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This invention relates to novel 2,6-anhy-
dro~1,2—dithio-D-manno—- and D-altropyranosides of
formula (I) wherein R represents a hydroxy or an azido
group, Rz representa a nitro, cyano, amidino, aminoth-
iocarbonyl, = —-C(=NH)-OCH3, -C(=NH)-NH-NH,
—C(=NH)-SCH3 or an acetamido group, and the acid
addition salts thereof formed with organic or inorganic
acids, if possible as well as pharmaceutical compositions
containing them. The compounds of the invention
possess valuable therapeutic, particularly anticoagulant properties.

HO

O S
S 0




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG

BR
BY
CA
CF
CG
CH
CI
CM
CN
Cu
CZ
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Céte d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Italy

Japan

Kenya

Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
™D
TG
T
™
TR
TT
UA
uG
Us
UZ
VN
YU
YA

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 98/24792 PCT/HU97/00078

ANTICOAGULANT GLYCOSIDES AND PHARMACEUTICAL
COMPOSITIONS THEREOF

This invention relates to novel 2,6-anhydro-1,2-dithio-pyranosides of the

5 formula (l), more particularly to D-manno- and D-altropyranosides of formula

(la-Id)
0 S |
S
\©\ W
HO R,
R1
O &S
HO R,
R1

10 a-D-mannoside

0 )
. (Ib)
HO ' @) R,
R,

B-D-mannoside

0 S
HO' R,
1

a-D-altroside

2
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2
0 S
HO " R,
R,
f-D-altroside

wherein
R1 represents a hydroxy or an azido group,
Ro represents a nitro, cyano, amidino, aminothiocarbonyl, -C(=NH)-OCHs,

-C(=NH)-NH-NH,, -C(=NH)-SCHjs or an acetamido group,
and the acid addition salts thereof formed with organic or inorganic acids, if
possible as well as pharmaceutical compositions containing them.

The compounds of the invention possess valuable pharmaceutical
properties, especially anticoagulant activity, even when administered by the
oral route.

Particularly valuable representatives of formula () according to the
invention are the following ones:
4-cyanophenyl 2,6-anhydro-1,2-dithio-a-D-altropyranoside
4-cyanopheny! 2,6-anhydro-1,2-dithio-b-D-altropyranoside
4-cyanophenyl 2,6-anhydro-1,2-dithio-a-D-mannopyranoside
4-cyanopheny! 2 6-anhydro-1,2-dithio-b-D-mannopyranoside
4-(hydrazino)(imino)methylpheny! 2,6-anhydro-1,2-dithio-b-D-mannopyranoside
4-nitrophenyl 2,6-anhydro-1,2-dithio-b-D-mannopyranoside
4-acetamidophenyl 2,6-anhydro-1,2-dithio-b-D-mannopyranoside
4-(imino)(methoxy)methylphenyl 2,6-anhydro-1,2-dithio-3-D-mannopyranoside
4-(aminothiocarbonyl)phenyl 2,6-anhydro-1,2-dithio-p-D-mannopyranoside
4-(imino)(methylthio)methylphenyl 2,6-anhydro-1 ,2-dithio-p-D-mannopyranoside
4-amidinopheny! 2 6-anhydro-1,2-dithio-B-D-mannopyranoside
4-cyanopheny! 2,6-anhydro-3-azido-3-deoxy-1 ,2-dithio-B-D-mannopyranoside
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4-nitrophenyl 2,6—anhydro—3-azid6-3-deoxy-1 ,2-dithio-B-D-mannopyranoside
Derivatives of the formula (l), are not known from the literature. However

some 1,5-dithio-D-xylopyranosides of formula (I1)

S__S
T m
Ho" K R

(in which the oxygen of the carbohydrate moiety is replaced by sulfur) possess
advantageous anticoagulant activity even when administered orally. This
biological activity decreased significantly when the oxygen of the carbohydrate
moiety was not replaced by sulfur. A similar decrease in activity was observed,
when the chirality of the most active b-D-xylopyranosides was changed, i.e. a
sugar with a configuration different from D-xylose, or an a-D-anomer was
investigated. Furthermore the activity decreased also when instead of pentose
derivatives, hexose derivatives were synthesized [F. Bellamy et al.: Eur. J.
Med. Chem. 30 (1995) 101].

The aim of the invention was to synthesize such new carbohydrate
derivatives which are stronger inhibitors of the coagulation process than the
known ones and are orally active too.

Surprisingly it was found, that the antithrombotic activity of carbohydrate
derivatives can be substantially increased, by using hexoses instead of
pentoses in which the ring oxygen atom is still present, but at the same time a
2,6-thioanhydro bridge is introduced into the molecule. Both the a- as well as
the b-anomers of the so obtained thioglycosides possess a beneficial biological
activity. This activity could be further increased by exchanging the 3-OH group

of the carbohydrate moiety by azide. A similar increased activity was found for
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those thioglycosides, in which the cyano substituent at C-4 of the aglycon was
transformed into a carboxylic acid derivative.

The compounds of the invention can be synthesized by different known
methods.
a) The compound of formula (la and Ib), in which Rq represents a hydroxy
group and Ro represents a cyano group, can be prepared e.g. by treatment of

an anomeric mixture of glycosides of formula (l),
0 S
S \©\ (1
Aco " CN

wherein Ac represents an acetyl group, with base in a lower aliphatic alcohal,
and separating subsequently the anomers.
The above reaction can preferably be carried out by hydrolyzing the anomeric
mixture of glycosides of formula () by using sodium methoxide in methanolic
solution, and separating the obtained a,b-anomers (la and Ib) by crystallization
and/or column chromatography.

The glycosides of formula (Ill), which are new compounds, can be
prepared e.g. by acetylating the known [l.I. Cubero et al.: Carbohydr. Res., 242,
109 (1993)] methy! 2,6-anhydro-2-thic-a-D-mannopyranoside, exchanging the

methoxy group of the obtained diacetate of formula (IV),

OR

0
S (V)
AcO ™

OAc
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wherein R represents a methyl group, by an acetoxy group and reacting the so
formed triacetate (IV, R = Ac) with 4-cyanothiophenol in the presence of a
promoter.

The above preparation of glycosides of formula (Ill) can preferably be carried
out by using sulfuric acid in acetic anhydride for the methoxy acetoxy exchange

reaction, and trimethyisilyl triflate as promoter for the condensation with 4-

cyanothiophenol.

b) The compound of formula (Ib), in which R4 represents a hydroxy group and
Ry represents a -C(=NH)-OCHjs group, can be prepared e.g. by treatment of a
compound of formula (Ib), wherein the meaning of R1 is as defined above and

R» is a cyano group, with sodium methoxide in methanol.

¢) The compound of formula (Ib), in which R4 represents a hydroxy group and
Ro represents an aminothiocarbonyl group, can be prepared e.g. by treatment
of a compound of formula (Ib), wherein the meaning of R4 is as defined above
and Ry is a cyano group, with hydrogen sulfide using an organic base as
solvent.

The above reaction can preferably be carried out at room temperature, using a

1:1 mixture of triethylamine-pyridine as solvent.

d) The compound of formula (Ib), in which R4 represents a hydroxy group and
Ro represents a -C(=NH)-SCHs group, can be prepared e.g. by treatment of a
compound of formula (Ib), wherein the meaning of R is as defined above and
Ro is an aminothiocarbony! group, with a methylating agent.

The above reaction can preferably be carried out, using acetone as solvent and

methy! iodide as reagent at reflux temperature.
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e) The compound of formula (Ib), in which R4 represents a hydroxy group and
Ro represents an amidino group, can be prepared e.g. by treatment of a
compound of formula (Ib), wherein the meaning of R4 is as defined above and
Ro is a -C(=NH)-SCHg3 group, with ammonium acetate or with ammonia using a
lower aliphatic aicohol as solvent.

The above reaction can preferably be carried out, using methanol or ethanol as

solvent at reflux temperature.

f) The compound of formula (Ib), in which R4 represents a hydroxy group and
Ro represents a -C(=NH)-NH-NH2 group, can be prepared e.g. by treatment of
a compound of formula (Ib), wherein the meaning of R4 is as defined above
and Ry is a -C(=NH)-SCH3 group, with hydrazine hydrate, using a lower
aliphatic alcohol as solvent.

The above reaction can preferably be carried out at room temperature, using

98% hydrazine hydrate as reagent and ethanol as solvent.

g) The compound of formula (l), in which R4 represents a hydroxy group, and
Ro represents a nitro group, can be prepared e.g. by reacting the triacetate of
formula (IV), in which R represents an acetyl group, with 4-nitrothiophenol in
the presence of a promoter and removing the acetoxy groups from the obtained

anomeric mixture of formula (V)
0] S
S \©\ (V)
Ao NO

with base in a lower aliphatic alcohol.
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The above reaction can preferai:ly be carried out by reacting the triacetate of
formula (IV, R = Ac) with 4-nitrothiophenol in dichloromethane at low
temperature, preferably at -10 °C using trimethylsilyl triflate as promoter, or in
1,2-dichloroethane at 20 °C using boron trifluorid etherate as promoter and
subsequently deacetylating the obtained anomeric mixture of glycosides with

sodium methoxide in methanolic solution.

h) The compound of formula (Ib), in which R4 represents a hydroxy group and
Ro represents an acetamido group, can be prepared e.g. by reducing the nitro
group of the compound of formula (Ib), in which R4 represents a hydroxy group
and R» represents a nitro group using a lower aliphatic alcohol as solvent, and
treating the so obtained compound of formula (Ib), in which R{ represents a
hydroxy group and Ro represents an amino group, with acetic anhydride in the
presence of a base, and removing subsequently the formed ester groups in the
presence of a base using a lower aliphatic alcohol as solvent.

The above reaction sequence can preferably be carried out by using ethanol as
solvent and sodium borohydride - nickel(ll) chloride as reagent for the

reduction, pyridine as a base for the acetylation and sodium methoxide in

methanol for removing the ester groups.

i) The compounds of formula (Ilc and Id), in which R{ represents a hydroxy
group and Ro represents a cyano group, can be prepared e.g. by hydrolyzing

the anomeric mixture of glycosides of formula (VI)

0. _S
Sae
YN CN
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8

in a lower aliphatic aicohol in the presence of a base, and separating

subsequently the anomers.

The above reaction sequence can preferably be carried out by using sodium
methoxide in methanolic solution for the hydrolysis of the anomeric mixture of
glycosides of formula (VI), and separating the so obtained a,b-anomers (Ic and

Id) by crystallization and/or column chromatography.
The glycosides of formula (VI), which are new compounds, can be

prepared e.g. by reacting the known [K. Toshima et al.: Tetrahedr. Lett., 33,

1491 (1992)] triacetate of formula (VII)

o}
\@ (vit)
AcO ) -

with 4-cyanothiophenol in the presence of a promoter.
The above preparation of glycosides of formula (VI) can preferably be carried

out at low temperature, preferably at O °C, using trimethyisilyl triflate as

promaoter.

i) The compounds of formula (la and Ib), in which R4 represents an azido group
and Ro represents a cyano group, can be prepared e.g. by reacting the

diacetate of formula (VIII)

OAc

0
S (Vi
AcO A

N
3
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with 4-cyanothiophenol in the presence of a promoter, hydrolyzing the so

obtained anomeric mixture of glycosides of formula (1X)

0._S
S
- (1X)
CN

AcO
N3

5

with base in a lower aliphatic alcohol, and separating subsequently the

anomers.

The above reaction sequence can preferably be carried out by using

trimethylsilyl triflate as promoter for the condensation of diacetate of fo‘rmula
10 (VUll) with 4-cyanothiophenol at low temperature, preferably at -10 °C, sodium

methoxide in methanol for the hydrolysis of the so obtained glycosides, and
separating subsequently the a,b-anomers (la and Ib) by crystallization and/or
column chromatography.
The diacetate of formula (VIII), which is new compound, can be prepared
15 e.g. by converting the free hydroxy group of the known [R. D. Guthrie and D.
Murphy, J. Chem. Soc., (1963) 5288] glucopyranoside of formula (X),

O wOMe
j\ ()
ph” 0" R
N
3
20 wherein R represents a hydroxy group, into an active ester, and subsequently

into a thioester with inversion of configuration.

The 4,6-O-benzylidene group of the so obtained mannoside of formula (XI)
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(XI)
SBz

is split by N-bromosuccinimide in carbon tetrachloride and the obtained 6-

bromo compound of formula (XII)

0. OMe
Br *
(X1

BzO SBz

is treated with base to afford the 2,6-thioanhydro compound of formula (X111},

0 OMe

(X1

N\

RO

wherein R represents hydrogen. After acetylation of the latter the methoxy
group is exchanged by an acetoxy group to afford the diacetate of formula
(VII).

The above reaction sequence for the preparation of the diacetate of formula
(V1) can preferably be carried out by converting the free hydroxy group of the
glucoside of formula (X, R = OH) into a trifluoromethanesuifonyl ester of
formula (X, R = OTf) and the latter is transformed into the thioester of formula
(X!) by using potassium thiobenzoate. For the deacylation and ringclosure of
the 6-bromo compound of formula (XIl) obtained from the latter, sodium

methoxide is used. The free hydroxy group of the obtained mannose derivative
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of formula (XIll, R = H) is acetylated by acetic anhydride in pyridine (XIll, R =
Ac), and subsequently the methoxy group is exchanged by an acetoxy group in

acetic anhydride in the presence of sulfuric acid.

k) The compounds of formula (la and Ib), in which R4 represents an azido
group and Ry represents a nitro group, can be prepared e.g. by reacting the
diacetate of formula (VIII) with 4-nitrothiophenol in the presence of a promoter,
removing the acety! groups of the obtained anomeric glycosides in a lower
aliphatic alcohol by treatment with base, and optionally separating the
anomers.

The above reaction sequence can preferably be carried out by reacting the
diacetate of formula (VIII) with 4-nitrothiophenol in dichloromethane at low
temperature, preferably at 0 °C, using trimethylsilyl triflate as promoter, or in
1,2-dichloroethane at 20 °C, using boron triflucrid etherate as promoter,
hydrolyzing the obtained anomeric glycosides by sodium methoxide in
methanol, and optionally separating the obtained a,b-anomers by crystallization

and/or column chromatography.

As mentioned in the introduction, the compounds of formula (l) of the
invention possess valuable anticoagulant activity.

This anticoagulant activity of the compounds of formula (I) of the
invention was determined on male SPRD rats, using the Pescador's venous
thrombosis model [D. Bagdy et al.. Thromb. Haemost. 68 (1992) 125].
Accordingly 12.5 mg of the individual compounds was dissolved in 300 pl
DMSO and this solution was diluted to 1 ml with physiological saline. From this

solution a dose of 12.5 mg/kg was administered orally to the animals 3h prior to

provoking the thrombus.
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In Table 1 the antithrombotic activity of several representatives of the
compounds of the invention is given in percentage of the inhibition. Beciparcil
(4-cyanophenyl 1,5-dithio-B-D-xylopyranoside, EP 365.397) was used as

reference compound.

Table 1.

The oral antithrombotic activity of compounds of formula (I) in rats at a dose of

12.5 mg/kg
Example R4 |Ro Config. | Anomer Inhib.
1 OH | CN manno a* 64%
1 OH | CN manno b 56%
2 OH | -C(=NH)-OCHs; manno b 55%
3 OH | -CS(NHy) manno b 57%
4 OH | -C(=NH)-SCHas manno b 61%
5 OH | -C(=NH)-NH, manno b 49%
7 OH | NO; manno ab 71%
10 OH | CN altro a 52%
10 OH |CN altro b 55%
11 N; | CN manno b 67%
12 Na NO, manno ab 68%
Reference 44%

10 * 3:1 mixture of a,b-anomers
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As can be seen from Table 1. the antithrombotic activity of several
representatives of the compounds of formula (I) of the present invention
exceeds that of the reference, in certain céses to a significant degree.

For therapeutical purposes, the compounds of the present invention as
well as their pharmaceutically acceptable saits can be used as such or suitably
in the form of pharmaceutical compositions. These compositions also fall within
the scope of the present invention.

These pharmaceutical compositions contain an amount required to
excert the therapeutical effect of a compound of formula (l) or its
pharmaceutically acceptable salt, in admixture with known carriers, excipients,
diluents and/or other additives commonly used in the pharmaceutical practice.

For oral administration the antithrombotic compound is formulated in
capsules or tablets which may contain excipients such as binders, lubricants,
disintegration agents and the like. For parenteral administration the
antithrombotic compound is formulated in a pharmaceutically acceptable
diluent, e.g. physiological saline (0.9 %), 5% dextrose, Ringer's solution and
the like.

The doses required to excert the therapeutical effect of the compounds
according to the invention may be varied depending on the individual condition
and age of the patient to be treated and finally these doses are determined by
the attending physician. However, for the prevention and/or treatment of
diseases, where the application of an anticoagulant is desirable, daily doses of
these compounds falling between about 0.01 mg/kg of body weight and about
100 mg/kg of body weight and preferably between about 0.1 mg/kg of body
weight and about 10 mg/kg of body weight are used by the oral or parenteral,

e.g. intravenous, route.
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The compounds according to the invention and the process for the
preparation thereof are illustrated in detail by the following not limiting
Examples.

The Ry values given in the experimental part were determined by TLC,
using E. Merck precoated Silica Gel 60 Fog4 plates, with the following solvents:
(A) benzene - methanol (9:1)

(B) benzene - methanol (4:1)

(C) benzene - acetone (9:1)

(D) hexane - ethyl acetate (1:1)

(E) hexane - ethyl acetate (2:1)

(F) hexane - ethyl acetate (4:1)

(G) carbon tetrachloride - ethyl acetate (4:1)

(H) ethyl acetate - pyridine - water - acetic acid (60:20:11:6)

Spots were detected by spraying the plates with a 0.02 M solution of iodine and
a 0.30 M solution of potassium iodide in 10% agq sulfuric acid solution followed
by heating at ca. 200 °C. For column chromatography, Kieseigel 60 was used.
Melting points are uncorrected. Optical rotations were determined at 20 °C.
NMR spectra were recorded with a Varian XL-400 spectrometer at 400 MHz
(1H) and 100 MHz (13C) or with a Bruker AC 250 spectrometer at 250 MHz
(1H) and 62.9 MHz (13C) (Me4Si was used as internal standard). Multiplicities
of the 13C NMR spectra were obtained from DEPT experiments. The
assignment of the protons were based on homonuclear decoupling and DNOE
experiments. Connectivities between identified protons and protonated carbons
were determined by HETCOR experiments. MS spectra were recorded with a
Finnigan MAT 8430 mass spectrometer. In the case of FAB spectra samples

were dissolved in 3-nitrobenzaldehyde or in glycerin.
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The "usual processing" during the work-up of acylatibn reactions, carried
out in pyridine means, that if the product did not crystallize on pouring the
reaction mixture on ice-water, it was extracted with dichloromethane and the
organic solution was washed with 1 M suifuric acid until a pH of ~3 was
reached, then with water, with 5% aq sodium hydrogen carbonate and finaily
with water. Organic solutions were dried over sodium sulfate prior to

concentration which was carried out under diminished pressure.

Example 1

4-Cyanopheny! 2,6-anhydro-1, 2-dithio-a-D-mannopyranoside and 4-
cyanophenyl! 2,6-anhydro-1, 2-dithio-p3-D-mannopyranoside (la and b, R1 = OH,
R> = CN)

To a solution of 1.7 g 1:4 mixture of a,p-anomers of formula (lil) in 20 mi
of methanol 0.1 mi of 1 M methanolic sodium methoxide was added and the
reaction mixture was stirred at room temperature for 1 h. Thereafter the solution
was neutralized with carbon dioxide, the precipitated crystals were filtered off
and washed with methanol to yield 0.5 g (38%) of the title p-anomer (Ib). Mp:
181-184 °C, R (4) = 0.3, [a]p = -171° (c = 0.3, methanol). Concentration of the
mother liquor and purification by column chromatography (solvent A) gave
further 0.44 g (33%) of the B-anomer of formula (Ib). Concentration of the
mother liquor gave 0.35 g (26%) of the title anomeric mixture of formula (la and
Ib), which contains the «- and B-anomers in a 3:1 ratio. NMR (DMSO-dg), (la)
TH: 5.99 (H-1), 2.98 (H-2), 4.15 (H-3), 3.55 (H-4) 4.08 (H-5), 3.09 (H-6a), 2.81
(H-Bb), 5.28 and 5.34 (OH), 7.58 and 7.78 (aromatic H); J1 2 1.3, J2,3 3.1, J3 4
3.1, Ja5 <1, J564 3.6, J56p 2.0, Jga,6p 11.6 HZ; 13¢: 87.4 (C-1), 43.0 (C-2),
76.4, 73.6 and 73.3 (C-3,4,5), 29.1 (C-6), 143.1, 132.8, 128.8, 108.4 (aromatic
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C), 118.9 ppm (CN). (Ib) 1H: 6.03 (H-1), 3.00 (H-2), 3.94 (H—S), 3.56 (H-4) 4.02
(H-5), 3.26 (H-6a), 2.80 (H-6b), 5.24 and 5.38 (OH), 7.60 and 7.76 (aromatic H);
J1228,J2332,J3432,J45<1 J56a3.1, J56p2.5 Jsaep 11.8 Hz; 13¢:
87.6 (C-1), 44.3 (C-2), 76.7, 76.1 and 73.1 (C-3,4,5), 29.2 (C-6), 144.6, 132.7,
128.5, 108.0 (aromatic C), 119.0 ppm (CN).

The starting anomeric mixture of formula (Ill) can be prepared the

following way:

Step a)
Methy! 3,4-di-O-acetyl-2,6-anhydro-2-thio-a-D-mannopyranoside (IV, R = Me)

To a solution of 1.3 g methyl 2 6-anhydro-2-thio-a-D-mannopyranoside
[I.I. Cubero et al., Carbohydr. Res., 242, 109 (1993)] in 3 mi of pyridine 3 ml of
acetic anhydride was added. The reaction mixture was kept overnight at room
temperature to give after usual processing 1.55 g (83%) of the title compound.
Rf (D) = 0.7, [ap = -31° (c = 0.5, chloroform). NMR (CDCI3), TH: 5.12 (H-1),
3.10 (H-2), 5.47 (H-3), 4.81 (H-4) 4.30 (H-5), 3.05 (H-6a), 2.83 (H-6b), 3.46
(OMe), 2.11 and 2.09 (OAc); J12 2.0, Jp3 3.4, J3 4 3.4, J45~ 1, J56a 4.2,
J56b 2.0, Jga eb 11.5 Hz.

Step b)
1,3,4-Tri-O-acetyl-2,6-anhydro-2-thio-D-mannopyranoside (IV, R = Ac)

To a stirred solution of the product obtained in the previous step (1.55 g)
in 3.5 ml of acetic anhydride 0.01 mi of concentrated sulfuric acid was added at

0 °C and stirring was continued for 15 min. The pH of the solution was adjusted
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to ~4 with sodium acetate, 20 mi of ice-cold 6% aq sodium hydrogen carbonate
was added and stirring was continued for 2 h at room temperature. Then the
mixture was extracted with chloroform, washed with water, dried over sodium
sulfate and concentrated. The residue was purified by column chromatography
(solvent E) to yield 1.4 g (82%) of the title compound, which is a 1:2 mixture of
the o- and B-anomers. R¢ (£) = 0.4; NMR (CDCI3g), (IVa) TH: 6.36 (H-1), 3.14
(H-2), 5.46 (H-3), 4.84 (H-4) 4.38 (H-5), 3.13 (H-6a), 2.85 (H-6b), 2.18-2.08
(OAc); J1,22.3,J23 34,3434, Ja511, 56543, J56b 1.9, Jsaeb 11.7
Hz. 13C: 94.5 (C-1), 36.8 (C-2), 75.1, 71.6 and 70.2 (C-3,4,5), 28.1 (C-6),
170.5-169.5 (CO), 21.2-21.9 ppm (OAc). (IVB) TH: 6.28 (H-1), 3.25 (H-2), 5.19
(H-3), 5.05 (H-4) 4.25 (H-5), 3.29 (H-6a), 2.91 (H-6b), 2.18-2.08 (OAc); J1 2 3.5,
J2.32.7,J3441,J450.5, J5 62 2.9, J56p 3.0, Jeasb 12.0 Hz. 13C: 92.4 (C-
1), 39.0 (C-2), 75.2, 74.5 and 70.0 (C-3,4,5), 29.0 (C-6), 170.5-169.5 (CO),
21.2-21.9 ppm (OAc).

Step ¢)
4-Cyanopheny! 3,4-di-O-acetyl-2,6-anhydro-1, 2-dithio-D-mannopyranoside (111) |

Under argon, to a stirred solution of 1.8 g of 1,34-tri-O-acetyl-2,6-
anhydro-2-thio-D-mannopyranose (IV, R = Ac) in 65 mi of dry dichloromethane
1.7 g of 4-cyanothiophenol was added at -10 °C and thereafter 1.2 ml of
trimethylsilyl triflate. The reaction mixture was stirred at room temperature for 2
h, neutralized with triethylamine, concentrated and the residue was purified by
column chromatography (solvent E) to yield 1.7 g (76%) of the title compound,
which is 1:4 mixture of the a- and B-anomers [Rf (E) = 0.5]. When the reaction
was carried out at -10 °C for 1.5 h, a 1:1 mixture of the a- and p-anomers was

formed. NMR (CDCla), (llo) TH: 5.93 (H-1), 3.24 (H-2), 5.54 (H-3), 4.98 (H-4)
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4.35 (H-5), 3.06 (H-6a), 3.01 (H-6b), 7.60-7.50 (aromatic H) 2.13 and 2.12 ppm
(OAc); J1 2 <1, J23 3.4, J3 434, Jg5<1, J569 37, J56p 2.4 Jsa6b 11.8
Hz: 13C: 87.8 (C-1), 38.8 (C-2), 75.8, 73.4 and 70.3 (C-3,4,5), 28.9 (C-6), 170.4
and 170.3 (CO), 142.8-110.0, (aromatic C), 118.6 (CN), 20.9 ppm (OAc). (NB)
1H: 5.02 (H-1), 3.39 (H-2), 5.20 (H-3), 5.08 (H-4) 4.31 (H-5), 3.60 (H-6a), 2.98
(H-6b), 7.60-7.50 (aromatic H) 2.14 and 2.11 ppm (OAc); J1 2 3.1, J2 3 2.9,
J3442 J45<1,J56a30 J56b 3.0, Jga,6p 12.0 Hz; 13C: 88.0 (C-1), 40.6
(C-2), 75.9, 75.6 and 70.2 (C-3,4,5), 28.9 (C-6), 170.4 and 170.3 (CQ), 142.8-
110.0, (aromatic C), 118.6 (CN), 20.9 ppm (OAc).

Example 2
4-(Imino)(methoxy)methylphenyl  2,6-anhydro-1,2-dithio-b-D-mannopyranoside
(Ib, R; = OH, R, = -C(=NH)-OCH;)

To a solution of 380 mg of 4-cyanophenyl 2,6-anhydro-1,2-dithio-p-D-
mannopyranocside (Ib, R4 = OH, Ro = CN) in 40 mi of dry methanol 0.1 mi of 1
M methanolic sodium methoxide was added. After 24 h at room temperature,
the mixture was neutralized with carbon dioxide and concentrated. The residue
was submitted to column chromatography (solvent A) to give, on concentration
of the first fraction [Rf (A) = 0.3], the unchanged starting material (250 mg).
Concentration of the second fraction [Rf (4) = 0.2 ] yielded 120 mg (83%
counted on the recovered starting material) of the title compound. Mp: 164-168
°C, [op = -157° (¢ = 0.5, methanol). NMR (DMSO-dg), TH: 5.90 (H-1), 3.00 (H-
2), 3.93 (H-3), 3.54 (H-4) 4.01 (H-5), 3.18 (H-6a), 2.78 (H-6b), 5.38 and 5.25
(OH), 7.50 and 7.80 (aromatic H), 8.95 (NH), 3.78 ppm (OMe); J1 2 2.7, J23
2.7, J3435,J45<1, J56a 3.0, J56b 2.4, Jga,pp 11.7 Hz.
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Example 3
4-(Amino-thiocarbonyl)phenyl 2,6-anhydro-1,2-dithio-b-D-mannopyrancside (Ib,

R;= OH, R; = -CS(NH))

A solution of 0.75 g of 4-cyanophenyl 2,6-anhydro-1,2-dithio-B-D-
mannopyranoside (Ib, R4 = OH, R = CN) in 16 ml of pyridine and 15 ml of
triethylamine was saturated with a slow stream of dry hydrogen suifide for 5 h.
The mixture was kept at room temperature overnight and was then
concentrated. The residue was recrystallized from methanol to yield 0.74 g
(88%) of the title compound. Mp: 189-194 °C, Rs (B) = 0.3, [a]p =-179° (¢ = 0.5,
methanol). NMR (DMSO-dg), TH: 5.92 (H-1), 3.01 (H-2), 3.91 (H-3), 3.55 (H-4)
4.01 (H-5), 3.26 (H-6a), 2.78 (H-6b), 5.35 and 5.24 (OH), 7.45 and 7.88
(aromatic H), 9.45 and 9.80 (NHp); J1 2 2.9, J2 3 2.8, J3 4 4.0, J45 <1, J5 64
3.0, J56p 2.6, Jgaep 11.7 Hz; 13C: 88.1 (C-1), 44.56 (C-2), 76.8 76.1 and 73.0
(C-3,4,5), 29.2 (C-6), 199.2 (CSNH2),'14O.9, 136.9, 128.1 and 128.0 ppm

(aromatic C).

Example 4
4-(Imino)(methylthio)methylphenyl 2,6-anhydro-1,2-dithio-b-D-mannopyranoside
(Ib, Ri= OH, R, = -C(=NH)-SCH3)

To a solution of 450 mg of 4-(aminothiocarbonyf)pheny! 2,6-anhydro-1,2-
dithio-p-D-mannopyranoside (Ib, R4 = OH, Ry = -CS(NH>) ) in 65 ml of acetone
0.5 ml of methyl iodide was added and the reaction mixture was refluxed for 3
h. The precipitated product was filtered after cooling and was washed with
acetone to yield 600 mg (93%) of the title compound as its hydroiodide. Mp:
203-205 °C, Rf (B) = 0.5.[a]p = -132° (c = 0.58, pyridine). NMR (DMSO-dg), TH:
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6.07 (H-1), 3.03 (H-2), 3.98 (H-3), 3.58 (H-4) 4.04 (H-5), 3.26 (H-6a), 2.82 (H-
6b), 4.00 and 3.85 (OH), 7.65 and 7.82 (aromatic H), 12.0 (NH), 2.85 ppm
(SMe); J12 2.6, J23 2.8, J343.3, J45 <1, J56a 2.9, J56p 1.5 Jeaeb 11.8
Hz: 13C: 87.3 (C-1), 44.2 (C-2), 76.6 76.0 and 73.1 (C-3,4,5), 29.2 (C-6), 188.0
(CSMeNH), 147.3, 128.6, 128.2 és 127.9 (aromatic C), 15.7 ppm (SMe).

Example 5
4-Amidinophenyl 2,6-anhydro-1,2-dithio-b-D-mannopyranoside (Ib, Ry = OH, R, =

-C(=NH)-NH>)

To a stirred solution of 200 mg of 4-(iminc)(methylthio)methylpheny! 2,6-
anhydro-1,2-dithio-B-D-mannopyranoside hydroiodide (Ib, R4y = OH, Ry =
-C(=NH)-SCH3) in 10 ml of dry ethanol 120 mg of ammonium acetate was
added and stirring was continued at 60 °C for 4 h. The reaction mixture was
cooled and the precipitated product was filtered off to yield 100 mg (63%) of the
title compound as its acetate. Mp: 208-210 °C, Rf (H) = 0.7, [o]p = -192° (c =
0.28, DMS0). TS: 312 (M)*

Example 6
4-(Hydrazino)(imino)methylpheny!  2,6-anhydro-1, 2-dithio-b-D-mannopyranoside
(Ib, Ry = OH, R, = -C(=NH)-NHNH)

To a stirred solution of 300 mg of 4-(imino)(methylthio)methylpheny! 2,6-

anhydro-1,2-dithio-p-D-mannopyranoside hydroiodide (Ib, R4 = OH, Rp =
-C(=NH)-SCH3) in 30 ml of dry ethanol 1.1 ml of 98% hydrazine hydrate was
added and stirring was continued at 20 °C for 24 h. The precipitated product

was filtered off and washed with ethanol to yield 180 mg (86%) of the title
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compound. Mp: 171-175 °C, Rf (H) = 0.8, [a]p = -159° (¢ = 0.5, DMSO). NMR
(DMSO-dg), 1H: 5.78 (H-1), 2.98 (H-2), 3.88 (H-3), 3.54 (H-4) 4.00 (H-5), 3.28
(H-6a), 2.76 (H-6b), 4.5-6.0 (OH, NH), 7.62 and 7.38 (aromatic H); J1 2 2.7,
Jp 325, J3432 Ja5<1, J56a28, Js56p 2.0, Jeaep 11.5 Hz; 13C: 88.9 (C-
1), 44.8 (C-2), 76.8 76.2 and 72.9 (C-3,4,5), 29.3 (C-6), 145.5 [C(=NH)NHNH2],
136.1, 133.6, 129.3 and 125.8 (aromatic C).

Example 7
4-Nitrophenyl 2,6-anhydro-1,2-dithio-D-mannopyranoside (la and b, R; = OH, Rz =

NO)

To a solution of a 1:2 «,p-anomeric mixture of 270 mg of 4-nitrophenyl
3,4-di-O-acetyl-2,6-anhydro-1,2-dithio-D-mannopyranocside (V) in 15 ml of dry
methanol 0.1 ml of 1 M methanolic sodium methoxide was added and the
reaction mixture was stirred at room temperature for 1 h. Thereafter the solution
was neutralized with Dowex 50 WX (H™) resin and concentrated to yield 200
mg (94%) of the title compound, which is a 1:2 mixture of the «,p-anomers. R¢
(A) = 0.3. NMR (DMSO-dg), (la) TH: 6.03 (H-1), 2.98 (H-2), 4.14 (H-3), 3.54 (H-
4) 4.08 (H-5), 3.08 (H-6a), 2.80 (H-6b), 5.44 and 5.35 (OH), 7.58 and 8.14 ppm
(aromatic H); J1 2 1.3, J2,3 3.1, J3 4 3.0, J4 5 <1, J5 65 3.8, J56b 2.5 Jgabb
11.7 Hz. (Ib) 1H: 6.05 (H-1), 3.03 (H-2), 3.94 (H-3), 3.58 (H-4) 4.03 (H-5), 3.25
(H-Ba), 2.78 (H-6b), 5.48 and 5.36 (OH), 7.60 and 8.12 ppm (aromatic H); J1 2
2.9,J2330,J3430 J45<1, J5653.1, J5 6b 2.5, Jga eb 11.8 Hz.

The starting anomeric mixture of formula (V) can be prepared the

following way:

4-Nitrophenyl 3,4-di-O-acetyl-2,6-anhydro-1, 2-dithio-D-mannopyranoside
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Under argon, to a stirred solution of 0.4 g of 1,3 4-tri-O-acetyl-2,6-
anhydro-2-thio--D-mannopyrancse (IV, R = Ac) in 20 ml of dry
dichloromethane 0.4 g of 4-nitrothiophenol and 0.25 ml of trimethylsily! triflate
were added at -10 °C, then the reaction mixture was stirred for 1 h at room
temperature. After neutralizing with triethylamine the mixture was washed with
water, dried and concentrated. The residue was submitted to column
chromatography (solvent E) to yield 270 mg (51%) of the title compound, which
is a 1:2 mixture of the a- and p-anomers. Rf (E) = 0.5. NMR (CDCl3), (Vo) TH:
5.98 (H-1), 3.26 (H-2), 5.54 (H-3), 4.99 (H-4) 4.47 (H-5), 3.28 (H-6a), 3.02 (H-
6b), 2.16 and 2.12 (OAc), 7.62 and 8.12 ppm (aromatic H); J1 2 1.6, J2 3 3.4,
J3 4 3.4, J45 10, J565 3.7, J56b 2.3, Jga,6b 12.0 Hz. (VB) TH: 5.97 (H-1),
3.40 (H-2), 5.22 (H-3), 5.09 (H-4) 4.32 (H-5), 3.59 (H-6a), 3.00 (H-6b), 2.14 and
2.07 (OAc), 7.62 and 8.18 ppm (aromatic H); J1 2 3.0, J2 3 3.0, J3 4 4.2, J45
<1, J5.65 3.0, J5 6p 2.9, Jga 6p 12.0 Hz.

Example 8
4-Nitrophenyl! 2,6-anhydro-1,2-dithio-b-D-mannopyranoside (Ib, R1 = OH, Rp =

NO»)

Under argon, to a stirred solution of 1.0 g of 1,3,4-tri-O-acetyl-2,6-
anhydro-2-thio-g-D-mannopyranocse (IV, R = Ac) in 20 ml of dry 1,2-
dichloroethane 0.7 g of 4-nitrothiophenol and 0.4 ml of boron trifluoride
etherate were added at 20 °C. After 24 h at room temperature the reaction
mixture was poured into 20 ml of ice-cold 6% aq sodium hydrogen carbonate,
separated and the organic layer was washed with 6% aqg sodium hydrogen
carbonate and water, dried over sodium sulfate and concentrated to yield 1.3 g

of a syrup, which is a 1:4 mixture of the a,b-anomers of formula (V) [Rf (E) =
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0.5]. The so obtained mixture was dissolved in a mixture of 30 mi of dry
methanol and 20 m! of dry dichloromethane and 0.1 ml of 1 M methanolic
sodium methoxide was added. After 1 h at room temperature the reaction
mixture was neutralized with carbon dioxide, the precipitated crystals were
filtered off, washed with methanol and ether to yield 450 mg (43%) pure b-
anomer (Ib, Ry = OH, Ro = NO2). Mp: 202-204 °C, Rs (A) = 0.3, [a]p = -243° (c

= 0.5, pyridine).

Example 9
4-Acetamidophenyl! 2,6-anhydro-1,2-dithio-b-D-mannopyranoside (Ib, R4 = OH,
Ro=NHCOCH3)

To a stirred solution of 180 mg of 4-nitrophenyl 2,6-anhydro-1,2-dithio-b-
D-mannopyranoside (Ib, R4 = OH, Ry = NO») in 45 ml of ethanol 90 mg of
sodium borohydride and 10 mg of nickel(ll) chioride hexahydrate were added
and stirring was continued for 30 min. The reaction mixture was neutralized
with ag HCI, filtered and concentrated. The residue was dissolved in a mixture
of 8 ml of pyridine and 4 ml of acetic anhydride and was kept at room
temperature for 24 h. After usual processing the residue was dissolved in 10 ml
of dry methanol and 0.1 ml of 1 M methanolic sodium methoxide was added.
After 1 h at room temperature the reaction was neutralized with carbon dioxide,
concentrated and submitted to column chromatography (solvent B) to yield 100
mg (54%) of the title compound. Mp: 246-249 °C, Rf (A) = 0.2, [a]p = -169° (c =
0.5, pyridine). NMR (DMSO-dg), 1H: 5.62 (H-1), 2.98 (H-2), 3.85 (H-3), 3.54 (H-
4) 3.96 (H-5), 3.28 (H-6a), 2.76 (H-6b), 5.0-5.5 (OH), 10.00 (NH), 2.00 (Ac),
7.54 and 7.40 (aromatic H); J12 2.7, Jp 3 2.5, J3 4 3.2, J4 5 <1, J564 2.9,

J5 6b 2.1, Jea,6p 11.2 Hz.
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Example 10
4-Cyanopheny! 2,6-anhydro-1,2-dithio-a-D-altropyranoside and 4-cyanopheny!
2 6-anhydro-1, 2-dithio--D-altropyranoside (Ic and Id, R1 = OH, Ro = CN)

A 2:3 anomeric mixture of 730 mg of the compound of formula (VI) was
dissolved in 30 mil of dry methanol and 0.1 ml of 1 M methanolic sodium
methoxide was added to the solution at room temperature. After 1 h the
reaction was neutralized with carbon dioxide, concentrated and the residue was
submitted to column chromatography (solvent A). Concentration of the first
fraction [Rf (A) = 0.3] gave 300 mg (53%) of a mixture of «,B-anomers (Ic + Id),
while concentration of the second fraction [Rf (A) = 0.2] yielded 170 mg (30%)
of pure B-anomer of formula (Id). Mp: 160-165 °C, R (A) = 0.2, [a]p =-114° (c =
0.5, methanol). Repeated column chromatography of the first fraction gave 130
mg (20%) of the pure a-anomer of formula (Ic). Mp: 144-148 °C, Ry (A) = 0.3,
la]p = +273° (c = 0.5, methanol). NMR (DMSO-dg), (Ic) TH: 5.88 (H-1), 3.13 (H-
2), 4.19 (H-3), 3.92 (H-4) 4.15 (H-5), 3.12 (H-6a), 2.83 (H-6b), 5.10 and 5.56
(OH), 7.55 and 7.75 ppm (aromatic H); J1 2 ~0, J2 3 3.4, J3 4 8.8, J45 1.0,
J56a 3.8, J560 1.9, Jga,ep 11.7 Hz. (Id) TH: 5.98 (H-1), 3.14 (H-2), 4.20 (H-3),
3.88 (H-4), 4.07 (H-5), 3.25 (H-6a), 2.80 (H-6b), 5.06 and 5.60 (OH), 7.58 and
7.77 ppm (aromatic H); J1 2 2.9, J2 3 3.4, J3 4 8.1, J45 0.8, J565 3.1, J56b
2.2, Jgaeb 11.7 Hz.

The starting anomeric mixture of formula (VI) can be prepared the

following way:

4-Cyanophenyl 3 4-di-O-acetyl-2,6-anhydro-1,2-dithio-a, f-D-altropyranoside
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Under argon, to a stirred solution of 700 mg of 1,3,4-tri-O-acetyl-2,6-
anhydro-2-thio-p-D-altropyranose (VIl) [K. Toshima et al., Tetrahedron Letters,
33, 1491 (1992)] in 25 ml of dry dichloromethane 0.6 g of 4-cyanothiophenol
and 0.44 mi of trimethylsilyl triflate were added at O °C and stirring was
continued for 30 min at 0 °C. After neutralizing with triethylamine the reaction
mixture was washed with water, dried, filtered and concentrated. The residue
was submitted to column chromatography (solvent E) to yield 730 mg (61%) of
the title compound [Rf (E) = 0.4], which is a 2:3 mixture of the o- and B-
anomers. NMR (CDCl3), (Vla) TH: 5.85 (H-1), 3.25 (H-2), 5.52 (H-3), 5.12 (H-4),
4.44 (H-5), 3.30 (H-6a), 3.90 (H-6b), 2.14 and 2.18 (OAc), 7.45 - 7.65 ppm
(aromatic H); J1 2 ~0, J2 3 3.7, J3 4 8.5, J4 5 1.0, U563 2.7, J56p 2.7, JBa,6b
12.0 Hz. 13C: 86.8 (C-1), 36.8 (C-2), 67.0, 68.3 and 69.8 (C-3,4,5), 27.8 (C-6),
170.2 - 169.5 (CO), 144.3 - 109.8 (aromatic C), 118.5 (CN), 20.8 - 20.6 ppm
(OAc). (VIB) TH: 5.96 (H-1), 3.26 (H-2), 5.58 (H-3), 5.15 (H-4), 4.35 (H-5), 3.61
(H-Ba), 2.84 (H-6b), 2.10 and 2.12 (OAc), 7.45 - 7.65 ppm (aromatic H); J1 2
32, Jp3 4.1, J3.4 84, Ja5 05, Jsea 27, Jsep 2.7, Jeaep 12.0 Hz. 13C:
84.6 (C-1), 37.4 (C-2), 68.0, 68.5 and 69.9 (C-3,4,5), 28.1 (C-6), 170.2 - 169.5
(CO), 144.3 - 109.8 (aromatic C), 118.6 (CN), 20.8 - 20.6 ppm (OAc).

Example 11
4-Cyanophenyl! 2,6-anhydro-3-azido-3-deoxy-1, 2-dithio-a-D-mannopyranoside
and 4-cyanophenyl 2,6-anhydro-3-azido-3-deoxy-1, 2-dithio-f-D-mannopyranoside
(la and Ib, Ry = N3, Ro = CN)

Under argon, to a stirred solution of 400 mg of 1,4-di-O-acetyl-2,6-
anhydro-3-azido-3-deoxy-2-thio-D-mannopyranose  (VII) in 15 ml of dry
dichloromethane 0.4 g of 4-cyanothiophenol and 0.3 mi of trimethylsilyl trifate



10

15

20

25

WO 98/24792 PCT/HU97/00078

26

were added at -10 °C. The reaction mixture was stirred at rbom temperature for
2 h, then quenched with triethylamine, concentrated and the residue was
submitted to column chromatography (solvent F) to yield the compound of
formula (IX) (450 mg) as a 1:1 mixture of the o- and B-anomers [Ry (F) = 0.4].
The so obtained mixture was dissolved in 15 ml of dry methanol and 0.1 ml of 1
M methanolic sodium methoxide was added. After 1 h at room temperature the
reaction was neutralized with carbon dioxide, concentrated and the residue was
submitted to column chromatography (solvent A) to yield 250 mg (56%) of a 1:1
mixture of the title compounds (la + Ib). This was purified by a second column
chromatography (solvent G). Concentration of the first fraction [Rf (G) = 0.25]
gave the pure o-anomer (la); Mp: 117-119 °C, [a]p = +133° (¢ = 0.4, methanol).
Concentration of the second fraction [Rf (G) = 0.2] yielded the pure B-anomer
(Ib); Mp: 143-145 °C, [o]p = -118° (¢ = 0.5, methanol). NMR (DMSO-dg), (la)
TH: 6.00 (H-1), 4.08 (H-3), 4.17 (H-5), 3.15 (H-6a), 2.93 (H-6b); J1212, 23
2.8, J3 4 3.9, J564 3.3, Jga,6p 11.8 Hz; (Ib) TH: 6.08 (H-1), 3.36 (H-2), 3.98
(H-3), 3.76 (H-4) 4.15 (H-5), 3.34 (H-6a), 2.92 (H-6b), 5.76 (OH), 7.60 and 7.80
ppm (aromatic H), J1 2 3.0, J2, 3 2.5, J3 4 4.1, J4,5 <1, J5.6a2 3.0, J56p 2.8,
Jsa gb 11.8 Hz; 13C: 87.8 (C-1), 41.4 (C-2), 68.1 (C-3), 73.1 and 72.9 (C-4,5),
29.1 (C-6), 119.0 (CN), 143.9, 132.8, 128.7 and 108.3 ppm (aromatic C).

The starting compound of formula (VIIl) can be prepared the following

way:

Step a)
Methyl 3-azido-4,6-O-benzylidene-2-S-benzoyl-3-deoxy-a-D-mannopyranoside

(X1)
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Under argon, to a stirred solution of 5.8 g of methyl-3-azido-4,6-0-
benzylidene-3-deoxy-a-D-glucopyranoside (X, R = OH) [R. D. Guthrie and D.
Murphy, J. Chem. Soc., (1963) 5288] in 60 ml of dry dichloromethane and 60 ml
of pyridine 5 ml of trifluoromethanesulfonic anhydride was added at -20 °C. The
mixture was stirred for 1 h at room temperature to give after usual processing 6
g of the ester of formula (X, R = OTf). This was dissolved in 100 ml of dry N,N-
dimethylformamide, 5 g of potassium thiobenzoate was added to the solution
and the reaction was stirred at room temperature for 20 h. After concentration
the residue was dissolved in dichloromethane, washed with water, dried and
concentrated. The so obtained mixture was purified by column chromatography
(solvent F) to yield 3.8 g (47%) of the title compound. Ry (F) = 0.5, [a]p = -28° (¢
= 0.5, chioroform). NMR (CDCl3), 1H: 4.78 (H-1), 4.45 (H-2), 4.52 (H-3), 3.78
(H-4) 3.97 (H-5), 4.30 (H-6a), 3.84 (H-6b), 5.66 (PhCH), 7.35-7.65 and 8.02
(aromatic H), 3.42 pom (OMe); J1 2 1.1, J2 3 4.8, J3 4 10.0, J4 5 9.5, J5 g5 4.4,
J5 6b 9.8, Jga,6b 10.9 Hz.

Step b)
Methyi 2,6-anhydro-3-azido-3-deoxy-2-thio-a-D-mannopyrancside (X, R = H)

To a stirred solution of 2.4 g of the product of formula (XI) obtained in
the previous step in 70 ml of carbon tetrachloride 1.1 g of N-bromosuccinimide
and 4 g of barium carbonate were added and the mixture was stirred at reflux
temperature for 3 h. After cooling to room temperature the mixture was filtered,
the filtrate was concentrated, the residue was dissolved in ether, washed with
water, dried and concentrated. The so obtained thiobenzoate of formula (XI)
was dissolved in 100 ml of dry methanol and 3.5 mi of 3 M methanolic sodium

methoxide was added. After standing at room temperature overnight, the
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reaction was neutralized with carbon dioxide, concentrated and the residue was
submitted to column chromatography (solvent E) to yield 0.65 g (46%) of the
titte compound. Rs (E) = 0.3, [a]p = -68° (c = 0.37, chloroform). NMR (CDCl3),
TH: 5.08 (H-1), 2.88 (H-2), 4.20 (H-3), 3.55 (H-4) 4.28 (H-5), 3.05 (H-6a), 2.68
(H-6b), 3.18 (OH), 3.50 ppm (OMe); J1 2 2.4, J2 34.0,J3 4 2.2, J452.0, J5 84
5.0, J56b 1.5, Jgaeb 11.6 Hz; 13C: 101.9 (C-1), 38.4 (C-2), 63.2, (C-3), 73.0
and 71.4 (C-4,5), 27.3 (C-6), 55.6 ppm (OMe).

Step ¢)
Methyl  4-O-acetyl-2,6-anhydro-3-azido-3-deoxy-2-thio-a-D-mannopyranoside
(Xlll, R = Ac)

To a stirred solution of 0.6 g of the product obtained in the step b) in 6
mi of pyridine 3 ml of acetic anhydride was added and the reaction was kept at
room temperature for 1 h. Usual processing yielded 0.6 g (96%) of the title
compound, Rf (E) = 0.3, [a]p = -21° (¢ = 0.5, chloroform). NMR (CDClg), TH:
5.12 (H-1), 2.90 (H-2), 4.32 (H-3), 4.70 (H-4) 4.30 (H-5), 3.05 (H-6a), 2.82 (H-
6b), 2.14 (OAc), 3.46 ppm (OMe); J1 2 1.7, J2 3 3.1, J3 4 4.0, J45 0.7, J564
4.0, Js gb 2.0, Jsasb 11.6 Hz; 13C: 102.0 (C-1), 39.3 (C-2), 604, (C-3), 75.8
(C-4), 69.3 (C-5), 28.6 (C-6), 170.4 (CO), 21.0 (OAc) 55.3 ppm (OMe).

Step d)
1,4-Di-O-acetyl-2,6-anhydro-3-azido-3-deoxy-2-thio-D-mannopyranose (VIIl)

To a stirred solution of 0.6 g of the methyl glycoside obtained in the
previous step in 7 mi of acetic anhydride, 0.1 ml of concentrated sulfuric acid

was added at 0 °C, and the mixture was stirred for 15 min at 0 °C. Then the pH
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was adjusted to 4 by adding sodium acetate, thereafter 50 ml of ice-cold 6% aq
sodium hydrogen carbonate was added to the mixture and stirring was
continued at room temperature for 2 h. Then the mixture was extracted with
chloroform, washed with water, dried and concentrated. The residue was
submitted to column chromatography (solvent E) to yield 0.46 g (69%) of the
titte compound as a 1:1 mixture of the o and f-anomers. R (E) = 0.6. NMR
(CDClg), (Vlllow) TH: 6.35 (H-1), 2.96 (H-2), 4.30 (H-3), 4.77 (H-4) 4.40 (H-5),
3.14 (H-6a), 2.85 (H-6b), 2.14 and 2.13 ppm (OAC); J1 2 2.2, J2 3 3.2, J3 4 3.9,
Ja5 1.2, J56a 41, Js6p 2.2, Jeaeb 11.7 Hz; 13C: 94.2 (C-1), 38.2 (C-2),
60.2, (C-3), 75.3 and 70.1 (C-4,5), 28.3 ppm (C-6). (VHIB) TH: 6.19 (H-1), 3.21
(H-2), 3.95 (H-3), 4.98 (H-4) 4.30 (H-5), 3.30 (H-6a), 2.91 (H-6b), 2.18 and 2.16
ppm (OAc); J1 2 3.4, J2 3 2.4, J3 4 4.9, Ja 5 <1, J56a 2.7, J56b 3.2, Jga 6b
12.0 Hz; 13C: 92.9 (C-1), 40.0 (C-2), 63.3, (C-3), 75.4 and 70.2 (C-4,5), 29.1
ppm (C-6).

Example 12
4-Nitrophenyl 2,6-anhydro-3-azido-3-deoxy-1, 2-dithio-a, f-D-mannopyranoside
(laand Ib, Ry = N3, Ro=CN)

Under argon, to a stirred solution of 500 mg of 1,4-di-O-acetyl-2,6-
anhydro-3-azido-3-deoxy-2-thio-D-mannopyrancse (VIll) in 15 ml of dry
dichloromethane 540 mg of 4-nitrothiophenol and 0.35 ml of trimethylsilyl
triflate were added at 0 °C, and stirring was continued at room temperature for
30 min. After neutralizing with triethylamine, the mixture was concentrated and
the residue was submitted to column chromatography (solvent F) to yield a
syrup (450 mg, 68%), which is a 1:1 mixture of the «- and pB-anomers [Ry (F) =

0.4]. This mixture was dissolved in 30 ml of dry methanol and 10 mi of dry



20

25

WO 98/24792 PCT/HU97/00078

30

dichloromethane and 0.1 mi of 1 M methanolic sodium rﬁethoxide was added.
After 1 h at room temperature the reaction was neutralized with Dowex 50 WX
(H*) resin, filtered and concentrated to yield 370 mg (92%) of the title
compound as a 1:1 mixture of the «,b-anomers. Rf (A) = 0.3. NMR (DMSO-dg),
(la) TH: 6.10 (H-1), 3.35 (H-2), 4.12 (H-3), 3.76 (H-4), 4.20 (H-5), 3.20 (H-6a),
2.94 (H-6b), 5.81 (OH); J1 2 1.4, J2 329, J3 4 3.9, J45<1, J565 34, J56p
2.5, Jga b 11.7 Hz; (Ib) 1H: 6.15 (H-1), 3.38 (H-2), 4.00 (H-3), 3.75 (H-4) 4.16
(H-5), 3.32 (H-6a), 2.92 (H-6b), 5.79 (OH), 7.65 and 8.20 ppm (aromatic H);
J1229,J2325,J3444,J45<1, J56a2.7, J56p 2.2, Jgaep 11.7 Hz.

Example 13
4-Nitropheny! 2,6-anhydro-3-azido-3-deoxy-1, 2-dithio-f-D-mannopyranoside

(b, R1= N3, Ro=CN)

To a solution of 350 mg of 4-nitropheny! 4-O-acety!-2,6-anhydro-3-azido-
3-deoxy-1,2-dithio-B-D-mannopyranoside in 30 mi of dry methanol and 10 mi of
dry dichioromethane 0.1 ml of 1 M methanolic sodium methoxide was added.
After 1 h at room temperature the mixture was neutralized with Dowex 50 WX
(H*) resin, filtered and concentrated to yield 295 mg (95%) of the title
compound. Mp: 100-102 °C, R (A) = 0.3, [a]p = -143° (c = 0.5, methanol).

The starting material can be prepared the following way:

4-Nitrophenyl  4-O-acetyl-2,6-anhydro-3-azido-3-deoxy-1, 2-dithio-p-D-manno-

pyranocside

To a stirred solution of 500 mg of 1,4-di-O-acetyl-2,6-anhydro-3-azido-3-
deoxy-2-thio-D-mannopyranose (Vi) in 10 ml of dry 1,2-dichloroethane 300 mg
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of 4-nitrothiophenol and 0.2 ml boron triflouride etherate wére added. After 24 h
at room temperature the reaction mixture was poured into 15 mi of ice-cold 6%
aq sodium hydrogen carbonate, separated and the organic layer was washed
with 6% aq sodium hydrogen carbonate and water, dried and concentrated.
The residue was submitted to column chromatography (solvent F) to yield 0.55
g (82%) of a syrup, which is a 1:9 mixture of the a- and b-anomers [Rf (F) =
0.5]. This was recrystallized from ether to give 350 mg (52%) of the title
compound. Mp: 150-153 °C, Rf (F) = 0.5, [a]p = -194° (c = 0.5, chloroform).
NMR (CDClg), 1H: 5.88 (H-1), 3.29 (H-2), 4.03 (H-3), 4.98 (H-4), 4.35 (H-5),
3.60 (H-6a), 2.98 (H-6b), 2.15 (OAc), 7.60 and 8.15 ppm (aromatic H); J1 2 2.2,
J2325,J344.8, J45<1, J56a2.8, J56p 2.9, Jsa,6p 12.0 Hz.
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(1), more

What we claim is:
1. 2,6-anhydro-1,2-dithio-pyranosides of the formuia

particularly the D-manno- and D-altropyranosides of formula (la-Id)

0] S
> \©\ ' W
HO R,
R1
N
S
" \©\ (1a)
HO R,
R1

a-D-mannoside

0 S
S
o (Ib)
HO R,
R1

f-D-mannoside

10
O nS
- R,

Ho ¥

0t

]
a-D-altroside
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wherein
R1
R2

PCT/HU97/00078

0 S
Ho R

B-D-altroside

represents a hydroxy or an azido group,
represents a nitro, cyano, amidino, aminothiocarbonyl,
-C(=NH)-OCHg, -C(=NH)-NH-NH>, -C(=NH)-SCH3 or an

acetamido group,

and if possible, the acid addition salts thereof formed with organic or inorganic

acids. (

2.

wherein
R1
R2

12. 1997)

2,6-anhydro-1,2-dithio-pyranosides of the formula (1), more

particularly the D-manno- and D-altropyranosides of formula (la-1d)

represents a hydroxy or an azido group,

represents a nitro, cyano, amidino, aminothiocarbonyl,

-C(=NH)-OCH3 or -C(=NH)-SCH3 group,

and if possible, the acid addition salts thereof formed with organic or inorganic

acids. (04. 12. 1996)

3.
4,
5.

4-cyanopheny! 2,6-anhydro-1,2-dithio-D-altropyranoside
4-cyanophenyl 2,6-anhydro-1,2-dithio-D-mannopyranoside
4-(imino)(methoxy)methyipheny! 2,6-anhydro-1,2-dithio-D-
mannopyranoside and the acid addition salts thereof
4-(aminothiocarbonyl)phenyl 2,6-anhydro-1,2-dithio-D-
mannopyranoside

4-(imino)(methylthio)methylpheny! 2,6-anhydro-1,2-dithio-D-
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mannopyranoside and the acid addition salts fhereof

8.  4-nitrophenyl 2,6-anhydro-1,2-dithio-D-mannopyranoside

9.  4-cyanophenyl 2,6-anhydro-3-azido-3-deoxy-1,2-dithio-D-
mannopyranoside

10.  4-amidinopheny! 2,6-anhydro-1,2-dithio-D-mannopyranoside and

the acid addition salts thereof

11.  Pharmaceutical composition comprising as active ingredient a
compound of general formula (1), more particularly of formula (la-Id), wherein
Rq1 and Ry have the same meaning as in claim 1, or, if possible, a
pharmaceutically acceptable salt thereof and solvents, diluents, carriers and
filling materials usually applied in pharmaceuticals. ( 12. 1997)

12. Pharmaceutical composition comprising as active ingredient a
compound of general formula (1), more particularly of formula (la-ld), wherein
R4 and Ro have the same meaning as in claim 2, or, if possible, a
pharmaceutically acceptable salt thereof and solvents, diluents, carriers and
filling materials usually applied in pharmaceuticals. (04. 12. 1986)

13.  Use of compounds of formula (1), more particularly of formula (la-
Id), wherein R4 and Ry have the same meaning as in claim 1, as
pharmaceuticals. ( 12. 1997)

14.  Use of compounds of formula (I), more particularly of formula (la-
Id), wherein R4 and Ry have the same meaning as in claim 2, as

pharmaceuticals. (04. 12. 1996)
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