the disaccharide moiety. In this paper, both
results using the acetyl and pivaloyl esters are de-
scribed.

The levulinoyl group of 13 was quantitatively
removed with hydrazine acetate to give the known
methyl (2-azido-4,6-0-benzylidene-2-deoxy-B-D-
galactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2,3-di-
0-4-methylbenzoyl-B-pD-glucopyranosid)uronate (16)
[10,13]. Simultaneous conversion of the azido and
alcohol groups to acetamide and acetate, respectively,
by the action of AcSH in pyridine yielded 17 (75%).
Compound 17 was also made available by conven-
tional acetylation in 88% yield from 15. On the other
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hand, 16 was pivaloylated with pivaloyl chloride and
pyridine in the presence of 4,4-dimethylaminopyri-
dine (DMAP) to afford 18 (81%). The azido group of
18 was hydrogenolyzed in the presence of Lindlar
catalyst, and the resultant amine was acetylated to
give 19 in high yield (96%). The benzylidene acetal
of 17 and 19 could be regioselectively reduced to the
corresponding 6-O-benzyl ethers with sodium
cyanoborohydride in THF by the addition of HCl in
Et,O in 87% and quantitative yields, respectively.
None of the regioisomers was observed. Then, alco-
hol 20 so obtained was sulfated with the sulfur
trioxide—trimethylamine complex at 50-60°C. After
gel-permeation chromatography, the sulfate was ex-
posed to saponification. The desired chondroitin dis-
accharide 4-sulfate 2 was obtained following the
removal of the benzyl ether by catalytic hydrogena-
tion (88%, three steps). The corresponding pivaloate
21 was also converted to sulfate 22 in the same
manner as above. This sulfate 22 was saponified, and
hydrogenolysis that followed afforded 2 in 88% yield
in two steps.

Chondroitin disaccharide 6-sulfate 3 was synthe-
sized as follows. Initially, the regioselective sulfation
of diol 25, which was obtained by the quantitative
removal of the benzylidene acetal of 19, was investi-
gated. However, no sulfate was obtained by the use
of sulfur trioxide—trimethylamine complex in N,N-
dimethylformamide at room temperature, followed by
50-60°C within a limited period (25 min). After the
removal of the acyl groups, 'H NMR spectroscopy
showed that mainly the desired 6-sulfate 3 was ob-
tained (65% yield). Along with the expected regioiso-
mers, the 4-sulfate 2 and the 4,6-disulfate 4 were
obtained in 11 and 7% yields, respectively, together
with 17% of unsulfated 1. As the products were
difficult to separate, another strategy using stepwise
conversion was developed. Thus, the hydroxyl group
of 21 was acetylated, and the product was exposed to
hydrogenation in the presence of Pd—C to give the
6-OH derivative 23 without migration of the acetate
from the 4-position. Alcohol 23 was sulfated and
saponified in the usual manner to afford the desired
6-sulfate 3 in 87% yield (three steps). Target 6-sulfate
3 could also be obtained via dipivaloate 24. The
chemical shifts found in the '"H NMR spectrum of the
disaccharides (2 and 3) were in good agreement with
those of the corresponding methyl glycosides, espe-
cially on the GalNAc residues already reported by
Jacquinet [8].

The synthesis of the 4,6-disulfate 4 was first exam-
ined by the stepwise sulfation via the 4-sulfate. Ac-

MeOOC 0

TolO

Tolo/% + 16
TolO OC(NH)CCl,

26
BF3+OEt;, MSAW300
{ CH,Cly, -20°C
<
(e}
0] TolO
MeOOC 0 %‘l’oolo \W\OMP
Tolo%o \%o
TolO TolO N3 COOMe
27
1) AcSH, pyridine
or
2-1) Lindlar catalyst, H, / EtOAc
2-2) Ac,0, pyridine
R0
R'O 0l0
MeOOC o 0 %IO ~OMP
TolO (o] [0}
TO'O/%/ NHAc  COOMe
R1 RZ
28 PhCH<
29 H H
30 H Bn
31 Bn H
32 | SO;Na Bn
33 Ac H

Scheme 2. Trisaccharide synthesis.

cording to this approach, the benzyl ether of 22 was
hydogenolytically removed, and the resultant alcohol
was further sulfated to afford 4 (71%, based on 22).
When diol 25 was exposed to the sulfation conditions
overnight, the 4,6-disulfate was also obtained. Subse-
quent saponification quantitatively gave the target
compound 4.

The trisaccharide sequence: GlcAGalNAcGIcA has
been reported by Coutant and Jacquinet [9] via the
stereochemical conversion of the 4-position of the
GlcNAc residue. We obtained the chondroitin trisac-
charide by coupling of methyl glucuronate
trichloroacetimidate 26 [14] and acceptor 16 (Scheme
2). By the action of borontrifluoride ether complex
(BF, - OEt,), the desired trisaccharide 27 was ob-
tained in 39% yield. The azido group of 27 was
converted into the corresponding acetamide with
AcSH (78%). A better yield (93%) for 28 was ob-
tained when the conversion was performed by hy-
drogenolysis in the presence of Lindlar catalyst, fol-
lowed by conventional acetylation. Subsequently, the
benzylidene acetal was removed hydrolytically to
give 29 in 83% yield. Sulfate-free chondroitin trisac-
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Scheme 3.

charide 5 was obtained via saponification in the same
manner as described (quantitatively).

The reductive benzylation of 28 gave the desired
6-benzylated compound 30 in 69% yield. In contrast
to the results found for the disaccharide, the regioiso-
mer 31, with the benzyl ether at O-4, was also
obtained in 12% yield. The hydroxyl group of 30 was
sulfated to yield 4-sulfate 32 in 92% yield. Subse-
quent saponification of 32 (61%), followed by hydro-
genation in the presence of palladium hydroxide,
gave 4-sulfate 6 in 82% yield. The chemical shifts
found in both the 'H and *C NMR spectra were in
accordance with reported data [9].

Thereafter, the regioselective sulfation of the pri-
mary alcohol was examined for the trisaccharide
4,6-diol 29. The sulfation was performed in the same
manner as above but proceeded slowly for one day to
give only one spot on TLC. After purification using
gel-permeation and ion-exchange resin chromatogra-
phy, FABMS confirmed the presence of a monosul-
fated product. As shown in Scheme 3, the MS /MS
fragment at 826.3 from 1376.7 [M — Na]~ indicates
the presence of sulfate on the GlcAGalN moiety, and
the signal at 97.2 is typical for the presence of an
O-sulfur trioxide fragment, not of an N-sulfur triox-
ide. Surprisingly, it was not transformed to the de-
sired 7 or 8, but was converted to the non-sulfated 5§
after deprotection by applying the usual saponifica-
tion conditions. Taking the stability of the O-sulfate
into consideration, we are suggesting a formation of
the imine-like [-N=C(OSO; )CH,] product and not

formation of the 6-sulfate during the sulfation reac-
tion. The postulated structure of the sulfate is indi-
cated in Scheme 3. Therefore, we explored the same
synthetic strategy for 6-sulfate 7 as for the disaccha-
ride case. In order to make the 6-OH derivative 33
available, acetylation at O-4 and subsequent removal
of benzyl group at O-6 were carried out quantita-
tively. No migrated product was detected during this
sequence. Alcohol 33 was sulfated at O0-6, and the
resultant sulfate trisaccharide was saponificated as
above to give 6-sulfate 7 in 67% yield (three steps).

The 4,6-disulfate could not be obtained from the
4.6-diol directly, but it was available via the 4-sulfate
as examined in the case of the 4,6-disulfated disac-
charide. The benzyl ether moiety of 32 was removed
in the presence of palladium-on-charcoal under hy-
drogen in a yield of 71%, followed by sulfation as
described. The prolonged reaction time required (6
days) might be due to the electronegativity of the
neighboring sulfate. After saponification, the desired
disulfate 8 (71% yield) was obtained.

Ph

So

TolO
R' MeOOC 0 TolO
??\Tolo Tol0 R! COOMe
Q
0
Ph ‘ R1 RZ
34 N, Lev
35 NHAc Lev
36 N3 H
37 N, Piv
38 NHAc Ac
39 NHAc Piv
1Rzo
R'O TolO
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R% ! o %0 o° g omMpP
?g\mo Tolo NHAc  COOMe
R*Q
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R R R Rr R
40 H Bn Ac H Bn
41 H Bn H Ac Bn
42 Bn H Ac H Bn
43 H Bn Piv H Bn
44 Bn H Piv H Bn
45 H H Piv H H

46 Ac H Piv Ac H

The final targets chondroitin tetrasaccharides (9-
12) exhibit both internal and external GalNAc residues
with or without sulfate groups. The synthetic strate-
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gies for both types of residue have been evaluated on
the di- and trisaccharide case. Tetrasaccharides (9-12)
were synthesized from the known intermediate 34
[13]. The diazide 34 was converted to diacetamide 35
by the action of AcSH in pyridine in a moderate 43%
yield. As found in the case of the trisaccharide,
Lindlar catalyst proved to be effective to give the
desired diacetamide 35 in higher yield (60%) after
conventional acetylation. The latter method seems to
be more expedient for the longer oligosaccharides.
Treatment of 35 under saponification conditions
(88%), followed by hydrogenation (68%), gave non-
sulfate 9.

As reported previously [10], an acetyl group was
first used for the protection of O-3 on the non-reduc-
ing end GalNAc. The transformation from levulinoate
35 into acetate 38 was performed by the chemoselec-
tive removal and the acetylation in 64% yield (two
steps). The corresponding pivaloate was also exam-
ined as an alternative intermediate. Thus, levulinoate
34 was chemoselectively converted to pivaloate 37
via 36 in quantitative yield. This pivaloate gave rise
to the corresponding acetamide 39 applying the hy-
drogenolytic pathway (87%). Reductive ring opening
was first executed for 38 in the same manner as
described. The desired compound 40 having a 6-OBn
group on both GalNAcs was obtained in 51% yield,
together with 19% of acetyl-migrated product 41 and
a trace amount of regioisomer 42 with the benzyl
group at O-4 of the inner GalNAc residue. These
yields and ratios were not easily reproducible, pre-
sumably due to the concentration of volatile HCI in
Et,0. On the other hand, pivaloate 39 afforded the
desired secondary diol 43 in 65% yield, but also gave
the 4-OBn regioisomer 44 on the internal GalNAc in
15% yield. No pivaloyl-migrated product was ob-
served during reaction analysis. In order to make
chondroitin 4-sulfate tetrasaccharide 10 available, the
obtained diols (40 and 43) were sulfated in 92 and
98% yield, respectively. Both sulfates could be trans-
formed into 10 via saponification and subsequent
hydrogenation in the presence of palladium hydrox-
ide in 70% yield.

For the chondroitin 6-sulfate tetrasaccharide 11
synthesis, we tried a regioselective sulfation of tetraol
45, which was furnished by the removal of two
benzylidene acetals of 39 under acidic conditions
(78%). Even though the sulfation proceeded slowly, a
single product was obtained after two days, which
was exposed to basic conditions. The final product
proved to be the tetrasulfate 12. The yields were 78
and 89% for sulfation and deprotection, respectively.

In contrast to the results obtained during trisaccharide
sulfation, no other product was observed. Thus, the
6-sulfate 11 could be obtained by stepwise synthetic
strategy as follows. The acetylation of 43 and the
deblocking of the two benzyl groups were carried out
in 92 and 99% yield, respectively, to yield 46. Con-
ventional sulfation overnight and subsequent saponi-
fication afforded the title compound 11 in 82% yield
(three steps).

In summary, a series of chondroitin 4-, 6- and
4,6-di-sulfates, as well as their non-sulfated analogs,
were systematically synthesized for the di-, tri- and
tetrasaccharides of which GlcA residues locate at the
reducing end as 4-methoxyphenyl glycosides.

3. Experimental

Optical rotations were measured at 22 + 3°C with
a JASCO DIP 310 polarimeter in the solution of
specified solvents, and 'H NMR spectra were mea-
sured with JEOL EX 270 MHz spectrometer. Some
key compounds were measured with JEOL 400 and
600 MHz spectrometers as indicated. Chemical shifts
were expressed in ppm downfield from the signal for
internal Me,Si for solutions in CDCl; and CD,;OD.
For solutions in deuterium oxide, fert-butanol served
as the reference 1.23 ppm. The FABMS for the
synthetic compounds were measured with a triple-
stage quadrupole mass spectrometer (Finnigan MAT
TSQ 700) equipped with an FAB ion source. Samples
were typically dissolved in water, and tri-
ethanolamine was used as a matrix in the negative-ion
mode. The FAB spectra were recorded under the
following conditions: primary beam, xenon; acceler-
ating voltage of the primary ion, 8 kV: collision gas,
argon; collision energy, 30 eV; collision gas pressure,
0.2 Pa. Silica gel chromatography, analytical TLC,
preparative TLC (PTLC) and high-performance TLC
(HPTLC) were done on glass plates coated with
Silica Gel F,s, (E. Merck). Column chromatography
was carried out on columns of Silica Gel 60 (E.
Merck). Gels for size-exclusion chromatography
(Sephadex LH-20, Biobeads S-X1 and S-X2) were
purchased from Pharmacia and Bio-Rad, respectively.
Molecular sieves were purchased from GL Science,
and activated at 180°C under vacuum prior to use.
Melting points were determined with a Yanaco mp
apparatus and a Biichi mp apparatus model 510 and
are uncorrected. All reactions in organic solvents
were performed under a nitrogen or argon atmo-
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sphere, and organic solvents were distilled according
to standard procedures prior to use.

Methyl (2-acetamido-4,6-O-benzylidene-2-deoxy-3-
O - levulinoyl - B- D - galactopyranosyl) - 2— 4)-(4 -
methoxyphenyl 2, 3 -di- O -4 - methylbenzoyl - B-D -
glucopyranosid)uronate (14).—To a solution of
methyl (2-acetamido-4,6-O-benzylidene-2-deoxy-3-O-
levulinoyl - B - D - galactopyranosyl) - (1 — 4) - (4 -
methoxyphenyl 2,3 -di- O-4 - methylbenzoyl- 8-D-
glucopyranosid)uronate (13) [10] (73.3 mg, 79.3
wmol) in pyridine (0.5 mL) was added 1.0 mL of
AcSH with stirring. An additional 1.0 mL of AcSH
was added after 42 h, and the mixture was stirred for
29 h. The reaction mixture was concentrated, and the
residue was subjected to silica gel column chro-
matography (2:1-1:1 toluene-EtOAc, then 10:1
EtOAc-MeOH) to give 71.3 mg of 14 in 96% yield;
R, 0.26 (5:5:1 toluene EtOAc-Et,N), [a], +51.8°
(C 1.46, CHCl,). 'H NMR (CDClg) 6 7.88-7.53
(m, 4 H, aromatic H), 7.36-7.28 (m, 5 H, aromatic
H), 7.17-7.08 (m, 4 H, aromatic H), 6.93-6.87 (m, 2
H, aromatic H), 6.77-6.74 (m, 2 H, aromatic H),
5.80(t, 1 H, J,5=J;,=891Hz, H-3),5.55(d, | H,
Jrnu 956 Hz, NH'), 5.53 (dd, 1 H, J,, 7.26 Hz,
H-2), 5.28 (s, | H, PhCH), 5.22 (d, 1 H, H-1), 5.15
(dd, 1 H, J,; 11.22, J;, 3.30 Hz, H-3), 494 (d, 1
H, J,, 824 Hz, H-1'), 454 (t, 1 H, J,5 891 Hz,
H-4), 429 (d, 1 H, H-5), 4.03 (d, 1 H, H-4), 391
(ddd, 1 H, H-2"), 3.78, 3.73 (2 s, 6 H, COOMe,
MeOPh), 3.76 (d, 1 H, H-6'a), 3.56 (d, 1 H. J,
10.89 Hz, H-6'b), 2.96 (s, 1 H, H-5'), 2.71-2.48 (m,
4 H, 2 CH,), 2.34,2.30(2s, 6 H, 2 MePh), 2.04 (s,
3 H, MeCO), 1.94 (s, 3 H, NAc). Anal. Calcd for
CsHs3NOy; - 05H,0: C, 63.27; H, 5.75; N, 1.48.
Found: C, 63.25; H, 5.77; N, 1.46.

Methyl (2-acetamido-4,6-O-benzylidene-2-deoxy-3-
D-galactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2,3-di-
O-4-methylbenzoyl-B-p-glucopyranosid)uronate (15).
—Disaccharide 14 (23.4 mg, 25.0 pmol) was dis-
solved in 2.4 mL of 5:1 EtOH-toluene and hydrazine
acetate (39.5 mg, 0.429 mmol, 17 equiv) was added
while stirring for 12 min prior to the removal of the
solvents in vacuo. The residue was subjected to
purification by gel-permeation chromatography (LH-
20, 1:1 CHC1,~MeOH) to yield 15 (20.7 mg, 99%);
R, 031 (10:1 EtOAc MeOH); [al, +12.3° (¢
0473 CHCI,). 'H NMR (CDCI13): 6 7.88-7.82 (m,
4 H, aromatic H), 7.33-7.23 (m, 5 H, aromatic H),
7.17-7.07 (m, 4 H, aromatic H), 6.94-6.89 (m, 2 H,
aromatic H), 6.79-6.75 (m, 2 H, aromatic H), 6.38
(d, 1 H, J,y 528 Hz, NH'), 5.82(t, 1 H, J,;=J5,
= 8.90 Hz, H-3), 555 (dd, 1 H, J,, 6.93 Hz, H-2),

5.32(s, 1 H, PhCH), 5.24 (d, 1 H, H-1), 4.63(d, 1 H,
Ji2 791 Hz, H-1'), 450 (t, 1 H, J,5 9.24 Hz, H-4),
4.34(d, 1 H, H-5), 391 (d, 1 H, J;, 2.97 Hz, H-4),
3.85-3.74 (m, 3 H, H-2',3',6'a), 3.81, 3.74 (25, 6 H,
COOMe, MeOPh), 3.56 (d, 1 H, J, 1121 Hz,
H-6'b), 2.93 (s, 1 H, H-5'), 2.35,2.29 (2's, 6 H, 2
MePh), 2.03 (s, 3 H, NAc). Anal. Calcd for
C,sH;NOs-H,0: C, 62.85; H, 5.75; N, 1.63.
Found: C, 63.06; H, 5.66; N, 1.63.

Sodium (2-acetamido-2-deoxy-B-D-galactopyrano-
syl)-(1 — 4)-(4-methoxyphenyl B-D-glucopyran-
osiduronate (1).—A suspension of 15 (32.8 mg,
39.0 pmol), 2 drops CH,COOH and a catalytic
amount of 10% Pd—C in 3 mL of EtOH was stirred
under hydrogen for 5 days. The mixture was filtered
over Celite, the volatiles were removed under re-
duced pressure, and the residue was finally eluted
from a column of silica gel with 20:1-5:1 EtOAc—
MeOH to give the debenzylidenated product (21.7
mg, 74%). The crude material was dissolved in 3.15
mL of 20:1 THF-water, 1.25 N lithium hydroxide
(0.15 mL) was added dropwise at 0°C, and the mix-
ture was stirred for 2 h at the same temperature. The
mixture was evaporated under reduced pressure, taken
up in 3 mL of MeOH, and 0.2 N NaOMe (0.25 mL)
was added. After 3.5 and 5 h, more NaOMe (0.1 mL)
and water were added, respectively. The volatiles
were removed under reduced pressure, and the residue
was applied to gel-permeation chromatography over
LH-20 (water). The fractions containing the desired
compound were treated with Dowex-50 (H™) and
Dowex-50 (Na®) and then freeze-dried to give 1
(12.1 mg, 80%). Some minor impurities could be
removed by repeated gel-permeation chromatogra-
phy: R, 0.15 (3:2:1 BuOH- CH ;COOH-H,0); [a],
214 (¢ 066, H ,0). For 'H and "°C NMR data,
see Tables 1 and 4, respectively. FABMS: m/z 524.2
(M —H)", 5022 (M — Na)".

Methyl (2-acetamido-3-O-acetyl-4,6-O-benzylidene-
2 - deoxy - B - D - galactopyranosyl ) (1 — 4) - (4 -
methoxyphenyl 2, 3 - di - O - 4 - methylbenzoyl - 8 -D
-glucopyranosid)uronate (17).—(a) By conventional
acetylation (Ac,O, pyridine) 15 (14.0 mg, 16.6 pmol)
was converted into its acetate. After the usual work-
up, the crude product was purified by PTLC (20:1
EtOAc-MeOH) to give 17 (10.2 mg, 69%); R, 0.54
(10 1 EtOAc-MeOH); [a ], +51.6°(c 0.68, CHCI;)
'"H NMR (CDCl,); & 7.88-7.82 (m, 4 H, aromatic
H), 7.35-7.28 (m, 5 H, aromatic H), 7.17-7.09 (m, 4
H, aromatic H), 6.93-6.88 (m, 2 H, aromatic H),
6.79-6.75 (m, 2 H, aromatic H), 5.80 (t, 1 H, J,, =
J,, =891 Hz, H-3), 553 (dd, 1 H, J,, 6.93 Hz,
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H-2), 548 (d, 1 H, J,y 8.25 Hz, NH'), 529 (s, 1
H, PhCH), 522 (d, 1 H, H-1), 5.20 (dd, 1 H, J,,
7.59, J,, 3.63 Hz, H-3'), 494 (d,  H, J,, 824 Hz,
H-1),4.54 (dd, 1 H, J, 5 9.24 Hz, H-4), 429 (d, 1 H,
H-5), 4.10 (d, 1 H, H-4'), 3.89 (ddd, 1 H, H-2'), 3.81
(dd, 1 H, Jsq, 132, Jp., 12.53 Hz, H-6'a), 3.79,
3.74 (2 s, 6 H, COOMe, MeOPh), 3.57 (dd, 1 H,
Js e 1.65 Hz, H-6'b), 2.97 (s, 1 H, H-5'), 2.35, 2.31
(25,6 H, 2 MePh), 2.02, 1.94 (2 5, 6 H, OAc, NAc).
Anal. Calcd for C,gH N;0,5: C, 63.86; H, 5.60; N,
1.58. Found: C, 63.58; H, 5.67; N, 1.58.

(b) To azide 16 (33.2 mg, 40.2 wmol) in pyridine
(0.5 mL) was added 1.0 mL of AcSH while stirring.
After 1 and 2 days, 0.5 mL of AcSH was added,
respectively, and stirring was continued for 4 h. The
reaction mixture was concentrated, and the residue
was subjected to silica gel column chromatography
(5:1-4:1-2:1-1:1-1:3 toluene—-EtOAc) to give 26.5
mg of 17 in 75% yield.

Methyl (2-azido-4,6-O-benzylidene-2-deoxy-3-O-
pivaloyl - B - D - galactopyranosyl) - (1 — 4) - (4 -
methoxyphenyl 2, 3 - di- O -4 - methylbenzoyl - B-D -
glucopyranosidluronate (18).—Pivaloyl chloride (8
1L, 16 pmol) and a catalytic amount of DMAP were
added to a solution of 16 [10,13] (25.4 mg, 30.8
pmol) in 1 mL of pyridine at 80°C with stirring.
After 1 day, an excess of pivaloyl chloride (0.1 mL)
was added, and the mixture was stirred for 1 h. To
this solution was added MeOH (0.1 mL), and the
resultant mixture was cooled to room temperature
and diluted with CHCl;. The organic phase was
washed with brine followed by aq NaHCO,, and
finally, dried over anhydrous MgSO,. The solution
was filtered, the volatiles were removed under dimin-
ished pressure, and the residue was subjected to
column separation on silica gel (10:1-5:1-2:1-1:1
n-hexane-EtOAc) to give 18 (22.6 mg, 81%); R,
0.64 (3:1 toluene—EtOAc); [al, +32.97° (¢ 0907
CHCL,). '"H NMR (CDC1,): 6 7.89-7.83 (m, 4 H,
aromatic H), 7.31-7.32 (m, 5 H, aromatic H), 7.17-
7.08 (m, 4 H, aromatic H), 6.94-6.89 (m, 2 H,
aromatic H), 6.80—-6.75 (m, 2 H, aromatic H), 5.79 (t,
1 H, J,;=J5,=924 Hz, H-3), 559 (dd, 1 H, J ,
7.26 Hz, H-2), 5.26 (s, | H, PhCH), 5.22 (d, 1 H,
H-1), 452 (dd, 1 H, J,; 10.56, J;, 3.63 Hz, H-3'),
442 (d, 1 H, H-1'), 433 (d, 1 H, H-5), 4.15(d, 1 H,
H-4'), 3.82, 3.74 (2 s, 6 H, COOMe, MeOPh),
3.82-3.72 (m, 2 H, H-2',6'a), 3.60 (s, 1 H, H-6'b),
3.12 (s, 1 H, H-5), 2.34, 230 (2 s, 6 H, 2 MePh),
1.18 (s, 9 H, tert-Bu). Anal. Caled for C gH; N3O 4
C, 63.35; H, 5.66; N, 4.62. Found: C, 62.62; H, 5.86;
N, 4.48.

Methyl (2-acetamido-4,6-O-benzylidene-2-deoxy-3-
O - pivaloyl - B - D - galactopyranosyl) - (1 — 4) - (4 -
methoxyphenyl 2, 3 - di- O - 4 - methylbenzoyl - B-D -
glucopyranosid)uronate (19).—To a solution of 18
(33.1 mg, 36.4 umol) in EtOAc (1 mL) was added
Lindlar catalyst (400 mg), and the mixture was stirred
under hydrogen for 13 h. The reaction mixture was
filtered through Celite and evaporated to dryness. The
residue was diluted with pyridine (1 mL) and Ac,O
(1 mL) and stirred for 10 h. Ice was added to the
reaction mixture, and stirring was continued
overnight. The reaction mixture was diluted with
CHCl,, and the organic phase was treated as usual.
Separation by gel-permeation chromatography (LH-
20, 1:1 CHCI;-MeOH) gave 19 (32.4 mg) in 96%
yield: R, 0.46 (1 1 toluene—EtOAc); [a], +56.9° (¢
0.253, CHCl ). 'H NMR (CDCl,): 6 7.89-7.82 (m,
4 H, aromatic H), 7.30 (br s, 5 H, aromatic H),
7.16-7.10 (m, 4 H, aromatic H), 6.92-6.89 (m, 2 H,
aromatic H), 6.77-6.74 (m, 2 H, aromatic H), 5.80 (t,
1H, J,;=J,,=891 Hz, H-3), 554 (dd, 1 H, J,,
7.25 Hz, H-2), 545 (d, 1 H, J,\y 8.58 Hz, NH'),
5.30 (s, 1 H, PhCH), 5.21 (d, 1 H, H-1), 5.07 (dd, 1
H, J,; 11.22, J,, 362 Hz, H-3'), 488 (d, 1 H, J,
8.25 Hz, H-1'), 4.53 (dd, 1 H, J,; 9.24 Hz, H-4),
428 (d, 1 H, H-5), 4.10 (d, 1 H, H-4'), 3.98 (ddd, 1
H, H-2'), 3.84-3.73 (m, 1 H, H-6'a), 3.78, 3.73 (2 s,
6 H, COOMe, MeOPh), 3.57 (d, | H, J,,,, 12.53 Hz,
H-6'), 295 (s, 1 H, H-5), 2.35, 2.32 (25, 6 H, 2
MePh), 191 (s, 3 H, NAc), 1.13 (s, 9 H, terr-Bu).
Anal. Calcd for C;0HsNO 40 C, 64.82; H, 6.00; N,
1.51. Found: C, 64.82; H, 5.99; N, 1.63.

Methyl (2-acetamido-3-O-acetyl-6-O-benzyl-2-de-
oxy-B-D-galactopyranosyl)-(1 — 4)-(4-methoxyphenyl
2,3-di-O4-methylbenzoyl-B-D-glucopyranosid)-uronate
(20).—To a mixture of 17 (12.6 mg, 14.3 pmol),
powdered molecular sieves 3 A (80 mg), and a small
amount of methyl orange in THF (1 mL), was added
sodium cyanoborohydride (30 mg, 0.48 mmol, 33
equiv). The mixture was stirred for 5 h, then cooled
to 0°C, and HCI-Et,O was added dropwise until the
color changed to pink. Additional sodium cyanoboro-
hydride (54 mg, 0.86 mmol, 59 equiv) and HCI-Et,0
were supplied, then the mixture was allowed to warm
up to room temperature. The reaction mixture was
neutralized with aq NaHCO,, diluted with CHCl,;,
and filtered through Celite. After the conventional
work-up, the residue was subjected to gel-permeation
chromatography (LH-20, 1:1 CHCl,;—MeOH) to yield
20 (11.0 mg, 87%); R, 0.55 (10 1 EtOAc—MeOH);
[al, +52.3°(c 0.22, CHC13) 'H NMR (CDCl,); &
7.89-7.82 (m, 4 H, aromatic H), 7.37-7.26 (m, 3 H,
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aromatic H), 7.21-7.14 (m, 6 H, aromatic H), 6.93—
6.89 (m, 2 H, aromatic H), 6.81-6.76 (m, 2 H,
aromatic H), 5.70 (t, 1 H, J, ;= J, , = 8.90 Hz, H-3),
558 (dd, 1 H, J,, 6.93 Hz, H-2), 5.54 (d, | H, J,
8.91 Hz, NH'), 520 (d, 1 H, H-1), 499 (dd, 1 H, J,,
11.22, J,, 297 Hz, H-3), 472 (d, 1 H, J,, 8.25
Hz, H-1'), 4.42 (dd, 1 H, Jys 9.24 Hz, H-4), 4.27 (d,
I H, H-5), 4.21, 4.13 (ABq, 2 H, J 11.87 Hz,
PhCH,), 3.97 (ddd, 1 H, H-2), 3.90 (m, 1 H, H-4),
3.79, 3.75 (2 s, 6 H, COOMe, MeOPh), 3.41 (m, 1
H, H-5'), 2.96-2.91 (m, 2 H, H-6'a,b), 2.36 (s, 6 H, 2
MePh), 225 (d, 1 H, J,, 6.27 Hz, OH-4), 2.06,
191 (2 s, 6 H, OAc, NAc). Anal. Calcd for
C,H NO,: C, 63.71; H, 5.81; N, 1.58. Found: C,
64.12; H, 5.98; N, 1.51.

Methyl (2-acetamido-6-O-benzyl-2-deoxy-3-O-
pivaloyl - B - D - galactopyranosyl) - (1 — 4) - (4 -
methoxyphenyl 2, 3 - di - O - 4 - methylbenzoyl - B-D -
glucopyranosidjuronate (21).—To a mixture of 19
(65.9 mg, 71.2 pmol), powdered molecular sieves 3
A (300 mg), and a small amount of methyl orange in
THF (4.5 mL) was added a sodium cyanoborohydride
(124 mg, 0.48 mmol, 33 equiv). The mixture was
stirred for 2 h, then cooled to 0°C, and HCI-Et,O
was added dropwise until the color changed to pink.
Additional sodium cyanoborohydride (120 + 90 mg,
total 75 equiv) and HC1-Et,O were supplied, and the
mixture was allowed to warm up to room tempera-
ture. The reaction mixture was finally treated as

described above to afford 21 (59.1 mg, 90%); R,

0.57 (1:3 n-hexane—EtOAc); [a], +33.6° (¢ 0.607,
CHCl,). 'H NMR (CDCl,); & 7.88-7.82 (m, 4 H,
aromatic H), 7.37-7.27 (m, 2 H, aromatic H), 7.21—
7.13 (m, 7 H, aromatic H), 6.91-6.88 (m, 2 H,
aromatic H), 6.78—6.74 (m, 2 H, aromatic H), 5.71
(dd, 1 H, J,, 924, J,, 8.91 Hz, H-3), 5.58 (dd, | H,
J,, 692 Hz, H2), 548 (d, 1 H, J,py 9.24 Hz,
NH’), 522 (d, 1 H, H-1), 4.87 (dd, 1 H, Jyy 11.22,
J,, 330 Hz, H-3), 464 (d, 1 H, J,, 8.24 Hz, H-1),
4.40 (dd, 1 H, J,5 9.24 Hz, H-4), 429 (d, 1 H, H-5),
4.19, 4.12 (ABq, 2 H, J 11.87 Hz, PhCH,), 4.10 (m,
1 H, H-2'), 3.88 (m, 1 H, H-4), 3.79, 3.74 (2 s, 6 H,
COOMe, MeOPh), 3.40 (m, 1 H, H-5), 2.95-2.89
(m, 2 H, H-6'a,b), 2.34 (s, 6 H, 2 MePh), 2.11 (m, 1
H, OH-4'), 1.88 (s, 3 H, NAc), 1.16 (s, 9 H, tert-Bu).
Anal. Caled for Co,H,,NO,: C, 64.70; H, 6.20; N,
1.51. Found: C, 64.43; H, 6.18; N, 1.43.

Methyl (sodium 2-acetamido-6-O-benzyl-2-deoxy-3-
Opivaloyl-4-O-sulfonato- B-p-galactopyranosyl)-(1 —
4)-(4-methoxyphenyl 2, 3-di-O-4-methylbenzoyl-B-D-
glucopyranosidjuronate (22).—To a solution of 21
(18.5 mg, 20.0 pmol) in Me,NCHO (2.5 mL) was

added sulfur trioxide—trimethylamine complex (85.7
mg, 0.62 mmol, 31 equiv), and the mixture was
stirred for 2 h at 50-60°C. The reaction mixture was
cooled to room temperature and subjected to gel-per-
meation chromatography (LH-20, 1:1 CHCl,-MeOH)
and ion-exchange resin over a column of Dowex-50
(Na™) (8:1 MeOH-water) to give 22 (14.5 mg, 71%);
R, 0.27 (10 1 EtOAc-MeOH); [a ], +40.9° (¢ 0.58,
MeOH) 'H NMR (CD,0D): & 7.88-7.81 (m, 4 H,
aromatic H), 7.34-7.17 (m 9 H, aromatic H), 6.91-
6.86 (m, 2 H, aromatic H), 6.82-6.77 (m, 2 H,
aromatic H), 5.72 (dd, 1 H, J,; 7.92, J,, 8.25 Hz,
H-3),5.46 (dd, 1 H, J,, 8.25 Hz, H-2), 5.41 (d, 1 H,
H-1), 4.86 (dd, 1 H, J,5 11.22, J;, 3.30 Hz, H-3'),
470 (d, 1 H, J,, 8.25 Hz, H-I'), 4.69 (d, 1 H, H-4'),
4.45(dd, 1 H, J,5 9.24 Hz, H-4), 440 (d, 1 H, H-5),
4.28, 4.07 (ABq, 2 H, J 11.22 Hz, PHCH,), 3.99
(dd, 1 H, H-2'), 3.82, 3.72 (2 s, 6 H, COOMe,
MeOPh), 3.51-3.40, 3.04-2.99 (m, 3 H, H-5',6'a,b),
2.36, 234 (2's, 6 H, 2 MePh), 1.88 (s, 3 H, NAc),
1.17 (s, 9 H, tert-Bu). Anal. Calcd for
C,,Hs(NSO,yNa-2H,0: C, 56.32; H, 5.68; N, 1.31.
Found: C, 56.48; H, 5.55; N, 1.33.

Sodium (sodium 2-acetamido-2-deoxy-4-O-
sulfonato - B - D - galactopyranosyl) - (1 — 4) - (4 -
methoxyphenyl B-D-glucopyranosidjuronate (2).—(a)
To a solution of 20 (6.6 mg, 7.4 wmol) in Me,NCHO
(1.5 mL) was added sulfur trioxide—trimethylamine
complex (29.3 mg, 0.21 mmol, 28 equiv), and the
mixture was stirred for 16 h at 50-60°C. The reaction
mixture was cooled to room temperature and sub-
jected to gel-permeation chromatography (LH-20, 1:1
CHCl,-MeOH) to give crude sulfate (8.4 mg), which
was dissolved in THF (1.5 mL) and water (0.1 mL).
To this solution was added 1.25 N lithium hydroxide
(0.04 mL, 6.9 equiv) while stirring at 0°C. After 40
min, the volatiles were removed under reduced pres-
sure, and the residue was dissolved in 2 mL of
MeOH and treated with 0.2 N NaOMe (2.0 mL).
After stirring overnight, the reaction mixture was
subjected to gel-permeation chromatography (LH-20,
water) to give crude 4-sulfate (4.8 mg, 91% in 2
steps), which was immediately dissolved in 2 mL of
3:1 water—MeOH, and stirred overnight under hydro-
gen in the presence of a catalytic amount of palla-
dium hydroxide. Insoluble material was filtered off,
and the filtrate was subjected to gel-permeation chro-
matography (LH-20, water), Amberlist (CG-50, H™)
and Dowex-50 (Na™) to give 3.1 mg of 2 in 74%
yield after freeze drying; R, 0.33 (3:2:1 BuOH-
CH COOH H,0); [a], +8. 2° (¢ 0.147, H,0). For

'H and “C NMR data, see Tables 1 and 4, respec-
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tively. FABMS: m/z 604.1 (M — Na)~, 582.2
(M —2Na+H)".

(b) Sulfate 22 (9.4 mg, 9.0 wmol) was dissolved in
THF (1.5 mL) and water (0.1 mL). To this solution
was added 1.25 N lithium hydroxide (0.05 mL, 7
equiv) while stirring at 0°C. After 2 h, the volatiles
were removed under reduced pressure, and the residue
was dissolved in MeOH (1 mL) and CHCl, (0.3 mL).
To this solution, 0.5 N NaOH (0.6 mL) was added,
and stirring was continued overnight before the reac-
tion mixture was diluted with meOH. The solution
was concentrated to 0.5 mL under diminished pres-
sure and the residue was eluted from a column of
CG-50 (H*) and Dowex-50 (Na™) in turn (8:1
MeOH-water). The fraction residue thus obtained
was subjected to gel-permeation chromatography
(LH-20, 4:2:1 MeOH—water—CHCl3), and the crude
product was dissolved in water (2.5 mL) and stirred
overnight under hydrogen in the presence of catalytic
amount of palladium hydroxide. Insoluble material
was filtered off. The solution was exposed to Dowex-
50 (Na™) and purified by gel-permeation chromatog-
raphy (G-50, water) to give 5.0 mg of 2 (three steps,
88%). Some minor impurities could be removed by
additional gel-permeation chromatography (LH-20,
water).

Methyl (2-acetamido-4-O-acetyl-2-deoxy-3-O-
pivaloyl-B-p-galactopyranosyl)-(1 — 4)-(4-methoxy-
phenyl 2,3-di-O-4-methylbenzoyl-B-D-glucopyranosid)
uronate (23).—To a solution of 20 (3.4 mg, 3.7
pmol) in pyridine (0.2 mL) was added Ac,0 (0.2
mL) and a catalytic amount of DMAP with stirring
for 1.5 h, and then ice was added. After conventional
work-up, 2.9 mg of acetylated product was obtained
by PTLC (1:1 toluene-EtOAc) purification in 81%
yield. The crude product was diluted with EtOAc (1.5
mL) and stirred under hydrogen in the presence of
Pd—-C for 1 day. The reaction mixture was filtered to
give 23 (2.1 mg, 88%); R, 0.16 (2 3 toluene—EtOAc);
[a], +26.3° (¢ 0.32, CHCl;) 'H NMR (CDCl,); &
7.89-7.84 (m, 4 H, aromatic H), 7.22-7.16 (m, 4 H,
aromatic H), 6.94-6.89 (m, 2 H, aromatic H), 6.81~
6.76 (m, 2 H, aromatic H), 572 (5, 1 H, J,,=J;,=
8.58 Hz, H-3), 5.60 (dd, 1 H, J,, 7.26 Hz, H-2),
536 (d, 1 H, J,y 891, NH'), 522 (d, 1 H, H-1),
5.13(d, | H, J5, 3.30 Hz, H-4'), 497 (dd, 1 H, J,,
11.22 Hz, H-3), 471 (d, 1 H, J,, 8.25 Hz, H-1),
445 (dd, 1 H, J, 5 8.91 Hz, H-4), 4.31 (d, 1 H, H-5),
4.14 (m, 1 H, H-2"), 3.79, 3.75 (2 s, 6 H, COOMe,
MeOPh), 3.49, 3.03-2.97 (m, 3 H, H-5,6'a,b), 2.38,
2.36 (25, 6 H, 2 MePh), 2.02, 1.83 (2 s, 6 H, OAc,
NAc), 1.10 (s, 9 H, fert-Bu). Anal. Calcd for

C,H;NO, - 0.5H,0: C, 60.79; H. 6.13; N, 1.58.
Found: C, 60.74; H, 6.15; N, 1.54.

Methyl (2-acetamido-2-deoxy-3,4-di-O-pivaloyl-B-p-
galactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2,3-di-O-
4-methylbenzoyl- B-D-glucopyranosid)uronate (24).—
To a solution of 21 (11.4 mg, 12.3 pwmol) in pyridine
(0.4 mL) were added pivalic anhydride (0.4 mL) and
a catalytic amount of DMAP with stirring at 50-60°C.
After 6 days, further pivalic anhydride (0.3 mL) and
DMAP were added. Six days later, the reaction mix-
ture was cooled to room temperature, 4 mL of MeOH,
was added, and the mixture was diluted with CHCl,
and worked up by the standard procedure. Purifica-
tion by PTLC (3:2 toluene—EtOAc) afforded the
pivaloylated compound (5.3 mg, 43%). A part of this
pivalate (3.2 mg, 3.2 umol) was dissolved in EtOAc
(0.7 mL) and hydrogenolized as described above. By
applying PTLC (1:1 toluene—~EtOAc) purification, 24
was obtained (2.5 mg, 86%); R, 0.24 (1:1 toluene—
EtOAc); [a], +24.6°C (¢ 0. 167 CHC1,). '"H NMR
(CDC1,): 6 7.89-7.84 (m, 4 H, aromatic H), 7.31-
7.16 (m, 4 H, aromatic H), 6.95-6.87 (m, 2 H,
aromatic H), 6.84-6.75 (m, 2 H, aromatic H), 5.71
(dd, 1 H, J,, 8.57, J,, 891 Hz, H-3),5.59 (dd, 1 H,
Ji» 693 Hz, H-2), 5.38 (d, 1 H, J,y 924, NH'),
522(d, 1 H, H-1),5.10(d, 1 H, J,,, 2.96 Hz, H-4'),
5.00 (dd, 1 H, J,, 11.22 Hz, H-3), 471 (d, L H, J,
8.25 Hz, H-1), 446 (dd, | H, J,5 8.58 Hz, H-4),
4.30 (d, 1 H, H-5), 4.18 (ddd, 1 H, H-2), 3.79, 3.75
(2's, 6 H, COOMe, MeOPh), 3.55, 3.06,2.94 (3 m, 3
H, H-5'.6'ab), 2.36, 2.36 (2 s, 6 H, 2 MePh), 1.80 (s,
3 H, NAc), 1.14, 1.09 (2 s, 18 H, tert-Bu). Anal.
Caled for C,H,,NO,,: C, 62.52; H. 6.46; N, 1.52.
Found: C, 63.10; H, 6.81; N, 1.47.

Methyl (2-acetamido-2-deoxy-3-O-pivaloyl-B-p-
galactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2,3-di-O
-4-methylbenzoyl-B-b-glucopyranosid)uronate (25).—
Camphorsulfonic acid (3.0 mg) was added to the
stirring mixture of 19 (11.3 mg, 12.2 wmol) in
CH,Cl, (0.5 mL) and MeOH (0.5 mL). After 5.5
days, the reaction was quenched with aq NaHCO,
and diluted with CHCI;. After aqueous work-up, the
crude product was purified by gel-permeation chro-
matography (LH-20, 1:1 CHCl,~MeOH) to quantita-
tively give 10.2 mg of 25; R 0.56 (40: l EtOAc-
MeOH); [a], +40.2° (¢ 0687 CHCI,). 'H NMR
(CDCl,): 8 7.95-7.81 (m, 4 H, aromatic H), 7.23~
7.15 (m, 4 H, aromatic H), 6.93-6.90 (m, 2 H,
aromatic H), 6.79-6.75 (m, 2 H, aromatic H), 5.75 (1,
I H, J,5=J,,=858 Hz, H-3), 5.60 (dd, 1 H, J,,
6.93 Hz, H-2), 5.54 (d, 1 H, J,y 9.24, NH'), 5.27
(d, 1 H,H-1),4.85(dd, | H. J,; 11.22, J,, 2.97 Hz,
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H-3), 472 (d, 1 H, J,, 8.25 Hz, H-1), 4.45 (dd, 1
H, J,5 891 Hz, H-4), 4.35 (d, 1 H, H-5), 4.17 (ddd,
1 H, H-2'), 3.86 (br s, 1 H, H-4'), 3.77,3.74 (2 5, 6
H, COOMe, MeOPh), 3.38-3.18 (m, 3 H, H-5',6’a,b),
2.75 (br, 1 H, OH-4'), 2.37,2.35(2 s, 6 H, 2 MePh),
1.98 (br, 1 H, OH-6'), 1.81 (s, 3 H, NAc), 1.16 (s, 9
H, tert-Bu). Anal. Caled for C;H,, NO - 0.5H,0:
C, 60.97; H, 6.20; N, 1.65. Found: C, 61.17; H, 6.17,
N, 1.58.

Sodium (sodium 2 - acetamido - 2 - deoxy - 6 - O -
sulfonato - B - D - galactopyranosyl) - (1 > 4) - (4 -
methoxyphenyl B-D-glucopyranosid)uronate (3).—(a)
To a solution of 23 (2.1 mg, 2.4 wmol) in Me,NCHO
(0.5 mL) was added a sulfur trioxide—trimethylamine
complex (6.9 mg, 50 pwmol, 21 equiv) with stirring at
50-60°C overnight. The reaction mixture was treated
as described in the synthesis of 22. By this process,
crude sulfate was obtained, and it was diluted in THF
(1 mL) and water (0.12 mL). To this solution, 0.12
mL of 1.25 N lithium hydroxide was added at 0°C.
The reaction mixture was stirred for 1 h, and the
volatiles were removed under diminished pressure.
The residue was dissolved in 1 mL of 4:1 mixture of
MeOH-CH,Cl,. To this, 0.4 mL of 0.5 N NaOH
was added, and the reaction mixture was stirred
overnight. Then 0.2 mL of 0.5 N NaOH was added,
and the reaction mixture was stirred for additional 1
day. After careful addition of 50% CH,;COOH, the
reaction mixture was neutralized and evaporated. The
residue was subjected to gel-permeation chromatog-
raphy (LH-20, water) twice, and treated with Dowex-

50 (Na™) to give 3 (1.3 mg, 87% in three steps); R,

0.21 (3:2:1 BuOH—CH?COOH—HZO); [a], —44.7°
(¢ 0.047, H,0). For 'H and “C NMR data, see
Tables 1 and 4, respectively. FABMS: m/z 626.1
(M —-H)", 604.1 (M~ Na)~.

(b) Pivaloate 24 (1.7 mg, 1.8 wmol) in Me,NCHO
(0.5 mL) was sulfated with a sulfur trioxide—tri-
methylamine complex (7.0 mg, 50 wmol, 28 equiv)
with stirring at 50-60°C overnight. Applying the
above described procedure, 0.7 mg of 3 (64% in three
steps) was obtained.

(¢) To a solution of 25 (3.8 mg, 4.5 wmol) in
Me,NCHO (0.5 mL) was added a sulfur trioxide~tri-
methylamine complex (17.3 mg, 124 wmol, 28 equiv)
with stirring at 50-60°C for 25 min. The reaction
mixture was treated as described in the synthesis of
22. The crude sulfate so obtained was saponified as
above to give a mixture (2.8 mg) of 3 (65%), 1
(17%), 2 (11%) and 4 (7%), of which ratio and yields
were calculated from 'H NMR spectra.

Sodium (disodium 2-acetamido-2-deoxy-4,6-di-O-
sulfonato-3-D-galactopyranosyl)-(1 — 4)-(4-methoxy-
phenyl B-D-glucopyranosidjuronate (4).—(a) Diol 25
(2.8 mg, 3.3 umol) was dissolved in Me,NCHO (0.5
mL), and sulfur trioxide~trimethylamine complex
(20.7 mg, 149 pmol, 23 X 2 equiv) was added with
stirring at 50-60°C overnight. The elution from gel-
permeation chromatography (LH-20, 1:1 CHCI,
MeOH) was collected and evaporated. The residue
was exposed to the saponification procedure as above
to give 4 quantitatively; R, 0.06 (3:2:1 BuOH-
CH,COOH-H,0); [a, —14.9° (¢ 0.047, H,0). For
'H and ""C NMR data, see Tables 1 and 4, respec-
tively. FABMS: m/z 7062 (M — Na)~, 6842
(M —2Na+H)~, 6042 (M- SO, —2Na+H)",
5822 (M — SO, — 3Na+2H)".

(b) Sulfate 22 (2.6 mg, 2.5 pwmol) was dissolved in
1:1 mixture of EtOAc—MeOH (1 mL) and stirred for
4.5 days under hydrogen in the presence of a catalytic
amount of palladium hydroxide. Insoluble material
was filtered off, the volatiles were removed under
reduced pressure, and the residue was subjected to a
column of Dowex-50 (Na*) (8:1 MeOH-water) to
give 1.8 mg of debenzylated product, which was
sulfated in a similar way as described in the synthesis
of 22 to give 2.1 mg of disulfate from a column of
Dowex-50 (Na™) (8:1 MeOH-water). This disulfate
was also saponified as above to give 1.2 mg of 4
(71% from 22).

Methyl (methyl 2,3,4-tri-O-4-methylbenzoyl- B-D-
glucopyranosyluronate) - (1 — 3)-(2 - azido-4,6-0 -
benzylidene-2-deoxy-B-D-galactopyranosyl)-(1 — 4)-(4-
methoxyphenyl 2,3 - di- O -4 - methylbenzoyl - B-D -
glucopyranosid)uronate (27).—A mixture of 16 (83.4
mg, 0.101 mmol) and powdered molecular sieves
AW300 (1.1 g) in toluene (10 mL) and CH,Cl, (1
mL) was stirred at room temperature. After 40 min,
the solution was cooled to —20°C, and then BF;-
OEt, (7.2 pL, 78.3 wmol) and a solution of methyl(2,
3,4 -tri- O- 4 - methylbenzoyl - & - D - glucopyranosyl
trichloroacetimidate)uronate (26) [13,15] (139.3 mg,
0.197 mmol) in toluene (8 mL) were added dropwise.
The reaction temperature was raised gradually to
room temperature overnight before adding 7 wL of
BF; - OEt,. After 1 h, the reaction mixture was di-
luted with EtOAc, quenched with ag NaHCO,, fil-
tered on Celite, and extracted with EtOAc. By the
conventional manner, the crude product was roughly
fractionized using gel-permeation chromatography
(S-X1, toluene) and, finally, purified by silica gel
column chromatography (6:1-3:1 toluene—EtOAc) to
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give 27 (544 mg, 39%); R, 0.59 (2:1 toluene—
EtOAc); [al, —8.02° (¢ 121 CHCl,). '"H NMR
(CDCl,): & 7.86-7.70 (m, 10 H, aromatic H), 7.33—
7.27 (m, 5 H, aromatic H), 7.19-7.05 (m, 10 H,
aromatic H), 6.94-6.88 (m, 2 H, aromatic H), 6.79—
6.74 (m, 2 H, aromatic H), 5.85 (dd, 1 H, J,, 8.91,
Ty, 923 Hz, H-3"), 575 (t, 1 H, J,,=J,, =891
Hz, H-3),5.64 (t, 1 H, H-4"), 5.54(dd, 1 H, J,, 7.26
Hz, H-2), 5.51 (dd, 1 H, J,, 7.59 Hz, H-2"), 5.34 (s,
1 H, PhCH), 5.20 (d, 1 H, H-1), 5.16 (d, 1 H, H-1"),
551 (t, 1 H, H4), 439 (d, 1 H, J,, 7.92 Hz, H-1),
430(d, 1 H, H-5"), 429 (d, 1 H, H-5), 417 (d, 1 H,
Jy4 3.30 Hz, H-4'), 3.76, 3.74, 3.62 (3 s, 9 H, 2
COOMe, MeOPh), 3.71-3.62 (m, 2 H, H-2', 6'b),
353 (d, 1 H, J,, 12.19 Hz, H-6'b), 3.46 (dd, 1 H,
J>5 9.56 Hz, H-3'), 3.09 (s, 1 H, H-5"), 2.36, 2.34,
2.33,2.30,2.29 (55, 15 H, 5 MePh). Anal. Calcd for
C,.H;N;0,, - H,0: C, 6401; H, 531; N, 3.03.
Found: C, 64.00; H, 5.15; N, 3.25.

Methyl (methyl 2,3,4-tri-O-4-methylbenzoyl-B-D-
glucopyranosyluronate)-(1 — 3)-(2-acetamido-4,6-O-
benzylidene-2-deoxy-B-D-galactopyranosyl)-(1 — 4)-
(4-methoxyphenyl 2,3-di-O-4-methylbenzoyl-B-D-glu-
copyranosidjuronate (28).—(a) To a solution of 27
(20.6 mg, 15.0 pmol) in pyridine (0.3 mL) was
added 0.6 mL of AcSH, and the resulting mixture
was stirred for 2 days. The reaction mixture was then
evaporated, and the residue was subjected to silica
gel column chromatography (n-hexane—10:1-5:1—
2:1-1:1-1:2 n-hexane-EtOAc) to give 28 (16.3 mg,
78%) together with the starting material 27 (4.0 mg,
19%); R, 0.57 (1: 1 toluene~EtOAc); [al, +22.3°
(c 0815 CHCl,). '"H NMR (CDCl,): & 7.88-7.65
(m, 10 H, aromatic H), 7.36~7.28 (m, 5 H, aromatic
H), 7.19-7.04 (m, 10 H, aromatic H), 6.92-6.86 (m,
2 H, aromatic H), 6.78-6.72 (m, 2 H, aromatic H),
5.81(dd, 1 H, J,5 9.24, J;, 9.57 Hz, H-3"), 5.73 (t,
I H, J,,=1J,, =891 Hz, H-3), 5.61 (d, 1 H, J,
6.93 Hz, NH’), 559 (t, 1 H, H-4"), 549 (dd, 1 H,
Ji, 693 Hz, H-2), 547 (dd, 1 H, J,, 7.26 Hz,
H-2"), 5.31 (s, 1 H, PhCH), 521 (d, 1 H, J,, 8.25
Hz, H-1'), 5.18 (d, 1 H, H-1), 5.10 (d, 1 H, H-1"),
469 (dd, 1 H. J,, 11.22, J,, 3.30 Hz, H-3), 452
(t, 1 H, H-4), 4.25 (d, 1 H, H-5"), 4.20 (d, 1 H, H-5),
417 (d, 1 H, H-4), 3.85 (d, 1 H, J,, 11.88 Hz,
H-6'a), 3.73, 3.72, 3.58 (3 s, 9 H, 2 COOMe,
MeOPh), 3.62 (d, 1 H, H-6'b), 3.26 (ddd, | H, H-2'),
2.97 (s, 1 H, H-5'), 2.36, 2.34, 2.31, 2.28 (4 s, 15 H,
MePh), 1.64 (s, 3 H, NAc). Anal. Caled for
C,H,sNO,,: C, 65.83; H. 5.46; N, 1.01. Found: C,
66.00; H, 5.56; N, 0.97.

(b) Lindlar catalyst (250 mg) was added to a
solution of 27 (54.4 mg, 39.7 pmol) in EtOAc (5
mL), and the reaction mixture was stirred overnight
under a hydrogen atmosphere. Insoluble material was
removed over Celite and the volatiles were removed
in vacuo. The residue was acetylated conventionally,
and the resulting mixture was separated by silica gel
column chromatography (7:3 toluene—~EtOAc) to af-
ford 28 (51.1 mg, 93%).

Methyl (methyl 2,3,4-tri-O-4-methylbenzoyl-B-D-
glucopyranosyluronate)-(1 — 3)-(2-acetamido-2-de-
oxy-B-D-galactopyranosyl)-(1 — 4)-(4-methoxyphenyl
2,3di-O-4-methylbenzoyl-B-D-glucopyranosid)uronate
(29).—Camphorsulfonic acid (5.0 mg) was added to
a stirred mixture of 28 (16.3 mg, 11.8 wmol) in
CH,Cl, (0.5 mL) and MeOH (0.5 mL). After 24 h,
the reaction was quenched with Et,N and evaporated.
The crude product was purified by silica gel column
chromatography (2:1-1:2 toluene—EtOAc) to give 29
(12.7 mg, 83%); R, 0.12 (1: 1 toluene EtOAc); [al,
+30.0° (¢ 0.14, CHCl ;). H NMR (CDCl,): §
7.91-7.39 (m, 10 H, aromatic H), 7.22-7.06 (m, 10
H, aromatic H), 6.94-6.87 (m, 2 H, aromatic H),
6.79-6.74 (m, 2 H, aromatic H), 5.84 (t,  H, J,; =
J34=9.23 Hz, H-3"), 5.63 (t, 1 H, J,,=J,,=8.25
Hz, H-3), 5.57 (t, 1 H, J,5 9.57 Hz, H-4"), 5.55 (dd,
1 H, J,, 6.60 Hz, H-2), 5.48 (dd, 1 H, J,, 7.59 Hz,
H-2"), 5.41 (d, 1 H, J,,y 6.59 Hz, NH'), 5.19 (d, 1
H, H-1), 5.03(d, 1 H, J,, 7.59 Hz, H-1'), 491 (d, 1
H, H-1"), 461 (dd, 1 H, J,, 10.56, J,, 2.97 Hz,
H-3'), 442 (t, 1 H, H-4), 426 (d, 1 H, H-5"), 4.19 (d,
1 H, H-5), 3.95 (d, 1 H, H-4"), 3.73, 3.69, 3.62 (3 s,
9 H, 2 COOMe, MeOPh), 3.36-3.24 (m, 3 H, H-
5.,6'a,6'b), 3.10 (ddd, 1 H, H-2'), 2.64 (br, 1 H,
OH-4'), 2.38, 2.37, 2.36, 2.29 (4 s, 15 H, 5 MePh),
1.97 (br, 1 H, OH-6'), 1.40 (s, 3 H, NAc). Anal.
Calcd for CoH, NO,,: C, 63.82; H, 5.52; N, 1.08.
Found: C, 64.28; H, 5.70; N, 0.99.

Sodium (sodium B-D-glucopyranosyluronate)-
(1 - 3)-(2-acetamido-2-deoxy-B-D-galactopyranosyl)-
(1—4)-(4-methoxyphenyl B-D-glucopyranosid)uronate
(5).—Diol 29 (4.7 mg, 3.6 wmol) was dissolved in
0.66 mL of 10:1 THF-water and 1.25 N lithium
hydroxide (0.06 mL) was added dropwise at 0°C.
After 1 h, the mixture was evaporated under reduced
pressure, taken up in 0.8 mL of 3:1 MeOH-CH,Cl,,
and 0.5 N NaOH (0.2 mL) was added. After stirring
overnight, the reaction mixture was carefuily neutral-
ized with 50% CH,COOH and the volatiles were
removed under reduced pressure. The mixture was
applied to gel-permeation chromatography over LH-
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20 (water), and the fractions containing the desired
compound were treated by Dowex-50 (H') and
Dowex-50 (Na*) and then freeze-dried to quantita-
tively give 5 (2.6 mg). Some minor impurities could
be removed by repeated gel-permeation chromatogra-
phy; [al, —45.7° (¢ 0.14, H O) R, 018 (3:2:1
BuOH-CH,COOH-H,0). For 'H and "C NMR
data, see Tables 2 and 5 respectively. FABMS: m/z
7222 (M — H)~, 700.1 (M — Na)".

Methyl (methyl 2,3,4-tri-O-4-methylbenzoyl-B-D-
glucopyranosyluronate)-( 1 — 3 )-(2-acetamido-6-O-
benzyl-2-deoxy-B-p-galactopyranosyl) - (1 — 4) - (4-
methoxyphenyl 2,3-di-O-4-methylbenzoyl-B-D-
glucopyranosid)uronate (30) and methyl (methyl 2,3,
4-tri-O-4-methylbenzoyl-B-D-glucopyranosyluronate)-
(1 = 3)-(2-acetamido -4 -0 -benzyl -2 - deoxy - B-
D - ga -lactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2,3-
di-O-4-methylbenzoyl-B-D-glucopyranosid)uronate
(31).—To a mixture of 28 (28.1 mg, 20.3 umol),
powdered 3 A molecular sieves (100 mg), and a
small amount of methyl orange in THF (3 mL) was
added a sodium cyanoborohydride (95 mg, 1.51
mmol, 74 equiv). After stirring for 80 min, the
mixture was cooled to 0°C, and HCI-Et,O was
added dropwise until the color changed to pink.
Additional sodium cyanoborohydride (100 + 58 mg,
total 198 equiv) and HCI-Et,O were introduced, and
the mixture was allowed to warm up to room temper-
ature. Finally, the reaction mixture was treated as
described in the synthesis of 20 to yield 30 (19.4 mg,
69%) and 31 (3.4 mg, 12%).

30: R, 039(1 1 toluene—EtOAc); [a ], +21.6° (¢
0.473, CHCl ). '"H NMR (CDCl,): § 7.86-7.70 (m,
10 H, aromatic H), 7.37-7.06 (m, 15 H, aromatic H),
6.90-6.85 (m, 2 H, aromatic H), 6.77-6.72 (m, 2 H,
aromatic H), 582 (t, 1 H, J,;=J,,=9.57 Hz,
H-3"), 5.61-5.55 (m, 3 H, H-2,3,4"), 548 (dd, 1 H,
Ji, 792 Hz, H-2"), 537 (d, 1 H, J,y 7.60 Hz,
NH’'), 5.14 (m, 1 H, H-1), 498 (d, 1 H, J,, 8.25 Hz,
H-1), 4.89 (d, 1 H, H-1"), 4.61 (dd, 1 H, J,; 10.89,
Jy4 297 Hz, H-3'), 439 (m, 1 H, H-4), 424 (d, 1 H,
Jys 10.56 Hz, H-5"), 4.22 (s, 2 H, PhCH,), 4.15(d, 1
H, J, 5 9.24 Hz, H-5), 4.02 (d, 1 H, H-4'), 3.73, 3.72,
3.55(3 5,9 H. 2 COOMe, MeOPh), 341 (brt, 1 H,
H-5'), 3.14-2.97 (m, 3 H, H-2'.6'a,6'b), 2.37, 2.36,
2.35,2.29 (4 s, 15 H, 5 MePh), 1.39 (s, 3 H, NAc).
Anal. Calcd for C,.H,;NO,,: C, 65.74; H, 5.60; N,
1.01. Found: C, 65.39; H, 5.55; N, 0.95.

31: R, 0.23 (1 1 toluene—EtOAc); [a], —8.81° (¢
0.193, CHCI;) '"H NMR (CDCl,): & 7.87-7.65 (m,
10 H, aromatic H), 7.39-7.05 (m, 15 H, aromatic H),
6.92—6.86 (m, 2 H, aromatic H), 6.78—6.73 (m, 2 H,

aromatic H), 5.88 (t, 1 H, J,;=J;,=9.90 Hz,
H-3"), 5.62-5.54 (m, 3 H, H-2,3,4"), 5.49 (dd, 1 H,
Ji, 792 Hz, H-2"), 529 (d, 1 H, J,\y 6.60 Hz,
NH'), 5.15 (m, 1 H, H-1), 492 (d, 1 H, J,, 8.25 Hz,
H-1), 4.87 (d, 1 H, H-1"), 4.87, 457 (ABg, 2 H, J
11.88 Hz, PhCH,), 473 (dd, 1 H, J,, 10.89, J,,
2.97 Hz, H-3'), 436 (m, 1 H, H-4)), 426 (d, 1 H, J,
9.57 Hz, H-5"), 4.15(d, 1 H, J, 5 8.91 Hz, H-5), 3.76
(d, 1 H, H-4), 3.74, 3.70, 3.63 (3 s, 9 H, 2 COOMe,
MeOPh), 3.24 (br t, 1 H, H-5'), 3.12 (m, 1 H, H-2'),
2.89-2.82 (m. 2 H, H-6'a,6'b), 2.39, 2.37, 2.35, 2.28
(45, 15H, 5 MePh), 1.55 (s, 3 H, NAc). Anal. Calcd
for C,,H,,NO,,-0.5H,0: C, 65.31; H, 5.64; N,
1.00. Found: C, 65.29; H, 5.58; N, 0.98.

Sodium (sodium B-D-glucopyranosyluronate)-
(1 = 3)-(sodium 2-acetamido-2-deoxy-4-O-sulfonato-
B-D-galactopyranosyl)-(1 — 4)-(4-methoxyphenyl B-
p-glucopyranosidjuronate (6).—To a solution of 30
(5.5 mg, 4.0 pmol) in Me,NCHO (0.7 mL) was
added a sulfur trioxide—trimethylamine complex (30
mg, 0.22 mmol, 55 equiv), and the reaction mixture
was stirred overnight at 50-60°C and treated as
described in the synthesis of 22 to give the 4-sulfate
32 (5.4 mg, 92%); R, 0.39 (5:5:1 EtOAc-MeOH-
Et,N). This compound was used for the next reaction
without further purification. Sulfate 32 (5.1 mg, 3.4
wmol) was dissolved in THF (0.5 mL) and water
(0.04 mL). To this solution was added 1.25 N lithium
hydroxide (0.04 mL, 5 X 3 equiv) while stirring at
0°C. After 1 h, volatiles were removed under reduced
pressure. The residue was dissolved in MeOH (0.5
mL) and CHCl; (0.15 mL), and 0.5 N NaOH (0.5
mL) was added to this solution. After the stirring for
1.5 days, an excess amount of dry ice was added to
the reaction mixture, which was then carefully neu-
tralized with 50% CH,COOH (R, 032, 3:2:1
BuOH-CH ,COOH-H O) The solutlon was eluted
from a column of G- 50 (2% aq. pyridine), Dowex-50
(H*) and Dowex-50 (Na™) (8:1 MeOH-water) to
give saponified product (1.9 mg, 61%), which was
dissolved in water (1 mL) and stirred for 8.5 h under
hydrogen in the presence of catalytic amount of
palladium hydroxide. Insoluble material was filtered
off. The solution was exposed to Dowex-50 (Na™),
and purificated by gel-permeation chromatography
(G-10, water) to give 1.4 mg of 6 (82%); R, 0.23
(3:2:1 BuOH- CH COOH H,0); [al, —4]° (c
0.093, H,0). For H and "C NMR data, see Tables
2 and 5, respectively. FABMS: m/z 824.0 (M — H) ",
802.2 (M — Na)~.

Methyl (methyl 2,3,4-tri-O-4-methylbenzoyl-B-D-
glucopyranosyluronate)-(1 — 3) - (2-acetamido-4-O-
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acetyl-2-deoxy-B-D-galactopyranosyl) - (1 — 4)-(4 -
methoxyphenyl 2,3-di-O-4-methylbenzoyl--D-
glucopyranosid)uronate (33).—Using the conven-
tional procedure, 30 (5.0 mg, 3.6 pwmol) was quanti-
tatively converted into its acetate (5.1 mg) (R, 0.57,
1:1 toluene—EtOAc) with Ac,O (0.7 mL), pyridine
(0.7 mL), and catalytic amount of DMAP. A portion
of this acetate (1.0 mg) was hydrogenolized in the
presence of Pd-C in EtOAc for 1 day and treated as
described in the synthesis of 24 to quantitatively give
33 (1.0 mg); R, 0.18 (i:1 toluene EtOAc); [al,
+28.6° (¢ 0273 CHCl,). '"H NMR (CDCl,): &
7.86-7.65 (m, 10 H, aromatic H), 7.20-7.05 (m, 10
H, aromatic H), 6.90-6.87 (m, 2 H, aromatic H),
6.76-6.73 (m, 2 H, aromatic H), 5.77 (t,  H, J,, =
Jy4 =9.57 Hz, H-3"), 5.61-5.54 (m, 3 H, H-2,3,4"),
542 (dd, 1 H, J,, 791 Hz, H-2"), 535 (d, 1 H,
Jonu 6.60 Hz, NH'), 5.13 (d, 1 H, J,, 6.93 Hz,
H-1),5.12(d, 1 H, J;, 3.96 Hz, H-4'), 5.01 (d, 1 H,
Ji» 792 Hz, H-1), 4.80 (d, 1 H, H-1"), 474 (dd, 1
H, J,; 10.89 Hz, H-3'), 4.36 (m, 1 H, H-4), 4.17 (d,
1 H, J,5 9.89 Hz, H-5"), 4.14 (d, 1 H, J,5 9.57 Hz,
H-5), 3.73, 3.64 (2 s, 9 H, 2 COOMe, MeOPh), 3.39
(broad, 1 H, H-5'), 3.05-3.01 (m, 4 H, H-2",6'a,6'b,
OH-6'), 2.37, 2.35,2.28 (3 s, 15 H, 5 MePh), 1.96 (s,
3 H, Ac), 1.32 (s, 3 H, NAc). Anal. Caled for
C,H,;NO, - 1.5H,0: C, 62.36; H, 5.61; N, 1.02.
Found: C, 62.33; H, 5.61; N. 0.91.

Sodium (sodium B-D-glucopyranosyluronate)-
(I - 3)-(sodium 2-acetamido-2-deoxy-6-O-sulfo-
nato-B-p-galactopyranosyl)-(1 — 4)-(4-methoxy-
phenyl B-D-glucopyranosid)uronate (7).—To a solu-
tion of 33 (1.0 mg, 0.8 wmol) in Me,NCHO (0.5
mL) was added sulfur trioxide—trimethylamine com-
plex (4.2 mg, 30.2 umol, 40 equiv) with stirring at
50-60°C overnight. The reaction mixture was treated
as described in the synthesis of 22. The crude sulfate
o obtained was diluted in THF (0.5 mL) and water
(0.06 mL). To this solution was added 0.06 mL of
1.25 N lithium hydroxide at 0°C, and the reaction
mixture was stirred for 2.5 h before the volatiles were
removed under diminished pressure. The residue was
dissolved in 0.5 mL of 4:1 MeOH-CH,Cl,. To this,
0.2 mL of 0.5 N NaOH was added, and the reaction
mixture was stirred overnight. Another 0.2 mL of 0.5
N NaOH was added, and stirring was continued for 1
day. Applying the work-up as described in the syn-
thesis of 3, we obtained 7 (0.4 mg, 67% in three
steps); R, 0.25 (3:2:1 BuOH- CH COOH-H,0);
[al, 230 (¢ 0.027, H,0). For 'H and °C NMR
data, see Tables 2 and 5, respectlvely FABMS: m/z
802.2 (M — Na)~, 780.2 (M — 2Na + H)".

Sodium (sodium B-D-glucopyranosyluronate)-
(1 = 3)-(disodium 2-acetamido-2-deoxy-4,6-di-O-
sulfonato-B-D-galactopyranosyl)-(1 — 4)-(4-methoxy-
phenyl B-D-glucopyranosid)uronate (8).—Sulfate 32
(5.4 mg, 3.6 umol) was diluted with EtOAc (1 mL)
and MeOH (1 mL), and the reaction mixture was
stirred overnight under a hydrogen atmosphere in the
presence of Pd—C. This mixture was filtered to give
the 6-OH compound (3.6 mg, 71%); R, 0.46 (5:5:1
X 2 EtOAc-MeOH-Et;N). To a solut1on of this
alcohol (3.6 mg, 2.6 Mmol) in Me,NCHO (0.5 mL)
was added sulfur trioxide—trimethylamine complex
(23.2 mg, 167 pwmol, 64 equiv) with stirring at 50—
60°C. Additional amounts of sulfur trioxide—tri-
methylamine complex (26.0 + 20.5 mg) were added
after 2 and 4 days, respectively. The reaction mixture
was treated as described in the synthesis of 22 to
afford the crude sulfate (4.7 mg), which was diluted
in THF (1.0 mL) and water (0.12 mL). To this
solution was added 0.24 mL of 1.25 N lithium hy-
droxide at 0°C, and then the reaction mixture was
stirred for 1.5 h before the volatiles were removed
under diminished pressure. To a MeOH solution (0.8
mL) of the residue was added 0.8 mL of 0.5 N
NaOH, and stirring was continued for 2 days. Using
the same work-up as described in the synthesis of 3,
the desired 8 (1.7 mg, 71% in three steps) was
obtained: R, 0.03 (3:2:1 BuOH-CH,COOH-H,0);
[l ~264° (c 0.087, H o) R, 059 (1 1:1
BuOH-CH ,COOH-H,0). For 'H and “C NMR
data, see Tables 2 and 5, respectively, FABMS: m/z
904 (M — Na), 882 (M — 2Na + H)~, 860
(M — 3Na +2H)", 838 (M — 4Na + 3H)~, 802
(M - SO, —2Na+H)", 780 (M — SO, — 3Na +
2H)~, 758 (M — SO, —4Na + 3H)".

Methyl (2-acetamido-4,6-O-benzylidene-2-deoxy-3-
O-levulinoyl-B-p-galactopyranosyl)-(1 — 4)-(methyl 2,
3-di-O-4-methylbenzovl- B-D-glucopyranosyluronate)-
(1> 3)-(2-acetamido-4,6-O-benzylidene-2-deoxy-B-D-
galactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2,3-di-O-
4-methylbenzoyl-B-bD-glucopyranosid)uronate (35).—
(a) To a solution of 34 [13] (27.8 mg, 17.1 wmol) in
pyridine (1.0 mL) was added 1.5 mL of AcSH with
stirring at 50°C. After 2 days, an additional 1.0 mL of
AcSH was supplied. The mixture was kept at the
same temperature for more than 3 days and evapo-
rated. The residue was subjected to silica gel column
chromatography (3:1-2:3-1:10 toluene-EtOAc —

40:1 EtOAc-MeOH) and further purified by PTLC
(30:1 EtOAc-MeOH) to give 35 (12.1 mg, 43%); R,
0.57 (1:1 toluene—EtOAc, then 3() 1 EtOAc- MeOH)
[a], +35.7° (¢ 0.76, CHCI,). '"H NMR (CDCl,): &
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7.98-7.81 (m, 8 H, aromatic H), 7.59~7.56 (m, 2 H,
aromatic H), 7.41-7.04 (m, 16 H, aromatic H), 6.91—
6.86 (m, 2 H, aromatic H), 6.78-6.73 (m, 2 H,
aromatic H), 575 (t, 1 H, J,, =J;, = 8.91 Hz, H-3),
5.64 (s, 1 H, PhCH), 5.57 (dd, 1 H, J,5 3.30, J5,
791 Hz, H-3"), 5.49 (dd, 1 H, J,, 6.93 Hz, H-2),
548 (d, 1 H, J,\y 6.93 Hz, NH"), 525 (s, 1 H,
PhCH), 520 (d, 1 H, J,, 8.58 Hz, H-1"), 5.18 (dd,
1 H, J,, 3.96 Hz, H-2"), 5.17 (d, 1 H, H-1), 5.04 (d,
1 H, H-1"), 479 (dd, 1 H, J,5 10.22 Hz, H-4"), 4.69
(dd, 1 H, J,; 10.89, J,, 3.63 Hz, H-3"), 4.54 (t, |
H, H-4), 447 (m, 1 H, H-4"), 446 (dd, 1 H, J,,
891, J;, 3.30 Hz, H-3'), 431 (d, 1 H, H-5"), 4.27
(d, 1 H, J,, 9.24 Hz, H-1'), 422 (d, 1 H, H-5), 4.17
(d, 1 H, J,yu 9.23 Hz, NH'), 4.02 (ddd, 1 H, H-2"),
3.91-3.71 (m, 4 H, H-4, 6 X 3), 3.73,3.71 (25, 9 H,
2 COOMe, MeOPh), 3.49 (d, 1 H, J,,,, 11.55 Hz,
H-6 X 1), 3.28 (ddd, 1 H, H-2"), 3.01 (s, 1 H, H-5'
or H-5"), 2.73-2.30 (m, 4 H, 2 CH,), 2.64 (s, | H,
H-5" or H-5'), 2.43, 2.39, 2.35, 230 (4 s, 12 H, 4
MePh), 2.04 (s, 3 H, MeCO), 1.84, 1,77 (25, 6 H, 2
NAc). Anal. Caled for CgxHy,N,O,,-2H,0: C,
62.39; H, 5.72; N, 1.65. Found: C, 62.36; H, 5.57; N,
1.66.

(b) To a solution of 34 (34.7 mg, 21.3 pmol) in
EtOAc (5 mL) was added Lindlar catalyst (200 mg),
and the mixture was stirred overnight under a hydro-
gen atmosphere. Insoluble material was removed by
Celite filtration, and the volatiles were removed in
vacuo. The residue was conventionally acetylated to
afford 35 (21.1 mg, 60%) after separation of the
obtained mixture by silica gel column chromatogra-
phy (1:1-1:3 toluene—EtOAc — 50:1 EtOAc—
MeOH).

Sodium (2-acetamido-2-deoxy-B-D-galactopyrano-
syl)-(1 = 4)-(sodium B-D-glucopyranosyluronate)-
(I = 3)-(2-acetamido-2-deoxy-B-D-galactopyrano-
syl)-(1 = 4)-(4-methoxyphenyl B-D-glucopyranosid)
uronate (9).— Acetamide 35 (9.8 mg, 5.9 wmol) was
diluted with THF (0.8 mL) and water (0.06 mL). To
this solution was added 0.10 mL of 1.25 N lithium
hydroxide at 0°C, and the mixture was then stirred for
45 min prior to removal of the volatiles under dimin-
ished pressure. The residue was dissolved in 1.2 mL
of 3:1 MeOH-CH,Cl, and 0.3 mL of 0.5 N NaOH,
and stirring was continued overnight. Using the same
work-up as described in the synthesis of 3, the corre-
sponding saponified compound (5.7 mg, 88% in two
steps) (R, 0.47, 3:2:1 BuOH-CH,COOH-H,0) was
obtained and converted to 9 without further purlflca—
tion. A catalytic amount of palladium hydroxide was
added to water (1.8 mL) solution of the product (4.1

mg, 3.7 wmol), and the reaction mixture was stirred
under a hydrogen atmosphere for 1.5 days. Insoluble
material was filtered off, and the solution was ex-
posed to Dowex-50 (Na™). After filtration, the
volatiles were removed, and the residue was purified
by gel-permeation chromatography (LH-20, water) to
give 23 mg of 9 in 68% yield; [a], —40.3° (¢
0.067, H O) R, 0.13 (3:2:1 BuOH-CH,COOH-
H,0). For 'H and C NMR data, see Tables 3 and 6,
respectively. FABMS: m/z 903.4 (M — Na)~, 881.3
(M —2Na+H)".

Methyl (2-azido-4,6-O-benzylidene-2-deoxy-B-D-
galactopyranosyl)-(1 — 4)-(methyl  2,3-di-O-4-meth-
ylbenzoyl- B-D-glucopyranosyluronate)-(1 — 3)-(2-
azido-4,6-0-benzylidene-2-deoxy- 3-D-galactopyrano-
syl)-(1 = 4)-(4-methoxyphenyl 2,3-di-O-4-methylben-
zoyl-B-p-glucopyranosidjuronate (36).—Known te-
trasaccharide 34 [10,14] (37.7 mg, 23.2 umol) was
dissolved in 3.6 mL of 5:1 EtOH—-toluene, hydrazine
acetate (34.2 mg, 0.371 mmol, 16 equiv) was added
while stirring for 42 min, and the solvents were then
removed in vacuo. The residue was subjected to
gel-permeation chromatography (LH-20, 1:1
CHCl,-MeOH) to yield 36 (34.3 mg, 97%); R, 0. 46
(1:1 toluene EtOAc); [a], 0° (¢ 0.955, CHCI, ) 'H
NMR (CDCl,): & 7.86-7.80 (m, 8 H, aromatic H),
7.38-7.27 (m, 10 H, aromatic H), 7.18-7.04 (m, 8 H,
aromatic H), 6.92-6.89 (m, 2 H, aromatic H), 6.78-
6.74 (m, 2 H, aromatic H), 5.74 (br t, 1 H, J 9.16
Hz, H-3), 561 (dd, 1 H, J,, 6.93, J,, 825 Hz,
H-3"), 5.57 (dd, 1 H, J,, 7.26, J,; 9.23 Hz, H-2),
5.40 (s, 1 H, PhCH), 5.36 (br t, 1 H, J 6.28 Hz,
H-2"), 5.28 (s, 1 H, PhCH), 5.20 (d, 1 H, H-1), 5.12
(d, 1 H, J,, 594 Hz, H-1"), 452 (dd, 1 H, J;, 8.25,
Jus 10.23 Hz, H-4"), 450 (br t, 1 H, J 8.90 Hz,
H-4), 436 (d, 1 H, J,, 7.92 Hz, H-1'), 430 (d, 1 H,
H-5"), 4.28 (d, 1 H, J, 5 9.24 Hz, H-5), 4.25 (br d, 1
H, J 3.30 Hz, H-4'), 406 (d, 1 H, J,, 7.59 Hz,

H-1"), 3.88 (bd, 1 H, J 2.96 Hz, H-4"), 3.83, 3.74 (2
s, 9 H, 2 COOMe, MeOPh), 3.61 (m, 2 H, H-2',6'a),

3.52 (br d, 1 H, J,, 12.34 Hz, H-6'b), 3.47 (br s, 2
H, H-6"a,6"b), 341 (dd, 1 H, J,5 10.22, J,, 2.97
Hz, H-3'), 3.32 (m, 1 H, H-2"), 3.28 (m, 1 H, H-3"),
3.08 (s, 1 H, H-5'), 2.75 ) (s, 1 H, H-5"), 2.36, 2.34,
2.31, 228 (4 s, 12 H, 4 MePh). Anal. Calcd for
C,oH4NgO4: C, 62.11; H, 5.16; N, 5.50. Found: C,
62.04; H, 5.22; N, 5.62.

Methyl (2-azido-4,6-0-benzylidene-2-deoxy-3-0O
pivaloyl-B-D-galactopyranosyl)-(1 — 4)-(methyl-2,3-di-
O-4-methylbenzoyl-B-bD-glucopyranosyluronate)-(1 —
3)-(2-azido -4, 6 - O - benzylidene - 2 - deoxy - B-D -
galactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2,3-di-O-
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4-methylbenzoyl-B-D-glucopyranosid)uronate (37).—
Pivaloyl chloride (0.04 mL, 0.325 mmol) and a cat-
alytic amount of DMAP were added to a solution of
36 (34.3 mg, 22.5 umol) in pyridine (1.5 mL) at
80°C with stirring. An excess amount of pivaloyl
chioride (0.1 mL) was added after 2 h, and stirring
was continued for one more hour. To the solution
was added MeOH (0.14 mL), and the mixture was
processed as described in the synthesis of 18. The
residue so obtained was subjected to gel-permeation
chromatography (S-X8, toluene) to quantitatively give
27 (36.6 mg); R, 0.61 (2:1 toluene-EtOAc); [al,
—0.28° (¢ 0.36, CHCl,). '"H NMR (CDCl,): &
7.86—7.78 (m, 8 H, aromatic H), 7.39-7.03 (m, 18 H,
aromatic H), 6.94-6.88 (m, 2 H, aromatic H), 6.78—
6.74 (m, 2 H, aromatic H), 5.75 (dd, 1 H, J,, 891,
J14 924 Hz, H-3), 5.60 (dd, 1 H, J,; 6.27, J,, 7.92
Hz, H-3"), 5.58 (dd, 1 H, J,, 7.26 Hz, H-2), 5.42 (s,
1 H, PhCH), 5.34 (brt, 1 H, J 5.94 Hz, H-2"), 5.23
(s, 1H,PhCH),520(d, 1 H,H-1),5.13(d, 1 H, J,,
5.61 Hz, H-1"), 456 (dd, 1 H, J;, 7.92, J,5 10.23
Hz, H-4"), 450 (brt, 1 H, J 8.90 Hz, H-4), 4.42 (dd,
1 H, J,; 10.89, J;, 3.63 Hz, H-3"), 436 (d, 1 H,
J,, 792 Hz, H-1'), 430 (d, 1 H, H-5"), 429 (d, 1 H,
J,s 9.24 Hz, H-5),4.29 (d, 1 H, J,, 3.63 Hz, H-4),
408 (d, 1 H, J,, 7.25 Hz, H-1"), 404 (d, 1 H,
H-4"), 3.86-3.60 (m, 2 H, H-2",6' or 6” X 1), 3.81
(s, 3 H, COOMe), 3.75, 3.73 (s, 6 H, COOMe,
MeOPH), 3.67 (dd, | H, H-2"), 3.52 (d, 1 H, J,
11.88 Hz, H-6' or H-6" X 1), 3.46 (br s, 2 H, H-6 X
2),3.42(dd, 1 H, J,, 10.22 Hz, H-3'), 3.08 (s, 1 H,
H-5" or H-5"), 2.66 (s, 1 H, H-5" or H-5), 2.36,
2.34, 2.33, 2.27 (4 s, 12 H, 4 MePh), 1.19 (s, 9 H,
rert-Bu). Anal. Calcd for Cy,Hy N,O,;: C, 62.59; H,
5.39; N, 5.22. Found: C, 62.30; H, 5.40; N, 5.07.
Methyl (2-acetamido-4,6-O-benzylidene-2-deoxy-3-
O-acetyl-B-pD-galactopyranosyl)-( 1 = 4)-(methyl 2,3-di-
O-4-methylbenzoyl-B-D-glucopyranosyluronate)-(1 —
3)-(2-acetamido-4,6-0-benzylidene -2 - deoxy- BD-
galactopyranosyl){1— 4)-(4-methoxyphenyl 2,3-di-O-
H1 8)4-methylbenzoyl- B-D- glucopyranosid)uronate
(38).—Hydrazine acetate (11.8 mg, 0.128 mmol, 19
equiv) was added to a solution of 35 (11.0 mg, 6.6
umol) in 1 mL of 4:1 EtOH-toluene while stirring.
After 0.5 h, the solution was diluted with CHCl;. The
organic phase was washed as usual, and the residue
was subjected to conventional acetylation to give 38
(6.8 mg) in 64% yield. For further purification, PTLC
(30:1 EtOAc-MeOH) was used; R, 0.54 (30:1
EtOAc-MeOH); [a], +38.0° (¢ 0.213, CHCL,). 'H
NMR data (CDCl,); 8 7.96 (d, 2 H, J 8.25 Hz,
aromatic H), 7.87-7.78 (m, 6 H, aromatic H), 7.57

(d, 2 H, J 6.27 Hz, aromatic H), 7.42-7.13 (m, 16 H,
aromatic H), 7.07 (d, 2 H, J 7.91 Hz, aromatic H),
6.92-6.86 (m, 2 H, aromatic H), 6.77-6.71 (m, 2 H,
aromatic H), 5.75 (br t, 1 H, J 8.75 Hz, H-3), 5.62
(s, 1 H, PhCH), 5.59 (dd, 1 H, J,, 3.63, J,, 7.92
Hz, H-3"), 5.50 (d, 1 H, J,\y 8.58 Hz, NH"), 5.49
(dd, 1 H, J,, 7.26, J,, 8.58 Hz, H-2), 5.28 (s, 1 H,
PhCH), 5.24-5.17 (m, 3 H, H-1,2",1"), 5.04 (d, 1 H,
J,, 429 Hz, H-1"), 479 (dd, 1 H, J,5 10.22 Hz,
H-4"),4.68(dd, 1 H, J,, 11.22, J,, 3.63 Hz, H-3"),
454 (brt, 1 H, J 8.75 Hz, H-4), 454 (dd, 1 H, J,,
11.88, J,, 3.63 Hz, H-3'), 445 (d, 1 H, H-4"), 4.34
(d, 1 H, J,, 824 Hz, H-1), 431 (d, 1 H, H-58),
4.22(d, 1 H, J, 4 13.53 Hz, NH'), 4.22(d. 1 H, J,
9.24 Hz, H-5), 4.02 (ddd, 1 H, H-2"), 3.96 (d, 1 H,
H-4'), 3.87 (d, 1 H, J,, 12.20 Hz, H-6' or H-6"; X
1), 3.77-3.69 (m, 1 H, H-6" or H-6' X 1), 3.75 (m, 1
H, H-6” or H-65X 1), 3.72 (s, 9 H, 2 COOMe,
MeOPh), 352 (d, 1 H, Jg, 11.22 Hz, H-6' or
H-6" X 1), 3.22 (ddd, 1 H, J,, 7.59 Hz, H-2"), 3.00
(s, 1 H, H-5" or H-5), 2.65 (s, 1 H, H-5" or H-5"),
242, 2.38, 2.34, 231 (4 s, 12 H, 4 MePh), 198,
1.82, 1,75 (3 5, 9 H, OAc, 2 NAc). Anal. Calcd for
CygsHggN,O,; C, 63.73; H, 5.55; N, 1.75. Found: C,
63.84; H, 5.72; N, 1.72.

Methyl (2-acetamido-4,6-O-benzylidene-2-deoxy-3-
O-pivaloyl- B-D-galactopyranosyl)-(1 — 4)-(methyl 2,
3-di-O-4-methylbenzoyl-B-D-glucopyranosyluronate)-
(1 - 3)-(2-acetamido-4,6-O-benzylidene-2-deoxy-B-b-
galactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2,3-di-O-
4-methylbenzoyl-B-D-glucopyranosid)uronate (39).—
To a solution of 37 (13.0 mg, 8.1 wmol) in EtOAc
(1.5 mL) was added a catalytic amount of Lindlar
catalyst, and resultant residue was stirred overnight
under a hydrogen atmosphere. Insoluble material was
removed by Celite filtration, and the volatiles were
removed in vacuo. The residue was acetylated con-
ventionally. After purification by silica gel column
chromatography (3:2-1:5 toluene-EtOAc) 39 (11.6
mg, 87%) was obtained; R, 0.16 (l:1 toluene—
EtOAc); [a], +32.8° (¢ 0.50, CHCI,). 'H NMR
data (CDCl,): & 8.00-7.97 (d, 2 H, J 824 Hz,
aromatic H), 7.88-7.82 (m, 6 H, aromatic H), 7.61-
7.58 (d, 2 H, J 6.60 Hz, aromatic H), 7.41-7.13 (m,
14 H, aromatic H), 7.08-7.05 (d, 2 H, J 7.91 Hz,
aromatic H), 6.91-6.84 (m, 2 H, aromatic H), 6.78-
6.73 (m, 2 H, aromatic H), 5.75 (br t, 1 H, J 8.75
Hz, H-3), 5.65 (s, 1 H, PhCH), 5.59 (dd, 1 H, J,,
3.30, J,, 7.59 Hz, H-3"), 552 (d, | H. J,\y 6.93
Hz, NH”), 549 (dd, 1 H, J,, 891, J,, 8.58 Hz,
H-2), 529 (s, 1 H, PhCH), 5.21-5.17 (m, 3 H,
H-1,2".1"), 5.04 (d, 1 H, J,, 3.96 Hz, H-1"), 4.82
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(dd, 1 H, J,; 10.55 Hz, H-4"), 4.69 (dd, 1 H, J,,
10.89, J,, 3.63 Hz, H-3"), 454 (br t, 1 H, J 9.15
Hz, H-4), 451 (d, 1 H, H4"), 437 (dd, 1 H, J,,
10.56, J,, 3.30 Hz, H-3'), 431 (d, 1 H, H-5"), 4.28
(d, 1 H, J,, 6.27 Hz, H-I'), 422 (d, 1 H, J,5 9.24
Hz, H-5), 4.17-4.01 (m, 2 H, H-2', NH’), 3.96 (d, 1
H, H-4’), 3.92-3.70 (m, 3 H, H-6'a,6” X 2), 3.73,
3.70 (2 s, 9 H, 2 COOMe, MeOPh), 3.52 (d, 1 H,
Jyem 11.55 Hz, H-6'b), 3.30 (m, 1 H, H-2"), 3.00 (s,
1 H, H-5"), 2.60 (s, 1 H, H-5), 2.45, 2.39, 2.35, 2.31
(4's, 12 H, 4 MePh), 1.85, 1,71 (2 s, 6 H, 2 NAc),
1.09 (s, 9 H, fert-Bu). Anal. Calcd for CyHg, N,O,q:
C, 64.29; H, 5.78; N, 1.70 Found: C, 64.30; H. 5.79;
N, 1.67.

Methyl (2-acetamido-6-O-benzyl-2-deoxy-3-O-ace-
tyl-B-p-galactopyranosyl)-(1 — 4)-(methyl 2,3-di-O-
methylbenzoyl- B-D-glucopyranosyluronate)-(1 — 3)-
(2-acetamido-6-0O-benzyl-2-deoxy- 3-D-galactopyra-
nosyl) - (1 = 4) - (4 - methoxyphenyl 2,3 -di-0-4 -
methylbenzoyl - B - D - glucopyranosid)uronate (40),
methyl (2-acetamido-6-O-benzyl-2-deoxy-4-O-acetyl-B-
D- galactopyranosyl) -(1 — 4) - (methyl 2,3-di-O-4-
methylbenzoyl- B-D-glucopyranosyluronate)-(1 — 3)-
(2-acetamido-6-0-benzyl-2-deoxy- B-D-galactopyra-
nosyl) - (1 = 4) - (4 - methoxyphenyl 2,3 -di-0-4 -
methylbenzoyl- B-D-glucopyranosid)uronate and (41)
methyl (2-acetamido-6-O-benzyl-2-deoxy-3-O-acetyl-f3-
D- galactopyranosyl) - (1 — 4) - (methyl 2,3-di-0-4-
methylbenzoyl- B3-D- glucopyranosyluronate)-(1 — 3)-
(2-acetamido-4-O-benzyl-2-deoxy-B-D-galactopyrano-
syl)-(1 — 4)-(4-methoxyphenyl 2,3-di-O-4-methylben-
zoyl - B - D - glucopyranosid)uronate (42).—Sodium
cyanoborohydride (34 mg, 0.54 mmol, 63 X 2 equiv),
powered 3 A molecular sieves (60 mg) and small
amount of methyl orange were added to a solution of
38 (6.8 mg, 43 umol) in THF (1 mL), and the
mixture was stirred for 30 min at room temperature.
The mixture was then cooled to 0°C, and HCI-Et,O
was added dropwise until the color changed to pink.
The reaction mixture was allowed to warm up to
room temperature before additional sodium
cyanoborohydride (10 mg) and HCI-Et,0 were
added. The reaction mixture was treated as described
in the synthesis of 20, and purified by PTLC (10:1
EtOAc-MeOH) to yield 40 (3.5 mg, 51%), 41 (1.3
mg, 19%) and trace amount of 42.

40: R, 0.53 (101 EtOAc-MeOH); [a], +34.2°
(c 1.01, CHCl ). '"H NMR data (CDCl,): § 7.85-
7.79 (m, 8 H, aromatic H), 7.37-7.11 (m, 18 H,
aromatic H), 6.89-6.85 (m, 2 H, aromatic H), 6.77—
6.72 (m, 2 H, aromatic H), 5.59-5.51 (m, 4 H,

H-2,3,3", NH"), 530 (dd, 1 H, J,, 7.26, J,, 891
Hz, H-2"), 527 (d, 1 H, J,\y 6.27 Hz, NH'), 5.13
(m, 1 H, H-1), 495 (dd, 1 H, J,, 10.88, J,, 2.97
Hz, H-3"), 494 (d, 1 H, J,, 891 Hz, H-1'), 4.79 (d,
1 H, H-1"), 470 (d, 1 H, J,, 8.25 Hz, H-1"), 4.49
(dd, 1 H, J,, 10.88, J,, 2.64 Hz, H-3'), 4.41-4.26
(m, 2 H, H4,4"), 4.23-4.06 (m, 6 H, H-55"), 2
PhCH,), 3.97 (m, 1 H, H-4), 3.97-3.88 (m, 1 H,
H-2"), 3.88 (d, 1 H, H-4"), 3.73, 3.72, 3.60 (3 5, 9
H, 2 COOMe PhOMe), 3.48-3.29 (m, 2 H, H-5',5"),
3.10-2.92 (m, 5 H, H-2",6' X 2,6" X 2), 2.37, 2.35,
2.34,2.33 (45, 12 H, 4 MePh), 2.05, 1.88, 1.40 (3 s,
9 H, OAc, 2 NAc). Anal. Calcd for C4sHy,N,O,,
H,0: C, 62.87; H, 5.85; N, 1.73. Found: C, 62.70; H,
5.80; N, 1.74.

41: R, 0.39 (10:1 EtOAc-MeOH). 'H NMR data
(CDCl, ) & 7.86-7.78 (m, 8 H, aromatic H), 7.36—
7.05 (m 18 H, aromatic H), 6.89-6.84 (m, 2 H,
aromatic H), 6.77-6.73 (m, 2 H, aromatic H), 5.58—
5.52(m, 3 H, H-2,3,3"),5.37(dd, 1 H, J,, 7.59, J,,
9.90 Hz, H-2"), 5.30-5.28 (m, 2 H, NH’, NH"” or
H-4"), 5.16 (br s, 1 H, H-4” or NH"), 5.13 (m, 1 H,
H-17), 458 (dd, 1 H, J,, 10.56, J,, 3.30 Hz, H-3"),
4.37 (m, 1 H, H-4"), 4.31 (m, 1 H, H-1"), 4.25-4.08
(m, 7 H, H-4,5,5", 2 PhCH,), 4.00 (br s, 1 H, H-4'),
3.73, 3.73, 3.61 (3 s, 9 H, 2 COOMc, PhOMe),
3.69-3.61 (m, 3 H, H-2",3", OH-3"), 3.43-3.38 (m,
2 H, H-5,5"), 3.09-2.96 (m, 3 H, H-2,6’ or 6" X 2),
2.83 (dd, 1 H, Jsq, 594, J ., 9.57 Hz, H-6" or
H-6'a), 2.71 (dd, 1 H, Js¢, 7.26 Hz, H-6" or H-6'b),
2.37, 2.35, 2.34, 2.32 (4 s, 12 H, 4 MePh), 2.01,
1.91, 1.40 (3 s, 9 H, OAc, 2 NAc).

42: R, 039 (101 EtOAc-MeOH); [a], —17.5°
(c 0.36, CHCl ). 'H NMR data (CDCl,); & 7.85-
7.77 (m, 8 H, aromatic H), 7.34-7.01 (m, 18 H,
aromatic H), 6.93-6.87 (m, 2 H, aromatic H), 6.78—
6.73 (m, 2 H, aromatic H), 5.61 (t, 1 H, J,;=J;,=
8.91 Hz, H-3"), 5.56-5.51 (m, 3 H, H-2,3, NH"),
537(brt, 1 H, J 8.42 Hz, H-2'), 5.25(d, 1 H, J,\y
6.92 Hz, NH’), 5.14 (m, 1 H, H-1), 5.03 (dd, 1 H,
J,3 1122, J;, 2.64 Hz, H-3"), 492 (d, 1 H, J,,
792 Hz, H-I'), 479 (d, 1 H, J,, 7.58 Hz, H-1"),
4.78, 448 (ABq, 2 H, J,.,, 12.86 Hz, PhCH,), 4.71
(d, 1 H, J,, 825 Hz, H-1"), 466 (dd, 1 H, J,,
11.55, J;, 2.63 Hz, H-3'), 435 (m, 1 H, H-4), 428
(t, 1 H, J,5 891 Hz, H4"), 420-4.11 (m, 4 H,
H-5,5", PhCH,), 3.90 (d, 1 H, H-4"), 3.85 (m, 1 H,
H-2"),3.77,3.73, 3.69 (3 5, 9 H, 2 COOMe, PhOMe),
3.63 (brs, 1 H, H-4'), 3.34, 3.22 (2 m, 2 H, H-5',5"),
3.08 (m, 1 H, H-2'), 3.01-2.87 (m, 4 H, 6 X2,
6" X 2), 2.38, 2.36, 2.36, 2.34, 2.32 (4 5, 12 H, 4
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MePh), 2.05, 191, 1.56 (3 s, 9 H, OAc, 2 NAc).
Anal. Caled. for C¢sHy,N,0, - H,O: C, 62.87; H,
5.85; N, 1.73. Found: C, 62.96; H, 6.05; N, 1.75.
Methyl (2-acetamido-6-0-benzyl-2-deoxy-3-0O-
pivaloyl-B-p-galactopyranosyl)-(1 — 4)-(methyl 2, 3-
di-O-4-methylbenzoyl- B-D-glucopyranosyluronate) -
(1 - 3)-(2-acetamido-6-0-benzyl-2-deoxy- B-D-
galactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2, 3-di-O-
4 - methylbenzoyl - B-D - glucopyranosid)uronate (43)
and methyl (2-acetamido-6-0O-benzyl-2-deoxy-3-0-
pivaloyl- B-D-galactopyranosyl)-(1 — 4)-(methyl 2,3-
di-0-4-methylbenzoyl- B-D- glucopyranosyluronate) -
(1 — 3)-(2-acetamido-4 -0 -benzyl -2 - deoxy - B-D-
galactopyranosyl)-(1 — 4)-(4-methoxyphenyl 2,3-di-O-
4-methylbenzoyl-B-D-glucopyranosid)uronate (44).—
Sodium cyanoborohydride (108 mg, 1.7 mmol, 60 X 2
equiv), powdered 3 A molecular sieves (120 mg) and
a small amount of methyl orange were added to a
solution of 39 (23.3 mg, 14.2 wmol) in THF (4 mL),
and the mixture was stirred for 90 min at room
temperature. The mixture was then cooled to 0°C,
and HCI-Et,0 was added dropwise until the color
changed to pink. The reaction mixture was allowed to
warm up to room temperature before additional
sodium cyanoborohydride (114 + 50 mg) and HCl-
Et,O were supplied. The reaction mixture was treated
as described in the synthesis of 20, and purified by
the column of silica gel (2:1-1:1-2:3-1:3-1:5
toluene-EtOAc — 30:1 EtOAc-MeOH) to yield 43
(15.1 mg, 65%) and 44 (3.5 mg, 15%). 43: R, 0.60
(30:1 EtOAc-MeOH); [al, +45.3° (c 0.727,
CHCI,). "H NMR data (CDC1,): & 7.86-7.81 (m, 8
H, aromatic H), 7.36-7.12 (m, 18 H, aromatic H),
6.90-6.85 (m, 2 H, aromatic H), 6.77-6.73 (m, 2 H,
aromatic H), 5.63 (d, 1 H, J,, 9.24 Hz, NH"),
5.59-5.53 (m, 3 H, H-2,3,3"), 531 (d, 1 H, J,\y
7.26 Hz, NH'), 530 (dd, 1 H, J,, 7.26, J,; 8.25
Hz, H-2'), 5.13 (m, 1 H, H-1),490(d, 1 H, J, 8.25
Hz, H-1), 4.80 (dd, 1 H, J,; 10.50, J,, 3.30 Hz,
H-3"), 480 (d, 1 H, H-1"), 461 (d, 1 H, J,, 8.25
Hz, H-1"), 442 (dd, 1 H, J,, 12.87, J,, 2.97 Hz,
H-3'), 437 (m, 1 H, H-4), 444 (br t, 1 H, J 8.91 Hz,
H-4"), 4.24-4.05 (m, 7 H, H-5,5",2", 2 PhCH,),
3.98 (d, 1 H, H-4'), 3.85(d, 1 H, H-4"), 3.73, 3.60 (2
s, 9 H, 2 COOMc, PhOMe), 3.40, 3.29 (2 m, 2 H,
H-5',5"), 3.15 (dt, 1 H, H-2"), 3.08-2.87 (m, 4 H,
H-6' X 2,6" X 2),2.37,2.35,2.34,233(45s, 12 H, 4
MePh), 1.86, 1.40 (2 s, 6 H, 2 NAc), 1.15 (s, 3 H,
rert-Bu). Anal. Calcd for CggHgN,O,: C, 64.14; H,
6.01; N, 1.70. Found: C, 63.84; H, 6.01; N, 1.49.
44: R, 0.30 (30:1 EtOAc-MeOH); [a], +16.3°

(¢ 0.160, CHCI,). '"H NMR data (CDCl,): & 7.86—
7.77 (m, 8 H, aromatic H), 7.32-7.10 (m, 18 H,
aromatic H), 6.90-6.87 (m, 2 H, aromatic H), 6.77-
6.73 (m, 2 H, aromatic H), 5.62 (br t, 1 H, J 9.08
Hz, H-3"), 5.56-5.53 (m, 2 H, H-2,3), 5.42 (d, 1 H,
Jonu 957 Hz, NH"), 547 (br t, 1 H, J 9.06 Hz,
H-2"),5.23 (d, 1 H, J,y 6.60 Hz, NH'), 5.14 (m, 1
H, H-1),4.92(d, 1 H, J,, 8.25 Hz, H-1'), 4.90 (dd, 1
H, J,; 1122, J;, 3.30 Hz, H-3"),4.78 (d, 1 H, J,,
7.91 Hz, H-1"), 4.78, 4.48 (ABq, 2 H, J., 11.87 Hz,
PhCH,), 4.66 (m, 1 H, H-3'), 462 (d, 1 H, J,, 858
Hz, H-1"), 434 (m, 1 H, H-4), 428 (brt, 1 H, J
9.24 Hz, H-4"), 3.88 (m, 1 H, H-4"), 3.77, 3.73, 3.69
(3 s, 9 H, 2 COOMe, PhOMe), 3.62 (br s, 1 H, H-4'),
3.34,322 (2 m, 2 H, H-5,5"), 3.09 (m, 1 H, H-2"),
3.00-2.77 (m, 4 H, 6’ X 2,6” X 2), 2.39, 2.39, 2.34,
2.32(4's, 12 H, 4 MePh), 1.88, 1.57 (2's, 6 H, NAc),
1.16 (s, 9 H, tert-Bu). Anal. Caled for CggHyyN,O,q:
C, 64.14; H, 6.01; N, 1.70. Found: C, 63.88; H, 6.26;
N, 1.63.

Sodium (sodium 2 - acetamido - 2 - deoxy -4 - O -
sulfonato-B-D-galactopyranosyl)-(1 — 4)-(sodium B-p-
glucopyranosyluronate)-(1 — 3)-(sodium 2-acetami-
do-2-deoxy-4-0-sulfonato- B-D-galactopyranosyl) -
(1 = 4) - (4 - methoxyphenyl B-D - glucopyranosid)-
uronate (10).—(a) To a solution of 40 (3.5 mg, 2.2
pmol) in Me,NCHO (0.7 mL) was added sulfur
trioxide—trimethylamine complex (18.9 mg, 0.14
mmol, 31 X 2 equiv.), and the resultant mixture was
stirred for 1 day at 50-60°C. The reaction mixture
was cooled to room temperature, subjected to gel-per-
meation chromatography (LH-20, 1:1 CHCI,-
MeOH), and treated on a column of Dowex-50 (N*)
(8:1 MeOH-water) to give crude disulfate (3.6 mg,
92%); R, 0.44 (3:1 CHCl,-MeOH). This was dis-
solved in THF (0.6 mL) and water (0.4 mL). To the
solution was added 1.25 N lithium hydroxide (30
nL, 10 X 2 equiv) while stirring at 0°C. After 1 h,
the volatiles were removed under reduced pressure,
the residue was dissolved in MeOH (0.5 mL), and 0.5
N NaOMe (0.5 mL) was added. After stirring
overnight, the reaction mixture was eluted from a
column of LH-20 (water). The residue so obtained
was dissolved in water (3 mL) and stirred for 3.5
days under hydrogen in the presence of a catalytic
amount of palladium hydroxide. Insoluble material
was filtered off. The solution was exposed to Amber-
lite CG-50 (H™), filtered, and evaporated. The residue
was diluted in water and exposed to Dowex - 50
(NA™). Gel - permeation chromatography (LH - 20,
water) gave 1.9 mg of 10 in 70% yield; R, 0.18
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(2:2:1 BuOH- CH COOH H,0); [al, —28.7° (¢
0.167, H,0). For H and °C NMR data, see Tables
3 and 6, respectively. FABMS: m/z 1107.3 (M —
Na)~, 1085.3 (M —2Na + H)~, 1063.2 (M — 3Na +
2H)".

(b) To a solution of 43 (10.5 mg, 6.4 wmol) in
Me,NCHO (1.0 mL) was added sulfur trioxide—tri-
methylamine complex (59.8 mg, 0.43 mmol, 30 X 2
equiv), and stirring was continued for 1 day at 50—
60°C. The reaction mixture was treated as above to
give the corresponding disulfate (11.6 mg, 98%); R,
0.52 (4:1 CHCl,-MeOH), which was dissolved in
THF (1.5 mL) and water (0.1 mL). To this solution
was added 1.25 N lithium hydroxide (0.1 mL) while
stirring at 0°C. After 2 h, the volatiles were removed
under reduced pressure, and the residue was dis-
solved in 30 mL of 3:1 MeOH-CH,Cl,, and treated
with 0.5 N NaOH (0.5 mL). After stirring for 1.5
days, the reaction mixture was neutralized by careful
addition of 50% CH,;COOH and evaporated. The
residue was fractionated on a column of LH - 20
(water), and the residue was subsequently treated
with Dowex -50 (H*) and Dowex-50 (Na*). The
volatiles were removed, the residue was dissolved in
water (5 mL) and stirred overnight under hydrogen in
the presence of catalytic amount of palladium hy-
droxide. Insoluble material was filtered off. The solu-
tion was eluted from gel-permeation chromatography
(LH-20, water) to yield 5.0 mg of 10 in 70% yield.

Methyl (2-acetamido-2-deoxy-3-O-pivaloyl-B-D-
galactopyranosyl)-(1 — 4)-(methyl 2,3-di-O-4-
methylbenzoyl-B-D-glucopyranosyluronate)-(1 — 3)-
(2-acetamido-2-deoxy-B-bD-galactopyranosyl)-(1 — 4)-
(4-methoxyphenyl 2,3-di-O-4-methylbenzoyl-B-D-glu-
copyranosid)uronate (45).—Camphorsulfonic acid
(2.2 mg, 9.5 umol) was added to a solution of 39
(15.7 mg, 9.6 pwmol) in a 1:1 mixture of CH,Cl,—
MeOH (1.0 mL) while stirring. After 2 days, the
reaction was quenched with aq NaHCO,, extracted
with CHCl;, and treated as usual. Separation by
column of silica gel chromatography (3:2-2:3-1:3—
1:10 n-hexane-EtOAc — 50:1-20:1 EtOAc-MeOH)
afforded 45 (10.9 mg, 78%); R, 0.50 (10:1 EtOAc—
MeOH); [a],, +28.8° (¢ 0.26, CHClg) Selected 'H
NMR data (CDCl,): & 7.88-7.79 (m, 8 H, aromatic
H), 7.17-7.09 (m, 8 H, aromatic H), 6.90-6.87 (m, 2
H, aromatic H), 6.75-6.72 (m, 2 H, aromatic H),
6.06, 5.77 (2 br, 2 H, 2 NH), 5.68, 5.62 (2't, 2 H,
Jy3=Jy, =858 Hz, H-3,3"), 555 (dd, 1 H, J,,
6.93 Hz, H-2), 5.30 (br, t, 1 H, J 7.92 Hz, H-2"),
5.24(d, 1 H, H-1),4.93 (m, 2 H, H-1',1" or 1”), 4.84
(dd, 1 H, J,, 10.89, J,, < 1.0 Hz, H-3"), 4.71 (d, 1

H, H-1,1" or 1”), 446,441 (2brt, 2 H, J 8.90 and
8.58 Hz, H-44"), 423 (br d, 2 H, J 8.91 Hz, H-5,5"),
3.80, 3.72, 3.70 (3 s, 9 H, 2 COOMe, MeOPh), 2.35,
2.32(2s,12H,4 MePh), 1.81,1.35(2s, 6 H, 2 Ac),
1.14 (s, 9 H, rert-Bu). Anal. Calcd for C,,HgN,0,
-H,0: C, 59.82; H, 5.98; N, 1.89. Found: C, 59.67;
H, 6.00; N, 1.71.

Methyl (2 -acetamido-4-0-acetyl-2-deoxy-3-0-
pivaloyl-B-D-galactopyranosyl)-(1 — 4)-(methyl 2,3-
di-O-4-methylbenzoyl- B-p-glucopyranosyluronate) -
(1 > 3)-(2-acetamido-4-0-acetyl -2 - deoxy - B-D-
galactopyranosyl)(1 — 4)-(4-methoxyphenyl 2,3-di-O-
4-methylbenzoyl-B-D-glucopyranosid)uronate (46).—
Diol 43 (15.6 mg) was acetylated in a conventional
manner in 92% yield (15.1 mg). A portion of the
product (14.6 mg, 8.4 wmol) was diluted in EtOAc (5
mL), and the mixture was stirred in the presence of
Pd-C under a hydrogen atmosphere for 2.5 days.
Insoluble materials were filtered off, and the volatiles
were evaporated to give 13.0 mg of 46 in 99% yield,
R, 0.23 (30 1 EtOAc-MeOH); [a], +37.0° (¢ 0.40,
CHCI ). 'H NMR data (CDC1,): § 7.79-7.71 (m, 8
H, aromatic H), 7.16-7.07 (m 8 H, aromatic H),
6.83-6.79 (m, 2 H, aromatic H), 6.69-6.66 (m, 2 H,
aromatic H), 5.51-5.49 (m, 2 H, H-2,3), 5.46 (t, 1 H,
Jo3=1J54 858 Hz, H-3"), 536 (d, 1 H, J, 8.91
Hz, NH”), 5.28 (d, 1 H, J 6.93 Hz, NH’'), 5.21 (dd,
1 H, J,, 726 Hz, H-2"), 5.13(d, 1 H, J;, 3.30 Hz,
H-4'), 5.07 (m, 1 H, H-1), 5.02(d, 1 H, J,, 3.30 Hz,
H-4"),4.93 (d, 1 H, J,, 7.91 Hz, H-1'), 4.86 (dd, 1
H, J,, 11.22 Hz, H-3"), 4.69 (d, 1 H, H-1), 4.62
(dd, 1 H, J,, 10.88 Hz, H-3'),4.53(d, 1 H, J,, 8.58
Hz, H-1"), 430 (m, 1 H, H4), 424 (brt, 1 H, J
8.88 Hz, H-4"), 4.07 (d, 1 H, J, 5 9.24 Hz, H-5), 4.01
(d, 1 H, J,5 8.90 Hz, H-5"), 3.99 (m, 1 H, H-2"),
3.71, 3.66 (2 s, 9 H, 2 COOMe, MeOPh), 3.30-3.22
(m, 2 H, H-5',5"), 3.05-3.28 (m, 3 H, H-6",6"), 2.96
(m, 1 H, H-2'), 2.66-2.50 (m, 1 H, H-6' or H-6"),
2.28 (s, 12 H, 4 MePh), 1.97, 1.96, 1.93, 1.29 (4 s,
12 H, 2 OAc, 2 NAc), 1.01 (s, 9 H, tert-Bu). Anal.
Calcd for C,4Hy,N,O5, - H,0: C, 59.68; H, 5.92; N,
1.79. Found: C, 59.68; H, 5.81; N, 1.69.

Sodium (sodium 2-acetamido-2-deoxy-6-O-
sulfonato-B-p-galactopyranosyl)-(1 — 4)-(sodium B-
D-glucopyranosyluronate)-(1 — 3)-(sodium 2-aceta-
mido-2-deoxy-6-O-sulfonato- 3-D-galactopyranosyl)-
(1 = 4)-(4-methoxyphenyl B-D-glucopyranosid)-
uronate (11).—To a solution of 46 (3.9 mg, 2.5
pmol) in Me,NCHO (1.0 mL) was added sulfur
trioxide-trimethylamine complex (20.5 mg, 0.147
mmol 29 X 2 equiv) and stirring was continued
overnight at 50-60°C. The reaction mixture was
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cooled to room temperature and subjected to gel-per-
meation chromatography (LH-20, 1:1 CHC1,—MeOH)
to give the crude sulfate (R, 0.16, 4:1 CHCI,-
MeOH), which was dissolved in a mixture of THF
(1.0 mL) and water (0.12 mL), To this solution was
added 1.25 N lithium hydroxide (0.14 mL) while
stirring at 0°C. After 2 h, the volatile were removed
under reduced pressure, and the residue was dis-
solved in MeOH (0.8 mL) and treated with 0.5 N
NaOH (0.8 mL). After 1.5 days, the reaction mixture
was neutralized by careful addition of 50%
CH,COOH and evaporated. The residue was eluted
from a column of LH-20 (water) to yield 2.3 mg of
11 in 82% yield; [a], —15.0° (¢ 0.10, H,0); R,
0.11 (2:2:1 BuOH-CH,COOH-H,0). For 'H and
BC NMR data, see Tables 3 and 6, respectively.
FABMS: m/z 1107.3 (M —Na)~, 1085.3 (M — 2Na
+H) ™, 1063.2 (M — 3Na + 2H) .

Sodium (disodium 2-acetamido-2-deoxy-4,6-di-O-
sulfonato-B-n-galactopyranosyl)-(1 — 4)-(sodium B-
D-glucopyranosyluronate)-(1 — 3)-(disodium 2-
acetamido-2-deoxy-4, 6-di-O-sulfonato- 3-D-galacto-
pyranosyl)-(1 = 4)-(4-methoxyphenyl-B-p-gluco-
pyranosid)uronate (12).—To a solution of 45 (5.0
mg, 3.4 pmol) in Me,NCHO (0.5 mL) was added
sulfur trioxide—trimethylamine complex (17.9 mg,
0.129 mmol), and the mixture was stirred at 50-60°C.
After 1 and 4 days, more reagent (24.4 + 21.0 mg,
total 0.455 mmol, 33 equiv) were added. The reaction
mixture was cooled to room temperature on the fifth
day and subjected to gel-permeation chromatography
(LH-20, 1:1 CHCl;-MeOH), and the fractions col-
lected were treated with Dowex-50 (NA ™) to give the
crude sulfate (R, 0.46, 15:5:2 CHCl,-MeOH-Et;N),
which was dissolved in a mixture of THF (0.5 mL)
and water (0.04 mL). To this was added 1.25 N
lithium hydroxide (0.06 mL) while stirring at 0°C.
After 2 h, the volatiles were removed under reduced
pressure, and the residue was dissolved in MeOH
(0.5 mL) and CH,Cl, (0.15 mL). To this, 0.5 N
NaOH (0.3 mL) was added, and stirring was contin-
ued for 1.5 days. The reaction mixture was neutral-
ized by careful addition of 50% CH,COOH and the
solution was evaporated. The residue so obtained was
eluted from a column of LH-20 (water) to yield 4.0
mg of 12 in 89% yield; [a], —13.1° (¢ 0267,
H,0); R, 0.33 (1:1:1 BuOH-CH;COOH-H ,0). For
'"H and C NMR data, see Tables 3 and 6, respec-
tively. FABMS: m/z 1310.9 (M — Na) ", 1289.0 (M
—2Na+H)7, 1267.2 (M — 3Na + 2H) .
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