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

1)  Part II1 sce [2].
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Several approaches to a-p-glucopyranoside synthesis have been developed |3] [4],
but most of the methods available have met with only limited success. One of these
methods involved the use of *“ Brigl’s anhydride’ (6) as a glycosylating agent as in the
synthesis of the disaccharides maltose [5], maniocose {6}, sucrose [7] and trehalose [B].

Using 3,4,6-tri-O-acetyl-2-deoxy-2-nitroso-a-n-glucopyranosyl chloride (7), Le-
mieux et al. have developed a promising, new synthesis of a-D-glucopyranosides. This
glycosylating agent has been shown to react readily with alcohols in N, N-dimethyl-
formamide at room temperature to give the 3,4, 6-tri-O-acetyl-2-oximino-«-n-arabino-
hexopyranosides 8 in excellent yield {9]. Deoximation of 8 with levulinic acid and
hydrochloric acid, followed by borohydride reduction of the liberated ulose, and
acetylation of the resulting hydroxyl group, gave the a-glucosides 9 [10]. The gly-
cosidation and reduction reactions have been shown to be highly stereospecific {9-11].
Lemideux et al. have applied this new method with success to the synthesis of a-linked
disaccharides [12] [13]. However, this method has, to our knowledge, not yet been
used for the synthesis of disaccharideq of the maltose type.

1) lewdlinic acid, HCI
2 NaBH«
3 Ac,0,Py

7 1) 9
In contrast with these results, Miya: & Jeanloz [14] have obtained a mixture of
anomers by condensation of benzyl 2, 3,4-tri-O-benzyl-f-p-galactopyranoside with 7.
These authors have suggested that the nature of the alcohol might influence the
mechanism of the glycosidation reaction.
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The synthesis of disaccharides 1 and 2 has now been achieved following two dif-
ferent rontcs: by condensation of the amino sugar 10 (a) with ““Brigl’s anhydride”
(6), and (b) with the nitrosyl chloride adduct 11 (Scheme 7).

2. Synthesis of benzyl 6-O-acetyl-3-O-benzyl-2-[1-(benzyloxy)formamido]-2-
deoxy- 4- O- (methyl 2,3,4-tri- O-acetyl- a-D-glucopyranosyluronate)-a-n-gluco-
pyranoside (21). — 2.1, From benzyl 3-0-benzyl-2-\1-(benayloxy)formamido]-2-deoxy-
6-0-p-tolylsulfonyl-a-p-glucopyranoside (10) and “*Brigl's anhydride” (6) (Scheme 2).
Benzyl 3-0-benzyl-2-[1-(benzyloxy)formamido|-2-deoxy-6-O-p-tolylsulfonyl-a-n-
glucopyranoside (10) was allowed to react with “Brigl’s anhydride” (6) in dry toluenc
at 130° for 3 days. The reaction mixture was fractionated by column chromato-
graphy, to give a 689, yield of starting material 10, and a 23%, yield of benzyl 3-O-
benzyl-2-1-(benzyloxy)-formamido]-2-deoxy-4-0-(3,4,6-tri-O-acetyl-a-p-glucopyran-
0syl)-6-O-p-tolylsulfonyl-a-D-glucopyranoside (12) as a foam. The corresponding
6-O-benzylsulfonyl- (15; 129, yield) and 6-iodo- (16; 119, yield) disaccharides were
prepared by the same method from 13 and 14 respectively. The a-configuration of
the glycosidic linkage in disaccharides 12, 15 and 16 was strongly suggested by a
comparison of their optical rotations with those of the parent monosaccharide
components (Table 1).

Scheme 2
OAc
&
+ -
AcQ 0 OCHPh - K
NHCO:CH,Ph

n Phcn,so,o-

De-O-acetylation of 12 and 16 with methanolic ammonia gave disaccharides 17
and 18 respectively. The crystalline 6-iodo-disaccharide 18 was also prepared in good
yield by reaction of its amorphous 6-0O-p-tolylsulfonyl-analog 17 with sodium iodide
in boiling Z-pentanone.
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Table 1. Moleculay rotation of disaccharides 12, 15 and 16 compared to the sum of the moleculur rolations
of their monosaccharide components

[Mlp (degrecs)

x 103
disaccharide 12 107
methyl 3,4,6-tri-O-acetyl-f-p-glucopyranoside (22){15]+ 10 57
methyl 2, 3,4, 6-tetra-O-acetyl-f-p-glucopyranoside (23){16]4 10 44
methyl 2, 3,4, 6-tetra-O-acetyl-a-p-glucopyranoside (24)(17]+ 10 98
disaccharide 15 93
22413 52
23413 39
24+13 93
disaccharide 16 81
22+14 53
23+14 40
24+14 94

The a-configuration of the glycosidic linkage in these disaccharides as in their
precursors could definitely be established by the analysis of the 360 MHz 1H-NMR.
spectrum of the acetylated disaccharide 19 (Fig. 1), obtained by reaction of 18 with
silver acetate in a mixture of acetic anhydride and pyridine. The coupling constant
Ji',2* ~ 4 Hz in this compound was consistent with an equatorial-axial arrangement

6 55 5 pom 45

Fig. 1. Part of the 360 MHg tH-NMR. spectrum of disaccharide 19 (ca, 30 mg in 0.7 ml CgDg)
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of protons H-C(1’) and H-C(2'), thus confirming the configuration of its glycosidic
linkage.

The conversion of disaccharide 17 into uronic acid by catalytic oxidation was
difficult to reproduce and gave very poor yields. It might be possible that the p-tolyl-
sulfonyl protecting group of 17 acts as a catalyst poison. These gifficuities could be
avoided by using the iodo-disaccharide 18 as a substrate for oxidation. This disac-
charide was oxidized in dioxane/water 1:1 at 65° and pH 8.5 with oxygen in the
presence of a 139, Pt/C catalyst. The crude uronic acid was esterified with diazo-
methans and the resulting ester was purified by column chromatography, to give
" a 339, overall yield of crystalline methyl uronate 20. Benzyl 3-O-benzyl-2-{1-(ben-
zyloxy)formamido]-2, 6-dideoxy-6-iodo-a-D-glucopyranoside (14) was isolated as a
by-product of the oxidation reaction. The product was identical (m.p., [a]p, IR.
sp:ctrum and TLC.) with an authentic sample of 14. The lability of the a-glycosidic
linkage under the conditions of catalytic oxidation has already teen observed [18].
The catalytic oxidation of benzyl maltoside has been reported to give benzyl 4-O-(a-»-
glucopyranosyluronic acid)f-p-glucopyranoside and benzyl g-p-glucopyranosid-
uronic acid as chief products [18].

The iodine atom of 20 was finally substituted by an acetoxy group by treatment
with silver acetate in a mixture of pyridine and acetic anhydride at 70° for 12 hours,
Purification of the crude product gave a 699, yield of acetylated disaccharide 21.
The a-configuration of the glycosidic linkage in this disaccharide was established by
- 1H-NMR. spectroscopy. The magnitude of the coupling constants (J1/,2- ~ 3 Hz,
Jo's' ~ Jw,4° ~ Ja. 5.~ 8.5 Hz) is consistent with the equatorial orientation of
H-C(1’) and axial orientation of H-C(2') to H-C(5') protons in the C 1 conformation

(28).
OAc
= “7; Youn

25 COLCH,Ph

0O

AcD- Ac

2.2, From benzyl 3-O-benzyl-2-[1-(benzyloxy)formamido]-2-deoxy-6-O-p-tolyl
sulfonyl-a-p-ghicopyranoside (10) and methyl 3,4-di-O-acetyl-2-deoxy-2-nitroso-g-
D-glucopyranosyluronate chloride (11). ~ 2.2.1. Synthesis of 11 (Scheme 3). Base-cata-
lyzed esterification of p-glucuronolactone (26), followed by acetylation, gave methyl
1,2,3,4-tetra-O-acetyl-p-glucopyranuronate (27) as 4 mixture of the - and f-anomers
{19} [20]. Treatment of 27 with hydrobromic acid in acetic acid {19], followed by
reduction of the a-bromide with zinc dust in aqueous acetic acid provided methyl
3,4-di-O-acetyl-1, 2-dideoxy-n-arabino-hex-1-enopyranuronate (28) [21) in 86.59%,
yield based on 27.

Reaction of 28 with nitrosyl chloride in dichloromethane as in the preparation
of 3,4,6-tri-O-acetyl-2-deoxy-2-nitroso-a-b-glucopyranosyl chloride |22 -24) atforded
crystalline methyl 3,4-di-O-acetyl-2-deoxy-2-nitroso-a-pD-ghicopyranosyluronate
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Scheme 3
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0.CH,
1) HBr, AcOH
2) Zn (86.5%) (71 %

chloride (11) in 719, yield. This nitroso sugar possesses the characteristic properties
shown by C-nitroso compounds. In the solid state, the product is white and exists
as a dimer (29), dissociating in solution to give a blue color, The tH-NMR. spectrum
of 11 was found to be consistent with formulation as the a-p-gluco-configuration in
the C1 conformation (30). The first-order coupling constants (J1,3~3.8 Hz, Ja a3~
10.5 Hz, J3,4 ~9 Hz and Js 5 ~ 10.2 Hz) indicated the 1,2-equatorial-axial and
2,3-, 3,4- and 4, 5-diaxial arrangement of ring protons,

]
N° COCHs A0 o
o u (L}
N ACO

e & O
20 30

2.2.2. Condensation of 10 with 11 (Scheme 4). The reaction of the amino sugar 10
with the nitrosyl chloride adduct 11 in N, N-dimethylformamide at room temperature
was followed by TLC., which indicated the formation of three new products. The
intensity of these spots increased very slowly at the expense of the starting materials,
.and the rcaction was practically complete in 7 days. Higher temperatures or use of
bases did not affect the reaction rate. Column chromatography on silica gel of the
reaction mixture gave a good resolution of products with Rf == 0.39, 0.47 and 0.61,
which crystallized easily. However, the product with Rf = 0.72 was still contaminated
by components with Rf = 0.61 and 0.39.

The product with Rf =: 0.61 was shown to be starting material 10 (29, yield).

The components with Ri~ 0.39 and 0.47 were characterized by elementary
analysis, IR. and H-NMR. spectroscopy as disaccharides 31 (659, yield) and 32
(179, yield) respectively. Their high molecular rotations supported the a-configura-
tion of their glycosidic linkage.
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Scheme 4

31 R-TsO-
32 R-Ci-

35 R=TsO-
7 Re J-
21 R= Aco-

The components with Rf = 0.72 and 0.61 were then easily separated by column
chromatography after acetylation of the mixture with acetic anhydride in pyridine.
The acetylated products were characterized as benzyl 4-O-acetyl-3-O-benzyl-2-[1-
(benzyloxy)formamido]-6-chloro-2, 6-dideoxy-a-D-glucopyranoside (33) and benzy)
4-0-acetyl-3-O-benzyl-2-[1-(benzyloxy)formamidol-2-dcoxy-6-O-p-tolylsulfonyl-a~n-
glucopyranoside (34).

33 R=CI-
34 ReTs0-

Hydrolysis of the hydroxyimino disaccharide 31 with Ievulinic acid and hydro-
chloric acid, followed by borohydride reduction and acetylation gave a good yield of
amorphous 35. The structure assigned to disaccharide 35 was fully supported by the
analysis of its TH-NMR. spectrum. The observed coupling constants ([’ 2’ ~ 4.2 Hz,
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Jz'.8’ ~ Jg' .4’ ~ Ju',5 ~ 8 Hz) are consistent with the a-p-gluco configuration in
the C1 conformation (36).

COCHs
AcO 0,
AcO A Ofe
mm%
Ph

36 COLCH,PH

Attempts to displace the p-toluenesulfonyloxy group of 35 by-acyloxy groups
were without success. Its substitution had then to be achieved by the sequence of
reactions (TsO- — J- — AcO-) previously used for the conversion of disaccharide 17
into 21. Disaccharide 35 was treated with sodium iodide, followed by reaction of 37
with silver acetate, to give the acetylated disaccharide 21.

The disaccharides obtained by the two routes were shown to be identical by
comparison of their m.p., mixed m.p., optical rotation, IR. and TH-NMR. spectra,
and behaviour in TLC.

Attempts to condense the amino sugars 38, 39, 40 and 41 [2] with 11 were under-
taken in order to avoid the sequence of substitutions involved in the removal of the
p-toluenesulfonyl protecting group of 35, but these efiorts remained unsuccessful.
As the reactivity of the C(4) hydroxyl group of glycopyranose derivatives is known
to be particularly low (25, the above results would then suggest that the C(4)
hydroxyl group in the amino sugar 10 might possibly be activated by the p-toluene-
sulfonyl group.

NMCO.CH,Ph
g R =PhCO™~ R'=PhCH;~
PhCO~ PHCO™
4? PHNHCO- PhNHCO™
4 PhCO~ PhNHCO~

3. Synthesis of 2-acetamido-2-deoxy-4-0-(methyl e-b-glucopyranosyl-
uronate)-D-glucopyranose (1) and 2-[1-(benzyloxy)formamido]-2-deoxy-4-0O-
(methyl a-D-glucopyranosyluronate)-p-glucopyranose (2) (Scheme 5). — Com-
pound 21 was hydrogenated over black palladium and thc amino disaccharide
42 was subscquently acetylated with acetic anhydride in pyridine to give a good
yicld of 2-acetamido-1,3,6-tri-O-acetyl-2-dcoxy-4-O-(methyl 2,3,4-tri-O-acetyl-a-D-
glucopyranosyluronate)-f-n-glucopyranose (43). De-O-acetylation of 43 with sodium
methoxide in methanol afforded a quantitative yicld of 1.

N-Acylation of the amino disaccharide 42 with benzyl chloroformate, followed by
de-O-acetylation of 44 finally gave 2.
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Scheme 5

lnmmou NaOMaMoOH

N = ol

4. Synthesis of disaccharides 3, 4 and 5. — 4.1. Benzyl 2-[1-(benzyloxy)formamido]-
2-deoxy-6-0-(2, 3,4, 6-tetra-O-acetyl-f-D-gluco pyranosyl)-a-n-ghucopyranoside (3). Benzy!l
2-{1-(benzyloxy)formamido}-2-deoxy-a-D-glucopyranoside (46) was treated with
2,3,4,6-tetra~O-acetyl-a-D-glucopyranosyl bromide (45) in chloroform in the presence
of silver oxide and a drying agent, giving a low yield (11Y,) of crystalline 3. The site
of glycosidation and the configuration of the glycosidic linkage in disaccharide 3
were established by *H-NMR. spectroscopy (Fig. 2). The presence of the hydroxyl
signals as doublets established that glycosidation had occurred at C(6). On the other
hand, the coupling constant Jy,s» ~ 7.5 Hz showed that protons H-C(1') and
H-C(2') are in axial positions, thus indicating f-anomeric configuration.

cHen 2 k@m

CO.CHPh
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Fig. 2. Partaf the 270 MHzVH-NM R. spectrum of disacchavide 3 (ca. 30 mg in 0.7 ml CDClg)
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4.2, Benzyl 2-[1-(benzyloxy)formamido]-6-O-benzylsulfonyl-2-deoxy-3-0-(2,3,4,6-
tetra-O-acetyl-f-D-glucopyranosyl)-u-D-glucopyranoside (4). Condensation of benzyl 2-
[1-(benzyloxy)formamido]-6-O-benzylsulfonyl-2-deoxy-e-p-glucopyranoside (47) with
45 under the above reaction conditions gave a low yield (149,) of crystalline disac-
charide 4. The coupling site was presumed to be at ((3) on account of the higher
reactivity of C(3) compared to C(4) hydroxy! groups. The f-configuration of the
glycosidic linkage in this disaccharide was tentatively assigned on the basis of
molecular rotation {Table 2).

OSO-CH,Ph OS0:CH,Ph
@ + —,
AcQ Br CH:Ph CHPh
NHCQ:CH,Ph NHCO:CH,Ph

45

4.3. Benzyl 3,4-di-0-benzyl-2-[1-(benzyloxy)formamido]-2-deoxy-6-0-(f-p-glucopvra-
nosyl)-a-D-glucopyranoside (8). Benzyl 3,4-di-O-benzyl-2-{1-(benzyloxy){ormamido]-
2-deoxy-a-D-glucopyranoside (48) was allowed to react with “Brigl’s anhydride”™ (6)
under the usual conditions, followed by de-O-acetylation with methanolic ammonia.
One of the components of the reaction mixture was obtained crystalline in very low
yield {2%) and was shown to be 5. The f-configuration of the glycosidic linkage in
5 was suggested by a comparison of its optical rotation with that of the mono-
saccharide component 48 (Table 2).
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Table 2. Molecular votation of disaccharides 4 and 5 compared lo the sum of the molecular rotations of
their monosaccharide components

[M]p (degrees)
x10-3
disaccharide 4 +48
methyl 2, 3,4, 6-tetra-O-acetyl-g-p-glucopyranoside (23) [16;+ 47 +39
methyl 2,3,4,6-tctra-O-acetyl-a-D-glucopyranoside (24) (17447 +93
disaccharide 5 + 353
48 +58

The authors wish to express their thanks to Dr. L. Chopard and Dr. M. Grosjean of our
Pbhysical Chemistry Department for the spectroscopic determinations and to Dr. 4. Dirscheri
for the microanalyses. We are gratcful for the skillful technical assistance of Mr. P. Beyer, Mr.
G. Gébert, Mr. G. Humer, Mr. K. Lenszin, Mr. P. T'aschner and Mr. W, Schwarz.

Experimental Part

1. General Methods. ~ Sec [2].

2. Synthesis of benzyl 6-0-acetyl-3-O-benzyl-2-[l-(benzyloxy)formamido]-2-
deoxy-4- O - (methyl 2,3,4-1trl- O -acetyl - a - D - glucopyranosyluronate) - & - p - gluco-
pyranoside (21). — 2.1. Fyom benzyl 3-O-benzyl-2-[71-(benzyloxy)formamido]-2-deoxy-6-O-p-tolyl-
sulfonyl-o-D-glucopyranoside (10) and **Brigl’s anhydride’ (6). - 2.1.1. Beneyl 3-O-benzyl-2-{1-(benzyl-
oxy)- formamidol-2-deoxy-4-0- (3,4, 6-tri-0- acetyl- w-n-glucopyranosyl)-6-0-p-tolylsulfonyl - a-n- gluco-
pyranoside (12). A solution of 6 (19.5 g, 68 mmol) [26] and 10 (36.8 g, 57 mmol) [27} in tolucne
(180 m1) was refluxed for 3 days and theu evaporated to dryness. TLC, of the syrup obtained, with
petroleum cther/acetone 7: 3, revealed two major components with Rf = 0.65 and 0.50, and several
other minor componcats. The first two components of the mixture were scparated on a silica gel
column (1.2 kg), by development with benzenc/ethyl acctate 30%, and 409 respectively. Crystal-
lization of the component with Rf = 0.65 from isopropyl cther gave starting material 10, yicld
25.0 g (68%), m.p. and mixed m.p. 122-123". The component, Ri = 0.50, obtaincd as a glass was
shown to be disaccharide 12, yield 12.0 g (23%). [a]ff = +114.4° (z = 0.94, chloroform). ~ 1R.:
1747 (C=0, cater), 1727 (C=0, carbamate), 1364, 1178 cm™1 (SOg). — UV.: 228 nm (¢ 13360).
CarHpaNO2,8 (935.99)  Cale. C60.31 H 571 N1.50% Found C60.00 HS5.75 N1.819

2.1.2. Benzyl 3-O-benzyl-2-[1-(bemzyloxy)formamido)-6-O-benzylsulfonyl-2-deoxy-4-0-(3, 4, 6-1ri-
O-acetyl-a-v-glucopyranosyl)-o-n-glucopyranoside (18). The title compound was prepared from
benzyl 3-O-benzyl-2-[1-(benzyloxy)formamidoj-6-()-benzylsulfonyl-2-dcoxy-a-p-glucopyranoside
(13) [2] and 6 according to the gencral pracedure described for the synthesis of disaccharide 12.
The product was obtained as a glass: yield 129%,, [a]f} = +99.0° (¢ = 1.00, chloroform), Rf = 0.50
(petroloum cther/acetone 7:3).

CapHsgNOp78 (935.99) Cale. C60.31 HS5.71 $343%  Found C59.97 HS584 $3.18%

2.1.3. Benzyl 3-O-benzyl-2-[1-(benzyloxy)formamidoi-2, 6-dideoxy-4-0-(3,4, 6-tri-O-acetyl-a-n-
ghucopyranosyl)-6-iodo-a-p-glucopyranoside (16). The title compound was prepared from benzyl

117
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3-O-benzyl-2-[1-(bonzyloxy)formamido]-2, 6-dideoxy-6-iodo-a-p-glucopyranoside (14) [27] and 6
according to the general procedure described for the synthesis of disaccharide 12. The product was
obtained as a glass: yield 11%, {«]ff = +91.0° (¢ = 1.00, chioroform), R{ = 0.23 (petrolenm
ether/acetone 7:3).

CaHgaJNOj4 (891.69) Calc, C53.87 H 520 J14.24% Tound C53.93 H 5.36 J 13.879

2.14. Benzyl 3-O-benzyl-2-(1-(benzylozxy)formamidol-2-deoxy-4-0-(a-v-glucopyranosyl)-6-O-p-
tolylsulfonyl-a-D-glucopyranoside (17). Compound 12 (12.0 g, 12.8 mmol) was dissolved in 250 ml
of dry methanol and the solution was nearly saturated at 0° with ammonia, After standing for
18 h at RT. the solvent was removed under reduced pressure, and the residual Syrup was
triturated with chloroform to remove acetamido. The crude product was chromatographed on
a silica gel column (300 g) by development with ethyl acetate, and the cluatc was concentrated
toa glass: yicld 8.0g (77%), [aiff = +112.6° (¢ == 1.53, chloroform). TR.: 1728 (C=0, carbamatc),
1363, 1180 cm™? {SQg). —~ UV.: 224 nm (e 12600).

CaligNOuS  Cale. C60.80 H 585 N1.73 S 3.969
(809.90) Found ,, 60.68 ,, 6.03 , 1.82 ,, 3.649

2.1.5. Benayl 3-O-bensyl-2-[1-(benzyloxy)formamidno|-2,6-dideoxy-4-O-(a-D-glucopyranosyl)-6-
iodo-u-D-glucopyranoside (18). — 2.1.5.1. From 17. A sotution of 27.5 g (34 mmol) of 17 in 375 m] of
2-pcutanone was treated with sodium iodide (37.5 g), and the mixture was then rofluxed for 8 h
under stirring. The reaction mixture was evaporated to dryness, and water (500 ml) was added to
the residue. The mixture was extracted with 2x 230 ml of ethyl acetate, and the extract was
washed with water, dricd over anhydrous sodium sulfate, and evaporated to dryness. The crystal-
line residue was recrystallized from ethyl acctatefisopropyl ciher: yield 23.7 g (91%), m.p.
132-133°, [)}f = +122.0° {¢ = 1.00, chloroform).

CasHaoJNOp (765.59) Cale. C53.34 FH 527 J16.58Y% TYound C53.06 H 545 J17.45%

2.1.5.2. From 16. Compound 16 was dcacetylated by the method used for the 6-O-p-tolyl-
sulfonyl analog 17: yicld 58%, m.p., mixed m.p. 133-134° (from ethyl acetate/isopropyl! ether),
[e)ff = +122.0° (¢ = 1.00, chioroform).

2.1.6. Bengyl 6-0-acelyl-3-O-benzyl-2-[1-(benzyloxy)formamidol-2-deoxy-4-0-(2,3,4, G-tetra-0-
acetyl-u-p-glucopyranosyl)-a-D-glucopyranoside (19). The solution of 5.0 g (6.5 mnmol) of 18 in
100 ml of acetic anhydride was heated to 70°. To this solution a warm sotution (70°) of 10 g of silver
acctate in 100 ml of pyridine was added dropwise under stirring. After the addition was complete,
the reaction mixturc was heated for three additional hours under stirring, The rcaction mixture
was evaporated to a dark brown residue from which the last traces of pyridine were removed by
codistillation with toluene. The dried residue was extracted with 3x 100 ml of beunzene, and the
extract was evaporated to dryness. TLC. of the product, with hexane/ethyl acetate 1:1 as devel-
oper, revealed a major component, RI == 0.45, and two minor components, Rf == 0.59 and 0.29,
The mixture was fraciionated on a column (150 g) of silica gel with hexane/ethyl acetate 2:1, The
crystalline product with Rf = 0.45 was recrystallized from ethyl acctatef/isopropyl cther: yield
4,0 g (71%), m.p. 91-93°, [a/}¥ = +125.1° (¢ = 1.00, chlorofortn), - IR.: 1758 em~1 (C -O cster,
carbamate). - VH-NMR. (100 MHz, 360 Mz, CaDg): 1.53 (s, —QAc); 1.69 (s, - OAc); 1.72
(s, —OAc); 1.74 (s, —OAc); 1.79 (s, — OAc); ~4.78 (d, J1,2 ~ 4, H—C(1)); 5.06 (dxd, Ji',er ~ 4,
Jw, o~ 10, H-C(2°); 5.31 {(dxd, fo,& ~ Ju,w ~9, LU-C@)); 5.62 (d, H-C(1)); 5.87 (dxd,
H--C(3%)).

CaHyNOgr (865.88)  Cale. C61.03 H 594 N162%  Found C60.86 116.07 N 1.50%

2.1.7. Benzyl 3-Q-benzyl-2-[1-(benzyloxy)formamidol-2, 6-dideoxy-4-0-(methyl a-D-glucopyrano-
syluronate)-6-iodo-a-D-glucopyvanoside (20). Compound 18 (23.5 g, -30.6 mmol) was dissolved in
509, aqueous dioxane (2.4 1), The solution was treated with platinum (1394)-Darco -60 catalyst
(24 g) [28], and oxygen was bubbled through the solution with vigorous stirring at 65° for 70 h,
while the pH was maintained at 8.4 by the addition of a total of 6¢ of sodium hydrogen carbonate.
Water (1 1) was added to the reaction mixture, and the light brown solation was [iltered from
catalyst and the latter was washed with hot water., The combined filtrate and washings were
concentrated to about 11 and the solution was adjusted to piI 2 under cooling by the dropwise
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addition of conc. hydrochloric acid. The reaction mixture was extracted with 5x 250 ml of ethyl
acctate, and the combined extracts were dried over anhydrous sodium sulfate and evaporated to
a white, amorphous solid: yicld 15.0 g. The crude acid (4.0 g) was dissolved in dry methanol
(80 ml) and thc solution was treated with an excess ol a solution of diazomethane in cther, After
10 min at RT. the solution was evaporaicd to a yellow, amorphous foam. TLC., using a mixturc
of chloroform, methanol and 3N ammonia (40:10:1) revealed a major component with Rf = 0.7
and a minor component with Rf == 0.8. The mixturc was fractionated on a silica gel column
(150 g), by development with ethyl acetate/benzene 3:1. The crystalline residue (Rf = 0.7) was
recrystallized from ethyl acctatefisopropyl cther: yicld 2.) g (33%), m.p. 117-118°, [aJ}f = + 100°
(¢ == 0.40, chloroform). ~ 1R.: 1730 (C~O, ester), 1700 cm~! (C=0), carbamate), .- H1{-NMR. (100
MHz, CICly): 3.75 (s, ~COyCH3).

CasHaoJNOyp (793.60) Cale. €C52.97 H5.08 J15999% IFound C5276 HS5.26 J15.62%

The product with Rf = 0.8 was erystallized and recrystallized from ethyl acetate/petroleum
cther, and was shown to be benzyl 3-O-benzyl-2-[1-(benzyloxy)formamide]-2, 6-dideoxy-6-iodo-a-
v-glucopyranoside (14) [27]: yicld 0.3 g, m.p. 115 -116°, [&F = +83.7° (¢ = 0.56, chloroform).

CopHgoJNOg  Cale. ©5573 H 501 N2.32 J21.03%
(603.45) Found ,, 55.49 ,, 499 ,, 2.19 , 20.829,

2.2. From benzyl 3-O-bengyl-2-[1-(benzyloxy)formamido)-2-deoxy-6-O-p-tolyisulfonyl-a-b-gluco-
Ddyranoside (10) and methyl 3,4-di-O-acetyl-2-deoxy-2-nitroso-a-D-glucopyranosyluvonale chloride (11).
- 2.2.1, Methyl 1,2,3,4-tetra-O-acetyi-D-glucopyranuronate (27) [19]. p-Glucuronolactone (26;
400 g, 2.28 mol) was added portionwise to the solution of 1.1 g of sodium hydroxide in 3 1 of
methanol and the solution was stirred for 1 h at RT. The yellow solation was concentrated to
a syrup which was dricd under reduccd pressure. The syrup was dissolved in 1 1 of pyridine, and
1.5 1 of acetic anhydride was added dropwise under ico-cooling and stirring. On standing in the
refrigerator overnight crystalline material separated. The crystals were filtered off and washed
with cold ethanol. A sccond crop of crystalline matcrial was obtained after concentration of
the reaction mixture to give 3314 g (38.5%) of methyl 1,2,3,4-tetra-O-acetyl-f-p-gluco-
pyranuronate, m.p. 178-179°, [alff -= +8.1° (¢ ~= 1.11, chloroform) (lit. [19]: m.p. 176.5-178°,
{elf == +7.4° (¢ = 2, chioroform)). The dark brown syrup obtained after cvaporation of the
mother liquor was chromatographed on a silica gel column (2 kg) by clution with ethyl acetate/
hexane 1:1. Evaporation of the solvent gave a yellow syrup which was ctystallized from ether,
to give 257.5 g (30%) of a mixture of methyl 1,2, 3,4-tetra-O-acetyl-a-p- and f-p-glucopyran-
uronate, m.p. 103-115°, (a1} = +75.9° (¢ = 1.39, chloroform). TLC. (hexanc/ethyl acetate 1:1):
spots at Rf = 0.25 (x-anomer) and 0.45 (§-anomer},

2.2.2. Methyl 3,4-di-O-acetyi-1, 2-dideaxy-D-arabino-kex-1-enopyranuronate (28) [21). Com-
pound 27 (200 g, 532 mmol) was dissolved in 750 ml of a 30-33%, solution of hydrogen bromide
in acetic acid, and this solution was maintained at 5° for 20 h [19]. Zinc dust (400 g) was added
to the solution of sodium acetate (500 g) and copper sulfate (40 g) in 1.3 1 of 50%, aqueous acetic
acid. The solution of the bromide was added dropwise to this mixturc at —10° under stirring.
Stirring was continucd for 3 h at — 10°. The reaction mixture was filtered, the filter cake was
washed with 100 mi of 509 aqueous acetic acid, and the combined filirates were poured into
31 of iced water. The reaction mixture was extracted with 3 x 1 1 of dichloromethane, and the
extract was successively washed with iced water, 109 aqueous sodium hydrogen carbonate,
water, and dried over anhydrous sodium sulfate, Evaporation under reduced pressure gave a
syrup which crystallized on standing. This crystalline material was triturated with isopropyl
ether, stored overnight in a refrigerator, filtcred off, washed with isopropyl ether and then with
petroleum ether: yield 118.8 g (86.5%), m.p. 88-91°, [«|}} = —61.3° (¢ = 0.87, chloroform), —
TR.: 1762, 1733 (C~=0), ester), 1649 cm- ! (C=C—0). ~ 1H-NMR. (100 Mz, Cels): ~4.74 (d % d,
Jas =14, fa5 = 2.8, H-C(5)); 4.91 (dxdxd, [y 2 =60, fau =50, Jaq=15H-C(2); 5.09
(m, H—C(3)}: 5.59 dxdxd, H--C(4)); 6.42 (d, H—(C(1)).

Ciali1407 (258.23) Cale. C51.16 11 547%  Found C51.33 H 545%

2.2.3. Methyl 3,4-di-O-acetyl-2-deoxy-2-nitroso-u-n-glucopyranosyluyonate chlovide (11). 51.6 g
(200 mmol) of 28 werc added to the solution of 15.7 g (240 mmol) of nitrosyl chloride in 250 ml
of dichloromethanc, and the solution was allowed to stand for 20 h at 5°. TLC. with hexane/cthyl
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acetate 1:1 as developer indicated that no starting material, Rf = 0.65, was present, and showed
one new substance.with Rf = 0.40. Thoe solution was pourcd into 500 ml of icec-water, and the
organic layer was washed with wator, dried over anhydrous sodium sulfate and cvaporated to
dryness, The crystalline residue was recrystallized from acetonc/hexane: yield 54.2 g (719).
m.p. 111-112°, [a}ff = + 145.9° {¢ = 0.95, chloroform). - UV. (dioxane): 299 nm (¢ 2880). ~
1H-NMR. (100 MHz, CDClg): 2.01 (s, ~OAc); 2.05 (s, —OAc); 3.76 (s, ~CO2CHa); 4.62 (d,
Ja,5 ~10.2, H—C(5); 5.27 (@x &, J3 a4 ~9, H—C4)); 543 (dx a, J1,9 ~ 3.8, Ja,3 ~ 10.5, YI-C(2)):
6.05 (¢x d, H-C(3)}; 6.67 (¢, H--C(1)).
C1HpCINOg « CHpCOCHy  Cale. C44.05 1528 N3.67 C19.29%
{381.76) Found ,, 43.75 ,, 5.27 ,, 3.58 ,, 9.4%

2.2.4. Reaction of methyl 3,4-di-O-acetyl-2-deoxy-2-nilvoso-a-w-glucopyranosyluronate chloride
(A1) with benzyl 3-O-bemzyl-2-[-1(benzyioxy)formamidu]-2-deoxy-6-O-p-tolylsul fonyl-a-n-glucopyrano-
side (10). 137.5 g (212 mmol) of 10 and 121.4 g (318 mmol) of 11 werc dissolved in 500 ml of dty
N, N-dimcthyliormamide, and the solution was allowed to stand in the dark and at RT. for 7 days.
The reaction mixturc was evaporated under reduced pressure (0.01 "Torr) to give a tan-colored
syrup. The crude product was dissolved in 500 ml of dichloromethane, and the solution was suc-
cessively washed with water, 3%, aqueous sodium hydrogen carbonate, water, dried over an-
hydrous sodium sulfate and concentrated to a syrup. TLC., using hexancfethyl acetate 1:1 as
developer, revealed 5 spots with Rf == 0.00, 0.39, 0.47, 0.61 and 0.72, The spot with Rf = 0.61
correspouded with a marker of 10. The spotls with Rf — 0.39 and 0.47 were the most intense spots,
whereas the other three were very weak. The mixture was fractionated on a silica gel column
(3 kg), and elution was effected with hexane/cthyl acetate 3:2 (fraction A) and 1:1 (fraction B).
As shown by TLC,, fraction A contained a major component with Rf = 0,61, a minor component
with Rf = 0.72 and very littlc of a third component with Rf = 0.47; fraction B contained two
major componcnts with Rf = 0.47 and 0.39, and very small amounts of another component with
Rf = 0.61. Solvent retnoval from these {ractions gave a yellow foam (fraction A, 17.2 g) and a
crystalline residuc (fraction B, 184.4 g).

2.24.1. Benzyl 3-O-benzyi-2-[1-(benayloxy)formamido)-2-deoxy-4-0-(methyl 3,4-di-O-acetyl-2-
hydroxyimino-a-D-arabino-hexopyranosyluronate)-6-0-p-tolylsulfonyl-«-D-glucopyranaside (31). The
white crystalline solid (fraction B) was triturated in clherfisopropyl cihor, filtered off, washed
with etherfisopropyl ether 1:1 and dried: yield 107.0 g (54%,). m.p. 155-157°. After recrystal-
lization from acetonefcther, the product had m.p. 158-159° and [u],’," = +115.1° (¢ —= 0.97,
chloroform). — IR.: 1759 (C=0, ester), 1735 cm~1 (C=.Q), carbamate}. — UV.: 225 nin (s 12800). —

{H-NMR. (90 MHz, CDCly): 2.05 (s, —OAc); 207 (s, —OAc); 241 (s, -@—Clis); 3.75
(s. ~ COsCHa); 5.32 (d x d, Jy, 4~ Jur.5 ~ 9.5, H—C(4")): 5.77 (d, H~C(3")); 6.36 (br. s, H-C(1"));
~7.90 (br, s, =N—OH).
CalswNzOpS  Cale. €50.09 H5.30 N3.00 §3.439%
(934.97)  Yound ,.58.98 ,, 523 , 3.03 . 3.28%

‘The mother liquor of the above crystallization was evaporated to dryuess, and the residue was
fractionated on a silica gel column (2 kg). Elution was effected with hexanefethyl acetate 2:1 and
3:2. Fractions containing pure wmaterials with Rf = 0.61, 0.47 and 0.39 were evaporated to syrups
which were crystallized and recrystallized from ether.

2.2.4.2. Bengyl 3-O-benzyl-2-[1-(benzyloxy)formamido)-2-deoxy-6-0-p-lolylsulfonyl-a-D-gluco-
pyranoside (10). The product was obtained from {ractions with Rf = 0.61: yield 2.5 g (2%),
m.p, 121-122°,

2.24.3. Benzyl 3-0-benzyl-2-[1-(benzyloxy) formamidol-G-chlova-2, 6-dideoxy-4-O-(methyl 3, 4-di-
O-acetyl-2-hydroxyimino-a-D-arabino-kexopyranosyluronate)-g-v-glucopyranoside (32). The struc-
tute of the material with Rf = 0.47 was proved as shown below : yield 28.7 g (179%,), m.p. 138-139°,
[0l = +126.9° (¢ = 0.69, chloroform). — IR.: 1757, 1731 (C=0, ester), 1699 ¢m—t (C=0,
carbatnate).

CagtlgyCINaOyy  Cale. C€5861 H 542 N 350 Cl4.449
{799.23) Found ,, 5859 ,, 538 ,, 3.53 ,, 4429

2.2.4.4. Disacchavide 31 was obtained from fractions with Rf =: 0.39: yicld 21.9 g (11%).
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2.2.4.5, Acetylation of the products of fraction A. The products of fraction A (13.5 g) were
dissolved in 100 m! of pyridine, the solution was cooled to 0°, and 40 ml of acetic anhydride werc
added dropwisc under stirring. After 24 h standing at RT., the solution was evaporated to dryness.
The residue was treated with 200 m!l of ice and water and stirred for 1 b. The reaction mixture was
extracted with 500 ml of chloroform. The extract was washed with water, dried over anhydrous
sodium sulfate, and evaporated to yicld 17.2 g of a yellow syrup. TLC., using hexanejethyl
acetate 1:1 as developer, showed a major spot at Rf == .72, and a minor one at Rf = 0.82, The
mixture was fractionated on a silica gel column (500 g).

2.2.4.6. Benzyl 4-O-acetyl-3-O-benzyl-2-[1-(benzyloxy)formamido)-6-chlovo-2,6-dideoxy-u-p-gluco-
pyranoside (33). Development with hexanc/ethyl acetate 3:1 gave a crystalline product, Rf = 0.82.
Recrystallization from ethyl acetate, ether and hexane gave pure product: yield 3.6 g, m.p.
136-138°, [)ff — + 97.2° (¢ = 1.03, chloroform). ~ IR.: 1740 {C=0), ester), 1695 cm~} (C- O,
carbamate). - 1TH-NMR. (100 MHz, CgDg): 1.50 (s, — OAc); ~3.37 (center of thc A B part of an
ABX spectrum, J4 n ~ 125, HsC(6); 3.60 (dxd. [a3~ Js.4~9, H—C(3); 3.90 (dxdxd,
Jas~10, Jsa~4.5, Jse =~ 6.5 H—C(5); ~4.25 (m, Ji1a~3, H-CQ2); 475 (d, H—C(1));
~353.03 (@xd, H—C@4)).

CaoHazCINO, Cale. C65.04 H582 N2.53 Cl6.40%
(554.04) Found ,, 65.24 ,, 573 ,, 2.46 ,, 6.07%

2.2.4.7. Benzyl 4-O-acetyl-3-O-benzyl-2-[1-(benzyloxy)formamido)-2-deoxy-6-0-p-tolylsulfonyl-a-
v-glucopyranoside (834). Devclopment with hexanefcthyl acctate 2:1 gave a syrup, Rf -=0.72;
yield 9.6 g. Crystallization and recrystallization from benzene, cther and hexane gave pure
product: yield 8.7 g, m.p. 98-100°, [} = + 83.8° {¢ = 1.04, chloroform). ~ 1H-NMR. (100 MHz,

CDCla): 1.92 (s, — OAc); 2.42 (s. j’;)—cm,); 3.66 (dxd, Joar 10, Jaa~9 H -((3)); 483
d, J1,2 = 3.5, H-C(1)): ~4.90 (H—C(4), masked by other signals).

CazHagN(1S Cale. C64.43 H570 N2.03 S$4.659
(689.78) Found ,,64.26 ,, 564 ,, 198 ,, 4709,

2.2.5. Benszyl 3-Q-benzyl-2-(1-(benzyloxy)formamido)-2-deoxy-4-O-(methyl 2, 3, 4-iri-O-acetyl-o-D-
glucopyranosyluronate)-6-0-p-tolylsulfonyl-a-p-glucopyranoside (35). 36.0 g (38.5 mmol) of 31 werc
suspended in 360 m! of levalinic acid and 100 m) of 1N hydrochloric acid, and the suspension was
heated for 7 h at 40° (bath) under stirring, whercupon solution occurred. The reaction mixture
was extracted with 1 | of ethyl acetate. The extract was successively washed with water, aqueous
sodium hydrogen carbonate and water, then dried over anhydrous sodium sulfate and evaporated
to dryness. The dried white foam was dissolved in 360 m!} of tetrahydrofurane and cooled in ice
and water. Sodium borohydride (1.14 g) in water (30 ml) was added dropwise to this solution
under stirring. After stirring at 0° for 30 min and at RT. for 1 b, the reaction mixture was neu-
tralized with acetic acid and evaporated under reduced pressure to near dryness. Remaining
acids were removed by repeated codistillation with methanol. T'he dried residuc was dissolved in
200 mi of pyridine, acetic anhydride (40 ml) was added with cooling and stirring, and the solution
was maintained at RT. overnight. The reaction mixture was cvaporated to a syrup. This syrup
was treated with 200 m! of ice and water, and the mixturc was stirred for 1 h. The reaction
mixture was extracted with chloroform (500 mi). The extract was washed with water (100 ml),
dried over anhydrous sodinm sulfate and evaporated to give an amber syrup; yield 36.4 g. TLC,
with hexanefethyl acetate 1:1 as devecloper showed ope main spot at Rf = 0.40 and minor
spots at Rf = 0.50, 0.20 and 0.00. The mixture was separated on a silica gel column (1 kg) by
developtent with hexanejcthyl acetate 1:1. Solvent rcmoval from fractions with Rf = 0.40 left
a white foam: yield 25.8 g {70%), (o}l = +114.7° (v = 0.63, chloroform). - UV.: 224 nm
(¢ 12175). — 1H-NMR. (100 MHz, CDClg): 1.81 (s, ~ OAc); 1.92 (s, — QAc); 2.06 (5, — OAc); 2,42
(s, —QCH;;); 3.73 (s, —~COxCHy); 4.88 (dxd, Jr o ~42, Jy.y~8 H-L(2)); 516
(Exd, Jyo ~ Jys ~8 H—C(3) or H—C(#));: 538 (d, H-C(1")); 540 (dxd, H—C{4) or
H—C(3%).

CasHssNOwS Cale. C39.81 HS554 N145 CHaO- 3229,
(964.00) Found ,, 5973 ,, 558 ,, 141 w3399
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2.2.6. Benzyl 3-O-bengyl-2-[1-(benzyloxy)formamido]-2, 6-dideovy-4-O-(methyl 2,3, d-tyi-O-acetyl.
o-D-glucopyranosyluronate)-G-iodo-u-p-glucopyranoside (37). Compound 38 (25.1 g, 26 mmol) was
dissolved in 350 ml of 2-pentanone and sodium iodide (33.6 g) was added. The mixturc was heated
for 7 h under reflux with stirring, and the solvent was removed wnder reduced pressure. The
residue was treated with water (250 ml), and the mixture was extracted with 500 ml of cthy.
acetatc, The extract was dricd over anhydrous sodium sulfate. After solvent removal undes
reduced pressure a syrup was obtained, which was crystallized from benzene and hexane as smal
whitc needles: yield 19.3 g (81%), m.p. 147-148°, [« = + 118.5° (¢ = 0.93, chloroform). — IR.:
1759 (C=0, ester), 1700 e~ (C=0, carbamate). - 1H-NMR. (100 MHz, CDClg): 1.83 (s, — QOAc);
1.94 (s, —OAc); 2.05 (s, —OAc); 3.75 (s, —COsCHs); ~4.89 (d, [1,2 ~ 3.0, H—C(1)); 5.15
@xd, |o,3~ Joa~ Jg 5 ~8 H—C3) or H—C@#)); 5.43 (dx d, II-C(3") or H—C(4")); 5.57
@, Ji.z = 3.5, 1LI-C1").

CaHeINO1;  Cale, €53.54 HS504 N1.52 J13.80%
(919.71) Found ,, 53.72 ,, 497 ,,1.66 ., 13.81%

2.2.7. Benzyl 6-0-acetyl-3-0-benzyl-2-(1-(benzyloxy) formamido]-2-deoxy-4-0-(methyl 2,3, 4-tri-O-
acetyl-a-D-glucopyrancsyluronate)-u-n-glucopyranvside (21). ~ 2.2.7.1. From 37. The solution of
40.0 g (43.5 mmol) of 37 in 1.6 1 of acctic anhydride was hcated to 70°. To this solution, a warm
solution (70°) of 65 g of silver acetato in 2 | of pyridine was added dropwise under stitring over
a period of 30 min. After the addilion was complete, the reaction mixture was heated 12 additional
hours with stirring. ‘Che reaction mixture was cvaporated under reduced pressure to 2 dark brown
residue from which the last traces of pyridine were removed by repeated evaporation with toluene.
The dried residue was triturated with warm benzcae (500 ml), the mixture was filtered, and the
filter cake was washed with 4 x 100 ml of warm benzene, The brown syrup obtained after solvent
removal from the combined benzene extracts was cxamiuned by TIC. with hexane/ethyl acetate
1:1 as developer. A major spot with Rf =— 0.45 and a minor spot with Rf = 0.65 wecre observed.
The spot with R[ = 0.65 corresponded with a marker of 37, Tho mixture was fractionated on a
column (2 kg) of silica gel by development with hexanc/ethy! acetate 2:1. Solvent removal from
fractions with Rf = 0.65 gave crystalline 37: yicld 4.9 g (129%). Fractions with Rf = 0.45 gave,
aftcr solvent removal, an amorphous, slightly ycllow product, which was crystallized and rc-
crystallized from methano! as stnall, white ncedles: yield 20.4 g (55%), m.p. 101-102°, |«]f} —=
+ 131.8° {¢ == 0.47, chlorolorm). - TR.: 1759 cm~1 (C-.() cster, carbamate), -- T H-NMR. (100 MHz,
CDClg): 1.86 (s, — OAc); 1.94 (s, — OAc); 2.03 (s, — OAc); 2.08 (s, —OAc); 3.72 (s, --CO2CHjy);
515@xd, Jo,a ~ fa,o0 ~ Ju,5 ~ 8.5, H—C(3') or H—C(4#)); 5.43 (dx d, H—C(3") or H—C(4));
561 {d, Jv.o ~ 3, H-C(1").

CyaH N7 (851.85) Cale. C60.63 H 580 N1.64%  Found C60.35 H 583 N 1.57%

2.21.1. From 20. Compound 20 was converted into 21 [ollowing the above procedure (709,
yicld).

3. Synthesis of 2-acetamido-2-deoxy-4-O-(methyl c-p-glucopyranosyluronate)-
D-glucopyranose (1) and 2-[l-(benzyloxy)formamido]-2-deoxy-4-0-(methyl a¢-p-
glucopyranosyluronate)-p-glucopyranose (2). - 3.1. 2-Acetamido-1,3,6-tri-O-acetyl-2-
deoxy-4-0-(methyl 2,3,4-tri-O-acetyl-a-D-glucopyranosyluronaie)-f-v-glucopyranose (43). A solu-
tion of 7.0 g (8.2 mmol) of 21 in 150 m! of acetic acid was hydrogenated over black palladium
{1 g) for 3 days. The catalyst was {iltered off and washed with methanol. The combinced filtrate
and washings were treated with 8.2 ml of 1w hydrochloric acid and evaporated to dryness to give
a quantitative yield of the hydrochloride 42. TLC. of this glass with chloroform/methanol 1:1
as devcloper showed a single spot with Rf = 0.65.

A solution of 4,7 g (8.2 mmol) of 42 in 50 ml of dry pyridine was treated dropwise under
stirring at 0° with 22 ml of acetic anhydride. After 24 h ai RT. the mixture was pourcd into ic
and water (500 ml) and cxtracted with 2x 100 ml of dichloromethane. The combined extracts
were successively washed with 3w sulfuric acid, water, and then dried over anhydrous sodium
sulfate. Concentration of the solution gave a glass (4.6 g) showing one major spot at Rf — 0.75
and one very small spot at Rf =: 0.55 on TLC. with chloroform/methanol 9:1 as developer. The
crudc matcrial was chromatographed on a column (150 g) of silica gel. Evaporation of the cthyl
acetatc eluate gave pure praduct as a whitc amorphous solid, which was crysiallized and reerystal-
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lized from acetone and ether: yicld 3.5 g (64%), m.p. 184.185%, (a1} ~ + 74.8° (¢ = 0.90, chloro-
form). — YH-NMR. (100 MHz, 220 MHz, CDClg): 1.90 (s, —NAc); 2.00 (s, —OAc); 2.02 (s, 2X
—~QAc); 2.04 (s, —~QAc): 2.06 (5, —OAc); 2.08 (s, —OAc); 3.73 (s, —COCHy); 4.87 (dxd,
Jre ~ 3.5, Jo.a ~10, H-C(2)); 541 (dxd, Ja, 4 ~ 9.5, H--C(3)); 5.5¢4 {d, H-C{1")): 5.65
(@, J1,2 = 8.5, H—CQ)).

CazHgyNO1g (663.38) Calc. C48.87 ¥ 562 N2.119, Found C48.62 544 N2.02%

3.2. 2-Acetamido-2-deoxy-4-O-(methyl «-D-glucopyranosyluronate)-D-glucopyranose (1), -Com-
pound 43 (3.18 g, 4.8 mmol) was dissolved in 30 ml of abs. methanol, and 10 mlofa 0.5%, methanolic
sodinm methoxide solution was added. After stirring at R'T. for 20 min the solution was nentralized
by stirring with Amberlite IR 120 (H¥) cation-exchange resin and then concentrated under reduced
pressure to give 1.97 g (100%) of a white amorphous solid. Crystallization and recrystallization
from methanol and acctone gave pure product, m.p. 149 1507 (dec.), {aJfy == + 82.+» + 967
{¢ = 0,80, methanol).

CisHpsNO1s (411.36) Calc. C43.80 H6.13 N 3.409% Found C43.55 H 587 N3.11Y,

3.3. 0-0-Aceiyl-2-[]-(benzyloxy)formamidol-2-deoxy-4-O-(methyl 2,3, 4-tri-O-acetyl-a-D-gluco-
pyranosyluronate)-D-glucopyranose (44). Benzyl chloroformate (5.4 g, 31.6 mmol) was added to
the solution of 42 (11.0 g, 19.2 munol) and sodium hydrogen carbonate (3.52 g, 41.8 mmol) in
250 ml water. The reaction mixture was shaken overnight at RT. and then extracted with 2x
250 m! of chloroform. The extract was washed with water, dricd over anhydrous sodium sulfate
and evaporated to a brown oil (14.6 g). Examination of this oil by TIC., using chloroforin/
methanol/3N ammonia 40:10:1, revealed a major component with Rf == 0.65 and a minor com-
ponent with R{ = 0.80. The mixture was fractionated on a column (300 g) of silica gel. Elution
with benzenefethyl acetate 1:1 gave 44 as a ycllow, amorphous solid: yield 6.2 g (48%), l2){f —
+ 84.7° {¢ == 0.47, chloroform).

CagHg7NOv7 (671.61) Calc. C51.86 H 5.55 N 2.09%, ¥ound C52.10 HS5.77 N 2.09%

3.4. 2-[1-(Beneyloxy) formamido]-2-deoxy-4-0-(methyl a-D-glucopyranasyluronate)-n-glucopyra-
nose (2). Disaccharidc 44 was de-O-acetylated with sodium nicthoxide as described for 1 (yicld
1009%). Crystallization and recrystallization from 2Z-propanol: m.p. 189-190°, [a}if =. + 97.6
+ 86.3° (¢ = 0.89, water).

CyHgeNOgas (503.46)  Cale. € 50.10 H 581 N 2789  Found C49.62 H 3580 N 2.66%

4, Synthesis of disaccharides 3, 4 and 5. -- 4.1. Bengyl 2-[1-(bengyloxy)formamidal-2-
deoxy-6-0-(2,3, 4,6-tetra-O-acetyl-f-D-glucopyranosyl)-a-p-glucopyranoside (3). Benzyl 2-[1-(ben-
zyloxy)formamido}-2-dcoxy-a-v-glucopyranoside (46; 4.0 g, 9.9 mmol) [29], Drierite (4 g) and
silver oxide (2 g) were stirred in 200 ml of chloroform for 30 min in the dark. 4.1 g (10 mmol) of
2,3,4,6-Tetra-O-acetyl-a-p-glucopyranosyl bromide (48) {30] were added to this mixturc. The
reaction mixture was stirred for 16 h at RT. The solids were filtered off, washed with chloroform,
and the combined filtrate and washings were concentrated to a syrup. TLC. using ethyl acetate
as devcloper revealed 6 major components with Rf -= 0.93, 0.85, 0.78, 0.70, 0.52 and (1.30. The
crude mixture was separated on a silica gel column (250 g). Illution with ethyl acetate/benzene
3:1 gave compound 3 with Rf = 0.52. Crystallization and recrystallization from henzene gave
pure product: yicld 0.8 g (11%), m.p. 137-138", [2}§ = + 36.2° (¢ -= 1.0, chloroform). - 1F[-NMR.
{100 MHz, 270 MHz, C)Clg}: 2.00 (s, — OAc); 2.01 (s, —0Ac); 2,03 (5, — OAc); 207 (5, ~ QAc);
314(d, f ~3.0,~0N);3.34 d, [ ~33, -OH); ~415(dxd, [56 = 2.2, 5,60 ~ 12, H-C(6));
4.23 (dxd, Js,w = 4.4, H-C(6"); 4.61 @, Jv, 2 ~ 7.5, H-—C(11); 4.88 (d, f1,2 = 3.6, H-C(1)};
5.02 @x4, Jr.y =93, HC(2); 5.20 {dxd, Jo,¢ ~9.3, H-C(3)).

CasHggNO1a (733.72) Calc. €57.29 H 591 N1.91% Found C57.11 H 383 N1.849%

4.2. Benzyl 2-[1-(benzyloxy)formamido}-6-O-benzylsulfonyl-2-deoxy-3-0-(2, 3.4, 6-letra-O-ucelyl-B-
D-glucopyranosyl)-a-p-glucopyranoside (4). Benzyl 2-[1-(benzyloxyMormamido}-6-O-benzylsulfonyl-
2-deoxy-a-D-glucopyranoside (47; 2.7 g, 4.85 mmmol}, Drierite (4 g) and silver oxide (2 g) were stirred
in 300 ml of anhydrous chloroform for 30 min jin the dark. 2.1 g (3.1 mumnol) of 2,3,4,6-Tetra-O-
acetyl-a-p-ghicopyranosyl bromide (45) [30] were added to this mixfure, The reaction mixture
was rcfluxed for &6 h with stirring. The solids were {iltcred off, washed with chloroform, and the
combined filtrate and washings were concentrated to a syrup. TLC. using ethyl acetate/dichloro-
methane 1:1 as developer revealed one major coinponent with Rf =: 0.52 and two minor com-
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ponents with Rf = 0.80 and 0.65. The crude mixture was fractionated on a silica gel column
(100 g), and the component with Rf = 0.52 was elnted with benzcnefethyl acetate 9:1. Crystal-
lization and reerystallization from ethyl acctate and petroleum ether gave pure product: yield
0.6 g (14%), m.p. 162-163°, [} —= + 55° (¢ =- 1.00, chloroform).

CaaHapNO16S (B87.89)  Cale. C57.46 H 563 S3.65% Found C57.08 H 5.89 §3.329,

4.3. Benzxyl 3,4-di-0-benzyl-2-[1-(bensyloxy)formamido}-2-deoxy-6-0-(8-p-glucapyranosyl)-a-n-
glucopyranoside (5). A solution of 3,4,6-tri-O-acetyl-1, 2-anhydro-a-n-glucopyranose (6; 3.6 g,
12.5 mmol) and benzyl 3, 4-di-O-benzyl-2-{1-(benzyloxy)formamido}-2-deoxy-a-n-glucopyranoside
{48: 6.8 g, 11.6 mmol) [2] in acetonitrile (50 tnl) was refluxed for 3 days and then evaporated to
dryness. Crystallization from methanol gave starting matcrial 48: yield 5.1 g (75%), m.p. and
mixed m.p. 151-152°, TI.C. of the mother liquor, with dichloromethanefethyl acetatc 3:2 as
developer, tevealed two major components with IRf =< 0.55 and 0.45, and scveral other minoy
components, The product obtained after solvent removal (2.2 g) was dissolved in dry methanol
(100 ml) and the solution was saturated at 0° with ammonia. After standing for 18 h at RT., the
reaction mixturc was evaporated to a syrup. TLC., using a mixture of chloroform/methanol/3n
ammonia 40:10:1 revealed componoents with Rf = 0.65, 0.55 and 0.45. The crude mixture was
chromatographed on a silica gel column (120 g), and devclopment with ethyl acctate gave com-
ponient B with Rf = 0.45. Crystallization and rcerystallization from acetone and ether gave pure
product: yield 0.15 g (29%), m.p. 174-175°, [o]}} — + 70.8° (¢ == 1,02, chloroform).

CuqHgNO (745.82)  Calc. C66.03 H6.35 N1.88%  Found C65.80 H641 N1.82%
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