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SYNTHESES OF HEPARIN SACCHARIDES

Stereospecific synthesis of derivatives of 2-amino-2-deoxy-4-0~(a-D-glucopyran-

uronosyl)-D-glucose

Joseph Kiss and Pierre C. Wyss

Chemical Research Department, F.Hoffmann-La Roche & Co., Ltd., Basle, Switzer-
land
(Received in UK 31 May 1972; accepted for publication 16 June 1972)
The synthesis of ethyl 2-amino-2-deoxy-4-0-(B-D-glucopyranuronosyl)-D-gluco-
)

pyranoside has recently been I‘eportedl . We now wish to report a part of our

synthetic work on heparin saccharides. In the present paper, the synthesis of
2)

simple derivatives of 2-amino-2-deoxy-4-0-(a-D-glucopyranuronosyl)-D-glucose

by two different routes is described.

A) By reaction of 3,4,6-tri-O-acetyl-1,2-anhydro-a-D-glucopyranose &%) with

the amino sugar 2

3)

Reaction of benzyl 3—O—benzyl—2—[l—(benzyloxy)formamido]—2—deoxy—6—0-p—

tolylsulfonyl-a-D-glucopyranoside (%;ﬁ)* [mp 122-123°, [a]]2)5 = +8%.1° (c 0.30,
CHCIB)] with 1 in boiling toluene for 3 days, gave disaccharide 3 (yield: 23 %),
[a]és = +114.4° (¢ 0.94, CHClB). Deacetylation of 3, followed by treatment with
an excess of sodium lodide in boiling 2-pentanone for 8 h, gave in good yield
the 6-iodide &3 mp 133—1340, [a]§5= +122° (c 1.0, CHClB). Compound_é;in aqueous
p-dioxane was oxidized with oxygen in the presence of platinum catalyst4) (3
days at 650, pH 9.5), and the crude uronic acid was converted into its methyl
ester é, by treatment with ethereal diazomethane (yield: 33 %), mp 117—1180,

[a]25 = +100° (c 0.40, CHC1.). Treatment of 5 with an excess of silver acetate
D 3 2.

*All new compounds gave satisfactory analytical values.
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in acetic anhydride and pyridine for 12 h at 70° gave in good yield the acetylated
disaccharide 6, mp 101-102°, [a]%5 = +125.1° (c 0.94, CHCL,); nmr (CDCL): 6 5.61

(1H 4, J) = 3.5 Hz, B-1'), 5.43 (1 H, t, H-3' or H-4'), 5.15 (1 H, %,

l,2l

=J = 8.0 Hz, H-3' or H-4') ppm.

Tor,30 = T3040 = Jae 5
Compound é‘was hydrogenolyzed, and the product was acetylated to give a good

yield of 2-acetamido-1,3,6-tri-O-acetyl-2-deoxy-4-0-(methyl 2,3,4—tri-O-acetyl-a-

D-glucopyranosyluronate)-g-D-glucopyranose (Z), mp 184-185°, [a]g5 = +74.8° (¢

0.90, CHC1 nmr (CD013): 6 5.65 (LH, &, d

1,2
= 9.5 Hz, H-3'), 4.87 (1 H, 4q,

3); = 8.5 Hz, H-1), 5.54 (1 H, 4,
Jl',2' = 3.5 Hz, H—l'), 5.41 (1 H, t, J3|’4|

10.0 Hz, H-2') ppm. De-O-acetylation of 7 with sodium methoxide in methanol
AN

J2|’3v =

afforded a quantitative yield of 2-acetamido-2-deoxy-4-0-(methyl a-D-gluco-
pyranosyluronate)-D-glucose (8), mp 149-150° (dec), [a]%S = +82—> +96° (c 1.65,

MeOH) .

In another experiment, disaccharideféﬁwas hydrogenolyzed, and the product
was N-acylated with benzyl chloroformate, followed by de-O-acetylation, to give
2 good yield of 2-[1-(benzyloxy)formamido ]-2-deoxy-4-0-(methyl a-D-gluco-
pyranosyluronate)-D-glucose gg), mp 189-190°, [a]g5 = 497.6— +86.3° (c 0.89,

H20).

B) By condensation of methyl 3,4-di-O-acetyl-l-chloro-1,2-dideoxy-2-nitroso-a—

D-glucopyranuronate (10) with the amino sugar 2-a)

Condensation of 2-a) with 10 [mp 111-112°, [a]§5 = +145.9° (¢ 0.95, CHCL)]
in N,N-dimethylformamide at room temperature for 7 days, gave benzyl 3-O-benzyl-
2-[1-(venzyloxy)formamido ]-2-deoxy-4-0-(methyl 3,4-di-O-acetyl-2-hydroxyimino-
a-D-arabino- hexopyranosyluronate)-6-0-p-tolylsulfonyl-a-D-glucopyranoside &%&2'

(yield: 58 %), mp 158-159°, [a]2? = +115.1° (c 0.97, CHCl,); nmr (CDCl,): & 8.49
D 3

3);

(1 H, s, = NOH), 6.37 (1L H, s, H-1'), 5.77 (1 H, 4, Jg, 4, = 9.5 Hz, H-3'),

3!
5.29 (1 H, t, J4,’5, = 9.5 Hz, H-4') ppm. Hydrolysis of the hydroxyimino
sugar &} with levulinic acid and hydrochloric acid, followed by reduction with

sodium borohydride and acetylation,sgave a good yield of disaccharide }EJ
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[a]%5 = +114.7° (c 0.63, CHCl.); nmr (CDCl,): & 5.40 (1 H, t,

3
8.0 Hz, H-.'B' or H—4'), 5.38 (l H, 4, Jll

J3|,4| = J4|,5| =
= 4.2 Hz, H-1'), 5.16 (1 H, %, H-3!

3

2'

?

or H-4'), 4.88 (1 H, q, Iy 1 = 8.0 Hz, H-2') ppm. Disaccharide 12 was treated
’

with an excess of sodium iodide in boiling 2-pentanone for 7 h, to give the
2
6-iodide 13, mp 147-148°, [a]D5 = +118.5° (¢ 0.95, CHCl,). Treatment of compound

13 with silver acetate as described for 5, gave the acetylated disaccharide é;

The disaccharides obtained by the two routes were shown to be identical
by comparison of their mp, optical rotation, ir- and nmr-spectra, and behaviour
in thin-layer chromatography.

Polycondensation of disaccharide §‘in N,N-dimethylformamide in the pre-

6)

sence of polyphosphate esters as catalyst ', followed by sulfation, gave pro-

ducts which were shown to pdssess anticoagulant and antilipaemic activity.
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