This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Synthesis of Non-glucosamino Glucan Oligosaccharides Related to Heparin
and Heparan Sulphate

Jacob Westman?; Marianne Nilsson?
 Organic Chemistry, Pharmacia AB, Stockholm, Sweden

To cite this Article Westman, Jacob and Nilsson, Marianne(1995) 'Synthesis of Non-glucosamino Glucan Oligosaccharides
Related to Heparin and Heparan Sulphate’, Journal of Carbohydrate Chemistry, 14: 7, 949 — 960

To link to this Article: DOI: 10.1080/07328309508005387
URL: http://dx.doi.org/10.1080/07328309508005387

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328309508005387
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08:57 23 January 2011

Downl oaded At:

J. CARBOHYDRATE CHEMISTRY, 14(7), 949-960 (1995)

SYNTHESIS OF NON-GLUCOSAMINO GLUCAN OLIGOSACCHARIDES
RELATED TO HEPARIN AND HEPARAN SULPHATE

Jacob Westman and Marianne Nilsson

Organic Chemistry, Pharmacia AB, 5-112 87 Stockholm (Sweden)

Received February 23. 1995 - Final Form May 8, 1995

ABSTRACT

A series of three oligosaccharides, a-D-Glc-(1-4)-B-D-GlcA-1—-0OMe, B-D-
GlcA-(1-4)-a-D-Glc-(1—54)-8-D-GlcA-1-0Me and a-D-Glc-(1-4)-B-D-GlcA-(1—

4)-a-D-Glc-(1—-4)-B-D-GlcA-1—-0OMe was prepared by a short synthetic route,
using maltose and glucuronic acid derivatives as starting materials. The oligo-
saccharides contain glucose residues instead of glucosamines, and have a less
complicated structure than the corresponding unsulphated structures found in
native heparin and heparan sulphate. This simplification in structure has
diminished the number of synthetic steps and raised the total yield compared
to the preparation of the corresponding heparin/heparan sulphate structures
which have been found to bind acidic and basic FGF.

INTRODUCTION

Heparin and heparan sulphate (HS) are well known polysaccharides
which consist of alternating uronic acids and hexosamines joined together by
(154) glycosidic linkages. Heparin/HS are products of biosynthetic trans-
formations, and since the enzymatic reactions do not operate completely along
the polysaccharide chains, the chain sequences are highly irregular.l Heparin is
most known for its antithrombotic properties and is today one of the best
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characterised antithrombotic drugs.2:3 Additionally, a number of other
biological effects such as anti-inflammatory4, anti-metastatic> and angiogenic
modulatory activity® have been discovered. Several research groups’-10 are
trying to find the smallest fragments, the essential parts, of heparin and
heparan sulphate which have these specific effects. An example, where the
search for a structure with a particular biological activity has succeeded, is the
well-known pentasaccharidel® which binds to antithrombin III. This penta-
saccharide has been synthesised several times by different routes.10 Considering
the costs for the preparations, which often is an important aspect, the
pentasaccharide syntheses have one thing in common - too many steps. In
order to simplify the synthesis, the investigators have prepared modified
structures in which the glucosamino residues have been replaced by glucose
residues and methyl groups have been introduced as permanent protective
groups.10 These modifications decreased the number of synthetic steps and
raised the total yield without loss of antithrombotic activity.

In an earlier report we described the synthesis of di- and trisaccharide
derivatives related to heparin and heparan sulphate and presented results from
a study of their interaction with acidic and basic fibroblast growth factor (aFGF
and bFGF). It was found that two non-sulphated trisaccharides, B-D-GlcA-(1—4)-
o-D-GlecNAc-(1—54)--D-GlcA-1-0OMe and o-L-IdoA-(1—-4)-0-D-GlcNAc-(1-4)-
B-D-GlcA-1-50OMe, bind to aFGF and bFGF and also induce FGF receptor
activation.11,12

In order to determine if modified oligosaccharides, in which the
glucosamine residues have been replaced by glucose, can interact with aFGF
and bFGF we have prepared the following compounds:

o-D-Gle-(1-4)-B-D-GlcA-1-0OMe 6
B-D-GlcA-(1-54)-0-D-Glc-(154)-B-D-GlcA-1-0Me 13
o-D-Gle-(1-4)-B-D-GlcA-(1-4)-0-D-Gle-(154)-B-D-GlcA-1-0OMe 15
RESULTS AND DISCUSSION

The strategy employed was to prepare the oligosaccharides by using
maltose and glucuronic acid derivatives as building blocks. An advantage of
such a procedure is that the a-glycosidic linkage, which can be difficult to form
due to stereo selectivity and separation problems, already exists. From earlier
attempts we knew that glycosylation of an aglycon with a glucuronic acid
glycosyl donor requires that the aglycon be protected by groups which do not
lower its reactivity. A suitable protected disaccharide 4, having several benzyl
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groups was therefore used as a key-intermediate. Complete deprotection of 4
gave the disaccharide 5. Selective deprotection of 4 in the 4-position gave the
disaccharide 6, which was coupled to a glucuronic acid glycosyl donor. The
trisaccharide obtained was then converted to the target trisaccharide 13. For the
preparation of the tetrasaccharide 15, compound 6 was glycosylated with the
benzoylated disaccharide 10. Subsequent deprotection gave the tetrasaccharide
15. The following steps were performed:

Methyl 4',6'-O-benzylidene-B-D-maltopyranosidel4 (1) was treated with
tert-butyldimethylsilyl chloride and imidazole in N,N-dimethylformamide
(DMF) to protect the 6-OH position.15 The mixture was extracted and directly,
without further purification, treated with benzyl bromide and sodium hydride
in DMF to protect the remaining hydroxyl groups. This procedure gave after
purification the fully protected disaccharide 2 in 82% yield. Removal of the ter:-
butyldimethylsilyl group in 2 was performed with tetrabutylammonium
fluoride (1 M) in tetrahydrofuran (THF)!5 giving compound 3 in 91% yield.
Oxidation of compound 3 by pyridinium dichromate-acetic anhydride (PDCA)
in the presence of tert-butyl alcohol in dichloromethane,16 gave the tert-butyl
ester 4 in 84% yield. Compound 4 was deprotected, by hydrolysis of the tert-
butyl ester using trifluoroacetic acid in dichloromethanel? and subsequent
hydrogenolysis over Pd-C, to give compound 5 in 87 % yield.

The 4',6'-O-benzylidene acetal in compound 4 was subjected to reductive
ring-opening by treatment with sodium cyanoborohydride and HCI in diethyl
ether18 to give the OH-4' compound 6 in 87% yield.

The 4',6'-O-benzylidene acetal compound 7 was prepared from ethyl 1-
thio-B-D-maltopyranoside!? which was treated with a,a-dimethoxytoluene and
p-toluenesulfonic acid in DMF20 to give 7 in 63% yield. Compound 7 was
treated as described above with tert-butyldimethylsilyl chloride and imidazole
to protect the 6-OH position and after extraction, directly benzoylated with
benzoyl chloride in pyridine giving the fully protected disaccharide block 8 in
84% yield. Benzoyl groups were used instead of acetyl groups in order to
minimize migration of ester groups during the deprotection of the silyl
group.2! The 6-OH position was deprotected in the same way as described above
for 2, to give compound 9 in 85% yield. Compound 9 was then converted into
the corresponding tert-butyl ester 10 in 80% yield using the method described
above.

Compound 6 was glycosylated with methyl (2,3,4-tri-O-acetyl-a-D-
glucopyranosyl bromide)uronate?2 (11) using silver triflate as promoter giving
the trisaccharide 12 in 46% yield and with compound 10 using N-
iodosuccinimide and silver triflate23 as promoters giving the tetrasaccharide 14
in 74% vyield. Deprotection of compounds 12 and 14 was performed by
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hydrolysis of the tert-butyl esters using trifluoracetic acid in dichloromethane
followed by deacetylation using 2 M sodium hydroxide in tetrahydrofuran, (to
prevent B-elimination of the glucuronic acid) and hydrogenolysis over Pd-C, to
give the trisaccharide 13 in a 83% yield and the tetrasaccharide 15 in a 81% yield.
The biological testing results from these substances will be described elsewhere.
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EXPERIMENTAL

General Methods. Melting points were measured using an Electro-
chemical AI 9200 melting point apparatus and are reported uncorrected.
Concentrations were performed under diminished pressure at < 40 °C (bath).
Optical rotations were recorded for 0.5% solutions at room temperature (22-25
°C) using a Perkin-Elmer 241 polarimeter. NMR spectra were recorded either in
CDCl3 with Me4Si as internal standard or in D20 with sodium 4,4-dimethy!-4-
silapentanoate-2,2',3,3'-d4 as internal standard at 30 °C, using a JEOL EX-400
instrument. All TH NMR assignments were based on 2D experiments. NMR
spectra recorded for all new compounds, were in agreement with the
postulated structures, and only selected data are reported. YH NMR shift values
and coupling constants (values in parentheses) are presented as tables, in which
the sugar residues are given as Glc, Glc', GlcA and GlcA'. TLC was performed
on Silica gel F254 (Merck) with detection by UV and/or by charring with HSO4.
Column chromatography was performed on Silica gel (Matrex Silica Si 60A, 35-
70 mm, Amicon). Organic solutions were dried over magnesium sulphate.
Molecular sieves were desiccated at 300 °C overnight. The purity of the target
compounds was ascertained by NMR spectroscopy.

Methyl O-(2,3-di-O-benzyl-4,6-O-benzylidene-a-D-glucopyranosyl)-
(1—-4)-2,3-di-O-benzyl-6-O-tert-butyldimethylsilyl-p-D-glucopyranoside (2).
Imidazole (1.55 g, 22.4 mmol) and tert-butyldimethylsilyl chloride (2.02 g, 13.5
mmol) were added to a stirred solution of methyl O-(4,6-O-benzylidene-a-D-
glucopyranosyl)-(1-54)-B-D-glucopyranosidel4 (1) (5.00 g, 11.2 mmol) in DMF (80

OMe

OMe
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mL). The mixture was stirred for several hours at room temperature. The
solution was hydrolysed in ice-water, and then the mixture was repeatedly
extracted with CHyCly. The combined organic phases were washed with
ammonium sulphate (aq) and water, dried and concentrated. The residue was
then dissolved together with benzyl bromide (11 mL, 90 mmol) in DMF (100
mL), and added to a cooled mixture of sodium hydride (4.0 g, 55%, 92 mmol)
and DMF (15 mL). The mixture was stirred at room temperature for 4 h.
Methanol was then added (to destroy the excess of sodium hydride) and the
solution was poured into ice-water. The mixture was extracted with toluene,
dried and concentrated. The resulting syrup was purified by column
chromatography (toluene-ethyl acetate 8:1) to give 2 (8.40 g, 9.14 mmol, 82%),
isolated as a syrup having [a]sys 6° (c 0.5, CHCl3), R¢ 0.61 (toluene-ethyl acetate,
8:1). NMR data (CDCl3): 13C, 8 -4.9 (Me silyl), 26.1 (Me tert-butyl), 56.7 (OMe),
97.3 (C'-1), 101.3 (PhCH), 104.3 (C-1). 'H NMR data are shown in the following
table.

H1 H-2 H-3 H4 H-5
Gle 422(78) 330(88) 3.66(9.3) 3.86 ND
Gle' 556 (3.9) 3.40(9.8) 3.88(9.3) 350(93) 3.80

Methyl O-(2,3-di-O-benzyl-4,6-O-benzylidene-o-D-glucopyranosyl)-(1—-4)-
2,3-di-C-benzyl-3-D-glucopyranoside (3). A mixture of 2 (1.50 g, 1.63 mmol) and
BuyNF in THF (1 M, 10 mL) was stirred at room temperature for 2 h. The
solution was hydrolysed in ice-water, and the mixture was repeatedly extracted
with CH2Clp. The combined organic phases were washed with ammonium
sulphate (aq) and water, dried and concentrated. The residue was purified by
column chromatography (toluene-ethyl acetate 4:1) to give 3 (1.20 g, 1.49 mmol,
91%), isolated as an amorphous solid having [als7s 3° (c 0.5, CHCl3), R¢ 0.33
(toluene-ethyl acetate, 4:1). NMR data (CDCl3): 13C, § 57.2 (OMe), 97.8 (C'-1),
101.1 (PhCH), 104.7 (C-1). 1H NMR data are shown in the following table.

H-1 H-2 H-3 H+4 H-5
Glc 4.37(7.8) 3.43(8.8) 3.80(9.3) 4.02 ND
Glc' 5.68 3.9) 3.52(9.3) 4.00(9.3) 3.61(9.3) 3.86

Anal. Caled for C4gHs2011: C, 71.6; H, 6.5. Found: C, 71.6; H, 6.5.

Methyl O-(2,3-di-O-benzyl-4,6-O-benzylidene-a-D-glucopyranosyl)-(1-4)-
O-(tert-butyl 2,3-di-O-benzyl-p-D-glucopyranoside)uronate (4) Pyridinium
dichromate (1.10 g, 2.92 mmol), Ac20 (1.40 mL, 14.9 mmol), and tert-butyl
alcohol (2.90 mL, 30.7 mmol) were added to a stirred solution of 3 (1.20 g, 1.49
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mmol) in CH»Cl; (20 mL). The mixture was stirred for 4 h at room temperature
and then applied on top of a silica gel column in ethyl acetate, with a 5 cm layer
of ethyl acetate on top of the gel. The chromium compounds precipitated in the
presence of ethyl acetate, and after 15 min the product was eluted with ethyl
acetate. After evaporating the solvent, the product was purified by column
chromatography (toluene-ethyl acetate 8:1) to give 4 (1.10 g, 1.26 mmol, 84%),
isolated as a syrup, having [a]s7g 2° (c 0.5, CHCl3), Rf 0.64 (toluene-ethyl acetate
6:1). NMR data (CDCl3): 13C, 5 28.1 (Me tert-butyl), 56.9 (OMe), 97.7 (C'-1), 101.2
(PhCH), 104.7 (C-1), 167.2 (C-6). TH NMR data are shown in the following table.

151 H2 H-3 H4 H:5
GlcA 4.36 (7.8) 3.47 (8.8) 3.72(8.8) 4.25(8.8) 3.82
Glc 5.41 (3.9) 349 (9.3) 3.97 (9.3) 3.57(9.3) 3.78

Methyl O-(B-D-glucopyranosyl)-(1—4)-0O-B-D-glucopyranosyluronic acid
sodium salt (5). Compound 4 (80.0 mg, 91.4 umol) was dissolved in a solution
of CF3CO2H in CHCl; (20%, 2 mL) and stirred at room temperature for 2 h. The
mixture was diluted with CH;Clp, washed with NaHCO3 (aq) and water, dried
and concentrated. The residue was dissolved in water-ethanol (1:1, 10 mL) and
hydrogenolyzed over Pd-C for 24 h. After filtering through Celite and
concentrating the residue was dissolved in water and passed through a column
of Dowex Na*. The eluate was concentrated and purified on a column of P2
Biogel, using water (containing 1% I-butanol) as eluent, to give 5 (30.1 mg, 80.0
umol, 87%) isolated as a solid, having [a]s73 24° {c 0.5, H20), Rf 0.50 (EtOAc-
EtOH-AcOH-H70, 4:3:3:2). NMR data (D;0): 13C, 3 60.1 (OMe), 63.0, 72.1, 74.5,
74.6, 75.6, 75.9, 79.2, 79.4, 79.6 (ring C), 101.2 (C*-1), 106.0 (C-1), 178.0 (C-6). 'H
NMR data are shown in the following table.

H-1 H-2 H-3 HA4 H-5
Gle 4.39(7.8) 334(85) 3.75(8.8) 3.78 ND
Gl 5.47 (3.9) 35109.7) 3.69(9.5) 3.40 ND

Methyl O-( 2,3,6-tri-O-benzyl-a-D-glucopyranosyl)-(1—4)-O-(tert-butyl 2,3-
di-O-benzyl-B-D-glucopyranoside)uronate (6). Diethyl ether saturated with HCI
was added, at room temperature, to a stirred mixture of 4 (1.02 g, 1.16 mmol),
NaCNBH3 (430 mg, 6.85 mmol) and 3A molecular sieves in THF (20 mL) until
the mixture was acidic (as determined with indicator paper). The mixture was
stirred for 30 min and was then diluted with CH»Cl> and filtered. The solution
was washed with NaHCO3 (aq) and water, dried and concentrated. The residue
was purified by column chromatography (toluene-ethyl acetate 4:1) to give 6
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(890 mg, 1.01 mmol, 87%) isolated as a syrup, having [als7g 22° (¢ 0.5, CHCl3), R¢
0.58 (toluene-ethyl acetate 4:1). NMR data (CDCl3): 13C, § 28.0 (Me tert-butyl),
56.9 (OMe), 96.8 (C'-1), 104.7 (C-1), 167.4 (C-6). TH NMR data are shown in the
following table.

H-1 H-2 H-3 H4 H5
Glc 438(7.8) 347(88) 372(88) 4.25(88) 383
Glc' 544(39) 345(9.3) 370(93) ND ND

Ethyl O-(4,6-O-benzylidene-a-D-glucopyranosyl)-(1—4)-1-thio-B-D-gluco-
pyranoside (7). Ethyl 1-thio-B-D-maltopyranoside heptaacetatel® (22.0 g, 32.3
mmol) was dissolved in CHCl>-MeOH (100 mL, 1:1) and methanolic sodium
methoxide (1 M) was added to the stirred solution until the mixture was basic
(as determined with indicator paper). The solution was stirred for 2 h at room
temperature and was then neutralized with acetic acid and concentrated. The
residue was dissolved in dry DMF (60 mL) containing benzaldehyde dimethyl
acetal (9.8 mL, 65 mmol) and p-toluenesulphonic acid was added until the
mixture was acidic. The mixture was stirred for 24 h on a rotary evaporator at a
bath temperature of 40 °C. The mixture was then cooled, neutralized with
triethylamine, and coevaporated with toluene. The resulting syrup was
purified by column chromatography (chloroform-methanol 5:1) to give 7 (9.70
g, 20.4 mmol, 63%). Crystallisation from methanol-diethyl ether gave material,
having mp 190 °C, [als7s 46° (c 0.5, MeOH), R 0.30 (chloroform-methanol, 10:1).
NMR data (CD30D): 13C, 3 15.4 (Me ethyl), 24.9 (CH;S), 62.4, 62.7, 71.5, 73.9, 74.1,
74.7, 75.1, 79.3, 80.6 (ring C), 86.8 (C-1), 102.8 (PhCH), 104.6 (C-1); 1H, 3 3.28 (dd
J1,2 9.8, J2,3 89, H-2), 3.45 (dd J1',2' 3.9, J2,3 9.8, H'-2), 3.63 (t, H-3), 3.65 (t H'-3),
4.39 (d, H-1),5.18 (d, H™-1).

Anal. Calcd for Cp1H30010S: C, 53.2; H, 6.4; S, 6.7. Found: C, 53.1; H, 6.3; S
6.5.

Ethyl O-(2,3-di-O-benzoyl-4,6-O-benzylidene-a-D-glucopyranosyl)-(1—4)-
2,3-di-O-benzoyl-6-O-tert-butyldimethylsilyl-1-thio-B-D-glucopyranoside (8).
Imidazole (920 mg, 13.3 mmol) and tert-butyldimethylsilyl chloride (1.20 g, 8.00
mmol) were added to a stirred solution of 7 (3.16 g, 6.66 mmol) in DMF (50 mL).
The mixture was stirred for 24 h at 40 °C. The solution was hydrolysed in ice-
water, and the mixture was repeatedly extracted with CH»Cl>. The combined
organic phases were washed with ammonium sulphate (aq) and water, dried
and concentrated. The residue was then dissolved in pyridine (50 mL), cooled
in an ice-bath and treated with benzoyl chloride (6.3 mL, 53 mmol). After
stirring for 24 h at 50 °C the solution was poured into ice-water, and the
mixture was extracted several times with CH>Cl;. The combined organic phases
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were washed with NaHCOj3 (aq) and water, dried and concentrated. The
resulting syrup was purified by column chromatography (toluene:ethyl acetate
8:1) to give 8 (5.60 g, 5.57 mmol, 84%). Crystallisation from diethyl ether-
petroleum ether gave crystalline material, having mp 69-71 °C, [a]s7s 35° (c 0.5,
CHCl3), R¢ 0.61 (toluene-ethyl acetate, 8:1). NMR data (CDCl3): 13C, 8 -4.7 (Me
silyl), 14.8 (Me ethyl), 25.7 (CH2S5), 26.2 (Me tert-butyl), 83.0 (C-1), 96.6 (C*-1), 101.7
(PhCH). TH NMR data are shown in the following table.

H-1 H2 H:3 H4 HS5
Glc 472(9.8) 524(9.3) 568(9.3) 4.38(93) 380
Gle' 562(39) 517(102) 591(98) 383(98) 412

Anal. Calcd for Cs5HgpO145Si : C, 65.7; H, 6.0; S, 3.2. Found: C, 65.5; H, 5.8;
S,29.

Ethyl O-(2,3-di-O-benzoyl-4,6-O-benzylidene-a-D-glucopyranosyl)-(1—4)-
2,3-di-O-benzoyl-1-thio-B-D-glucopyranoside (9). Compound 8 (1.40 g, 1.39
mmol) was treated as described for the preparation of 3 to give 9 (1.05 g, 1.18
mmol, 85%). Crystallisation from diethyl ether-petroleum ether gave material,
having mp 101 °C, {a]578 32° (¢ 0.5, CHCl3), Rf 0.43 (toluene-ethyl acetate 4:1).
NMR data (CDCl3): 13C, § 14.8 (Me ethyl), 24.4 (CH3S), 83.6 (C-1), 97.1 (C*-1), 101.4
(PhCH). TH NMR data are shown in the following table.

Hel H2 H-3 He H-5
Gle 4.75 (9.8) 529 (9.3) 5.73(9.3) 4.4 3.80
Gl¢' 56139 5.19(10.2) 59209.8) 3.83(9.8) 4.09

Anal. Caled for C49Hs0145 : C, 66.1; H, 5.2; S, 3.6. Found: C, 65.8; H, 5.2; S,
3.3.

Ethyl 0-(2,3-di-O-benzoyl-4,6-O-benzylidene-a-D-glucopyranosyl)-(1—4)-
O-(tert-butyl 2,3-di-O-benzoyl-1-thio-p-D-glucopyranoside)uronate (10).
Compound 9 (4.65 g, 5.22 mmol) was treated as described for the preparation of
4 to give 10 (4.00 g, 4.16 mmol, 80%). Crystallisation from diethyl ether-
petroleum ether gave pure compound, having mp 115 °C, [a]l578 33° (¢ 0.5,
CHCl3), Rf 0.74 (toluene-ethyl acetate 4:1). NMR data (CDCl3): 13C, § 15.1 (Me
ethyl), 24.4 (CH2S), 84.3 (C-1), 96.6 (C-1) 101.7 (PhCH), 166.4 (C-6). IH NMR data
are shown in the following table.

H-1 H:2 H-3 H4 H-5
GleA 476(9.8) 534(93) 571(93) 460093) 410
Gle 561(3.9) 513(102) 590(98) 381(98) 398
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Anal. Caled for C53Hs520155: C, 66.2; H, 5.4; S, 3.3. Found: C, 66.4; H, 5.3; S,
3.3.

Methyl O-(methyl 2,3,4-tri-O-acetyl-p-D-glucopyranosyluronate)-(1—4)-O-
(2,3,6-tri-O-benzyl-a-D-glucopyranosyl)-(1—-4)-O-(tert-butyl 2,3-di~-O-benzyl-3-D-
glucopyranoside}uronate (12). A mixture of 6 (150 mg, 170 umol), methyl (2,3,4-
tri-O-acetyl-a-D-glucopyranosyl bromide)uronate?2 (11) (88.0 mg, 220 umol) and
4A molecular sieves in CHCly (2 ml) was stirred under N; at room
temperature for 10 min and was then cooled to -15 °C. Silver triflate (120 mg,
470 umol) was added and the mixture was stirred at this temperature for 1
hour. Triethylamine (0.4 mL) was added and the reaction mixture was allowed
to attain room temperature. The mixture was then filtered through Celite,
concentrated, and purified twice by column chromatography (toluene-ethyl
acetate 12:1 and 4:1) to give 12 (93 mg, 78 umol, 46%) isolated as a syrup, having
[als78 13° (¢ 0.5, CHCl3), Rf 0.29 (toluene-ethyl acetate 4:1). NMR data (CDCl3):
13C, § 20.5, 20.6, 20.8 (Me acetyl), 28.0 (Me tert-butyl), 52.6, 57.0 (MeO) 96.4 (C*-1),
99.9 (C"-1), 104.8 (C-1), 166.9, 167.6 (C"-6, C-6), 169.0, 169.3, 170.0 (C=0, acetyl). 'H
NMR data are shown in the following table.

H-1 H-:2 H:3 H4 H-5
GlcA 437(78) 346(88) 37288  41809.3) 381
Gle 542(39) 341(9.8) 374(98) 391(98) 367
GleA’ 454(83) 486(93) 496(9.3) 512098 365

Methyl O-(B-D-glucopyranosyluronic acid)-(1—4)-O-(a-D-glucopyranosyl)
-(1-4)-0-B-D-glucopyranosyluronic acid disodium salt (13). Compound 12 (90
mg, 75 pmol) was deprotected in three steps. Hydrolysis of the tert-butyl ester
was performed with CF3COzH in CH2Cl> (20%) according to the method
described for compound 5. Subsequent treatment with cold aqueous NaOH (1
mL, 2M) in THF (5 mL) followed by hydrogenolysis over Pd-C in water-EtOH
(1:1, 10 mL) gave the deprotected trisaccharide 13 (37 mg, 63 umol, 83%), isolated
as a solid having [a]s7g 87° (¢ 0.5, H20), Rf 0.25 (ethyl acetate-ethanol-acetic acid-
water 4:3:2:2). NMR data (D;0): 13C, § 58.0 (MeO), 62.2, 73.3, 74.0, 74.2, 74.5, 75.1
75.8, 76.9, 78.0, 78.7, 79.6, 79.9, 80.9 (ring C), 102.1 (C'-1), 105.1 (C"-1), 106.0 (C-1),
177.9, 178.5 (C-6, C"-6). TH NMR data are shown in the following table.

Hl H-2 H-3 H4 H-5
GleA 439(78) 33309.0 379 3.76 ND
Gle 482(3.7) 364098 381 3.85 ND

GlcA' 4.49 (7.8) 3,37 (9.5) 3.52 3.75 ND
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Methyl O-( 2,3-di-O-benzoyl-4,6-O-benzylidene-a-D-glucopyranosyl)-(1—
4)-O-(tert-butyl 2,3-di-O-benzoyl-B-D-glucopyranosyl)uronate-(1—4)-0-(2,3,6-tri-
O-benzyl-a-D-glucopyranosyl)-(1-4)-O-{tert-butyl 2,3-di-O-benzyl-B-b-gluco-
pyranosyl)uronate (14). N-lodosuccinimide (117 mg, 520 umol), immediately
followed by a solution of silver triflate (134 mg, 520 pmol), was added at -20 °C
to stirred mixture of 6 (195 mg, 222 pmol) and 10 (320 mg, 333 umol) in CHCl;
(4 mL) containing 4A molecular sieves. The mixture was stirred at this
temperature until TLC indicated complete reaction. The mixture was then
diluted with CH)Cl; and filtered through Celite. The filtrate was washed with
Na25203 (10%, aq) and water, dried and concentrated. The residue was purified
by column chromatography (toluene-ethyl acetate 8:1) to give 14 (290 mg, 163
umol, 74%) Crystallisation from diethyl ether-petroleum ether gave pure
compound, having mp 98 °C, [a]s7s 23° (¢ 0.5, CHCI3), Rf 0.51 (toluene-ethyl
acetate 8:1). NMR data (CDCl3): 13C, § 28.2 (Me tert-butyl), 56.9 (OMe), 96.3, 97.0
(C-1, C™-1), 99.6 (C"-1), 101.7 (PhCH), 104.7 (C-1), 164.7, 164.8 (C-6, C"-6). 1H
NMR data are shown in the following table.

H-1 H-2 H-3 H4 H-5
GlcA 4.28 (7.8) 3.40 (8.8) 3.68(8.8) 4.12(8.8) 3.52
Glc 544 (3.9) 340(98) 3.63(9.8) 3.97(9.8) 3.63
GlcA' 4.65 (8.3) 515(.3) 538(09.3) 4.57 (9.8) 3.72
Glc¢' 5.54 (3.9) 5.10(10.2) 5.95(9.8) 3.82(9.3) 3.98

Anal. Calcd for C1g3H106027 : C, 69.6; H, 6.0. Found: C, 69.4; H, 5.7.

Methyl O-(B-D-glucopyranosyl)-(1—4)-O-B-D-glucopyranosyluronic acid
-(1-4)-0-(B-D-glucopyranosyl)-(1-4)-0-B-D-glucopyranosyluronic acid di-
sodium salt (15). Compound 14 (145 mg, 81.6 umol) was treated as described for
the preparation of 13 to give 15 (49.5 mg, 65.8 umol, 81%) isolated as a solid,
having [a]s7g 78° (¢ 0.5, H20), Rf 0.30 (ethyl acetate-ethanol-acetic acid-water
4:3:2:2). NMR data (D;0): 13C, § 57.9 (MeQ), 60.1, 62.2, 63.0, 72.1, 73.3, 74.0, 74.2,
74.6, 75.1, 75.6, 75.9, 76.9, 78.8, 79.3, 79.7, 79.9 80.8 (ring C), 101.1, 102.1 (C*-1, C™-
1), 105.2, 106 (C-1, C"-1), 177.8, 177.9 (C-6, C"-6). 1TH NMR data are shown in the
following table.

H:1 H2 H:3 H4 H5
GlcA 4.39 (7.8) 3.33 (8.6) 3.78 3.82 ND
Glc 4.81 (3.9) 3.64 (9.6) 3.90 3.74 ND
GlcA’ 4.49 (7.8) 3.38(9.1) 3.80 ND ND

Glc' 5.49 (3.9) 3.52(9.5) 3.68 3.39 ND
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