CARBOHYDRATE
RESEARCH

X
il i

ELSEVIER Carbohydrate Research 288 (1996) 109—125

The use of
2-deoxy-2-trichloroacetamido-D-glucopyranose
derivatives in syntheses of hyaluronic acid-related
tetra-, hexa-, and octa-saccharides having a methyl
B-D-glucopyranosiduronic acid at the reducing end

Géraldine Blatter. Jean-Claude Jacquinet -

Institut de Chimie Organique et Analvtique. U.R.A. 499, Faculté des Sciences. Université d'Orléans. B.P.
6759, F-45067 Orléans, France

Received 8 February 1996; accepted 19 March 1996

Abstract

Expeditious and stereocontrolled syntheses are reported of B-D-Gle pNAc-(1 — 4)-[B-D-
Gle pA-(1 - 3)-B-b-Gle pNAc-(1 — 4)],-B-D-Glec pA-(l — OMe), where n =1, 2. and 3, which
represent structural elements of the extracellular polysaccharide hyaluronic acid. Condensation of
4,6-0O-benzylidene-3-O-chloroacetyl-2-deoxy-2-trichloroacetamido-a-D-glucopyranosyl
trichloroacetimidate with methyl (4-methoxyphenyl 2,3-di-O-benzoyl-B-b-glucopyranosiduronate
gave the disaccharide derivative 9, which was demethoxyphenylated and imidoylated to afford the
pivotal disaccharide trichloroacetimidate 7. Condensation of 7 with methanol followed by
O-dechloroacetylation gave the acceptor 8. Coupling of 7 with 8 gave the tetrasaccharide
derivative 4. O-Dechloroacetylation of 4 followed by condensation with imidate 7 afforded
hexasaccharide 5, which was transformed into octasaccharide 6 by a similar two-step procedure.
Subsequent O-dechloroacetylation, transformation of the N-trichloroacetyl groups into N-acetyl.
debenzylidenation, and saponification of 4-6 afforded the tetra- (1), hexa- (2), and octa-saccharide
(3) derivatives in high yields, as their sodium salts. © 1996 Elsevier Science Ltd.
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1. Introduction

Hyaluronic acid (HA), first isolated [1] from bovine vitreous body of the eye, is a
linear, high molecular weight glycosaminoglycan composed of disaccharide repeating
units of 2-acetamido-2-deoxy-D-glucose and D-glucuronic acid, namely [2], [4)-B-D-
Gle pA-(1 = 3)-B-D-Glc pNAc-(1 =] . HA has been found in the extracellular matrix,
connective tissues, synovial fluid in joints, and certain bacterial strains [3]. It is
biosynthesized at the inner side of plasma membranes by a membrane-bound HA
synthetase, and is then extruded to the cell surface [4]. The biological roles of HA are
highly diversified, ranging from structural functions [5] to more intricate effects such as
cell migration [6,7] or angiogenesis [8,9]. As a surgical aid, HA is used in eye surgery
[10], for treatment of osteoarthritis [11], and as a template for nerve regeneration [12].
Due to its importance in biomedicine, various modifications of HA have been under-
taken to improve its biological properties [13]. The glycoprotein CD44 is the major
cell-surface receptor for HA, and the binding site coordinates at least a hexasaccharide
sequence [5,14]. However, as is the case for most of the glycosaminoglycans, further
biological studies are hampered because of the lack of oligosaccharide fragments of
definite size and structure. Enzymatic synthesis of HA from UDP-sugars with HA
synthetase has been reported [15], but lead to high molecular weight material (5 X 10°
Da). Thus, chemical synthesis is an attractive alternative for defining the biological roles
of different HA fragments.

Several fragments of HA have been synthesized recently, such as a disaccharide
methyl glycoside [16], and tetrasaccharide 4-methoxyphenyl glycosides having either a
D-glucosamine [17] or D-glucuronic acid [18] residue at the reducing end. In all these
syntheses, the D-glucuronic acid residue was obtained by selective oxidation at C-6 of a
corresponding D-glucose residue, after construction of the oligosaccharide backbone.

As part of a programme devoted to the synthesis of proteoglycan fragments [19,20],
we now report on expeditious and stereocontrolled preparations of HA tetra- (1), hexa-
(2), and octa-saccharide (3) fragments having a methyl B-D-glucopyranosiduronic acid
residue at the reducing end, by direct coupling of D-glucuronic acid derivatives with
2-deoxy-2-trichloroacetamido-D-glucopyranose derivatives [21].

2. Results and discussion

For the syntheses of the target oligosaccharides 1-3, a series of key intermediates,
namely 4-6, were designed, which may in turn be bond-disconnected into a glycosyl
donor (7), to be used in an iterative way, and a glycosyl acceptor (8), both compounds
being prepared from a common precursor (9). The disaccharide 9 may, in turn, be
obtained by direct coupling of a glycosyl donor (10) with a glycosyl acceptor (11)
(Scheme 1).

We recently demonstrated [19,21] that variously O-protected and activated 2-deoxy-
2-trichloroacetamido-D-glucopyranose derivatives are powerful glycosyl donors for the
stereoselective synthesis of 1,2-trans-2-amino-2-deoxy-D-glucosides, and that the N-tri-
chloroacetyl group in the oligosaccharide products could be easily transformed into
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N-acetyl under neutral conditions using tributylstannane. This method allows the direct
and high-yielding glycosylation of the low-reactive [22] 4-OH group of D-glucuronic
acid derivatives, thus avoiding the difficult oxidation of the synthetic oligosaccharides.

Preparation of the glycosyl donor 10 was achieved as follows (Scheme 2). 2-Deoxy-
2-trichloroacetamido-p-glucopyranose (12) [21] was treated with benzaldehyde and zinc
chloride to give the crystalline 4,6-O-benzylidene derivative 13 in 74% yield.
Chloroacetylation of 13 afforded crystalline 14, as a ~ 2:1 mixture of anomers, in 93%
yield. Several conditions were examined for the selective O-deprotection at the anomeric
center. The use of benzylamine [23], piperidine [24], or hydrazine acetate [25] led to
concomitant extensive O-deprotection at O-3. However, the silica-gel-mediated anomeric
O-deacetylation in MeOH [26] allowed the reproducible preparation of the correspond-
ing free hemiacetal, which was directly treated with trichloroacetonitrile and 1,8-di-
azabicyclo[5,4,0Jundec-7-ene (DBU) to afford the crystalline a-trichloroacetimidate 10
in 82% overall yield. The 1,3-di-O-trichloroacetimidoyl derivative 15 was also isolated
in ~ 10% yield, and was the result of some unavoidable O-dechloroacetylation at O-3
during the deprotection step at the anomeric center.

The p-glucuronic acid derivative 11 was prepared as follows (Scheme 3). Fusion [27]
of methyl 1,2,3,4-tetra-O-acetyl-B-b-glucopyranuronate (16) [28] with 4-methoxyphenol
under acid catalysis ( p-toluenesulfonic acid) afforded crystalline 17 in 71% yield.
Conventional O-deacetylation of 17 gave the corresponding triol, that was directly
submitted to the tin procedure [29] (dibutyltin oxide in refluxing benzene). Treatment
[19] of the intermediary stannylene acetal with benzoyl chloride (2.1 equiv) and
triethylamine (1.5 equiv) afforded the crystalline 2,3-di-O-benzoyl derivative 11 as the
major product in 63% overall yield. The 2.4- and 3,4-di-O-benzoylated isomers (18%)
were also isolated, but directly O-debenzoylated and recycled. The regioselectivity
observed for the di-O-benzoylation of this triol was in agreement with that reported [19]
for the analogous methyl glycoside.

As a first step in the construction of the target oligosaccharides, imidate 10 (1.2
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equiv) was condensed with alcohol 11 (1 equiv) in dichloromethane at room tempera-
ture, in the presence of trimethylsilyl triflate (15% based on 10), to give the crystalline
disaccharide derivative 9 in 89% yield. Oxidative removal [30] of the 4-methoxyphenyl
group in 9 with ceric ammonium nitrate, followed by imidoylation, as described for the
preparation of 10, afforded the crystalline imidate 7 in 78% overall yield, the anomeric
configuration of which was deduced from its 'H NMR spectrum (J,, 3.5 Hz).
Condensation of imidate 7 with methanol (5 equiv), as described above, afforded the
crystalline disaccharide methyl glycoside 18, but in a non-reproducible manner (60-90%
yield), as is often the case in glycosylation reactions with methanol. However, condensa-
tion of imidate 10 with methyl (methyl 2,3-di-O-benzoyl-B-bD-glucopyranosid)uronate
(19) [19], as described above, readily afforded 18 in 91% yield. Treatment of 18 with
thiourea gave the crystalline alcohol 8 in 96% yield.

OBz COOMe
PR\ O
/Vo Q B20 o HO Q
ClAcO 0 d Me Bz0 OMe
TCANH COOMe OBz
18 19

Following the retrosynthetic analysis depicted in Scheme 1, the glycosyl imidate 7
(1.3 equiv) was condensed with alcohol 8 (1 equiv), as described for the preparation of
9. to give the crystalline tetrasaccharide derivative 4 in 87% yield. The 'H NMR
spectrum of 4 showed, inter alia, the presence of four anomeric protons at 8 5.07, 4.99,
4.94, and 4.64, with J values (J,, 7.0-8.0 Hz) characteristic of 1,2-trans linkages in
the D-gluco series. As a general rule, the J values (J,, 7.0 Hz) observed for the
anomeric protons of B-bD-glucuronic acid residues are slightly smaller than those
observed for the amino sugar units [19]. O-Dechloroacetylation of 4, as described above,
afforded the crystalline tetrasaccharide acceptor 20 in 95% yield. The 'H NMR
spectrum of 20, recorded in deuteriochloroform, showed a signal at 8 2.99 (d, J 3.5 Hz)
attributed, by spin-decoupling experiments and exchange with D,O, to the 3-OH group
in the terminal non-reducing amino sugar moiety.

Second condensation of imidate 7 (1.5 equiv), now with alcohol 20 (1 equiv), as
described for the preparation of 9, gave the crystalline hexasaccharide derivative 5 in
93% yield. Conventional O-dechloroacetylation of § afforded the crystalline alcohol 21
in 83% yield.

Third coupling of imidate 7 (1.7 equiv) with alcohol 21 (1 equiv), as described above,
gave the crystalline octasaccharide derivative 6 in 93% yield. O-Dechloroacetylation of
6 gave the crystalline alcohol 22 in 86% yield, which is available for further chain
extension at the non-reducing end.

Complete deprotection of 20-22 and 8 (which possesses the structure of the basic
repeating unit of our synthetic oligosaccharides) was achieved as follows. The N-trichlo-
roacetyl groups in 8 and 20-22 were readily transformed into N-acetyl by treatment
with tributylstannane (4.5 mol equiv for each NHTCA group) and azoisobutyronitrile
(AIBN) in benzene—N, N-dimethylacetamide to give the crystalline acetamides 23-26 in
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81, 88, 91, and 92% yields, respectively. Treatment of 23-26 with aq acetic acid at 100
°C, followed by saponification with an excess (5-6 mol equiv for each ester function) of
aqueous 3 M sodium hydroxide in methanol-water, and purification, afforded the target
molecules 27 and 1-3, as their sodium salts, in 80-83% overall yields.
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The '"H NMR spectra of 1-3 and 27 are in full agreement with the expected
structures, and in accord with those reported both for synthetic disaccharide methyl
glycosides [16,31] and for a tetrasaccharide fragment [32] isolated from HA by digestion
with bovine testicular hyaluronidase [33]. The BC NMR spectra (Table 1) are also in
accord with the structures. Signals for GIcNAc C-3 (8. ~ 82.5 ppm) and GlcA C-4 (3.
~ 80 ppm), in glycosylated units, are shifted downfield (A3 ~ 9 ppm) compared with
those of non-substituted structures, and allow easy assignments and location of the
substitutions.

In conclusion, expeditious, stereocontrolled, and high-yielding syntheses of hyaluronic
acid tetra-, hexa-, and octa-saccharide methyl glycosides are reported. These com-
pounds, readily obtained in ~ 100 mg amounts, are currently being evaluated in
biological and conformational studies.

3. Experimental

General methods.—Melting points were determined in capillary tubes with a Biichi
apparatus and are uncorrected. Optical rotations were measured at 20-25 °C with a
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Table 1

"C NMR data * (proposed assignments) for synthetic oligosaccharides (Na salts)

Residue in product No. C-1 C-2 C-3 C-4 C-5 C-6 NAc OMe
B-GlcNAc(1 — 4) 27 101.05 55.55 7375 69.90 76.05 60.73  22.55 -
B-GlcA-(1 — OMe) 103.56 7284 7405 8020" 7631 175.00 - 57.51
B-GlcNAc-(1 - 4) 1 10097 5555 7375  69.87 75.52 60.70 2259 -
B-GleA-(1 — 3) 10321 72,56 7397  80.04 7595 17502 - -
B-GleNAc-(1 — 4) 100.86 35445 8256 68.56 75.85 60.70 2259 -
B-GleA-(1 — OMe) 10355  72.79 7417  80.26 76.05 17502 - 57.50
B-GleNAc-(1 = 4) 2 100.71 55.57 7376 69.92 75.55 60.74  22.69 -
B-GleA-(1 — 3) 103.33 72,67 7376  80.00 76.08 17510 - -
B-GlcNAc-(1 - 4) 100,75 5448 8273  68.65 75.55 60.74 2262 -
B-GleA-(1 - 3) 103.33 7267 7407  80.14 76.50 17510 - -
B-GleNAc-(1 —» 4) 100.86 5448 8278  68.65 75.56 60.73 2262 -
B-GleA-(1 - OMc} 103.57 7290 7407  80.30 76.66 175.02 - 57.47
B-GIeNAc«(1 — 4) 3 100.73 5559 73.78 69.92 75.55 60.74  22.67 -
B-GleA-(1 — 3) 103.34  72.68 73.78  80.00 7643 175.08 -~ -
B-GlcNAc-(1 — 4) 100.73 5450 82.68 68.65 75.55 60.74  22.67 -
B-GleA-(1 — 3) 103.34  72.68 73.78  80.15 76.43 175.08 - -
B-GleNAc-(1 — 4) 100.88 5450 82.72 68.65 75.57 60.75 2268 -
B-GlcA-(1 — 3) 103.58  72.89 7408  80.16 76,77 17512 - -
B-GleNAc-(1 = 4) 100.88 5450 82.78 68.65 75.57 60.75 2268 -
3-GleA-(1 - OMe) 103.58 7289 7408  80.30 76,77 17572 - 5747

*In D,0 at 27 °C quoted in ppm from external Me,Si, measured from internal acetone (3, 30.50 ppm).
® Values in bold type reflect the location of the substitutions by a sugar residue.

Perkin—Elmer Model 141 polarimeter. The 'H (300 MHz) and "*C (75.4 MHz) NMR
spectra were recorded at 27 °C, unless otherwise stated, with a Bruker AM-300WB
spectrometer. Chemical shifts (8) are given from the signal of internal Me,Si, unless
otherwise stated. In oligosaccharide structures, the amino sugar (GlcN) and uronic acid
(GIcA) units are numbered starting from the reducing end. The purity of the products
was determined by TLC on Silica Gel F,s, (E. Merck), with detection by charring with
H,SO,. Flash-column chromatography was performed on silica gel (Merck, 40-63
pwm). Elemental analyses were performed by the Service Central de Microanalyse du
Centre National de la Recherche Scientifique (Vernaison, France).
4,6-0-Benzylidene-2-deoxy-2-trichloroacetamido-p-glucopyranose (13).—A mixture
of 2-deoxy-2-trichloroacetamido-D-glucopyranose (12) [21] (10 g, 30.8 mmol), benzal-
dehyde (80 mlL), and freshly fused ZnCl, (10 g) was stirred for 16 h at room
temperature, then poured under vigorous stirring into ice-cold 1:1 Et,O-heptane (500
mL). The resulting solid was filtered off, washed with cold Et,0, and recrystallized
from EtOH to give 13 (9.5 g, 74%); mp 189-190 °C; [a], —12° (¢ 1, equil., MeOH):
'"H NMR [(CD,),SOl: & 8.74 (d, 0.5 H, J 9.0 Hz, NHB). 8.46 (d, 0.5 H, J 8.0 Hz.
NHa). 7.40 (m, 5 H, Ph), 6.99 (d, 0.5 H, J 4.8 Hz, HO-1a), 6.97 {d, 0.5 H. J 6.0 Hz.
HO-1B), 5.62, 5.61 (2's, | H, PACHa B), 5.36 (d, 0.5 H. J 6.5.Hz, HO-3p), 5.21 (d,
0.5 H, J 6.0 Hz, HO-3a), 5.12 (1, 0.5 H, J,, 4.8 Hz, H-1a), and 4.81 (dd. 0.5 H, J, ,
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8.0 Hz, H-1B). Anal. Caled for C,sH,(Cl1,NO;: C, 43.66; H, 3.91; N, 3.99. Found: C,
43.69; H, 4.03; N, 3.36.

4,6-O-Benzylidene-1,3-di-O-chloroacetyl-2-deoxy-2-trichloroacetamido-a, B-D-glu-
copyranose (14).—Chloroacetic anhydride (1.026 g, 6 mmol) was added at 0 °C to a
solution of 13 (825 mg, 2 mmol) in CH,Cl, (8 mL) and pyridine (1.5 mL), and the
mixture was stirred for 30 min at this temperature. Ice-cold water (1 mL) was then
added, and the mixture was diluted with CH,Cl, (30 mL), washed successively with
water, satd aq NaHCO,, and water, dried (MgSO4), and concentrated. The residue was
crystallized from EtOAc—Et,O to give 14 (1.05 g, 93%); mp 188—190 °C; 'H NMR
(CDCI,): & 7.40 (m, 5 H, Ph), 7.09 (d, 0.3 H, J 10.0 Hz, NHB), 6.92 (d, 0.7 H, J 8.5
Hz, NHa), 6.33(d, 0.7 H, J,, 4.0 Hz, H-1a), 5.91 (d, 0.3 H, J, , 8.5 Hz, H-1B), 5.58,
552(2s, 1 H, PhCHa,B), 5.55, 5.53 (2 dd, 1 H, J,, 10.5, J;, 9.0 Hz, H-3,B), 4.48
(m, 0.7 H, H-2a), and 4.13, 409 (2 ABq, 2 H, COCH,Cl«,B). Anal. Caled for
C,oH sCIsNOqg: C, 40.35; H, 3.21; N, 2.47. Found: C, 4050 H, 3.21; N, 2.63.

4,6-O-Benzylidene-2-deoxy-2-trichlor()acetamid0—3-O-trichlomacetimidoyl-a-D-glu—
copyranosyl trichloroacetimidate (15) and 4,6-O-benzylidene-3-O-chloroacetyl-2-deoxy-
2-trichloroacetamido-a-p-glucopyranosyl trichloroacetimidate (10).— A mixture of 14
(1.5 g, 2.65 mmol) and silica gel (Merck, 40—-63 pm, 1.0 g) in anhyd MeOH (80 mL)
was vigorously stirred for 30 min at room temperature. The silica gel was filtered off
and washed with MeOH (2 X 10 mL), the filtrate was concentrated, and the residue
dried in vacuo at 40 °C.

A solution of the residue, trichloroacetonitrile (2.65 mL, 26.5 mmol), and DBU (80
pL, 0.53 mmol) in CH,Cl, (10 mL) was stirred for 45 min at room temperature, then
concentrated. The residue was eluted from a column (120 g) of silica gel with 3:1
heptane—EtOAc containing 0.2% of Et;N to give, first, the 1,3-di-O-imidoylated
derivative 15 (186 mg, 10%); [a], +46° (¢ 1, CHCL,); "H NMR (CDCI,): & 8.80, 8.60
(25,2 H, C=NH), 7.96 (d, 1 H, J 7.0 Hz, NH), 7.35 (m, 5 H, Ph), 6.60 (d, | H, J,,
3.5 Hz, H-1), 5.82(dd, 1 H, J, 10.0, J;, 9.0 Hz, H-3), 5.68 (s, | H, PhC H), 4.54 (m,
1 H, H-2), 442 (dd, 1 H, Js.6eq 435 Joaxgeq 11:0 Hz, H-6eq), 4.10 (m, 2 H, H-5,6ax),
and 3.88 (t, 1 H, J, 5 9.0 Hz, H-4). Anal. Calcd for C,H ,CI;N,O,: C, 32.53; H, 2.30;
N, 5.99. Found: C, 32.64; H, 2.46; N, 6.05.

Next eluted was 10 (1.38 g, 82%); mp 133134 °C (from Et,O-heptane); [a ], +44°
(c 1, CHCL,); '"H NMR (CDCl,): & 8.83 (s, | H, C=NH), 7.42 (m, 5 H, Ph), 7.01 (d, 1
H, J 9.0 Hz, NH), 6.47(d, | H, J,, 3.8 Hz, H-1), 5.60 (dd, | H, J,; 100, J;, 9.0 Hz,
H-3), 559 (s, 1 H, PhCH), 4.54 (m, | H, H-2), 4.38 (dd, 1 H, J54., 4.5, Jops0eq 105
Hz, H-6eq), 4.11 (m, 1 H, J;,,, 10.5 Hz, H-5), 4.10 (ABq, 2 H, COC H,Cl), 3.93 (t, 1
H, H-4), and 3.85 (t, 1 H, H-6ax). Anal. Calced for C,,H,Cl,N,0O;: C, 36.02; H, 2.70;
N, 4.42. Found: C, 36.17; H, 2.77; N, 4.36.

Methyl (4-methoxyphenyl 2,3,4-tri-O-acetyl-B-p-glucopyranosid)uronate (17).—A
mixture of methyl 1,2,3,4-tetra-O-acetyl-B-b-glucopyranuronate (16) [28] (6.0 g, 15.9
mmol), 4-methoxyphenol (6.92 g, 56 mmol), and p-toluenesulfonic acid {(monohydrate,
150 mg) was stirred for 30 min at 110 °C under water-pump vacuum, then cooled. The
mixture was diluted with CH,Cl, (100 mL), washed with aq 2 M NaOH and with water,
dried (MgSO,), and concentrated. The residue was crystallized from Et,0, and recrys-
tallized from EtOAc—heptane to give 17 (5 g, 71%); mp 136-137 °C; [a], —33° (¢ 1,
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CHCl,); '"H NMR (CDCl1,): & 6.90 (m, 4 H, aromatic H), 5.32 (m, 2 H, H-3,4), 5.24
(dd, 1 H, J,, 7.0, J,; 9.0 Hz, H-2), 5.01 (d, 1 H, H-1). 4.12(d. 1 H, J, 9.5 Hz, H-3),
3.78,3.75 (2 5. 6 H, OMe,COOMe), and 2.08, 2.05, 2.04 (3 s, 9 H. Ac). Anal. Calcd for
C,,H,,0,,: C, 54.54; H, 5.49. Found: C, 54.44; H, 5.49.

Methyl (4-methoxyphenyl 2,3-di-O-benzovl-B-D-glucopyranosidjuronate (11).—A so-
lution of 17 (2.64 g, 6 mmol) in dry MeOH (50 mL) was treated with methanolic
NaOMe (1.0 M, 1 mL) for 1 h at room temperature. The mixture was neutralized with
Amberlite IR-120 (H™) resin, filtered, concentrated. and dried in vacuo at 40 °C.

A mixture of the residue and dibutyltin oxide (1.57 g. 6.3 mmol) was heated for 20 h
in refluxing benzene (80 ml.) with azeotropic removal of water. Solvent (50 mL) was
then slowly distilled off at atmospheric pressure, and the mixture was cooled, then
diluted with anhyd THF (20 mL). To this solution were added successively benzoyl
chloride (1.45 mL, 12.6 mmol) and Et;N (1.26 mL. 9 mmol), and the mixture was
stirred for | h at room temperature, then concentrated. The residue was eluted from a
column (150 g) of silica gel with 5:1 toluene—EtOAc to give, first, a mixture of the 2,4-
and 3,4-di-O-benzoylated isomers (564 mg, 18%). Next eluted was 11 (1.98 g, 63%):
mp 138—139 °C (from EtOAc—-heptane); [a], +57° (¢ 1, CHCI,); '"H NMR (CDCl,): &
8.0-6.90 (m, 14 H, aromatic H), 5.67 (dd, | H. /., 7.0. J,; 9.5 Hz, H-2). 5.62 (t. 1 H.
Ji. 9.5 Hz, H-3). 5.19 (d, 1 H, H-1), 4.31 (ddd, 1 H, J,5 9.5, J, o4 3.5 Hz. H-4), 4.18
(d, 1 H, H-5), 3.86, 3.75 (2 s, 6 H, OMe.COOMe). and 3.36 (d,, 1 H. OH). Anal. Calcd
for C,4H,,0,,: C, 64.36; H, 5.01. Found: C, 64.29; H, 4.90.

Methyl [4-methoxyphenyl O-(4,6-O-benzylidene-3-O-chloroacetyl-2-deoxy-2-trichlo-
roacetamido-B-D-glucopyranosvl)-(1 — 4)-2,3-di-O-benzoyl-B-D-glucopyranosid{uronate
(9).—A mixture of 10 (0.51 g) [11 (0.35 g. 0.66 mmol), and powdered in 4 A molecular
sieves (0.5 g)] in anhyd CH,Cl, (8 mL) was stirred for 30 min at room temperature
under dry Ar. Trimethylsilyl triflate in toluene (1.0 M, 0.12 mL) was added. and the
mixture was stirred for 30 min at room temperature. Et;N (0.1 ml) was added, and the
mixture was diluted with CH,Cl, (20 mL), filtered. and concentrated. The residue was
eluted from a column (40 g) of silica gel with 12:1 toluene~EtOAc to give 9 (590 mg.
89%); mp 254-256 °C (from EtOAc-heptane); [a], —34° (¢ I, CHCI,): "H NMR
(CDCl,): & 8.0~-6.85 (m, 19 H, aromatic H), 6.91 (d, 1 H, J 8.5 Hz, NH), 5.74 (t. | H,
J,y=J,,=9.5 Hz, GlcA H-3), 558 (dd. 1 H, J,, 7.5 Hz, GlcA H-2), 5.30 (dd, 1 H,
J.,y 10.0. Jy, 9.0 Hz, GleN H-3), 5.23 (d, | H, GlcA H-1), 5.19 (s. | H, PhC H). 5.05
(d, I H. J,, 85 Hz. GicN H-1), 440 (t. 1 H, J,; 9.5 Hz, GlcA H-4), 425 (d. | H.
GlcA H-5), 4.05 (m, 1 H, GIcN H-2), 4.02 (s, 2 H. COCH,C1), 3.76, 3.75 (2 5. 6 H,
OMe,COOMe). 3.54 (dd, 1 H, Js 4, 5.0, Joui6eq 10.5 Hz. GlcN H-6eq), 3.50 (1, 1 H.
Ji5 9.5 Hz, GIcN H-4), 3.38 (m. 1 H, Js,, 10.5 Hz, GlcN H-5). and 2.55 (t, | H, GlcN
H-6ax). Anal. Calcd for C sH,,CI,NO,: C, 54.40; H. 4.16: N. 1.41. Found: C. 54.47:
H, 422, N, 1.32.

Methyl [0-(4,6-O-benzylidene-3-O-chloroaceryl-2-deoxy-2-trichloroacetamido-3-n-
glucopyranosyl)-(1 — 4)-2,3-di-O-benzovl-a-D-glucopyranosyl trichloroacetimidate Juro-
nate (7).— A mixture of 9 (1.0 g, 1.01 mmol) and ceric ammonium nitrate (4.43 g, 8.1
mmol) in 1:1.5:1 toluene-MeCN-H,O (35 mL) was vigorously stirred for 45 min at
room temperature, then extracted with EtOAc (3 X 30 mL). The organic extracts were
washed with satd aq NaHCO, and water, dried (MgSO,), and concentrated. The residue
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was eluted from a column (40 g) of silica gel with 19:1 CH,Cl,—acetone to give the
corresponding free hemiacetal (753 mg, 84%).

A mixture of the above isolated hemiacetal, trichloroacetonitrile (0.85 mL, 8.5
mmol), and DBU (25 pL, 0.17 mmol) in CH,Cl, (8 mL) was stirred for 30 min at room
temperature, then concentrated. The residue was eluted from a column (50 g) of silica
gel with 6:1 toluene—EtOAc containing 0.1% of Et;N to give 7 (816 mg, 78% from 9);
mp 144-145 °C (from Et,O-heptane); [a], +13° (¢ 1, CHCI ) H NMR (CDCl,): 8
8.70 (s, 1 H, C=NH), 80 7.30 (m, 15 H, Ph), 6.97 (d, 1 H, J 9.0 Hz, NH), 672(d 1
H, J,, 3.5 Hz, GicA H-1), 6.00(dd, 1 H, J,, 10.0, J,, 9.5 Hz, GlcA H-3), 5.47 (dd, 1
H, Gch H-2), 5.32(dd, 1 H, J,; 10.0, J,, 9.5 Hz, GlcN H-3), 5.19 (s, | H, PhCH),
502(d, 1 H, J,, 8.5Hz GlcN H-1), 4.53(d, | H, J, 5 9.5 Hz, GIcA H-5), 433 (t, | H,
GlcA H-4), 4.03 (s, 2 H, COC H,Cl), 4.01 (m, 1 H, GIcN H-2), 3.86 (s, 3 H, COOMe),
3.58 (dd, 1 H, Js geq 5.0, ey eq 105 Hz, GleN H-6eq), 3.51 (t, 1 H, J;5 9.5 Hz, GleN
H-4), 3.38 (m, 1 H, GlcN H-5), and 2.63 (t, 1 H, J;4,, 10.5 Hz, GIcN H-6ax). Anal.
Caled for C, H;;CI;N,O,5: C, 46.56; H, 3.42; N, 2.71. Found: C, 46.43; H, 3.31; N
2.62.

Methyl [methyl 0-(4,6-O-benzylidene-3-O-chloroacetyl-2-deoxy-2-trichloro-
acetamido-B-D-glucopyranosyl)-(1 — 4)-2,3-di-O-benzoyl-B-D-glucopyranosidluronate
(18).—(a) A mixture of 7 (0.2 g, 0.19 mmol), anhyd MeOH (40 pL, 1 mmol), and
powdered 3 A molecular sieves (0.1 g) in anhyd CH,Cl, (3 mL) was stirred for 1 h at
room temperature under dry Ar. Trimethylsilyl trlﬂate in toluene (1.0 M, 30 pL, 30
pmol) was added, and the mixture was stirred for 45 min at room temperature. Et,N (12
pL) was added, and the mixture was diluted with CH,Cl, (10 mL), filtered, and
concentrated. The residue was eluted from a column (15 g) of silica gel with 19:1
CH,Cl,—EtOAc to give 18 (137 mg, 80%); mp 144-145 °C (from EtOAc—heptane);
[a], —30°(c 1, CHCL,); 'H NMR (CDCl,): 3 8.0-7.30 (m, 15 H, Ph), 7.08 (d, | H, J
9.0 Hz, NH), 5.66 (t, 1 H, J,,=J,,=9.5 Hz, GlcA H-3), 536 (dd, | H, J,, 7.0 Hz,
GlcA H-2), 5.32 (dd, | H, J,4 10.0, J5, 9.5 Hz, GIcN H-3), 5.17 (s, | H, PhCH), 4.95
(d, 1 H, J,, 85 Hz, GlcN H-1), 467 (d, | H, GlcA H-1), 422 (1. 1 H, J,5 9.5 Hz,
GlcA H-4), 4.13 (d, 1 H, GlcA H-5), 4.05 (m, 1 H, GlcN H-2), 404 (s, 2 H
COC H,Cl), 3.86 (s, 3 H, COOMe), 3.54 (s, 3 H, OMe), 3.45 (m, 2 H, GlcN H-4,6eq),
333 (m, 1 H, J;5 9.5, Jsg 10.5, J56,, 5.0 Hz, GleN H-5), and 2.48 (t, | H, Jg, 6eq
10.5 Hz, GlcN H-6ax). Anal. Calcd for C; H,,CI,NO,;: C, 51.96; H, 4.14; N, 1.55.
Found: C, 52.01; H, 4.16; N, 1.40.

(b) A mixture of 10 (1.3 g, 2.05 mmol) and methyl (methyl 2,3-di-O-benzoyl-B-p-
glucopyranosiduronate (19) [19] (735 mg, 1.71 mmol) was treated as described for the
preparation of 9 to give 18 (1.4 g, 91%); mp 144145 °C.

Methyl [methyl O-(4,6-O-benzylidene-2-deoxy-2-trichloroacetamido-B-b-gluco-
pyranosyl)-{1 — 4)-2,3-di-O-benzoyl-B-b-glucopyranosidluronate (8).— A mixture of 18
(0.85 g, 0.94 mmol) and thiourea (215 mg, 2.82 mmo)) in pyridine (3 mL) and EtOH
(15 mL) was stirred for 20 h at 80 °C, then cooled, and concentrated. The residue was
eluted from a column (50 g) of silica gel with 3:1 toluene—EtOAc to give 8 (743 mg,
95%); mp 122-123 °C (from EtOAc-heptane); [a], —1° (¢ 1, CHCIl,); 'H NMR
(CDCL,): & 8.0-7.30 (m, 15 H, Ph), 7.08 (d, 1 H, J 7.5 Hz, NH), 566 (t, 1 H
Jy3=J5,=9.5 Hz, GlcA H-3), 538 (dd, | H, J,, 7.5 Hz, GlcA H-2), 5.18 (s, 1 H,
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PhCH). 499 (d, 1 H, J,, 8.0 Hz, GIcN H-1), 4.67 (d. | H, GlcA H-1), 432 (.. 1 H,
J,s 9.5 Hz, GlcA H-4), 4.16 (d, 1 H, GlcA H-5), 3.98 (m. 1 H, J,; 10.0. J;, 9.0. J, oy
3.5 Hz, GleN H-3), 3.88 (s, 3 H, COOMe), 3.63 (m, | H. GlcN H-2), 3.53 (s. 3 H.
OMe), 3.25 (m, 2 H, GlcN H-4.,6eq), 2.94 (d, 1 H. OH), and 2.52 (t, | H. J5 o, = Jou0 e
= 10.0 Hz, GlecN H-6ax). Anal. Caled for C4;H, C1;NO,,: C. 53.86: H, 4.40: N. 1.70.
Found: C. 53.76: H, 4.48; N, 1.61.

Methvl [methyl O-(4,6-O-benzylidene-3-O-chloroacetyi-2-deoxv-2-trichloro-
acetamido-B-p-glucopyranosyl)-(1 — 4)-O-(methyl 2,3-di-O-benzovl-B-p-gluco-
pvranosviuronate)-( 1 — 3)-0-(4,6-O-benzylidene-2-deoxy-2-trichloroacetamido-B-p-glu-
copyranosyl)-(1 = 4)-2,3-di-O-benzoyl-B-p-glucopyranosidfuronate (4).—A mixture of
7 (740 mg, 0.72 mmol) and 8 (455 mg, 0.55 mmol) was treated as described for the
preparation of 9. The residue was eluted from a column (100 g) of silica gel with 4:1
toluene—EtOAc to give 4 (821 mg, 87%); mp 178—179 °C (from EtOAc—heptane): [« ],
—13° (¢ 1, CHCl,); '"H NMR (CDC1,): 3 8.0-7.30 (m, 30 H, Ph), 6.86 (d. 1 H. J 9.0
Hz, GieN2' NH), 6.75 (d, 1 H, J 8.0 Hz. GlcN/ NH). 558, 552 (2 t. 2 H.
Jyi=J,,=9.5 HZ. GlcA] H-3.GlcA2 H-3), 535, 528 (2 dd, 2 H. J,, 7.0 Hz.
GlcA 7 H-2.GlcA2 H-2), 524 (dd. 1 H, J,5 10.0. J;, 9.5 Hz. GIcN2 H-3). 5.18. 5.14
(2.2 H,PhCH). 507 (d. 1 H. J,, 8.0 Hz, GIcN2 H-1). 499 (d, 1 H. GlcA2 H-1).
494 (d, 1 H, J,, 8.5 Hz, GIcN/ H-1), 4.64 (d. | H. GlcA ] H-1). 434, 422 (2 ¢, 2 H.
J,s 9.5 Hz. GIcA ] H-4,GIcA2 H-4), 431 (dd, | H. J,, 10.0, J,, 9.0 Hz, GIcN/ H-3),
4.07,3.92 (2 d, 2 H, GlcA ! H-5,GlcA2 H-5). 3.99 (s, 2 H, COCH,CI. 3.98 (m. | H.
GIicN2 H-2), 3.82, 3.67, 3.51 (3 s, 9 H, COOMe, OMe). 3.49 (m, 1 H. GIcN/ H-2). and
254,250 (2 t. 2 H, Jsg0 = Joureq = 105 Hz. 2 GleN H-6ax). Anal. Caled for
C,sHgyClLN,O: €. 53.16: H, 4.10: N, 1.65. Found. C, 53.10; H. 4.18: N. 1.51.

Methyvl  [methvl O-(4,6-O-benzvlidene-2-deoxy-2-trichloroacetamide-B-D-gliuco-
pyranosyl)-(1 — 4)-O-(methyl 2,3-di-O-benzoyl-B-D-glucopyranosyluronate)-(1 - 3)-O-
(4,6-0O-benzylidene-2-deoxy-2-trichloroacetamido-3-D-glucopvranosyvi)-(1 — 4)-2,3-di-
O-benzoyl-B-p-glucopyranosidfuronate (20).—Compound 4 (760 mg, 0.45 mmol) was
treated as described for the preparation of 8. The residue was eluted from a column (50
g) of silica gel with 6:1 CH,Cl,~EtOAc to give 20 (689 mg. 95%); mp 173-174 °C
(from EtOAc-heptane); [a], +4° (¢ 1, CHCI,): 'H NMR (CDCI,): 3 8.0-7.30 (m. 30
H, Ph). 7.02 (d. 1 H. J 7.0 Hz, GIcN2 NH), 6.77 (d. | H. J 8.0 Hz. GlcN/ NH). 5.59.
548 Q2 t,2H. J,;=J,,=95Hz, 2 GleA H-3). 535,527(2dd. 2 H. J,. 7.0 Hz. 2
GlcA H-2), 5.18, 5.16 (2's, 2 H, 2 PhCH), 5.07, 495 (2 d. 2 H. J,, 8.0 Hz. GleNJ
H-1.GleN2 H-1), 5.0, 4.64 (2 s. 2 H. GlcA2 H-1.GlcA 7 H-1). 434.426 2 . 2 H. J,
9.5 Hz, 2 GlcA H-4), 4.32(dd, 1 H, J,, 10.0, J,, 9.0 Hz, GleN/ H-3), 4.07, 3.92 (2 d.
2 H. 2 GlcA H-5), 3.96 (m. 1 H. J,, 10.0. J5, 9.0. Jy 4y 3.5 Hz. GIcN2 H-3), 3.82.
3.72,3.50 (3 5, 9 H, COOMe,OMe), 3.60 (m,  H. GIcN2 H-2), 2.99 (d. | H. OH). and
254,243 (2 4, 2 H, J54 =Jouoeq = 10.5 Hz, 2 GleN H-6ax). Anal. Caled for
C;HCI N,O,,: C, 54.19; H. 4.24; N, 1.73. Found: C, 54.09: H. 4.30: N. 1.72.

Methyl [methyl 0-(4,6-O-benzylidene-3-O-chloroacetvi-2-deoxv-2-trichloro-

"In recording NMR data, the amino sugar and uronic acid residues have been numbered starting from the
reducing end. Thus GleN2 refers to the second GleN residue from the reducing end.
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acetamido-B-pD-glucopyranosyl)-(1 — 4)-O-(methyl 2,3-di-O-benzoyl-B-D-gluco-
pyranosyluronate)-(1 — 3)-0-(4,6-O-benzylidene-2-deoxy-2-trichloroacetamido-B-p-glu-
copyranosyl)-(1 — 4)-O-(methyl 2,3-di-O-benzoyl-B-bD-glucopyranosyluronate)-(1 — 3)-
0-(4,6-0-benzylidene-2-deoxy-2-trichloroacetamido-B-p-glucopyranosyl)-(1 — 4)-2,3-
di-O-benzoyl-B-bD-glucopyranosidluronate (5).—A mixture of 7 (606 mg, 0.59 mmol)
and 20 (634 mg, 0.39 mmol) was treated as described for the preparation of 9. The
residue was eluted from a column (80 g) of silica gel with 6:1 toluene—acetone to give 5
(908 mg, 93%); mp 198-200 °C (from EtOAc-heptane); [a], —7° (¢ 1, CHCL,); 'H
NMR (CDCI,): & 8.0-7.30 (m, 45 H, Ph), 6.92 (d, 1 H, J 9.0 Hz, GIcN3 NH), 6.77,
6.70 (2 d, 2 H, J 8.0 Hz, GIcNJ NH, GIcN2 NH), 5.60, 5.50, 543 (3 t, 3 H,
Jys=Jy,=9.5Hz, 3 GlcA H-3), 5.36,5.29, 5.27 (3 dd, 3 H, J,, 7.0 Hz, 3 GlcA H-2),
5.28(dd, 1 H, Jo3 100, J5 4 9.0 Hz, GIeN3 H-3), 5.19, 5.17, 5.15(3 5, 3 H, 3 PhCH),
507 (d, 1 H, J,, 8.5 Hz, GIcN3 H-1), 5.06, 492 (2 d, 2 H, J,, 8.0 Hz, GleN/ H-1,
GlecN2 H-1), 4.97, 496, 4.64 (3 d, 3 H, 3 GlcA H-1),4.38,4.32,419(3t,3H, J,5 9.5
Hz. 3 GlcA H-4), 437, 435 (2 dd, 2 H, J,, 100, Jy, 9.0 Hz, GlcN/ H-3,GIeN2 H-3),
4.07,3.92, 3.83 (3 d, 3 H, 3 GlcA H-5), 4.03 (s, 2 H, COC H,Cl), 3.83, 3.67, 3.66, 3.52
(4 s, 12 H, COOMe,OMe), and 2.50 (m, 3 H, 3 GIcN H-6ax). Anal. Calcd for
C,,,H,0,Cl,,N,0,,: C, 53.59; H, 4.09; N, 1.70. Found: C, 53.49; H, 4.14; N, 1.60.

Methyl (methyl 0O-[4,6-O-benzylidene-2-deoxy-2-trichloroacetamido-B-b-gluco-
pyranosyl)-(1 = 4)-O-(methyl 2,3-di-O-benzoyl-B-D-glucopyranosyluronate)-(1 — 3)-O-
(4,6-O-benzylidene-2-deoxy-2-trichloroacetamido-B-D-glucopyranosyl)-(1 — 4)-O-(meth-
yl 2,3-di-O-benzoyl-B-D-glucopyranosyluronate)-(1 — 3)-0-(4,6-O-benzylidene-2-deoxy-
2-trichloroacetamido-B-D-glucopyranosyl)-(1 — 4)-2,3-di-O-benzoyl-B-D-glucopyrano-
sidluronate (21).—Compound 5 (0.9 g, 0.36 mmol) was treated as described for the
preparation of 8. The residue was eluted from a column (50 g) of silica gel with 6:1
toluene—acetone to give 21 (725 mg, 83%); mp 187-189 °C (from EtOAc—heptane);
[a]y +6°(c 1, CHCI,); "H NMR (CDCl,): & 8.0-7.30 (m, 45 H, Ph), 7.03 (d, | H, J
7.0 Hz, GIcN3 NH), 6.72, 6.67 (2d, 2 H, J 8.0 Hz, GleN/ NH,GIcN2 NH), 5.58, 5.47,
541 (3t 3H, J,,=J,,=95Hz 3 GleA H-3), 5.34, 526, 5.25 (3 dd, 3 H, J,, 7.0
Hz, 3 GlcA H-2), 5.18, 5.16, 5.15 (3 s, 3 H, 3 PhC H), 5.06, 5.04, 496 (3 d, 3 H, Jis
8.0 Hz, 3 GIcN H-1), 4.96, 4.94, 4.64 (3 d, 3 H, 3 GIcA H-1), 437,431 (2 dd, 2 H, Ja3
10.0, J5, 9.0 Hz, GlcN/ H-3,GIcN2 H-3), 4.36, 4.34, 424 3, 3 H, J,5 95 Hz, 3
GlcA H-4), 4.06, 3.90, 3.80 (3 d, 3 H, 3 GlcA H-5), 3.97 (m, | H, J,3 10.0, J;, 9.0,
Ty o 3.5 Hz, GIcN3 H-3), 3.82, 3.68, 3.64, 3.49 (4 s, 12 H, COOMe,OMe), 2.98 (d, |
H, OH), and 2.48 (m, 3 H, 3 GlecN H-6ax). Anal. Caled for C goH,;,,CloN,0,,: C.
54.30; H, 4.18; N, 1.74. Found: C, 54.15; H, 4.27; N, 1.68.

Methyl [methyl 0-(4,6-O-benzylidene-3-O-chloroacetyl-2-deoxy-2-trichloro-
acetamido-B-D-glucopyranosyl)-(1 — 4)-O-(methyl 2,3-di-O-benzoyl-B-p-gluco-
pyranosyluronate)-(1 — 3)-0-(4,6-O-benzylidene-2-deoxy-2-trichloroacetamido- B-D-glu-
copyranosyl)-(1 — 4)-O-(methyl 2,3-di-O-benzoyl-B-D-glucopyranosyluronate)-(1 — 3)-
O-(4,6-O-benzylidene-2-deoxy-2-trichloroacetamido-B-D-glucopyranosyl)-(1 — 4)-O-
(methyl 2,3-di-O-benzoyl-B-bD-glucopyranosyluronate)-( 1 — 3)-O-(4,6-O-benzylidene-
2-deoxy-2-trichloroacetamido- B-p-glucopyranosyl)-(1 — 4)-2,3-di-O-benzoyl-B-D-gluco-
pyranosidluronate (6).—A mixture of 7 (160 mg, 0.15 mmol) and 21 (230 mg, 91
pmol) was treated as described for the preparation of 9. The residue was eluted from a
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column (30 g) of silica gel with 6:1 toluene—acetone to give 6 (280 mg. 93%); mp
191-192 °C (from EtOAc—heptane); [a], —2° (¢ 1, CHCl,); '"H NMR (CDCI,): &
8.0~7.30 (m. 60 H, Ph), 6.93 (d, 1 H, / 8.0 Hz, GlcN4 NH), 6.71. 6.65, 6.63 (3 d. 3 H.
J 8.0 Hz. 3 GIcN NH), 5.57, 5.49, 539, 538 4 t. 4 H, J,,=J,,=9.5 Hz, 4 GlcA
H-3). 5.37 (dd. 1 H. J,; 10.0, J;, 9.0 Hz. GIcN4 H-3). 5.27. 5.26, 5.23. 5.21 (4 dd. 4
H. J,, 7.0 Hz. 4 GlcA H-2),5.17,5.15, 5.14. 5.13 (4 5, 4 H. 4 PhC H). 5.05. 5.03. 5.02
(3d.3H. J,, 80Hz, 3GIlcNH-1),4.96 (d. | H, J,, 8.5 Hz, GIcN4 H-1). 4.95. 4.94,
4.92, 4,64 (4 d. 4 H. 4 GlcA H-1), 430 (m, 7 H. 4 GlcA H-4.3 GIcN H-3). 4.06. 4.01.
3.90.380 (4 d. 4 H, J,5 9.5 Hz. 4 GlcA H-5). 3.99 (s. 2 H. COCH,CI). 3.81. 3.80.
3.64.3.62. 3.50 (5 s, 15 H, COOMe.OMe), 3.92 (m. 1 H. GIcN4 H-2), and 2.51 (m. 4
H. 4 GleN H-6ax). Anal. Caled for C,,H,;,Cl\N,O;,0 C. 53.82: H. 4.08. N. 1.71.
Found: C. 53.62; H, 4.16; N, 1.72.

Methyl  [methyl O-(4,6-O-benzylidene-2-deoxy-2-trichloroacetamido-B-p-gliuco-
pyranosyl)-( 1 — 4)-O-(methyl 2,3-di-O-benzovi-B-D-glucopyranosviuronate)-(1 — 3)-O-
(4,6-0O-benzylidene-2-deoxy-2-trichloroacetamido-B-o-glucopyranosyl)-(1 — 4}-O-(meih-
vl 2,3-di-O-benzovl-B-p-glucopyranosvluronate)-(1 — 3)-0-(4,6-O-benzylidene-2-deoxy-
2-trichloroacetamido-B-D-glucopyranosvl)-(1 — 4)-O-(methvl 2.3-di-O-benzovl-B-d-glt-
copyranosyvluronate)-(1 — 3)-0-(4,6-O-benzylidene-2-deoxv-2-trichloroacetamido-3-n-
glucopyranosyl)-(1 — 4)-2,3-di-O-benzovi-B-p-glucopyranosiduronate  (22).—Com-
pound 6 (160 mg., 49 wmol) was treated as described for the preparation of 8. The
residue was eluted from a column (10 g) of silica gel with 5:1 toluene—acetone to give
22 (134 mg. 86%); mp 190-192 °C (from EtOAc-heptane): [« ], +8° (¢ 1. CHCI,). 'H
NMR (CDCl;): & 8.0-7.30 {m, 60 H, Ph), 7.02, 6.74, 6.68. 6.66 (4 d. 4 H, J 8.0 Hz. 4
GIcN NH). 5.58, 547, 540. 537 (4 t. 4 H, J,,=J,,=9.5 Hz. 4 GlcA H-3). 3.36.
5.26,5.25,524(4dd. 4H. J,, 70 Hz, 4 GlcA H-2). 5.17. 5.16. 5.15. 5,13 (4 s, 4 H. 4
PhC H). 5.05, 5.04, 5.03. 494 (4 d, 4 H, J,, 8.0 Hz, 4 GIcN H-1), 4.97. 495. 492,
4.64 (4 d. 4 H. 4 GicA H-1), 430 (m. 7 H. 4 GlcA H-4, 3 GlcN H-3), 4.06, 3.92. 3.83,
381(4d, 4 H. J,5 95 Hz, 4 GlcA H-5). 397 (m. | H. J,; 10.0. J;, 9.0, J,,, 3.5
Hz, GIcN4 H-3). 3.82, 3.69, 3.65. 3.63 3.50 (5 s, 15 H. COOMe.OMe). 2.99 (d. 1 H.
OH). and 2.50 (m, 4 H, 4 GlcN H-6ax). Anal. Caled for C,,H,;.Cl,,N,0;;: C. 54.35:
H. 4.15: N. 1.75. Found: C, 54.20; H. 4.33; N. 1.80.

Methvl [methvl O-(2-acetamido-4.6-O-benzylidene-2-deoxv-B-D-glucopyranosvi)-( 1
— 4)-2,3-di-O-benzoyl-B-p-glucopyranosidluronare (23).——A solution of 8 (285 mg.
0.34 mmol). tributylstannane (0.42 ml.. 1.55 mmol). and AIBN (5 mg) in benzene (10
mL) and N, N-dimethylacetamide (3 mL) was stirred for 15 min under a flow of Ar.
then heated for 1 h under reflux. cooled, and concentrated. The solid residue was washed
with heptane (3 X 3 mL), and crystallized from MeOH to give 23 (202 mg, 81%). mp
250-252°C: [a], —5° (¢ 1. CHCI,): "H NMR (CDCl,): 8 8.0-7.30 (m. 15 H. 3 Ph).
6.62 (d. 1 H. J 8.0 Hz, NH), 5.65 (t. | H, /5, =J,,=9.5 Hz GlcA H-3). 541 (dd. |
H, /,, 7.0 Hz, GicA H-2), 520 (s, 1 H. PhCH). 4.67 (d, 1 H. GlcA H-1), 455 (d. 1 H.
J,» 8.0 Hz, GleN H-1), 4.22 (m, 2 H. GlcA H-4.5). 3.92 (s, 3 H, COOMe), 3.82 (m. 1
H. J,, 10.0. J5, 9.0. J5 o 4.0 Hz. GlcN H-3), 3.55 (5. 3 H. OMe). 3.50 (m. 3 H. GkcN
H-2.6eq, OH). 3.26 (. 1 H, J,5 9.0 Hz, GIcN H-4), 3.16 (m. 1 H. J5 4, 9.5, Jo,, S50
Hz. GleN H-5). 2.55 (t, 1 H, Jg,, ooy 95 Hz. GIcN H-6ax). and 2.06 (s, 3 H. Ac). Anal.
Calced for C ,; H;,NO,,: C. 61.58: H, 5.45; N. 1.94. Found: C. 61.68: H. 5.52: N. 1.91.
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Methyl [methyl O-(2-acetamido-4,6-O-benzylidene-2-deoxy-B-D-glucopyranosyl)-(1
— 4)-O-(methyl 2,3-di-O-benzoyl-B-D-glucopyranosyluronate)-(1 — 3)-O-(2-acetamido-
4,6-0O-benzylidene-2-deoxy-3-D-glu-
copyranosyl)-(1 — 4)-2,3-di-O-benzovi-B-D-gluco-
pyranosid]uronate (24).—Compound 20 (300 mg, 0.18 mmol) was treated as described
for the preparation of 23 to give 24 (232 mg, 88%); mp 180—182 °C (from MeOH);
[a], +18° (¢ 1, CHCI,); 'H NMR (CDCI,): & 8.0~7.30 (m, 30 H, Ph), 6.65 (d, | H, J
6.0 Hz, GIcN2 NH), 5.54, 548 (2 t, 2 H, J,, = J,, = 9.5 Hz, 2 GlcA H-3), 5.42 (d, |
H, J 7.0 Hz, GIcN7 NH), 5.34, 5.32 (2 dd, 2 H, J,» 7.0 Hz, 2 GlcA H-2), 5.17,5.12 (2
s,2 H, 2 PhCH), 5.0 (d, 1 H, Ji» 8.0 Hz, GIcNJ H-1), 4.78, 461 (2 d, 2 H, 2 GlcA
H-1), 458 (dd, | H, J,, 10.0, J,, 8.5 Hz, GIcNJ H-3), 436 (d. 1 H, J,, 8.0 Hz,
GIcN2 H-1), 4.27, 408 (2 . 2 H, J,; 9.5 Hz, 2 GlcA H-4), 4.04, 382 (2'd, 2 H, 2
GlcA H-5), 3.77, 3.65, 3.48 (3 s, 9 H, COOMe,OMe), 3.72 (m, 1 H, J,, 10.0, J;, 9.0,
Jion 3.0 Hz, GlcN2 H-3), 2.88 (m, 1 H, GIcNJ H-2), 2.58, 248 (2 t, 2 H,
Is 6ax = Joax.ceqg = 10.0 Hz, 2 GlcN H-6ax), and 1.96, 1.49 (2 s, 6 H, Ac). Anal. Calcd for
Co3H,, N0y C, 62.12; H, 5.28: N, 1.98. Found: C, 61.96; H, 5.35; N, 1.94.

Methyl [methyl O-(2-acetamido-4,6-O-benzylidene-2-deoxy-B-D-glucopyranosyl)-(1
— 4)-O-(methyl 2,3-di-O-benzoyl-B-D-glucopyranosyluronate)-(1 — 3)-O-(2-acetamido-
4,6-O-benzylidene-2-deoxy-B-D-glucopyranosyl)-{ 1 — 4)-O-(methyi-2,3-di-O-benzoyl-3-
D-glucopyranosyluronate)-(1 — 3)-O-(2-acetamido-4,6-O-benzylidene-2-deoxy-3-dD-glu-
copyranosyl)-(1 — 4)-2,3-di-O-benzoyl-B-D-glucopyranosidfuronate (25).—Compound
21 (432 mg, 0.18 mmol) was treated as described for the preparation of 23 to give 25
(344 mg, 91%); mp 181-183 °C (from MeOH); [a], +23° (¢ I, CHCI,); '"H NMR
(CDC1,): & 8.0-7.30 (m, 45 H, Ph), 6.66 (d, 1 H, J 6.0 Hz, GIcN3 NH), 5.52, 5.47,
5383t 3H, J,,=J,, =95 Hz, 3 GlcA H-3), 535, 5.33,5.28 (3 dd, 3 H, J,, 7.0
Hz, 3 GlcA H-2), 5.34, 5.30 (2-d, 2 H, J 8.0 Hz, 2 GIcN NH), 5.12, 5.10, 5.08 (3 5, 3
H,3PhCH), 4.98,488(2d,2 H, J,, 8.0 Hz, 2 GIcN H-1), 475, 4.74, 458 3 d, 3 H,
3 GlcA H-1), 455 (m, 2 H, 2 GIcN H-3), 434 (d, | H, J,, 8.0 Hz, GlcN3 H-1), 4.25,
4.17,4.05 (3 t, 3 H, J,5 9.5 Hz, 3 GlcA H-4), 402, 3.81, 3.70 (3 d, 3 H, 3 GlcA H-5),
3.76. 3.64. 3.54, 348 (4 5, 12 H, COOMe.OMe). 3.72 (m, 1 H, J,, 10.0, J,, 9.0, J5 on
2.5 Hz, GIcN3 H-3), 3.40 (m, | H, GlcN3 H-2), 2.78 (m, 2 H, 2 GlcN H-2), 2.50 (m, 3
H, 3 GlcN H-6ax), and 1.96, 1.43, 1.39 (3 s, 9 H, Ac). Anal. Caled for C,j4H,5oN;0,,:
C, 62.31; H, 5.23; N, 2.0. Found: C, 62.11; H, 5.28; N, 1.94.

Methyl [methyl O-(2-acetamido-4,6-O-benzylidene-2-deoxy-B-D-glucopyranosyl)-(1
— 4)-O-(methyl 2,3-di-O-benzoyl-B-pD-glucopyranosyluronate)-(1 — 3}-O-(2-acetamido-
4,6-O-benzylidene-2-deoxy-B-D-glucopyranosyl)-(1 — 4)-O-(methyl 2,3-di-O-benzoyl-§3-
p-glucopyranosyluronate)-(1 — 3)-O-(2-acetamido-4,6-Q-benzylidene-2-deoxy-B-D-glu-
copyranosyl)-(1 — 4)-O-(methyl 2,3-di-O-benzoyl-B-bD-glucopyranosyluronate)-(1 — 3)-
O-(2-acetamido-4,6-O-benzylidene-2-deoxy-B-pD-glucopyranosyl)-(1 — 4)-2-3-di-O-ben-
zoyl-B-D-glucopyranosidluronate (26).—Compound 22 (290 mg, 90 wmol) was treated
as described for the preparation of 23 to give 26 (232 mg, 92%); mp 208-210 °C (from
MeOH); [a], +26° (¢ 1, CHCI,); "H NMR (CDCI,): § 8.0-7.30 (m, 60 H, Ph), 6.66
(d, 1 H, J 6.0 Hz, GIcN4 NH), 5.52, 547, 538,537 (4 .4 H, J,,=J,, = 9.5 Hz, 4
GlcA H 3), 5.30 (m, 7 H, 4 GlcA H-2,3 GlcN NH), 5.17, 5.10, 5.09, 508 (4 s, 4 H, 4
PhC H), 4.96, 4.87, 484 (3d, 3 H, J,, 80 Hz. 3 GIcN H-1), 4.74, 4.73, 4.71, 4.58 (4
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d.4 H, J,, 7.0 Hz, 4 GlcA H-1). 453 (m, 3 H, 3 GlcN H-3), 434 (d. 1 H. J,, 8.0 Hz.
GIcN4 H-1), 4.24, 4.16, 4.15. 403 (4 . 4 H, J, 5 9.5 Hz. 4 GlcA H-4), 4.02. 3.80. 3.67.
3.66 (4 d, 4 H. 4 GlcA H-5), 3.72 (m. | H, J,, 10.0, J,, 9.0. J, 0, 3.0 Hz. GlcN4
H-3), 3.76, 3.64, 3.52, 3.51, 3.47 (5 5. 15 H, COOMe.OMe). 3.42 (m, 1 H, GlcN4 H-2).
2.50 (m, 4 H. 4 GlcN H-6ax), and 1.95. 1.42, 1.34. 1.28 (4 s, 12 H, Ac). Anal. Calcd for
CisH 1 NOs; - H,0: C, 62.0; H. 5.24; N. 1.99. Found: C. 61.86: H, 5.33: N. 1.87.

Methyvl O-(2-acetamido-2-deoxy-B-D-glucopyranosvi)-(1 — 4)-B-D-
glucopyranosiduronic acid, sodium salt (27).—A solution of 23 (148 mg. 0.2 mmol) in
HOAc (10 mL) was heated at 100 °C. Water (3 mL) was added dropwise, and the
mixture was stirred for 1 h at 100 °C. then cooled. concentrated. evaporated with water
(3 X5 mL). and dried in vacuo at 40 °C. NaOH (3 M. | mL) was added at 0°C 1 a
solution of the residue in 3:1 MeOH-H,O (4 mL). and the mixture was stirred for 16 h
at room temperature, then diluted with water (5 mL), deionized with Amberlite IR-120
(H™) resin, filtered, and concentrated. The resulting solid was washed with EtOAc
(3 X 2 mL) to remove benzoic acid, and the residue was eluted from a column (10 g) of
silica gel with 10:5:3 EtOAc-MeOH-H,O. then from a column (1 X 30 ¢m) of
Sephadex SP-C25 (Na™) with i:1:1 EtOAc-MeOH-H,O to give 27 as an amorphous.
hygroscopic powder (74 mg, 83%): [a],, —37° (¢ 1. H,0): NMR data: 'H (D,0. 37 “C.
internal H,O. 8, 4.754). 8 454 (d. | H. J, 82 Hz. GIcN H-1). 437 (d. 1 H. J,, 78
Hz, GlcA H-1), 392 (dd. 1 H, Js,, 2.0. J, ¢, 12.5 Hz, GleN H-6a). 3.74 (m. 3 H. GlcN
H-6b.GlcA H-4.5), 3.69 (dd, | H, J,, 10.0 Hz, GIcN H-2). 3.58 (. | H, J, , = J;, = 9.5
Hz. GlcA H-3). 3.54 (s, 3 H, OMe), 3.48 (m, 3 H, GlcN H-3.4,5), 3.32 (dd. 1 H. GlcA
H-2). and 2.04 (s, 3 H, Ac): " C (D,0. internal acetone), see Table 1. Anal. Caicd for
C,sH,, NNaO,-H,0: C. 39.92: H. 5.81: N. 3.10. Found: C, 39.82; H. 5.92: N. 3.08.

Methvl O-(2-acetamido-2-deoxv-B-p-glucopyvranosvli)-(1 — 4)-0-1 B-n-
glucopyranosyluronic acid)-(1 — 3)-0-(2-acetamido-2-deoxv-B-D-glucopyranosyl)-1 1 —
4)-B-D-glucopvranosiduronic acid, disodium salt {1).—Compound 24 (252 mg. 0.18
mmol) was treated as described for the preparation of 27. After extraction of the benzoic
acid, the residue was eluted from a column (12 g) of silica gel with 4:3:2 EtOAc—
MeOH-H,O. then from a column (1 X 30 ¢cm) of Sephadex SP-C25 (Na™) with 1:1:1
EtOAc-MeOH-H,0 to give amorphous. hygroscopic 1 (122 mg. 82%): [a ], —497 (¢
I. H,0): NMR data: 'H (D,0, 37 °C. internal H,0). 8 4.57. 454 (2d. 2 H. J,- 8.2
Hz, 2 GicN H-1). 448, 438 (2 d. 2 H, J,, 7.8 Hz, 2 GlcA H-1), 3.92. 3.91 (2 dd. 2 H.
Jion 2.0 S ep 12.5 Hz, 2 GlcN H-6a), 3.84, 3.09 (2 dd. 2 H. /., 10.0 Hz. 2 GIcN
H-2), 359,358 2 t, 2 H, J,,=J,,=9.5 Hz 2 GicA H-3), 3.54 (s. 3 H. OMe). 3.35.
3.33(2 dd. 2 H. 2 GleA H-2), and 2.05, 2.02 (2 5. 6 H. Ac): "C (D, 0. internal acetone).
see Table 1. Anal. Caled for C,yH,,N,O,; - 2H,0: C, 40.0: H. 5.56: N. 3.22. Found: C.
40.10: H. 5.63: N, 3.11.

Methvl  O-(2-acetamido-2-deoxy-B-D-glucopyranosyl}-(] — 4)-0O-( B-n-
glucopvranosvluronic acid)-(1 — 3)-O-(2-acetamido-2-deoxy-B-D-glucopyranosyh-(1 —
4)-O-( B-p-glucopyranosyluronic acid)-(1 — 3)-O-(2-acetamido-2-deoxy--1-
glucopyranosyl)-(1 — 4)-B-D-glucopyvranosiduronic acid. trisodium salt (2).—Com-
pound 25 (248 mg, 0.12 mmol) was treated as described for the preparation of 1. The
residue was eluted from a column (1 X 40 cm) of Sephadex SP-C25 (Na') with 1:1
MeOH-H,0 to give amorphous, hygroscopic 2 (117 mg. 80%): [a];, —56° (¢ 1. H,0):
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NMR data: 'H (D,0, 37 °C, internal H,0),  4.55, 4.54,4.52 (3d, 3 H, J,, 8.0 Hz, 3
GIcN H-1), 4.44, 434 (2d, 3 H, J,, 7.8 Hz, 3 GlcA H-1), 3.89 (m, 3 H, 3 GIcN H-6a),
3.92, 991, 3.68 (3 dd, 3 H, J,53 10.0 Hz, 3 GIcN H-2), 3.56, 3.55, 3.54 (3t 3H,
J,3=J5, =95 Hz, 3 GleA H-3), 3.53 (s, 3 H, OMe), 3.32, 3.31, 3.30 (3 dd, 3 H, 3
GIcA H-2), and 2.04, 2.01 (2 s, 9 H, Ac); "*C (D,O0, internal acetone), see Table 1.
Anal. Calcd for C,;H 4, N;Na;0,, - 3H,0: C, 40.03; H, 5.47; N, 3.26. Found: C, 40.01;
H, 5.57; N, 3.10.

Methyl O-(2-acetamido-2-deoxy-B-p-glucopyranosyl)-(1 — 4}-O-( 8-p-
glucopyranosyluronic acid)-(1 — 3)-O-(2-acetamido-2-deoxy-B-p-glucopyranosyl)-{1 —
4)-0-( B-p-glucopyranosyluronic acid)-(1 — 3)-0-(2-acetamido-2-deoxy-B-D-
glucopyranosyl)-(1 — 4)-O-( B-p-glucopyranosyluronic acid)-(1 — 3)-O-(2-acetamido-2-
deoxy-B-D-glucopyranosyl)-(1 — 4)-B-p-glucopyranosiduronic acid, tetrasodium salt
(3).—Compound 26 (233 mg, 89 p.mol) was treated as described for the preparation of
1. After removal of the benzoic acid, the residue was dissolved in H,O (3 mL), and 1.0
M NaOH was added until pH 9 (pH meter). The solution was directly eluted from a
column (2.5 X 140 cm) of Sephadex G-10 with H,O to give amorphous, hygroscopic 3
(111 mg, 81%); [a], —61° (¢ 1, H,0); NMR data: 'H (D,0, 37 °C, internal H,0), §
4.62, 4.61, 459, 458 (4 d, 4 H, J,, 8.0 Hz, 4 GIcN H-1), 451, 4.50, 4.41 (3d, 4H,
J,, 7.8 Hz, 4 GlcA H-1), 3.96 (m, 4 H, 4 GIcN H-6a), 3.88, 3.87,3.74 (3 dd, 4 H, J,,
10.0 Hz, 4 GicN H-2), 3.62 (m, 4 H, 4 GlcA H-3), 3.58 (s, 3 H, OMe), 3.38, 3.37, 3.36
(3 dd. 4 H. J,4 9.5 Hz. 4 GleA H-2), and 2.10, 2.08, 2.06 (3 s, 12 H, Ac); *C (D,0,
internal acetone), see Table 1. Anal. Caled for C;Hg,N,Na,O,5 - 2H,0: C, 4091 H,
5.30; N, 3.35. Found: C, 40.78; H, 5.41; N, 3.21.
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