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204. Synthesis of Heparin Saccharides?)

111, Synthesis of Derivatives of D-Glucosamine as Starting Materials
for Disaccharides
by Pierre C. Wyss and Joseph Kiss
Chemical Research Department, F. Hoffmann-La Roche & Co., Ltd., Basle, Switzerland
(13. V1, 75)

Summary. Derivatives of benzy! 2-[1-(benzyloxyjformamido)-2-deoxy-a-p-glucopyranoside
with various protecting groups at C(3) (benzoyl, benzyl and N-phenylcarbamoyl) and €(6) (ben-
zoyl, benzylsulfonyl, N-phenylcarbamoy] and Losyl) have been synthesized as starting materials
for disaccharides. The C(4) and C(6) hydroxyl groups of the amino sugar were initially blocked by
an acetal group. After introduction of the protecting group at C(3), the acetal group was removed
by acid hydrolysis, and the C(6) hydroxyl group was sclectively acylaled or sulfonylated. The

3,6-di-O-benzoate has also been prepared by dimolar benzoylation of the amino sugar, whereby
the 4,6-isomer was obtained as a by-product.

1. Introduction, - - The polysaccharide heparin is widely used as an anticoagulant
agent and to a lesser extent as an antilipaemic agent in medical practice. Although this
polymer has been available for several decades, knowledge of its structural details
still remains uncertain (3] [4].

Heparin is composed of partially sulfated units of hcxosamme <7 Z-amino-2-
deoxy-D-glucose (1) [5] |6] > and hexuronic acid = p-glucuronic acid (2) [6-8] and

L-iduronic acid {3) [8) [9] > in approximately equimolar ratio. The predominance of

H H
H H
H
NHz
1 2

L-Iduronic acid over D-glucuronic acid has been recognized, but the relative proportions
of the uronic acids have not yet been exactly determined. Most of the information
available on the position, sequence and configuration of the glycosidic Jinkages of the
constituent monosaccharides has been obtained by characterizing the disaccharides
(e.g. 4-10, Table 1) released by chemical and enzymatic degradation of heparin or
modified heparins.

1_)- " Part T see [1]; Part IT see [2].
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Table 1. Disaccharides veleased by chemical and enzymatic degradation of hepavin and modified

hepayins
OH H O:H O
H
H OH H
H NH;Cl NHCOCH,
4 [10][1] 5 [12]
OH H OH CoH
H
Hi OH H
NHaCl OH NHR
8[11][13] 7 R=CH,CO- [12]
8 R= DaN—Q— (4]
NO;
3 080;9
o H
OH GHIOH)
NHSO;
o 50> HO o
15-

The sulfate groups have been found to be located at positions 2 and 6 of the
2-amino-2-deoxy-D-glucopyranosyl {15-21] and at position 2 of the L-idopyranosyl-
uronic acid residues [16] |17] [19] {22], the D-glucopyranosyluronic acid residues being
nonsulfated {217 [22]. Accordingly, on the basis of the information available on its
structure, the heparin polymer may be formulated as consisting of the sulfated
disaccharide residues 11, 12 and 13, as in Scheme 1. Howcever, the sequence of these
units has not been definitely established.

In the last decades, many attecmpts have been made to develop incxpensive syn-
thetic products possessing heparin-like activity. For this purpose, a number of

Scheme 1. Disaccharide units in heparin
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sulfuric acid csters of various degraded polysaccharides (cellulose, chitin, dextran,
starch, ctc.) have been prepared. However, most of these heparinoids have been
found to be too toxic for clinical use [23] [24]. A project in this laboratory was
concerned with the synthesis of heparinoids having structures closely related to that
of heparin. As the predominance of 1-iduronic acid over p-glucuronic acid had not
been recognized when this work was initiated, we chose the synthesis of disaccharides
derived from 11 (14 and 15) as starting materials for the synthesis of heparinoids.

H

NHCOR

14 R=CH,~
18 R=PhCH,0-

The present paper is concerned with the synthesis of derivatives of the amino
sugar part of these disaccharides. The rcadily available benzyl 2-[1-(benzyloxy)-
formamido]-2-deoxy-a-D-glucopyranoside (16) | 25] was chosen as a starting material
because of the stability of its protecting groups. Further, due to the well-known low
reactivity of the hydroxyl group at C(4) of glycopyranoses as compared with that of
thie C(3) and C(6) hydraxyl groups, the latter had to be protected in order to establish
the glycosidic linkage at C(4). Six different derivatives of 16 with various protecting
groups at C(3) and C(6) were synthesized (17-22). Benzyl 3,4-di-O-benzyl-2-|1-(ben-
zyloxy)formamido]-2-deoxy-a-D-glucopyranoside (23) was also prepared as a starting
material for the synthesis of a disaccharide in which the uronic acid is linked to C(6)
of D-glucosamine.

@mm @C’“’"

NHOGCHaPh NHCO:CH,Ph
17 R-PRCH;  R'-TS-
18 - PRCH,S0, -
19 PhCH.; PHCO
g? PO PRCO-
- PhNH
22 PhNHCO~ PhCOgO

2. Synthesis of derivatives of benzyl 3.0-benzyl-2-[1-(benzyloxy)forma-
mido]-2-deoxy-a-D-glucopyranoside (Scheme 2). -- Reaction of benzyl 2-T1-(benzyl-
oxy)formamido]-2-deoxy-u-D-glucopyranoside (16) |25] with benzaldehyde in the
presence of anhydrous zinc chloride gave the 4,6-O-benzylidene derivative 24 [26]
[27] in good yicld. However, the use of a benzylidene protecting group proved not to
be practical for the synthesis on a large scale. The rcaction required large amounts of
benzaldebyde and considerable amounts of solvents were necessary to isolate the
product from the reaction mixture. Reaction of 16 with acetyldehyde, its dimethyl
acetal or paraldehyde [26], in the presence of a catalytical amount of sulfuric acid
gave high yields of the corresponding 4,6-O-ethylidene derivative 25.
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Scheme 2
—— i
@mﬂ\ %cmw
NHOO:CH Ph NHCO:CH,Ph
24 RsPh-
25 R=CH;-

HCO:CH,Ph
17 R=T8-
18 R=PhCH;S0;~
19 R= PhCO-~

Benzylation of compounds 24 and 25 with benzyl bromide in the presence of
potassium hydroxide afforded the corresponding 3-O-benzyl ethers 26 and 27 [28]
respectively. However, the rcaction of 25 with benzyl chloride, instead of the cor-
responding bromide, gave a mixture of three products, as shown by thin layer
chromatography of the reaction mixture. The components of the mixture were
separated by chromatography on a silica gel column, followed by preparative thin
layer chromatography (TLC.). Ounly low yields of pure products (27, 28 and 29,
Scheme 3) could be obtained, because of difficulties encountered in separation. The
absence of an -NH- band in the IR. spectrum of 28 and the presence of an ester absorp-
tion at 1141 cm~! in the IR. spectrum of both 27 and 28, indicated that benzyl-
ation had occurred at the N-atom of the carbamoyl group in 28. The band observed

N
at 1752 cm~1 in the IR. spectrum of 29 and the peak at mfe:— 176 (l) l o Ph)

AN
o) ~
in its mass spectrum supported the 5-membered cyclic carbamoyl structure of 29.

Scheme 3
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The C(4) and C(6) hydroxyl groups of 26 and 27 were subsequently deblocked by
hydrolysis with 559, aqueous acetic acid (30; 569, yield from 27 [28]) or with
p-toluenesulfonic acid in aqueous methanol (97%, yield from 26; 90%, yicld from 27).
Finally, the 6-O-p-tolylsulfonyl- (17) (28], 6-O-benzylsulfonyl-(18) and 6-O-benzoyl-
(19) derivatives were prepared by selective sulfonation or acylation of compound 30.

3. Synthesis of derivatives of benzyl 3-O-benzoyl-2-[1-(benzyloxy)form-
amido]-2-deoxy-a-p-glucopyranoside. ~ Benzoylation of compound 25, followed
by acid hydrolysis of the cthylidene group of 31, and selective monobenzoylation of
the primary hydroxyl group of 32, yielded benzyl 3,6-di-O-benzoyl-2-[1-(benzyloxy)-
{formamido]-2-deoxy-a-D-glucopyranoside (20) (Scheme 4).

Scheme 4
C)
75 %)
OCHPH 75% o OCH.Ph
NHCO:CH,Ph NHCO:GH,Ph
25 31

OCOPh

PhCOCI
(BB%)

NHCO:CH,Ph NHCO-CH,Ph
32 20

The location of the benzoyl group on the C(6) hydroxyl group of 20 was indicated
by the presence of the C(4)-OH signal as a doublet in its ZH-NMR, spectrum. On the
other hand, the coupling constants between the ring protons in this compound
(Ji2=335, Joa~10, Jaa~9.5 and Ju5 ~ 10 Hz) were consistent with a érans-
diaxial arrangement of protons H-C(2), H-C(3), H-C(4) and H-C(5), and an equa-
torial-axial arrangement of protons H--C(1) and H-C(2) in the Cl-conformation (33).

"o ®
N
PhCOO -
Ho MY Songen
COLCH,Ph
33

The synthesis of the 3,6-di-O-benzoate 20 from pD-glucosamine, by a sequence of
blocking and deblocking reactions (Scheme 4), requires six steps, Several studies of
selective benzoylation of hexopyranosides have shown that the C(4) hydroxyl group
is generally the least reactive one towards benzoylation by benzoyl chloride in
pyridine {29]. For instance, dimolar benzoylation of metby! 2-benzamido-2-deoxy-
a-D-glucopyranoside has been reported to give the corresponding 3,6-di-O-benzoate
(301

The possibility of preparing the 3,6-di-O-benzoate 20 by selective acylation of 16
was therefore examined. Compound 16 was trcated in separate experiments with 1.1,
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2.2 and 3.3 equivalents of benzoyl chloride in pyridine (Scheme §) in order to determine
the relative reactivity of its hydroxyl groups. Reaction of 16 with 1.1 equivalents
of benzoyl chloride gave a major product, which was shown to be benzyl 6-O-
benzoyl-2-[1- (benzyloxy)formamido]-2- deoxy -a - D-glucopyranoside (34). Further
treatment of compound 34 with 1.1 cquivalents of benzoyl chloride gave a mixture
of two products, as shown by TLC. The components of the mixture were separated
by column chromatography on silica gel. The major component was isolated in 609,
yield, and was shown to be benzyl 3, 6-di-O-benzoyl-2-{1-(benzyloxy)formamido]-2-
deoxy-a-»-glucopyranoside (20). The product was identical (m.p., mixed m.p., [«|p,
'H-NMR., TLC,)) with a sample of the product prepared by the definitive route
described above. The minor component, isolated in 179, yield, was shown to be
the isomeric 4,0-di-O-benzoate 35.

Dimolar benzoylation of 16 gave a 609% yield of benzyl 3,6-di-O-benzoyl-2-
(1-(benzyloxy)formamido -2-deoxy-a-D-glucopyranoside (20), together with a small
amount of the isomer 38.

Treatment of 16 with 3.3 equivalents of benzoyl chloride gave a mixture of two
compounds, as shown by TLC. As the separation could not be achieved at this stage,
the crude product was treated with methanesulfonyl chloride in pyridine, and the
reaction products were theu separated by column chromatography on silica gel.

Scheme 5
OCOPh
11 eq PhCOCI
H:Ph
NHCO:CH,Ph
34
11 aq. PhCOCI
QH
22eq PRCOCI +
CH:Ph CH:Ph PhCOO CH.Ph
NHCO:CH,Ph NHGO:CH, NHOO:CH,Ph
16
1) 3.3 eq. PhCOCI
2) MsCl

The major product was isolated as a foam in 33%, yield, and was characterized as
benzyl 3,4, 6-tri-0-benzoyl-2-{1- (benzylnxy)[orma.nndo I-2-deoxy-a-D-glucopyranoside
(36). The minor product was obtained crystallinc in 13%, yield and was shown to be
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benzyl 3,6-di-O-benzoyl-2-11-(benzyloxy)formamido:-2-deoxy-4- ()—methylsulfonyl-oc—
v-glucopyranoside (37).

The above results clearly indicated that the order of reactivity of the hydroxyl
groups of 16 towards benzoylation with benzoyl chloride in pyridine was the expected
one (C(6)-OH » C(3)-OH > C(4)-OH). However, the synthesis of the 3,6-di-O-
benzoate 20 by selective acylation of 16 proved not to be practical, because of the
difficulties encountered in its purification.

4. Synthesis of derivatives of benzyl 2-[1-(benzyloxy)formamido]-2-deoxy-
3-0-(N-phenylcarbamoyl)-a-p-glucopyranoside (Scheme 6). Reaction of benzyl
Z-[1-(benzyloxy)formamido]-2-deoxy-4, 6-O-ethylidene-a-D-glucopyranoside (25) with
phenyl isocyanate in boiling toluene afforded benzyl 2-[1-(benzyloxy)formamido]-2-
deoxy-4,6-O-ethylidene-3-O-(N-phenylcarbamoyl)-a-D-glucopyranoside  (38). The
4,6-O-ethylidene group of 38 was hydrolysed with p-toluenesulfonic acid, and the
resulting compound (39) was treated with 1.1 equivalents of phenyl isocyanate in
pyridine to give benzyl 2-[1-(benzyloxy)formamido|-2-deoxy-3,6-di-O-(N-phenyl-
carbamoyl)-a-p-glucopyranoside (21).

Similarly, reaction of 39 with 1.1 equivalents of benzoyl chloride in pyridine:
yielded the corresponding 6-O-benzoyl derivative 22.

Scheme 6
cH PhNCO CHy
h (B8%) o
NHCO:CH,Ph NHCO.GH,Ph
25 38
—_— T
7% CHiPh

NHCQCH Ph NHGO:CH,Ph
21 R= PhNHCO
22 Re PhCO-

5. Synthesis of benzyl 3,4-di-O-benzyl-2-[1-(benzyloxy)formamido)-2-
deoxy-a-D-glucopyranoside (23) (Scheme 7). The title compound was prepared
from benzyl 3-O-benzyl-2-|1-(benzyloxy)formamido |-2-deoxy-6-O-p-tolylsulfonyi--
p-glucopyraneside (17) by the following sequence of reactions: the 6-O-p-tolylsulfo-
nyl derivative 17 was treated with an excess of sodium iodide in boiling 2-pentanone,
whereupon the corresponding 6-iodide 40 was obtained in good yield [28]; compound
40 was benzylated with benzyl bromide in the presence of potassium hydroxide, and
the iodine atom of the 3,4-di-O-benzylated sugar 41 was substituted by an acetoxy
group by reaction with silver acetate in a mixture of acetic anhydride and pyridine;
ammonolysis of 42 finally gave the title compound 23.
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Scheme 7
J
0,
Ph PhCH,Br, KOH
2
HPh (51%) PhCH
NHCO:CH,Ph

NHCO:CH.Ph NHCO-CH,Ph

42 23
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Experimental Part

1. General methods. — Melting points were detcrmined on a Bichi melting point apparatus
and arc not corrected. — Spectral measurcments were performed in the Physical Chemistry Depart-
ment of F. Uoffmann-I.a Roche or clsewherc using the following instruments: 1H-NMR.: Varian
HA 100 and Brukey Fourier Transform spectrometer FLX 90/15 with Nicolet computer 1083; Varian
HR 220 (University of Frciburg im Breisgau). Chemical shifts arc given in ppm relative to tetra-
methylsilane (= 0 ppm) as internal standard, coupling constants J in Hz. TR.: Beckmann IR 9
spectrometer. UV.: Cary Model 14 speetrometer. MS.: A L1 MS 9 spectrometer with a direct inlet
system (70 €V). Optical rotations: Perkin-Elmer polarimeter Model 141. — Precoated silica gel plates
F 254 (Merck) were used for the thin layer chromatography (TI.C.). The spots were observed by
spraying with 109, sulfuric acid and subscquent hoating. For the column chromatography silica
gel (30-70 mesh(0.2-0.5 mm) of Merck was used.

2. Synthesis of derivatives of benzyl 3-0O-benzyl-2-[1-(benzyloxy)formamido]}-2-
deoxy-a-D-glucopyranoside. - 2,1. Benzyl 4, 6-0-benzylideng-2-[1- (benzyloxy)formamido)-2-
deoxy-a-D-glucopyranoside (24) [26] [27]. A mixturc of 80.6 g (0.2 mol) of 16 {25], benzaldehyde (11)
and anhydrous zinc chloride (15.8 g) was shaken at room temperature (RT.) for 16 h. The reaction
mixture was poured into 3 1 of water and extracted with 131 of chloroform. ‘The extract was washed
with 2x1 1 of watcr, dried over anhydrous sodium sulfate and concentrated to a small volume
(2 1). Ether (5 1) was added to the residue, whercupon crystallization occurred. The mixture was
then allowed to siand overnight at RT., and the product was filtored and successively washed
with cold methanol and cther, and dried: yield 83.3 g (859%,), m.p. 219-220°. Recrystallization
from dioxanefisopropyl ether gave pure material, mp. 223-224°, [o]f = + 8L.7° (¢ = 0.70,
chloroformy).

CasHagNOy (491.52) Cale. C68.42 1595 N285% Found C 6862 11611 N2849

2.2. Benzyl 2-[1-(benzyloxy)formamido|-2-deoxy-4,6-0-ethylidene-o-D-glucopyvanoside (25). -
2.2.1. Reaction of 16 with acetaldehyde dimethyl acetul. A suspension of 50 g (124 mmol) of 16 in
400 ml of acetaldehyde dimethyl acetal was cooled in ice and water under stirving. Concentrated
sulfuric acid (5.0 g) was added dropwise to this suspension with ice-cooling, and stirring was
continued overnight at RT. Petroleum ether (1.5 !) and polassium carbonate (10 g) were added,
and the product was filtered, washed with water, and dried: yield 49.6 g (93%). Recrystallization
from ethyl acetate/petrolenm ether gave 25 as white necdles: yield 46.7 g (88%), m.p. 163-163.5°,
[ = +106.8° (¢ = 0.46, chloroform). — *H-NMR.%) (100 MHz, CDCls): 4.90 (4, J1,2 = 3.0,
H-.C(1)).

CogHa7NO, (429.45) Cale. C64.32 H6.34 N3.26% Found C64.19 H6.28 N 3.22%

23)  Only the most characteristic features of the 1H-NMR. spcctra are given.
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2.2.2. Reaction of 16 with acetaldehyde. A suspension of 100 g (248 mmol) of 16 in 800 ml of
acetaldehyde was cooled to 5°, and 5.4 ml of concentrated sulfuric acid were added dropwise with
ice-cooling and stirring. The temperature rose rapidly to about 40°, and the mixture solidified on
cooling. After 20 min, the reaction mixture was treated with 31 of petroleum ether and 22 g of
potassium carbonate. The mixture was filtered, the solids shaken with a 5%, aqueous solution of
potassium carbonate, and filtered off. The product was washed with water and drjed: yicld 98.5 g.
Recrystallization from ethyl acetate/petroleum ether gave pure material: yield 91.6 g (86%),
m.p. 160-161°, [a)f} = + 104,0° (¢ = 0.36, chloroformy).

2.2.3. Reaction of 16 with paraldehyde [26]. Concentrated sulfuric acid (5.4 ml) was added
dropwise under stirring to 600 ml of paraldehyde at 5°, and the solution was allowed to warm
o 15°, An amount of 100 g (248 mmiol) of 16 was added, and the mixture was stirred at RT. for
1 h. Petroleum ether (500 ml} and potassium carbonate (25 g) were added to the mixture and
stirring was continued for 15 min. The reaction mixturc was filtered, and the filter cake was
washed with water and dried. The crystalline material was recrystallized from cthyl acetate/
petroleum ether: yield 92.8 g (87%), m.p. 164-165°, [a]f} = + 106.0° (¢ == 1.0, chloroform). The
product, Rf == 0.3 (petroleum ether/acetone 7:3) was chromatographically identical with samples
prepared by the above methods.

2.3. Benzyl 3-O-beneyl-4,6-O-bsnzgylidene-2-[1-(benzyloxy)formamido]-2-deoxy-a-D-glucopyranc-
side (26). A mixture of 196 g (0.4 mol) of 24, 1 1 of dry dioxane, 500 ml of benzyl bromide and 60 g
of powdered potassium hydroxide was refluxed for 12 h under stirring, The rcaction mixture was
cooled and treated with 2.5 1 of dichloromethane, The dichloromethane solution was washed with
3x 1.51 of water, then dried over anhydrous sodium sulfate and concentrated to a small volume
(1 1). Methanol (5 I) was added to the stirred mixture, whereupon crystallization occurred. After
1 h standing at RT., the white precipitate was filicred off, successively washed with methanol (2 1)
and ether (2 1), and dried: yield 181,1 g (78%), m.p. 192-193°, [a]}} = + 85.5° (¢ = 0.93, chloro-
form). — tH-NMR. (100 MHz, CDCly): 5.09 (4, f1,3a ~ 1, H—C(1)).

CasHgsNOy (581.67) Cale. C72.27 H6.07 N241% Found C72.26 H 604 N 2.539,
2.4. Benzyl 3-0-beneyl-2-[1-(benzyloxy)formamido]-2-deoxy-4, G-O-ethylidens-a-D-glucopyranosids
(27) [28). A mixture of 200 g (466 mmol) of 25, 1 1 of dry dioxane, 500 ml of benzyl bromide and
50 g of powdered potassium hydroxide was refluxcd for 12 h under stirring. The reaction mixture
was cooled and treated with 2.5 1 of chloroform. The chloroform-phase was washed with 3x 1.51
of iced water, then dried over anhydrous sodium sulfate and evaporated to dryness. The resulting
yellow syrup was treated with 4 1 of petroleum ether, whereupon crystallization occurred. After
1 h standing at RT., the crystalline material was filtercd off, washed with petroleum cther, and
dried: yield 190.8 g (79%), m.p. 165-166°, [a]% = + 116.5° (¢ = 1.0, chloroform). Recrystalliza-
tion from cthyl acetate/petroleum ether afforded pure material, m.p. 169°, [a]¥ = + 117.7°
(¢ = 0.95, chloroform). IR.: 1693 (C=0, carbamatc), 1141 cm-? (cster). — 1H-NMR, (100 MHz,
CDCly): 4.89 (4, J1,2 ~ 4, H—C(1)).
CaoHagNOy (519.39) Cale. C69.35 H6.39 N 2709 Found C69.07 H6.25 N 2.60%

2.5. Benzylation of benzyl 2-[1-(bensyloxy)formamido)-2-deoxy-4, 6-O-ethylidene-u-D-glucopyranc-
side (25) with benzyl chloride. To a solution containing 10 g (23 mmol) of 25 in 200 ml of dry dioxane
6 g of powdered potassium hydroxide and 100 ml of benzyl chloride were added, and the solution
was refluxed for 18 h under stirring. The reaction mixture was cooled and treated with 300 ml of
dichloromethane. The extract was washed with 3 x 200 ml of water and evaporated under reduced
pressurc (0.01 Torr). TLC., using hexanc/ethyl acetate 3:2, revealed threc spots at Rf = 0.55,
0.50 and 0.35. The mixture was fractionated on a column (500 g) of silica gel. Elution with benzene/
ethyl acetate 19:1 gave a mixture (3.1 g) of compounents with Rf = 0.55 and 0.50 (mixture A),
and elution with benzenefethyl acetate 9:1 gave a mixture (5.1 g) consisting of a major com-
ponent at Rf = 0.35 and a minor component at Rf = 0.50 (mixture B). Attempts to scparate the
components of mixtures A and B by recrystallization failed,

Mixture A (0.8 g) was separated by TLC, (two 200 x 200 x 2 mm silica gel pla.teq hexane(
ethyl acetate 5:1, UV, indication), Recrystallization from ethyl acetate/hexanc gave 0.27 g and
0.05 g of products with Rf = 0.55 and 0.50 respectively. Mixture B (2.0 g) was scparated on a
silica gel column (100 g) by development with hexanc/ethyl acetate 3:2. Crystallization and
recrystallization from ethyl acetate/hexane gave 0.41 g of component with Rf = (.35,

116
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2.5.1 The component with Rf = (.55 was shown to bo benzyl 3-O-benzyl-2-[(N-benzyl-N-
benzyloxycarbonyl)amino]-2-deoxy-4, 6-O-ethylidenc-g-p-glucopyranoside (28), m.p. 118°, fu}ff =
+127.1" (¢ = 0.63, chloroform). — IR.: 1714 (C-0, carbamatc), 1141 cm™! (cster). — MS. (m/e):
609 (M}, 518 (M — PhCHg-), 474 [M —~ (PhCHjy. + COg)], 412 [M — (PhCHg- + PhCHO)], 386,

!
368 [M ~ (PhCHg- + COs + PhCHO)], 181, 101 ( [ ) o1.

8%,

Ca7HgaNO7 (609.72) Cale. €72.89 H6.45 N230% Youund C72.79 H647 N 2449,
25.2. The product with Rf == 0.50 was benzyl 3-O-benzyl-2-[1-(benzyloxy)formamido]-2-

deoxy-4,6-O-ethylidene-g-p-glucopyranoside (27), m.p. 165-166°, [al}f = + 116.8° (¢ = 0.51,

chioroform).

CaoH3aNO; (519.59) Calc. C69.35 H6.40 N 2.70% Found C69.22 H6.39 N291Y%

2.5.3. The component with Rf = 0.35 was shown to be benzyl 2-[(N-beuzyl)amino]-2-N:4-O-~
carbonyl-2-deoxy-4, 6-O-cthylidene-a-n-glucopyranoside (29), m.p. 128°, [¢]§ = + 95.8° (¢ = 0.65,
chloroform). — IR.: 1752 cm—1 (C=0, 5-membcred carbamate). - MS. (m/fe): 412 [(M + H)+], 410

o
(M—H ), 320 (M—PhCHe "), 234, 176 e . 101, 91, — 1H-NMR. (100 MHz,
N® pn
o ~

CDCly): 3.21 (A% d, Ji,2 = 3.0, Jas ~ 11.5, H—-C(2)); 4.77 {d, H—C(1)).
CagbIgsNOg (411.45) Cale. C67.14 H6.12 N 3.40Y%  Found C67.12 H6.08 N 3.61Y%

2.6. Benzyl 3-O-banzyl-2-[1-(benzyioxy)formamido]-2-deoxy-a-D-glucopyranoside (30). — 2.6.1,
Hydrolysis of benzyl 3-O-benzyl-4,6-O-benzylideme-2-|1-(benzyloxy)formamido]-2-deoxy-a-D-gluco-
pyranoside (26) with p-toluenesulfonic acid. An amount of 100 g (172 mmol) of 26 was suspended in
31 of methanol and 1 1 of water, and 25 g of p-toluencsulfonic acid monohydrate wcre added.
The mixture was refluxed for 48 h under stirring, whercupon solution occurred, The solution was
filtered and evaporated under reduced pressure, leaving a crystalline material which was dissolved
in 1.5 1 of dichloromethane containing a small amount of methanol. The dichloromethane solution
was washed with 3 x 1.51of water, dried over anhydrous sodium sulfate and evaporated to dryncss.
The crystalline residue was triturated with dry ether (2 1), {iltered off, washed with dry ether and
dried: yicld 82.1 g (97%), m.p. 165-166°, [al}® = + 146.5° (¢ = 1.0, pyridine).

CagHgsiNO7 (493.58) Calc. C68.14 H6.33 N 2849 Yound C67.92 H6.35 N2.75%

2.6.2. Hydyolysis of benzyl 3-0-bengyl-2-(1-(benzyloxy)formamidol-2-deoxy-4,6-O-ethylidene-u-D-
glucopyrangside (27) with aqueous acetic acid. An amount of 10 g (19.2 mmol) of 27 was suspended
in 500 ml of 55% aqucous acetic acid, and the mixture was refluxed for 12 h under stirring,
whereupon solution occurred. The solution was filtered, concentrated nearly to dryness, and the
acid was removed by repcated evaporation with benzene. The crystalline residue was treated with
200 ml of ether, and the mixture was stored for 4 h in a refrigerator. The white crystalline solid
was filtered off, washed with ether and dried: yield 5.3 g (56%), m.p. 160-162°, [a]}} = + 138.0°
(¢ = 0.99, pyridine). The substance was recrystallized from 2-propanol: yield 4.2 g (44%),
m.p. 162-163°, () = + 140.0° (¢ = 0.97, pyridine).

CgaHz1NO, (493.58) Cale. C68.14 H 6,33 N284% Vound C67.70 H6.39 N276%

2.6.3. Hydrolysis of 2T with p-toluencsulfonic acid. An amount of 200 g (385 mmol) of 27 was
suspended in 6.8 1 of methanol and 940 ml of water, and 49.6 g of p-toluenesulionic acid mono-
hydrate were added. The mixture was refluxed for 72 h under stirring, whereupon solution oc-
citrred. The solutivn was filtered and evaporated under reduced pressure, leaving a crystalline
material. Thc residue was dissolved in 1.5 1 of chloroform containing a small amount of methanol,
and the solution was washed with 3x 1.5 1 of water, dried over anhydrous sodium snlfate, and
evaporated to dryness. The crystalline residue was triturated with dry ether (2 1), filtercd off,
washed with dry ether and dried: yield 170.4 g (90%), m.p. 163-164°, [«]F = + 141.0° (¢ = 1.0,
pyridine).

2.7. Bengyl 3-O-benzyl-2-[1-(benzylozy)formamido]-6-O-benzylsulfonyl-2-deoxy-o-D-glucopyrano-
side (18). The solution of 4 g (8.1 mmol) of 30 in 50 ml of pyridine was treated with 2.3 g (12.1 mmol)
of benzylsulfonyl chloride under ice-cooling and stirring. After 20 h standing at RT., the reaction
mixture was pourcd into 100 ml of iced water and extracted with 200 ml of dichloromethane. The
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extract was washed with watcr, dried over anhydrous sodium sulfate and evaporated to dryness.
The crystalline residue was recrystallized from cthyl acetate/petroleum cther: yield 3.8 g (72%),
m.p. 125-126°, [} = + 71.0° (¢ = 1.0, chloroform).

CasHg7NQg$ (647.72) Calc, C64.94 H5.76 $4.95% Found C64.56 H 584 $54.92%

2.8. Benzyl 6-0-benzoyl-3-O-benzyl-2-[1- (benayloxy) formamidu)-2-deoxy - o.- D -glucopyranoside

(19). An amount of 10 g (20.3 mmol) of 30 was dissolved in 50 ml of pyridinc and 2.6 ml (3.2 g,
22.8 mmol) of benzoyl chloride were added with ice-cooling and stirring. After 20 h standing at 0°,
the reaction mixture was poured into 100 ml of iced water and extracted with two 150 ml portions
of chloroform. The ehloroform extract was successively washced with water, 109 aqucous sodium
hydrogen carbonate and water, then dried over anhydrous sodium sulfate and evaporated to
dryness. The crystalline residue was recrystallized {rom cthyl acetate/hexane: yicld 11.6 g (96%),
m.p. 130-131%, [a]ff = + 84.3° (¢ = 0.61, chlorolorm). -- IR.: 1727 (C=0, ester), 1694 cm™!
(C=0, carbamate). — UV,: 230 nm (¢ 12640). - *H-NMR. (90 MHz, 100 MHz, CDCla): 2.90 (br.,
OH); 4.91 (4, J1,8 = 3.5, H-C(1)); ({CDg)aS0): 5.65 (4, 4, ou = 6.5, OH).

CasHagNOg (597.64) Calc. C70.33 H 590 N 2349  Found C69.88 H6.16 N 2.569%

3. Synthesis of derivatives of benzyl 3-0-benzoyl-2-[1-(benzyloxy)formamido}-2-
deoxy-a-D-glucopyranoside. — 3.1. Benzyl 3-0-benzoyl-2-[1-(benzyloxy)formamido-2-deoxy-4,06-
Q-ethylidene-n-D-glucopyranoside (31). Benzoyl chloride (3.6 g, 25.6 mmol) was added dropwise
under stirring to a solution of 10 g (23.3 mmol) of 25 in 50 ml of dry pyridine at 0°. The mixture
was kept at RT. for 20 h, and then diluted with 250 ml of iced watcer. The product was extracted
with 2 x 100 ml of chloroform. The extract was successively washed with 3w sulfuric acid, water,
dried over anhydrous sodium sulfate, and then evaporated to dryness. The crystalline product
was recrystallized from ethyl acetatefisopropyl ether to give 0.3 g (75%,) of 31, m.p. 141-144°,
(]38, = + 128.5° (¢ = 1.04, chloroform}. IR.: 1725 (C—0, ester), 1700 cm—} (C=0, carbamate). —
UV.: 229 nm (e 12420).

CaoH3NOg (533.56) Calc. C67.53 H 586 N 2639, Found C67.55 11578 N 2.63%

3.2. Bengyl 3-0-benzoyl-2-[1-(benzyloxy) formamido)-2-deoxy-o-D-ghucopyranoside (32). Compound
31 (8 g, 15 mmol) and p-toluenesulfonic acid monohydrate (2 g} were refluxed in methanol (270 ml)
and water (40 ml) for 20 h under stirring, and the solution was evaporated to dryness. The rcsiduc
was dissolved in 250 mil of chloroform, and the solution was washed with water, dried over an-
hydrous sodium sulfate, and then evaporated to a syrup which was crystallized and recrystallized
from ethyl acetate/petroleum ether: yield 5.7 g (75%,), m.p. 116-117°, [a]f§ = + 155.1° (¢ = 0.63,
chloroform). - IR.: 1727 (C=0, ester), 1701 cm-1 (C-=0, carbamate). — UV.: 230 (11610). --
1H-NMR. (100 MHz, CDClg): 4.97 (d, Ji,2 = 3.5, H-C(1)); 5.3¢4 (dxd, Je3 ~8, Jaa~9.5,
H~C(3)).

CasH20NOg (507.52) Cale. C66.26 11576 N 2769  Fourd C6592 585 N2.86%

3.3. Benzyl 3,6-di-O-benzoyl-2-[1-(benzyloxy)formamido)-2-deoxy-a-D-glucopyranoside (20). --
3.3.1. Monobenzoylation of 32, An amount of 4.5 g (8.9 mmol) of 32 was dissolved in 25 ml of
pyridine and 1.4 g (9.9 mmol) of benzoyl chloride were added with ice-cooling and stirring. After
20 h standing at RT., the reaction mixture was evaporated to dryness. The residue was dissolved
in 250 ml of chloroform, and the selution was washed with 3~ sulfuric acid, water, dried over
anhydrous sodium sulfate, and evaporated to a colorless syrup. TLC., using hexancfethyl acetate
1:1, revealed onc major component with Rf = 0.45 and a minor one with Rf = 0.10 (32). The
major component was separated on a column (100 g) of silica gel with hexanc/ethyl acetate 1:1,
Crystallization from benzene/hexane gave the 3,6-di-O-benzoate 20, yield 4.7 g (86%), m.p.
120-122°, [)ff = + 131.3° (¢ = 1.26, chloroform).

CasH3sNOg (611.65) Cale. C68.73 H 544 N2.299%  Yound C68.57 HS545 N2.25Y%

3.3.2, Dibenzoylation of 16. Compound 16 (8.1 g, 20 mmol) was dibenzoylated as described
above. TLC. of the syrupy product with petrolcum etherfacetone 7:3 indicated the presence of
a major component, with Rf = 0.50, and a minor component, with Rf = 0.65. The mixture was
chromatographed on sjlica gel (300 g) with hexane/cthyl acetate 3:1. The major component
crystallized and was recrystallized from benzene/hexane to give the 3,6-di-O-benzoate 20 (7.3 g,
60%), m.p. 121-122°, [a}}§ = + 130.8° (¢ = 0.64, chloroform). — IR.: 1724 cm—1 (C=0, ester,
carbamate). - UV.: 230 nm (¢ 25375). - tH-NMR. (100 MHz, 220 MHz, CDCls): 3.31 (d, J4, o ~4,
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OH); 3.81 (dxdxd, Jaa~9.5, Jas5~10, H-C@4)); 4.03 (m, Js56 ~ 4.5, J5,6- ~ 2, H-C(5));
420 (dxdxd, J1,2 = 3.5, Jo,3 ~ 10, Ja,ng ~ 10, H—C(2)); 4.98 (¢, H—C(1)); 5.36 (d x d,H—C(3)).
CgsHggNOg (611.65) Calc. C68.73 H 544 N 2.29%  Found C68.58 H 5.30 N 2.549%,

3.4. Benzyl 6-O-benzoyl-2-[1-(benzyloxy) formamido]-2-deoxy-o-D-glucopyranoside (34). Benzoyl
chloride (3.1 g, 22 mmol) was added dropwise to a solution of 8.1 g (20 mmol) of 16 in 50 ml of
dry pyridine at 0°, and the mixture was maintained at this temperature for 20 h. It was then
concentrated nearly to dryness and pyridine was removed by co-distillation with toluene. TLC.
of the resulting colorless syrup with petroleum ether/acetone 7:3 revealed the presence of a major
product, with Rf = 0.25, and a minor product, with Rf = 0.55. The major component was
obtained pure by chromatography on silica gel (300 g) with benzene/ethyl acetate 1:1. The product
crystallized and was recrystallized from ethyl acetate/petroleum ether to give the 6-O-benzoate 34
(6.3 g, 62%), m.p. 149-152°, [«]ly = + 70.3° (¢ = 0.38, chloroform). — IR.: 1723 (C=0, ester),
1695 cm™1 (C=0, carbamate). — UV.: 229 nm (¢ 12800). — 1H-NMR. (100 MHz, CDCl3): 4.91
(d, J1.2 = 2.8, H—C(1)).

CagH3g9NOg (507.52)  Calc. C66.26 H 5.76 N 2.76% Found C66.37 H 572 N 2.66%

3.5. Benzyl 4,6-di-O-benzoyl-2-[1-(benzyloxy)formamido]-2-deoxy-a-D-glucopyranoside (35).
Compound 34 (2.5 g, 4.9 mmol) was monobenzoylated as already described. TLC. of the syrupy
mixture with petroleum ether/acetone 7:3 revealed the presence of two components, with Rf =
0.40 and 0.15. The mixture was fractionated on a column of silica gel (150 g) with hexane/ethyl
acetate 3:1.

3.5.1. Recrystallization of the faster moving component from benzene/hexane gave 1.8 g
(60%,) of the 3,6-di-O-benzoate 20, m.p. 122-123°, [«)¥ = + 131.0° (¢ = 0.65, chloroform). —
UV.: 230 nm (¢ 24945).

CgsH3gNOy (611.65) Calc. C68.73 H 544 N229% Found C68.47 H5.39 N 2.30%

3.5.2. Recrystallization of the slower moving component from benzene/hexane gave 0.50 g
(17%) of the 4,6-di-O-benzoate 35, m.p. 149~150°, [o]¥} = + 81.4° (¢ = 0.47, chloroform). — IR.:
1730 (C=0, ester), 1715 cm~1 (C=O0, carbamate). — UV.: 230 nm (¢ 25250). —1H-NMR. (100 MHz,
CDCly): 2.94 (br., nearly d, sharpening after irradiation at 4.05 ppm, OH); 5.01 (d, J1,2 = 3.5,
H—-C(1)); ~5.33 dxd, Js,a ~9, Ja5 ~ 7.5 H-C{4)).

CgsH3gNOg (611.65) Calc. C68.73 H 544 N229% Found C68.78 H5.38 N 2.26%

3.6. Benzyl 3,4,0-tri-O-benzoyl-2-[1-(benzyloxy)formamido]-2-deoxy-o-D-glucopyranoside (36).
Compound 16 (8.1 g, 20 mmol) was tribenzoylated as already described. TLC. of the colorless
syrup with hexane/ethyl acetate 2:1 indicated the presence of two products, with Rf = 0.40 and
0.30. Attempts to separate these products by column chromatography on silica gel were unsuc-
cessful. The mixture (12.5 g) in cold pyridine (100 ml) was treated with methanesulfonyl chloride
(5 ml). After 20 h at RT., the reaction mixture was poured into ice-cold water (500 ml), and
extracted with 2x 250 ml of dichloromethane. The extract was washed with 3N sulfuric acid,
water, dried over anhydrous sodium sulfate, and then evaporated to a syrup. Two products with
Rf = 0.45 and 0.40 were shown to be present by TLC. with hexane/ethyl acetate 2:1. The mixture
was fractionated on a column (250 g) of silica gel with the same solvent system.

3.6.7. The first product was shown, after unsuccessful attempts of crystallization, to be 36:
yield 4.7 g (33%), [} = + 76.0° (¢ = 0.53, chloroform). — IR.: 1733 cm~1 (C=0, ester). — UV.:
231 nm (¢ 36185).

C4eHgyNOyg (715.75)  Calc. C70.48 H 521 N1.96%  Found C70.45 H5.33 N1919%

3.6.2. The second product crystallized, and recrystallization from 2-propanol gave benzyl
3,6-di-O-benzoyl-2-[1- (benzyloxy)formamido]-2-deoxy-4-O-methylsulfonyl -a-D- glucopyranoside
(37): yield 1.8 g (13%), m.p. 109-110°, [«]ff = + 116.4° (¢ = 0.56, chloroform). — IR.: 1728
(C=0, ester), 1352, 1180 cm™1 (—SOz—}. — UV.: 230 nm (¢ 25020). ~ 'H-NMR. (100 MHz, CDCly):
5.02 (4, J1,2 ~ 5 Hz, H—C(1)); 5.05 (dx d, Ja,3 ~ 10, J3,4 ~ 9.5, H-C(3)); ~5.65 (dxd, Ja,5 ~
10.5, H—C(4)):  CyHgpNOyS  Cale. C6269 H5.11 N203 S4.65%

(689.74) Found ,, 6269 ,, 519 ,, 2.09 ,,4.63%

4. Synthesis of derivatives of benzyl 2-[1-(benzyloxy)formamido}-2-deoxy-3-0O-
(N-phenylcarbamoyl)-a-D-glucopyranoside. — 4.1. Benzyl 2-[7-(benzyloxy)formamido]-2-
deoxy-4, 6-0-ethylidene-3-O-(N-phenylcarbamoyl)-a-D-glucopyranoside (38). An amount of 10 g
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(23.3 mmol) of 25 was dissolved in 200 m! of dry toluene and 10 m! of phenyl isocyanate werc
added. After 10 h of refluxing, the solution was evaporated to dryness. Recrystallization from
cthyl acetate/petroleum cther gave pure material: vield 11.3 g (88%), m.p. 184-185°, [a)¥ =
4+ 96.9° (¢ =~ 1.14, chloroform). — IR.: 1730, 1702 cm-1 (C =(), carbamate). — UV.: 236 nm
(e 17305), — *H-NMR. (100 MHz, 220 MHz, CDClg): 491 (¢, fi,a = 3.8, H-C(1)); 5.22 (dx d,
Ja3 ~ Js.a ~ 10, H-C(3)).
CaoHapNp(y (548.57) Cale. € 65.68 H 5.88 N 5.11%  Found C65.79 HS5.70 NS5.03%
4.2. Benzyl 2-[1-(benzyloxy)formamidol-2-deoxy-3-O-(N-phenylearbamoyl)-a-n-glucofryranoside
(39). Compound 38 (52.2 g, 95 mmol) was suspended in 1.8 | of methanol and 250 ml of water.
p-Toluenesulionic acid monohydrate (13.2 g) was added and the mixture was heated for 48 h
unter reflux with stirring. The solution was cvaporated to dryness, and the residue was dissolved
in 11 of chloroform. The extract was washed with water, dried over anhydrous sodium sulfate and
concentratcd to dryness. The crystalline residue was recrystallized from sthyl acetate/isopropyl
ether: yield 35.4 g (71%), m.p. 164-165°, [a]§f ~= + 106.6” (¢ = 1.02, chloroform). —TR.: 1699 cm
(C=0, carbamate). — UV.: 236 nm (¢ 17780).
CosH3oN20g (522.54) Cale. C64.35 H5.79 N 5369  Found €C64.21 HS5.77 N 5.279
4.3. Benzyl 2-(1-(benzyloxy) formamidol-2-deoxy-3,6-di-O-(N-phenylcarbamoyl)-o-D-glucopyrano-
side (21). Product 39 (5.22 g, 10 mmol) was dissolved in 30 ml of pyridine and 1.3 g (11 mmol} of
phenyl isocyanate were added with ice-cooling and stirring. After standing at 0° for 20 min and at
RT. for 4 h, the solvent was removed under reduced pressurc. The residual syrup was dissolved in
300 ml of dichloromethanc, and the solution was washed with 3w sulfuric acid, water, dricd over
anhydrous sodium sulfate, and ¢vaporated to dryness. TLC. (ethyl acetate) showed one new spot
at Rf = 0.90, besides the spot of 39, Rf = 0.535. The mixture was separated on a silica gel column
(250 g) by development with ethyl acetatic. Fractions containing material with Rf == 0.90 were
evaporated under reduced pressurce, and the crystalline residue was recrystallized from ethanol:
yicld 3.25 g (51%), m.p. 188--190°, [a}¥} = + 86.7" (¢ = 0.94, chlorolorm). — IR.: 1716 cm-!
{€C=0, carbamatc). — UV.: 236 nm (¢ 36655). - LtH-NMR. (100 MHz, CDClg/(CDg)2S0 ~ 6:1):
4.97 (d, Ji.z ~ 4, H-C(1)); 513 (dxd, Ja 3 ~9, J3a ~95 H-C(3)).
CastasNaOy (641.65) Calc. C65.51 H 350 N6.559%  Found C65.23 H 548 N6.229
4.4. Benzyl 6-0-benzoyl-2-[1-(benzyloxy) formamidol-2-deoxy-3-0-( N-phenylcarbamov!)-a-D-gluco-
pyranoside (22). A solution of 10.6 g (20.3 mmol) of 39 in 50 ml of dry pyridine was treated at 0°
with 3.05 g (21.5 mmol) of benzoyl chloride, and the mixture was kept for 18 h at 0”. The mixtare
was then poured into 100 ml of jced water and extracted with 2x 150 ml of chloroform. The
extract was washed with 3~ sulfuric acid, water, then dried over anhydrous sodinm sulfate and
evaporated {o dryness. TLC. of the product with hexancjethyl acetate 1:1 revealed a major
component, Rf - 0.60, and a minor component, Rf - 0.10 (starting material). The mixture was
redissolved in ethyl acctate and placed on a column {500 g) of silica gel. The material with
Ri = 0.60 was washed from the column with 250 ml of cthyl acetate. Evaporation of the cluate
left a crystallinc solid which was recrystaltized frum cthyl acetatc/hexanc, yielding 9.8 g (77%):
m.p.139-140°, [0]ff = + 105.1° (¢ = 0.74, chloroform). -IR.:1718 cm-1(C-. O cster, carbamate). -
TV.: 232 nm (g 29095). - TH-NMR. (100 MHz, CDCly): 4.91 (&, J1,z = 3.8, H—C(1)).
CysHgaNgOg (626.63)  Cale. C67.08 H 547 N447%  Found €67.20 H543 N4.199

5. Synthesis of benzyl 3, 4-di-O-benzyl-2-[1-(benzyloxy)formamido]-2-deoxy-a-D-
glucopyranoside (23). - 5.1. Benzyl 3,4-di-O-benzyl-2-|]-(benzyloxy)formamido]-2,6-dideoxy-6-
iodo-u-D-glucopyranoside (41). A mixturc of 31.5 ¢ (32.2 mmol) of 40 [28}, 200 mi of benzyl bromide
and 32 g of powdercd potassium hydroxide was refluxed for 20 h under stirring. The reaction
mixturc was cooled and treated with 11 of benzene. The benzene solntion was washed with water,
dried over aphydrous sodium sulfate and concentrated to a syrup. Crystallization from isopropyl
cther and recrystallization from cthyl acctate/isopropyl cther gave purc product: yicld 183 ¢
(51%), m.p. 134-135", [a}8 = 4 84.1" (¢ = 1.11, chloroform).

CasHgsJNOg (693.58) Cale. C60.61 11523 J18.30% lound €60.67 H3501 J17.86Y,

5.2. Benzyl G-0-acetyl-3, 4-di-O-benzyl-2-[1-(benzyloxy) formamido]-2-deoxy-a-n-glucopyranoside
(42). The solution of 15.5 g (22.3 mmol) of 41 in 230 ml of acetic anhydride was heated to 70°. To
this solution a warm solution (70°) of 9.7 g of silver acetate in 290 ml of pyridine was added drop-
wise under stirring. After the complete addition, the reaction mixture was heated three additional
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hours under stirring. The reaction mixture was evaporated to a dark brown residue from which
the last traces of pyridine were removed by repeated evaporation with toluene. The dried residue
was extracted with benzene, and the benzene solution was poured onto a column (100 g) of silica
gel. Elution was effected with benzenefether 9:1, Evaporation of the eluate left crystalline ma-
terial, which was recrystallized from cthyl acctate/hexane: vield 9.2 g (66%), m.p. 129-130°,
fa]f = +99.4° (¢ = 1.01, chioroformy). -- 1R.: 1734 (C- O, ester), 1697 cm~1 (C=0, carbamate).
CgrH3gaNOg (625.69) Calc. C71.02 H6.28 N224%  Found C70.65 H6.27 N 2.57%
5.3. Benzyl 3,4-di-0-benzyl-2-[1-(benzyloxy) formamido)-2-devxy-a-D-glucopyranoside (28). Com-
pound 42 (9.2 g, 14.7 mmol) was dissolved in 500 ml of anhydrous methanol containing 0.3 g of
sodiutn, and the solution was allowed to stand for 2 h at RT. The solution was neutralized to
pH 7 with Amberlitc TR-120 (H*) cation-exchange resin and concentrated to a small volume
(50 ml), whereupon crystallization occurred. Recrystallization from ethyl acetate/hexane gave
the pure product 23: yield 7.4 g (86%), m.p. 156°, [«)} == + 100.2° (¢ = 1.01, chlorolorm). —
IR.: 3490 cm™t (OH).
CosHgyNO7 (583.65)  Cale. C72,02 H639 N2409% [Found C71.80 H6.35 N 2479
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205. Synthesis of Heparin Saccharides!)
IV. Synthesis of Disaccharides Possessing the Structure
of a Repeating Unit of Heparin
by Pilerre G, Wyss, Joseph Kiss and Wolf Arnold
Chemical and Physical Research Departments,
F. Hoffmann-La Roche & Ca., [.td., Basle, Switzerland
(13. V1. 75)

Summary. The synthesis of disaccharides posscssing the structure of a repeating unit of
beparin is rcported. 2-Acetamido-2-deoxy-4-O-(methyl o-b-glucopyranoesyluronate)-p-gluco-
pyranose (1) and 2-[1-(benzyloxy)formamido]-2-deoxy-4-O-(methy! a-n-glucopyranosyluronate)-
p-glucopyranosc (2) have been prepared by two routes, (a) from p-glucose and p-giucosaming,
and (b) from v-glucuronolactone and p-glucosamine.

1. Introduction. - One project in this laboratory was concerned with the synthesis
of heparinoids having structures closely related to that of heparin {1] {2]. The purpose
of this paper is to report the synthesis of disaccharides 1 and 2 as starting materials
for heparinoids, Other disaccharides (3, 4 and 5) have also been synthesized as
reference substances.

OAc
0
H
NHCOR ¢ Ph
NHCO:GH,Ph
3
OoH
0S0:CH,Ph
o H
NHCO,CH,Ph PnCH,0 NHCO,CH,Ph

1)  Part II1 sce [2].



