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ABSTRACT OF THE DISCLOSURE

A cyclopentenecarboxamide derivative represented by

the formula (I):

5
O
R' —HN Y (1)

and a method for preparing the cyclopentencarboxamide
10 derivative. A bicycloamide derivative represented by the

formula (II):

O
Y—N-R!
(1D

15

and a method for preparing the bicycloamide derivative.
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CYCLOPENTENECARBOXAMIDE DERIVATIVE,
METHOD FOR PREPARING THE SAME AND

BICYCLOAMIDE DERIVATIVE USED THEREIN

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a
cyclopentenecarboxamide derivative and its intermediate.
More specifically, the present iﬁvention relates to a
cyclopentenecarboxamide derivative which is useful as an
intermediate of a carbocyclic nucleoside usefully used as
an anti-viral agent and a bicycloamide derivative which is

an intermediate of the cyclopentenecarboxamide derivative,

and methods for preparing these compounds.

Discussion of the Related Art

Carbocyclic nucleosides are structurally analogous to
nucleosides 1n which the furanose oxygen is replaced by
methylene group. Because of the structural resemblance to
native nucleosides,' carbocyclic nucleosides can behave as
substrates or inhibitors of the enzymes which act on
nucleosides in living_cells. On the other hand, owing to
the absence of a glycoside bond, they are not susceptible

to the action of hydrolases such as phosphorylases and



10

15

20

25

2190202

phosphotransferases that hydrolyze native nucleosides.
Also, the metabolic route of carbocyclic nucleosides is
different from that of native nucleosides. Because of
these differences, carbocyclic nucleosides are endowed
with a wide spectrum of biological activities. Fdr
example, carbovir, which is represented by the formula (D)
set forth later in the present specification, is effective

for the therapy and prevention of viral infection [J. Med.

Chem., 33, 17 (1990)].

There have been disclosed several methods for

preparing a carbocyclic nucleoside, which include the

following methods:

(1) Using, as a starting compound, a cycloalkane
substituted with an amino group or a cycloalkene
substituted with an amino group, a base structure of a
nucleic acid base is constructed on the nitrogen atom of

the amino group [Protein, nucleic acid, and enzyme, 40,

1219 (1995)1;

(2) A purine structure is directly introduced into a 1-
alkoxy-2-cyclopentene derivative in the presence of a
palladium catalyst tJ. Chem. Soc. Parkin Trans. 1, 2605

(1991); Tetrahedron Letters, 33, 1085 (1992); and J. Am.

Chem. Soc., 114, 8745 (1992)]; and

(3) A purine structure is directly introduced into a 2-

cyclopentene-1l-yl-N,N-ditosylimide derivative in the
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presence of a palladium catalyst [J. Org. Chem., 59,

4719(1994)].

All the above methods, however, arise a problem which
causes to impair the cost-effectiveness of the production

on an industrial scale. In the above method (1), the

construct of a nucleic acid structure on the N-atom

requires many reaction steps, which in turn increases the

production cost. Although the above methods (2) and (3)
are advantageous over the method (1) in that a nucleic
acid base structure is directly introduced, they require
many steps for the synthesis of a cyclopentene derivative
used as a starting material. Therefore, none of the above
methods (1) to (3) can be advantageously used for an
industrial scale production of a carbocyclic nucleoside.
As a method for preparing an N-sulfonyl derivative of
2-azabicyclo[2.2.1]hept-5-en-3-one, there has been known a
method comprising reacting in the presence of sodium
hydride at room temperature p-toluenesulfonyl chloride
with 2-azabicyclo[2.2.l]hept-5-en-3-one to give N-p-
toluenesulfonyl-z-azabicyclo[2.2.1]hept—5—en—3—one [J.

Org. Chem. 59, 4719(1994); and Chem. Pharm. Bull., 39,

1112(1992)].

However, the above method using sodium hydride has a
defect of low yield such as 40 to 46% as demonstrated in

Comparative Examples described later in the present
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specification, therefore is not an advantageous method for
the industrial production of an N-sulfonyl derivative of

2—azabicyclo[2.2~1]hept-5~en—3-one.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide
novel compounds which are usefully employed as
intermediates for preparing various carbocyclic
nucleosides on an industrial scale and methods for
preparing these compounds.
In one embodiment, the present invention relates to a

cyclopentenecarboxamide derivative represented by the

formula (I):

i .
R! —HN —< Y (1)

wherein R' is an electron withdrawing group having sulfur
atom or phosphorus atom directly bonded to the nitrogen
atom of the amido gfoup, and Y is a residue of a
substituted or unsubstituted nucleic acid base.

In another embodiment, the present invention relates

to a method for preparing a cyclopentenecarboxamide

derivative represented by the formula (I):
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wherein R' is an electron withdrawing group having sulfur
atom or phosphorus atom directly bonded to the nitrogen
atom of the amido group, and Y is a residue of a

substituted or unsubstituted nucleic acid base, comprising

the step of:
reacting in the presence of a base and a palladium

catalyst, a bicycloamide derivative represented by the

formula (I1I):

(1D

wherein R' is defined as above, with a compound represented

by the formula (IXII):
Y-H (I1II)
wherein Y is defined as above.

In still another embodiment, the present invention

relates to a method for preparing a
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cyclopentenecarboxamide derivative represented by the

formula (I):

wherein R! is an electron withdrawing group having sulfur
atom or phosphorus atom directly bonded to the nitrogen
atom of the amido group, and Y 1s a residue of a
substituted or unsubstituted nucleic acid base, comprising
the steps of:

N (A) reacting in the presence of an organolithium
compound and at a temperature of from -120°C to 0°C,

2-azabicyclo[2.2.1]hept-5-en-3-one represented by the

formula (IV):

0
\ NH

(IV)
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with a compound represented by the formula (V):

R!'- X (V)
wherein R! is an electron withdrawing group having sulfur
atom or phosphorus atom directly bonded to X, and X 1is a
halogen atom

to yield a bicycloamide derivative represented by the

formula (II):

(1)

wherein R! is defined as above; and
(B) reacting the bicycloamide derivative obtained in
the step (A) in the presence of a base and a palladium

catalyst with a compound represented by the formula (III):

Y-H (III)

wherein Y is defined as above.

In still another embodiment, the present invention
relates to a method for preparing a bicycloamide

derivative represented by the formula (II):
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wherein R! is an electron withdrawing group having sulfur
atom or phosphorus atom directly bonded to the nitrogen
atom of the amido group, comprising the step of:

reacting in the presence of an organolithium compound
and at a temperature of from -120°C to 0°C,

azabicyclo[2.2.1]1hept-5-en-3-one represented by the

formula (IV):

O
Y——NH
(IV)
with a compound represented by the formula (V):
R'- X (V)

wherein R! is an electron withdrawing group having sulfur

atom or phosphorus atom directly bonded to X, and X 1s a

halogen atom.

The present invention also relates to an N-
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sulfonylbicycloamide derivative represented by the formula

(I1-1):
0.
\ N—SO; —R?
(IT—1)

wherein R? is an aromatic hydrocarbon group which may have

a substituent having one or more atoms other than carbon

and hydrogen atoms; an N-sulfonylbicycloamide derivative

represented by the formula (II-2):

O
\ N—-—SQO, —R?®

(I1—2)

wherein R® is a substituted or unsubstituted saturated
aliphatic hydrocarbon group; and an N-
phophorylbicycloamide derivative represented by the

formula (II-3):

wherein R* and R’ are independently a substituted or

unsubstituted aromatic hydrocarbon group or a substituted
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or unsubstituted saturated aliphatic hydrocarbon group.
These and other objects of the present invention will

be apparent froﬁ the following description.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is described in detail below.
As mentioned above, the cyclopentenecarboxamide
derivative of the present invention is a compound

represented by the formula (I):

wherein R! is an electron withdrawing group having sulfur
atom or phosphorus atom directly bonded to the nitrogen
atom of the amido group, and Y is a residue of a
substituted or unsubstituted nucleic acid base.

The cyclopentenecarboxamide derivative represented Dby
the formula (1) Can“be obtained by reacting, in the

presence of a base and a palladium catalyst, a

bicycloamide derivative represented by the formula (II):
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Y—N-R!
(1)
wherein R! is defined as above,
with a compound represented by the formula (III):
Y-H (III)

wherein Y is defined as above.

The reaction of the compound represented by the
formula (II) with the compound represented by the formula
(III) is hereinafter simply referred to as "Reaction I.°

In the formulae (I) and (II), R' is an electron
withdrawing group having sulfur atom or phosphorus atom
directly bonded to the nitrogen atom of the amido group in
the formulae. Examples of the electron withdrawing groups

include sulfonyl group represented by the formula:
R®-S0O,-

and phosphoryl group represented by the formula:

R*—0O

P —
Rs-—-0>||
O
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In the above formulae, R!, R’ and R® independently
represent a substituted or unsubstituted aromatic
hydrocarbon group or a substituted or unsubstituted
saturated aliphatic hydrocarbon group.

In the case where R*, R’ and R®° are a substituted or
unsubstituted aromatic hydrocarbon éroup, those examples
include aryl groups such as phenyl, tolyl, biphenyl,
terphenyl, naphthyl, anthryl, and phenanthryl groups;
aralkyl groups such as benzyl and phenethyl groups.
Examples of the substituent which the aromatic hydrocarbon
group may have include halogen atoms such as fluorine,
chlorine, bromine and iodine atoms; nitro group; alkoxy
groups such as methoxy and ethoxy groups; aralkyloxy
groups such as benzyloxy group; alkoxycarbonyl groups such
as methoxycarbonyl and ethoxycarbonyl groups; cyano group;
acyl groups such as acetyl and propionyl groups; silyloxy
groups such as trimethylsilyloxy and t-
butyldimethylsilyloxy groups; alkoxycarbonyloxy groups
such as methoxycarbonyloxy and t-butoxycarbonyloxy groups.

In the case where R*, R’ and R® are a substituted or
unsubstituted saturated aliphatic hydrocarbon group, those
examples include alkyl groups such as methyl, ethyl, tert-
butyl and hexyl groups; and cycloalkyl groups such as
cyclopropyl and cyclohexyl groups. Examples of the

substituent which the saturated aliphatic hydrocarbon
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group may have include halogen atoms such as fluorine,
chlorine, bromine and iodine atoms; nitro group; alkoxy
groups such as methoxy and ethoxy groups; aralkyloxy
groups such as benzyloxy group; alkoxycarbonyl groups such

as methoxycarbonyl and ethoxycarbonyl groups; cyano group;

acyl groups such as acetyl and propionyl groups; silyloxy

groups such as trimethylsilyloxy and t-
butyldimethylsilyloxy groups; alkoxycarbonyloxy groups
such as methoxycarbonyloxy and t-butoxycarbonyloxy groups.
In formulae (I) and (III), Y is a residue of a
substituted or unsubstituted nucleic acid base. The
"nucleic acid base" means a constituent base of a
nucleoside as defined in the field of nucleic acid
chemistry. The term "residue of nucleic acid base” as
used herein reférs to a residual group formed by removing
a hydrogen atom bonded to the nitrogen atom of the N-
containing heterocyclic ring of a nucleic acid base from a
nucleic acid base. Examples of the nucleic acid bases
include purine bases having a purine ring or a deaza
analogue thereof, and pyrimidine bases having a pyrimidine
ring. The nucleic acid base as mentioned above may have
one or more substituents such as halogen atom, alkylamino
group, hydroxyl group, alkoxy group and alkylthio group.

The substituents can be properly protected by a protecting

group.
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Concrete examples of the nucleic acid bases include
adenine(6-aminopurine), hypoxanthine, guanine(Z2-amino-6-
hydroxypurine),‘isoguanine, xanthine, 3-deazaadenine, 7-
deazaadenine, 2,6-diaminopurine, 6-chloropurine, 2-amino-
6-chloropurine and 2-formylamino-6-chloropurine.

In Reaction I, the amount of the compound represented
by the formula (III) is 0.5 to 5 times, preferably 0.8 to
2 times the molar amount of the bicycloamide derivative
represented by the formula (II1).

The base used in Reaction I is not particularly
limited. Examples of the base include hydrides of alkalil
metals such as lithium hydride, sodium hydride and
potassium hydride; alkoxides of alkali metals such as
sodium t-butoxide, and potassium t-butoxide; alkyl
lithiums such as n-butyl lithium and t-butyl lithium;
quaternary ammonium hydroxides such as tetrabutylammonium
hydroxide and benzyltrimethylammonium hydroxide. The
amount of the base used in Reaction I is 0.5 to 2 times,
preferably 0.8 to 1.2 times the molar amount of the
compound represented by the formula (II1I).

Examples of'the palladium catalyst used in Reaction I
include tetrakis(triphenylphosphine)palladium,
tetrakis(triethylphosphite)palladium,
tris(dibenzylideneacetone)dipalladium, bis(cycloocta-1, 5-

dien)palladium, di-up-chlorobis(m-allyl)dipalladium,
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palladium acetate, palladium chloride, and the like. The

amount of the palladium catalyst used in Reaction I 1is
0.0001 to 1 times, preferably 0.001 to 0.1 times the molar
amount of bicycloamide derivative represented by the
formula (II1).

When a palladium catalyst not having phosphorus
ligand is employed, it is desired that the palladium
catalyst not having phosphorus ligand is concurrently used
together with an organic phosphorus compound. Examples of
the organic phosphorus compound include aryl- or
alkylphosphines such as triphenylphosphine,
tributylphosphine and 1,2-bis(diphenylphosphino)ethane;
and aryl- or alkylphosphites such as triethylphosphite and
triphenylphosphite. When the organic phosphorus compound
has an aromatic ring in its molecule, there may exist a
substituent having amino group such as dimethylamino group
or diethylaminomethyl group or a substituent having
sulfonic acid group in the aromatic ring. The organic
phosphorus compound is usually used in an amount of 1 to
100 times the molar amount of palladium catalyst.

It is desired that Reaction I is carried out in the

presence of a solvent.
Examples of the solvent include, for instance,

hydrocarbons such as toluene and xylene; ethers such as

dimethoxyethane and tetrahydrofuran; nitriles such as
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acetonitrile; amides such as dimethylformamide,
N-methylpyrrolidone and hexamethylphosphoroamide; and
sulfur-containing compounds such as sulfolane and
dimethylsulfoxide. Those solvents can be used alone or 1in
an admixture thereof. The amount of the solvent is
usually 0.1 to 1000 times, preferably 1 to 100 times the
amount by weight of the bicycloamide derivative
represented by the formula (II).

Reaction I, i.e., the reaction of a bicycloamide
derivative represented by the formula (II) with a compound
represented by the formula (III) is generally carried out
by supplying the bicycloamide derivative represented by
the formula (II) and a palladium catalyst to a reaction
vessel equipped with a stirrer which is previously charged
with the compound represented‘by the formula (III) and a
base. Alternatively, the reaction is carried out by
supplying the compound represented by the formula (III)
and a base to a reaction vessel equipped with a stirrer
which is previously charged with the bicycloamide
derivative represented by the formula (II) and a palladium
catalyst. The cdmpound represented by the formula (III)

and a base may be supplied to the reaction wvessel

separately or as an admixture thereof.
The reaction temperature is selected from the

temperature range of from -50°C to 180°C, preferably from
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-20°C to 120°C. The reaction period of time is usually
from 10 minutes to 24 hours.

After the éompletion of the reaction, the resulting
cyclopentenecarboxamide derivative (I) can be isolated
from the reaction miXture-by a conventional method. For
example, the reaction mixture is added to water, which 1is
then subjected to the extraction with an ester such as
ethyl acetate and distilled to obtain a
cyclopentenecarboxamide derivative represented by the
formula (I).

As occasion demands, the cyclopentenecarboxamide
derivative obtained can further be purified by means of
column chromatography or recrystallization.

Next, a method for preparing a bicycloamide
derivative represented by the formula (II) is explained
below. The bicycloamide derivative represented by the
formula (II) can be obtained by reacting, in the presence
of an organolithium compound and at a temperature of
from -120°C to 0°C, azabicyclo[2.2.1]hept-5-en-3-one

represented by the formula (IV):

3 NH
(IV)
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with a compound represented by the formula (V):
R'- X (V)

wherein R' is an electron withdrawing group having sulfur
atom or phosphorus atom directly bonded to X, and X 1is a

halogen atom. The above reaction is hereinafter simply

referred to as "Reaction II."

Both the bicycloamide derivative represented by the
formula (II) and 2-azabicyclo[2.2.1]hept-5-en-3-one which
1s a starting material are unstable compounds. Thus, when
the reaction to produce the bicycloamide derivative using
2-azabicyclo[2.2.1]hept-5-en-3-one as a starting material
1s carried out in the presence of sodium hydride at room
temperature as in conventional methods, it is difficult to
obtain an objective bicycloamide derivative as represented
by the formula (II) in satisfactory vields.

To the contrary, when Reaction II is carried out at a
low temperature in the presence of an organolithium
compound which allows Reaction II to proceed at low
temperatures, it is unexpectedly found that the
bicycloamide derivative represented by the formula (II)
can be produced in high vields.

Thus, the first characteristic of the method for

preparing a bicycloamide derivative of the present
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invention resides in that Reaction I1 is carried out at a
low temperature of from -120°C to 0°C. The low
temperature can be attained by using a conventional
cooling means such as liquid nitrogen or a mixture of dry
ice and ethanol.

The second characteristic of the method for preparing
a bicycloamide derivative of the present invention is to
use an organolithium compound which can effectively
catalyze Reaction II even at low temperatures.

The organolithium compounds used in the present
invention include, for instance, alkyl lithium compounds
such as methyl lithium, n-butyl lithium, and s-butyl
lithium, aryl lithium compounds such as phenyl lithium,
and the like.

The amount of the organolithium compound is usually
0.5 to 2.0 times, preferably 0.8 to 1.5 times, more
preferably 0.9 to 1.2 times the molar amount of
2-azabicyclo[2.2.1]hept-5-en-3-one.

The above reaction is usually carried out in the
presence of a solvent. As the solvent, those which do not
adversely affect'Reaction IT can be used. Examples of the
solvent usable in the present invention include, for
instance, hydrocarbons such as hexane, cyclohexane,
heptane, toluene, and xylene; ethers such as

dimethoxyethane, diisopropyl ether and tetrahydrofuran.
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Those solvents can be used alone or in an admixture
thereof. The amount of the solvent used varies depending
upon the type of solvent and is usually 0.1 to 1000 times,
preferably 1 to 100 times the weight of 2-
azabicyclo[2.2.1]hept-5-en-3-one.

It i1s desired that Reaction II is carried out in an
atmosphere of inert gas such as nitrogen gas or argon gas.
The reaction of 2-azabicyclo[2.2.1l]hept-5-en-3-one with a
compound represented by the formula (V) is usually carried
out by supplying a mixture of 2-azabicyclo[2.2.1l]lhept-5-
en-3-one and an organolithium compound to a reaction
vessel equipped with a stirrer which is previously charged
with the compound represented by the formula (V). Also,
the above reaction can be carried out by supplying the
compound represented by the formula (V) to a reaction
vessel equipped with a stirrer which is previously charged
with 2-azabicyclo[2.2.1]lhept-5-en-3-one and an
organolithium compound. The compound represented by
formula (V) can be used as it is or as a solution of a
solvent described above.

The reactioﬁ temperature for Reaction II can be
selected from the range of from -120°C to 0°C, preferably
from the range of from -90°C to -30°C.

The duration of Reaction 11 wvaries depending upon the

reaction conditions employed. The reaction period of time
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as to Reaction II is usually 10 minutes to 24 hours.
2-Azabicyclo[2.2.1]hept-5-en-3-one is a known
compound and can be produced, for example, by the method

described in a literature [J. Org. Chem., 39, 564 (1974)].

It is also possible to use an optically active
2-azabicyclo[2.2.1]hept-5-en-3-one.

R' in the above formula (V) represents the same groups
as those represented by R' in the formulae (I) and (II).

In addition, X in the formula (V) is a halogen atom
such as chlorine, bromine or iodine atom.

Examples of compounds represented by the formula (V)
are as follows. In the case where R' is an R°-S0,- group,
wherein R° is an aromatic hydrocarbon, examples thereof
include benzenesulfonyl chloride, toluenesulfonyl
chloride, p-methoxybenzenesulfonyl chloride,
o-methoxybenzenesulfonyl chloride, o-nitrobenzenesulfonyl
chloride, p-nitrobenzenesulfonyl chloride,
p-chlorobenzenesulfonyl chloride, o-chlorobenzenesulfonyl
chloride, p-bromobenzenesulfonyl chloride,
p-fluorobenzenesulfonyl chloride,
2,5—dichlorobenzénesulfonyl chloride, and the like.

Also, in the case where #R:L is an R°-SO,- group,
wherein R° is an aliphatic hydrocarbon, examples thereof

include methanesulfonyl chloride, trifluoromethanesulfonyl

chloride, ethanesulfonyl chloride, B-chloroethanesulfonyl
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chloride, tert-butanesulfonyl chloride, n-hexanesulfonyl
chloride, cyclopropanesulfonyl chloride,
cyclohexanesulfonyl chloride, and the like.

In the case where R' is a group represented by the

formula:

wherein R* and R’ are as defined above, examples thereof
include dimethylphosphoryl chloride, diethylphosphoryl

chloride, dibutylphosphoryl chloride, diphenylphosphoryl

chloride, ditolylphosphoryl chloride, and the like.

The compound represented by the formula (V) is
usually used in an amount of from 0.5 to 2.0 times,

preferably from 0.9 to 1.2 times the molar amount of

2-azabicyclo[2.2.0]hept-5-en-3-one represented by the
formula (IV).

After the reaction is completed, the separation and
purification of therbicycloamide derivative represented by
the formula (II) are carried out by a known method. For
instance, the reaction mixture is neutralized with acetic
aclid, dilute sulfuric acid or aqueous ammonium chloride

solution. Thereafter, the resultant neutralized solution
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is extracted with an organic solvent such as ethyl
acetate, chloroform or toluene. The solvent is then
distilled off ffom the resultant extractant to isolate a
bicycloamide derivative represented by the formula (II1).
Also, the resultant bicycloamide derivative is further
purified by such a purification method as column
chromatography or recrystallization as occasion demands.
According to the method of the present invention, the

bicycloamide derivative represented by the formula (Ii) is

obtained in a high vyield.

Typical examples of the above bicycloamide derivative

include the following:

(i) N-Sulfonylbicycloamide derivative represented by the

formula (II-1):

(I1—1)

wherein R’ is an aromatic hydrocarbon group which may have
a substituent containing one or more atoms except carbon

and hydrogen atoms;

(ii) N-Sulfonylbicycloamide derivative represented by the

formula (II-2):
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wherein R’ is a substituted or unsubstituted saturated

aliphatic hydrocarbon group; and

(1ii) N-Phosphorylbicycloamide derivative represented by

the formula (II-3):

| "O—R? (11— 3)

wherein R* and R’ are independently a substituted or
unsubstituted aromatic hydrocarbon group or a substituted
or unsubstituted saturated aliphatic hydrocarbon group.

In the N-sulfonylbicycloamide derivative represented
by the formula (II-1), R? is an aromatic hydrocarbon group
which may have ausubstituent containing one or more atoms
except carbon and hydrogen atoms. Representative examples
of the aromatic hydrocarbon group are, for instance, aryl

groups such as phenyl, naphthyl, anthryl, and phenanthryl

groups; aralkyl groups such as benzyl and phenethyl
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groups, and the like. Those groups may have a substituent
containing one or more atoms except carbon and hydrogen
atoms. Exampleé of the substituents containing one or
more atoms except carbon and hydrogen atoms include
halogen atoms such as fluorine, chlorine, bromine and
iodine; nitro group; alkoxy groups such as methoxy and
ethoxy groups; aralkyloxy groups such as benzyloxy group;
alkoxycarbonyl groups such as methoxycarbonyl and
ethoxycarbonyl groups; cyano group; acyl groups such as
acetyl and propionyl groups; silyloxy groups such as
trimethylsilyloxy and tert-butyldimethylsilyloxy groups;
alkoxycarbonyloxy groups such as methoxycarbonyloxy, and
tert-butoxycarbonyloxy groups, and the like.

In the N-sulfonylbicycloamide derivative represented
by the formula (II-2), R® is a substituted or unsubstituted
saturated aliphatic hydrocarbon group. Examples of the
substituted or unsubstituted saturated aliphatic
hydrocarbon groups include, for instance, alkyl groups
such as methyl, ethyl, tert-butyl and hexyl groups;
cycloalkyl groups such as cyclopropyl and cyclohexyl
groups, and the 1iké. Examples of the substituents
include, for instance, halogen atoms such as fluorine,
chlorine, bromine and iodine atoms; nitro group; alkoxy
groups such as methoxy and ethoxy groups; aralkyloxy

groups such as benzyloxy group; alkoxycarbonyl groups such
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as methoxycarbonyl and ethoxycarbonyl groups; cyano group;
acyl groups such as acetyl and propionyl groups; silyloxy
groups such as frimethylsilyloxy and
tert-butyldimethylsilyloxy groups; alkoxycarbonyloxy
groups such as methoxycarbonyloxy and tert-
butoxycarbonyloxy groups, and the like.

In the N-phosphorylbicycloamide derivative
represented by the formula (II-3), R* and R’ are defined as
above.

Here, examples of the N-sulfonylbicycloamide
derivative represented by the formula (II-1) include the
following:

2-(N-benzenesulfonyl )-2-azabicyclo[2.2.1]-
hept-5-en-3-one;

2-(N-o-nitrobenzenesulfonyl )-2-azabicyclo[2.2.1]-
hept-5-en-3-one;

2-(N-p-nitrobenzenesulfonyl)-2-azabicyclo[2.2.1]-
hept-5-en-3-one;

2=-(N-p-chlorobenzenesulfonyl )-2-azabicyclo[2.2.1]-
hept-5-en-3-one;

2—(N—o—chlorobénzenesulfonyl)—2-azabicyclo[2.2.l]—
hept-5-en-3-one;

2-(N-p-bromobenzenesulfonyl)-2-azabicyclo[2.2.1]-
hept-5—en-3—bne;

2-(N-p-fluorobenzenesulfonyl )-2-azabicyclo[2.2.1] -
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hept-5-en-3-one;

2-(N-p-methoxybenzenesulfonyl )-2-azabicyclo[2.2.1]-
hept—S—en-3~one;

2-(N~-o~-methoxybenzenesulfonyl )-2-azabicyclo[2.2.1]-
hept-5-en-3-one; and

2-(N-2,5-dichlorobenzenesulfonyl)-2-azabicyclo[2.2.1]-
hept-5-en-3-one.

In addition, examples of the N-sulfonylbicycloamide
derivative represented by the formula (II-2) include the
following:

2-(N-methanesulfonyl )-2-azabicyclo[2.2.1]-
hept-5-en-3-one;

2-(N-trifluoromethanesulfonyl )-2-azabicyclof{2.2.1]-
hept-5-en-3-one;

2~(N~ethanesulfonyl)-2—azabicyclo[2.2.1]-
hept-5-en-3-one;

2~(N—B—chloroethanesulfonyl)~2—azabicyclo[2.2.l]%
hept-5-en-3-one;

2-(N-tert-butanesulfonyl )-2-azabicyclo[2.2.1]-
hept-5-en-3-one;

2—(N-n-hexahesﬁlfonyl)—2-azabicyclo[2.2.1]—
hept-5-en-3-one;

2-(N-cyclopropanesulfonyl )-2-azabicyclo[2.2.1]-
hept-5-en-3-one; and

2-(N-cyclohexanesulfonyl)-2-azabicyclo[2.2.1]-



10

15

hept-b-en-3-one.

In addition, examples of the N-phosphorylbicycloamide
derivative représented by the formula (II-3) include the
following:

2-(N-dimethylphosphoryl )-2-azabicyclo[2.2.1]-
hept-5-en-3-one;

2-(N~diethylphosphoryl)—2—azabicyclo[2.2.1]-
hept-5-en-3-one;

2~(N-dibutylphosphoryl )-2-azabicyclo{2.2.1]-
hept-5-en-3-one;

2-(N-diphenylphosphoryl )-2-azabicyclo[2.2.1]-
hept-5-en-3-one; and

2-(N-ditolylphosphoryl)-2-azabicyclo[2.2.1]-
hept-5-en-3-one.

The cyclopentenecarboxamide derivative thus obtained

1s useful as an intermediate for synthesizing various

anti-viral agents.
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The reaction according to the present invention can

be represented by the following reaction scheme (1):

C1
N02 o /N I NV 1) (BOC)zO. NaLNgB_P_E )ACOH
A\ 2) Me I Me OH
S—N N7 N7 NHCHO
0. H
(A)
C1 NH—<
N N
A, = e, IR
HO y — -
NCH, N~ N7 “NH. NCH. N” >N~ “NH.
(B) (C)
NaOH
0
<iN | NH
HO s
NCH., N N)\NHz

(D) (I)
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In the reaction scheme (I), for example, a product
obtained by the present invention is compound (A), where R!
in the formula (I) is an o-nitrobenzene sulfonyl group and
Y is Z-formyl-amino-6-chloropurine-4-yl group. From the
compound (A), the compound (B) is synthesized by the steps
of protecting the amino group at the 2-position, N-
methylating the amido group, reducing with sodium boron
hydride in methanol, and de-protecting. A carbocyclic
nucleoside derivative having anti-viral activity (C) can

be obtained by reacting the compound (B) with a

cyclopropylamine according to the method disclosed in JP-
A-2-45486. Also, carbovir(D) having anti-viral activity
can be obtained by treating the compound (B) with an

alkali according to the method described in J. Org. Chem.

09, 4719 (1994).

EXAMPLES
The present invention is hereinafter described in

more detail by means of the following working examples,

which are not to be construed as limitative.

Example 1

Preparation of 2-(N-o-nitrobenzenesulfonyl)-2-

azabicyclo[2.2.1]lhept-5-en-3-one

The amount 1.09g (10mmol) of 2-azabicyclo[2.2.1]hept-

5-en-3-one was dissolved in 31 ml of tetrahydrofuran, to
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which 6.41 ml of 1.56 M n-hexane solution of n-butyl
lithium (corresponding to 10 mmol of n-butyl lithium) was
added under argdn atmosphere at a temperature of from
-75°C to -70°C, and stirred for about 30 minutes with
maintaining its temperature. To the resultant mixture, a
solution obtained by dissolving 2.44 g (11 mmol) of o-
nitrobenzenesulfonyl chloride in 4 ml of tetrahydrofuran
was added dropwise at a temperature of from -75°C to -70°C
over one hour period, which was then stirred at -75°C for
about 2 hours. The resultant reaction mixture was
neutralized by adding 0.12 g (2 mmol) of acetic acid and
diluted with 50 ml of toluene, which was then washed with
50 ml of 10% by weight of a saline solution. The solvent
of the resultant mixture was distilled off under reduced
pressure to yield 2-(N-o-nitrobenzensulfonyl)-2-
azabicyclo[2.2.1]hept-5-en-3-one in an amount of 2.44 g
(8.3 mmol). The yield was 83% by mole.

The physical properties of the compound thus obtained
were as follows:
'H-NMR (CDCl,, 300MHz) & (ppm):

2.32(1H, m), 2.58(1H, d), 3.44(1H, m), 5.23(1H, m),

6.66(1H, m), 7.04(1H, m), 7.78(3H, m), 8.35(1H, m)

Example 2

Preparation of 2-(N-p-toluenesulfonyl)-2-

azabicyclo[2.2.1]hept-5-en-3-one




10

15

20

25

¢190292

- 32 -

The amount 1.09 g (10mmol) of
2-azabicyclo[2.2.1]hept-5-en-3-one was dissolved in 20 ml
of tetrahydrofufan, to which 7.50 ml of 1.60 M n-hexane
solution of n-butyl lithium (corresponding to 12 mmol of
n-butyl lithium) was added under argon atmosphere at a
temperature of -75°C, and stirred for about one hour with
maintaining its temperature. To the resultant mixture,
2.29 g (12 mmol) of p-toluenesulfonyl chloride was added
and stirred at -75°C for about 3.5 hours. To the
resultant reaction mixture, 20 ml of 5% by weight aqueous
sulfuric acid was added, which was extracted with 40 ml of
ethyl acetate. The organic layer thus obtained was washed
with 20 ml of a saturated aqueous solution of sodium
bicarbonate and then with 20 ml of saturated saline
solution. The solvent of the resultant mixture was
distilled off under reduced pressure to yield 2-(N-p-
toluenesulfonyl)-2-azabicyclo[2.2.1]hept-5-en-3-one in an
amount of 2.89 g (8.0 mmol). The vyield was 80% by mole.

The physical properties of the compound thus obtained
were as follows:

'H-NMR (CDC1,, 300MH2) 5 (ppm):

2.42(5H, m), 3.37(1H, m), 5.04(1H, m), 6.37(1H, m),

6.64(1H, dd, J=5.3Hz, 2.1Hz),

7.28(2H, d, J=8.1Hz), 7.79(2H, d, J=8.3Hz)
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Example 3

Preparation of 2-(N-benzenesulfonyl)-2-azabicyclo [2.2.1]

hept-5-en-3-one

The amount 1.09 g (10mmol) of
2-azabicyclo[2.2.1]hept-5-en-3-one was dissolved in 20 ml
of tetrahydrofuran, to which 7.50 ml of 1.60 M n-hexane
solution of n-butyl lithium (corresponding to 12 mmol of
n-butyl lithium) was added under argon atmosphere at a
temperature of -75°C, and stirred for about one hour with
maintaining its temperature. To the resultant mixture,
2.12 g (12 mmol) of benzenesulfonyl chloride was added and
stirred at -75°C fOr about 3.5 hours. To the resultant
reaction mixture, 20 ml of 5% by weight aqueous sulfuric
acld was added, which was extracted with 40 ml of ethyl
acetate. The solveht was distilled off and the residue
thus obtained was purified by silica gel column
chromatography using a mixture of hexane and ethyl acetate
(volume ratio: 2:1) as a developing solvent to yield 2-(N-
benezenesulfonyl )-2-azabicyclo[2.2.1]hept-5-en-3-one in an
amount of 1.82 g (7.3 mmol). The yield was 73% by mole.

The physical properties of the compound thus obtained

were as follows:
'H-NMR (CDCl,, 300MHz) & (ppm):
2.18(1H, m), 2.43(1H, 4d), 3.39(1H, m), 5.05(1H, m),

6.37(1H, m), 6.62(1H, m), 7.56(3H, m), 7.92(2H, m)
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Example 4

Preparation of 2-(N-p-chlorobenzenesulfonyl )-2-

azabicyclo[2.2.1]hept-5-en-3-one

The amount 6.46 g (50mmol) of

2-azabicyclo[2.2.1]hept-5-en-3-one was dissolved in 100 ml
of tetrahydrofuran, to which 37.50 ml of 1.60 M n-hexane
solution of n-butyl lithium (corresponding to 60 mmol of
n-butyl lithium) was added under argon atmosphere at a
temperature of -75°C, and stirred for about one hour with
maintaining its temperature. To the resultant mixture,
12.66 g (60 mmol) of p-chlorobenzenesulfonyl chloride was
added and stirred at -75°C for about 3 hours. To the
resultant reaction mixture, 40 ml of 5% by weight aqueous
sulfuric acid was added, which was extracted with 100 ml
of ethyl acetate. The organic layer thus obtained was
washed with 40 ml of a saturated aqueous solution of
sodium bicarbonate and then with 40 ml of saturated saline
solution. The solvent of the resultant mixture was
distilled off under reduced pressure. The residue thus
obtained was purified by silica gel column chromatography
using a mixture of ﬁexane and ethyl acetate (volume ratio:
2:1 ) as a developing solvent, and by recrystallization in
diisopropyl ether to yield 2-(N-p-chlorobenzenesulfonyl)-
2-azabicyclo[2.2.1]hept-5-en-3-one in an amount of 9.79 g

(34.5 mmol). The yvield was 69% by mole.
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The physical properties of the compound thus obtained

were as follows:
'H-NMR (CDC1,, 360MHz ) & (ppm):
2.21(1H, m), 2.44(1H, 4), 3.40(1H, m), 5.06(1H, m),
6.41(1H, m), 6.67(1H, m), 7.47(2H, m), 7.85(2H, m)
Example 5

Preparation of 2-(N-2,5-dichlorobenzenesulfonyl)-2-
azabicyclof2.2.]1 lhept-5-en-3-one

The same procedures as in Example 4 were carried out
except that 15.03 g (60mmol) of
2,5-dichlorobenzenesulfonyl chloride was used instead of
12.66 g (60mmol) of p-chlorobenzenesulfonyl chloride. The
residue obtained by distilling off the solvent was
purified by recrystallization in a mixture of diisopropyl
ether and ethyl acetate to yield 2-(N-2,5-
dichlorobenezenesulfonyl )-2-azabicyclo[2.2.1]lhept-5-en-3-
one in an amount of 11.89 g (37.5mmol). The yield was 75%
by mole.

The physical properties of the compound thus obtained
were as follows:

'H-NMR (CDCl,, 300MHz) & (ppm):

2.27(1H, 4d), 2.53(1H, d4d), 3.44(1H, m), 5.23(1H, m),

6.69(1H, m), 6.99(1H, m), 7.48(2H, m), 8.19(1H, 4d)

Example 6

Preparation of 2-(N-p-methoxybenzenesulfonyl)-2-
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azabicyclo[2.2.]1]hept-5~-en-3-one

The same procedures as in Example 4 were carried out
except that 12.40 g (60mmol) of p-methoxybenzenesulfonyl
chloride was used instead of 12.66 g (60mmol) of
p-chlorobenzenesulfonyl chloride. The residue obtained by
distilling off the solvent was purified by silica gel
column chromatography using a mixture of hexane and ethyl
acetate (volume ratio: 3:1) as a developing solvent, and
by recrystallization in diisopropyl ether to vield 2-(N-p-
methoxybenzenesulfonyl)—2-azabicyclo[2.2.1]hept—5—en—3—one
in an amount of 8.66 g (31.0 mmol). The yield was 62% by

mole.

The physical properties of the compound thus obtained

were as follows:

‘H-NMR (CDCl,, 300MHz) & (ppm):
2.17(1H, m), 2.43(1H, m), 3.37(1H, m), 3.87(3H, s),
5.03(1H, m), 6.36(1H, m), 6.63(1H, m), 6.94(2H, m),
7.83(2H, m)

Example 7

Preparation of Z2-(N-p-nitrobenzenesulfonyl)-2-

azabigyclo[z.ZL;]hept-S—en-3-onq

The same procedures as in Example 4 were carried out
except that 13.30 g (60mmol) of p-nitrobenzenesulfonyl
chloride was used instead of 12.66 g (60mmol) of

p-chlorobenzenesulfonyl chloride. The residue obtained by
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distilling off the solvent was purified by

recrystallization twice in the mixture of diethyl ether
and ethyl aceta£e to yield 2-(N-p-nitrobenzenesulfonyl)-2-
azabicyclo[2.2.1]hept-5-en-3-one in an amount of 10.45 g

(35.5 mmol). The vield was 71% by mole.

The physical properties of the compound thus obtained

were as follows:
'H-NMR (CDC1l,, 300MHz) & (ppm):
2.22(1H, m), 2.43(1H, m), 3.39(1H, m), 5.07(1H, m),
6.40(1H, m), 6.68(1H, m), 8.08(2H, m), 8.26(2H, m)
Example 8

Preparation of 2-(N-trifluoromethanesulfonyl)-2-

azabicyclo[2.2.1l]lhept-5-en-3-one

The amount 1.09 g (10mmol) of
2-azabicyclo[2.2.1]hept-5-en-3-one was dissolved in 31 ml
of tetrahydrofuran, to which 6.41 ml of 1.56 M n-hexane
solution of n-butyl lithium (corresponding to 10 mmol of
n-butyl lithium) was added under argon atmosphere at a
temperature of from -75°C to -70°C and stirred for about
30 minutes with maintaining its temperature. To the
resultant mixturé, a solution obtained by dissolving 1.85
g (11 mmol) of trifluoromethanesulfonyl chloride in 4 ml
of tetrahydrofuran was added dropwise at a temperature of

from -75°C to -70°C over one hour period, which was then

stirred at -~-75°C for about 2 hours. The resultant
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reaction mixture was neutralized by adding 0.12 g (2 mmol)
of acetic acid and diluted with 50 ml of ethyl acetate,
which was then Qashed with 50 ml of 10% by weight saline
solution. The solvent of the resultant mixture was
distilled off under reduced pressure to yield 2-(N-
trifluoromethanesulfonyl )-2-azabicyclo{2.2.1]hept-5-en-3-
one in an amount of 1.72 g (7.5 mmol). The yield was 75%

by mole.

The physical properties of the compound thus obtained

were as follows:

'"H-NMR (CDC1l,, 300MHz) & (ppm):
2.24(1H, m), 2.45(1H, m), 3.41(1H, m), 5.03(1H, m),
6.38(1H, m), 6.65(1H, m)

Example 9

Preparation of 2-(N-diphenvylphophorvyl)-2-azabicyclo-
[2.2.1]hept-5-en-3-one

The amount 1.05 g (9.6 mmol) of 2-azabicyclo

[2.2.1]hept~-5-en-3~one was dissolved in 20 ml of
tetrahydrofuran, to which 6.73 ml of 1.56 M n-hexane
solution of n-butyl lithium (corresponding to 10.5 mmol of
n-butyl lithium).waé added under argon atmosphere at a
temperature of -78°C and stirred for about 30 minutes with
maintaining its temperature. The resultant mixture was
added dropwise to a solution obtained by dissolving 2.17

ml(10.5 mmol) of diphenylphosphoryl chloride in 10 ml of
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tetrahydrofuran with ace-cooling, which was then stirred
for about 5 minutes. To the resultant reaction mixture, a
saturated aqueous solution of ammonium chloride was added
with ice-cooling, which was extracted with ethyl acetate.
The organic layer thus obtained was dried over magnesium
sulfate and the solvent of the resultant mixture was
distilled off under reduced pressure. The residue thus
obtained was purified by silica gel column chromatography
using a mixture of hexane and ethyl acetate (volume ratio:
3:1) as a developing solvent, and by recrystallization in
a mixture of hexane and ethyl acetate to yield 2-(N-
diphenylphosphoryl )-2-azabicyclo[2.2.1]hept-5-en-3-one in
an amount of 2.12 g. The yield was 88% by mole.

The physical properties of the compound thus obtained
are as follows:
Melting point: 51°C
'"H-NMR (CDCl,, 300MHz) & (ppm):
2.08-2.18 (2H, m), 3.34-3.36(1H, m), 4.86-4.92(1H, m),
6.45-6.56(2H, m), 7.14-7.40(10H, m)

Example 10

Preparation of (i)—2-formyla@;no—6-0h10r0—9-[c-4:jN—o-

nitrobenzenesulfonyl Jcarbamoylcyclopent-2-en-y-1-y1]-9H-

purine

The amount 2.63 g (6.0 mmol) of tetrabutylammonium

salt of 2-formylamino-6-chloropurine which was prepared
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from 2-formylamino-6-chloropurine and tetrabutylammonium
hydroxide was dissolved in 20 ml of tetrahydrofuran, to
which 56.0 mg (0.25 mmol) of palladium acetate and 360 mg
(1.75 mmol) of triisopropyl phosphite were added and
stirred under nitrogen atmosphere at a temperature of 50°C
for 30 minutes. To the resultant mixture, 1.47 g (5.0
mmol) of 2-(N-o-nitrobenzenesulfonyl )-2-
azabicyclo[2.2.1]hept-5-en-3-one obtained in Example 1 was
added dropwise at room temperature over a period of 2
hours, which was then stirred for one hour. The resultant
reaction mixture was neutralized with acetic acid, and the
solvent of the resultant mixture was distilled off under
reduced pressure. The‘residue thus obtained was purified
by silica gel column chromatography using a mixture of
chloroform and methanol (volume ratio: 15:1) as a
developing solvent to yield (*)-2-formylamino-6-chloro-9-
[c-4~-(N-o-nitrobenzenesulfonyl )carbamoylcyclopent-2-en-y-
l-yl]-9H-purine in an amount of 1.11 g. The yield was 45%

by mole.

The physical p;Operties of the compound thus obtained
were as follows:'
'H-NMR (DMSO-d., 300MHz) &(ppm):
1.89(1H, ddd, J=14.0Hz, 5.0Hz, 5.0Hz), 2.52(1H, ddd,
J=14.0Hz, 8.9Hz, 8.9Hz), 3.53(1H, m), 5.36(1H, m),

5.85(1H, m), 5.93(1H, m), 7.6-7.8(3H, m),
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7.85(1H, s), 7.9-8.0(1H, m), 9.08(1H, d, J=9.5Hz),
10.94(1H, 4, J=9.5Hz), 12.35(1H, brs)

High resolution‘mass spectrometry: m/z

C,H,,C1N,O,S(M") Calculated value: 491.8714

Found value: 491.5225

Example 11

Preparation of (*)-6-chloro-9-[c-4-(N-p-

toluenesulfonyl Jcarbamoylcyclopent-2-en-y-1-vl1l]-9H-purine

The amount 48 mg (1.2 mmol) of sodium hydride (60% by
weight mineral o0il solution) was suspended in 4 ml of
dimethylformamide, to which a solution prepared by
dissolving 154 mg (1lmmol) of 6-chloropurine in 4 ml of
dimethylformamide was added dropwise and stirred for 30

minutes at 60°C. To the resultant mixture, a solution

prepared by dissolving 115.6 mg (0.1 mmol) of
tetrakis(triphenylphosphine) palladium in 4 ml of
anhydrous tetrahydrofuran was added dropwise, to which a
solution prepared by dissolving 131.5 mg (0.5 mmol) of 2-
(N-p-toluenesulfonyl)-2-azabicyclo[2.2.1]hept-5-en-3-one
obtained in Example 2 in 4 ml of dimethylformamide was
added dropwise and stirred for 30 minutes with maintaining
i1ts temperature. The resultant reaction mixture was
neutralized with acetic acid and the solvent was distilled

off under reduced pressure. The residue thus obtained was
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purified by silica gel column chromatography using a
mixture of hexane and ethyl acetate (volume ratio: 1:3) as
a developing soivent to yield (*)-6-chloro-9-[c-4-(N-p-
toluenesulfonyl )carbamoylcyclopent-2-en-y-1l-yl]-9H-purine
in an amount of 97 mg. The yield was 47% by mole.
The physical properties of the compound thus obtained
were as follows:
Melting point: 243°C
"H-NMR (DMSO-d,, 500MHz) &(ppm):
2.04(1H, dt, J=14.3 Hz, 4.8Hz), 2.38(3H, s), 2.75(1H,
dt, J=14.3Hz, 8.8Hz), 3.70(1H, m), 5.73(1H, m),
6.10(1H, m), 6.18(1H, m), 7.39(2H, 4), 7.79(2H, 4),
8.31(1H, s), 8.75(1H, s), 12.35(1H, s)
High resolution mass spectrometry: m/z
C,gH;(C1IN.O.,S(M") Calculated value: 417.0663
Found value: 417.0635

Example 12

Preparation of (*)-2-amino-6-chloro-9-[{c-4-(N-p-

toluenesulfonyl )carbamoylcyclopent-2-en-y-1-y1]-9H-purine

To 131.5 mg (0.5 mmol) of 2-(N-p-toluenesulfonyl)-2-
azabicyclo[z.z.1jhept-5—en-3—one obtained in Example 2,
205.29 mg (0.5 mmol) of tetrabutylammonium salt of 2-
amino-6-chloropurine prepared from 2-amino-6-chloropurine
and tetrabutylammonium hydroxide, 115.5 mg (0.1lmmol) of

tetrakis(triphenylphosphine) palladium and 6 ml of



10

15

20

25

dimethylformamide were added under argon atmosphere, and
the resultant mixture was stirred at room temperature for
24 hours. The resultant reaction mixture was neutralized
with acetic acid, and the solvent was distilled off under
reduced pressure. The residue thus obtained was purified
by silica gel column chromatography using a mixture of
chloroform and methanol(volume ratio of 12:1) to yield
(x)-2~amino-6-chloro-9-[c-4-(N-p-

toluenesulfonyl Jcarbamoylcyclopent-2-en-y-1-yl]-9H-purine
in an amount of 67 mg. The yield was 31% by mole.

The physical properties of the compound thus obtained

were as follows:

‘H-NMR (DMSO-d,, 500MHz, & ppm):
1.92(1H, dt, J=14.3 Hz, 5.1 Hz), 2.38(3H, s),
2.65(1H, 4dt, J=14.3Hz, 9.2 Hz), 3.64(1H, m),
5.43(1H, m), 6.01(1H, m), 6.12(1H, m), 6.89(2H, s),
7.38(2H, d, J=8.0 Hz), 7.78(2H, 4, J=8.0 Hz),
8.30(1H, s), 12.35(1H, brs)

High resolution mass spectrometry: m/z

C,gH;7C1IN,O,S(M") | Calculated value: 432.0768

Found value: 432.0777

Example 13

Preparation of (+)-6-chloro-9-[c-4-(N-diphenylphosphoryl)

carbamoylcyclopent-2-en-y-1-vl]1-9H-purine

The amount 22 mg (0.55 mmol) of sodium hydride (60%
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by weight mineral o0il solution) was suspended in 1 ml of
N-methylpyrrolidone, to which a solution prepared by
dissolving 85 mé (0.55 mmol) of 6-chloropurine in 1 ml of
N-methylpyrrolidone was added dropwise at 0°C under argon
atmosphere, and stirred at 60°C for one hour. To the
resultant mixture, a solution prepared by dissolving 11 mg
(0.05 mmol) of palladium acetate in 0.5 ml of anhydrous
tetrahydrofuran and 0.074 ml(0.3 mmol) of
triisopropylphosphite were added dropwise with ice-
cooling, to which a solution prepared by dissolving 163 mg
(0.5 mmol) of 2-(N-diphenylphosphoryl)-2-
azabicyclo[2.2.1]hept-5-en-3-one obtained in Example 9 in
1 ml of N-methylpyrrolidone was added dropwide and stirred
for one hour at room temperature. The resultant reaction
mixture was neutralized with acetic acid, and the'solvent
was distilled off under reduced pressure. The residue
thus obtained was purified by silica gel column
chromatography using a mixture of hexane and ethyl acetate
(volume ratio: 1:5) to yield (#)-6-chloro-9-[c-4-(N-

diphenylphophoryl Jcarbamoylcyclopent-2-en-y-1-yl]-9H-

purine in an amoﬁnt of 137 mg. The yield was 55% by mole.

The physical properties of the compound thus obtained

were as follows:

'H-NMR (DMSO-d,, 300MHz, & ppm):

2.22(1H, dt, J=5.22Hz, 15.11Hz), 2.92(1H, dt,
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J=9.62Hz, 15.11Hz), 3.66-3.77(1H, m), 5.66-5.75(1H,
m), 5.87(1H, 4t, J=2.20Hz, 5.50Hz), 5.98(1H, dt,
J=2.20Hz, 5.22Hz), 7.10-7.34(10H, m), 8.16(1H, s),
8.93(1H, s), 9.80-9.83(1H, m)

High resolution mass spectrometry: m/=z

C,;H,,C1N.O,P(M") Calculated value: 495.0863

Found wvalue: - 495.,.0878

Reference Example 1

Preparation of (#*)-2-amino-6-chloro-9-[c-4-

hydroxymethylcyclopent-2-en-y-1-yvl1]-9H-purine (Compound B)

(1) The amount 440 mg (11.0 mmol) of sodium hydride (60%
by weight mineral oil solution) was suspended in 50 ml of
anhydrous tetrahydrofuran, to which 2.46 g (5.0 mmol) of
(x)-2-formylamino-6-chloro-9-[c-4-(N-o-
nitrobenzensulfonyl )carbamoylcyclopent-2-en-y-1-yl]-9H-
purine obtained in Example 10 was added and stirred for
one hour with ice-cooling. To the resultant mixture, 2.18
g (10.0 mmol) of ditert-butyl dicarbonate was added and
stirred at room temperature for 2 hours and then at 50°C
for 3 hours. After'cooling, 7.60 g (50 mmol) of methyl
iodide was added.to the resultant mixture and stirred
overnight. The resultant mixture was added to water and

extracted with ethyl acetate. After the organic layer was

washed with saturated saline solution, the solvent was

distilled off under reduced pressure to yield 5.51 g of a
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crude product of (*)-2-(N-tert-butoxycarbonyl-N-

formyl )amino-6-chloro-9-[c-4-(N-methyl-N-o-
nitrobenzenesulfonyl )carbamoylcyclopent-2-en-y~-1-yl1]-9H-
purine. This crude product was used in the next reaction
without purification.

(2) The crude product obtained in the above (1) was
dissolved in 100 ml of methanol and cooled to -20°C, to
which 0.19 g (5.0 mmol) of sodium borohydride was added in
small portions with maintaining the internal temperature
below 0°C. The resultant mixture was stirred at room
temperature for 8 hours and neutralized with 5% by weight
aqueous solution of sulfuric acid. Then the solvent was
distilled off under reduced pressure. Water was added to
the residue thus obtained, which was extracted with ethyl
acetate. The organic layer was concentrated under reduced
pressure to yield a crude product in an amount of 5.8 g.
(3) The crude product obtained in the above (2) was
dissolved in 10 ml of 90% by weight aqueous solution of
acetic acid and stirred at 50°C for 8 hours. After
cooling, the solvent was distilled off under reduced
pressure. The résidue thus obtained was purified by
silica gel column chromatography using a mixture of
chloroform and methanol (volume ratio: 40:1) to yield (#*)-
2-amino-6-chloro-9-[c-4-hydroxymethylcyclopent-2-en-y-1-

yl]-9H-purine in an amount of 0.19 g. The vield was 72%
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by mole. The physical properties of the compound obtained

were identical to those for a known (*)-2-amino-6-chloro-

9-[c-4-hydroxymethylcyclopent-2-en-y-1-y1]-9H-purine.
The physical properties of the compound thus obtained

were as follows:

Melting point: 160°C to 162°C

*H-NMR (DMSO-d,, 300MHz) &(ppm):
1.88(1H, ddd, J=13.7Hz, 5.5Hz, 5.5Hz), 2.62(1H, ddd,
J=13.7Hz, 8.8Hz, 8.8Hz), 2.87 (1H, m), 3.44 (2H, m),
4.78(1H, dd, J=5.2Hz, 5.2Hz), 5.44(1H, m), 5.89(1H,
m), 6.13(1H, m), 6.86(2H, brs), 7.83(2H, d, J=8.0Hz),
7.78(2H, d, J=8.0Hz), 8.02(1H, s)

**C-NMR (DMSO-d,, 75MHz, & ppm)):
160.0, 154.0, 149.7, 141.6, 139.2, 129.6, 123.9,
64.1, 59.5, 48.1, 34.3

MS(EI, m/z): 265, 267 (m')

Comparative Example 1

Preparation of 2-(N-p-toluenesulfonyl)-2-azabicyclo-

[12.2.1]1hept-5-en-3-one

The amount 240 mg (6.0 mmol) of sodium hydride (60%
by weight minerai 01l solution) was suspended in 50 ml of
anhydrous ether, to which 545 mg (50 mmol) of 2-
azabicyclo[2.2.1]hept-5-en-3-one was added and stirred for

one hour at room temperature. To the resultant mixture

1.14 g (6.0 mmol) of p-toluenesulfonyl chloride was added
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and stirred overnight at room temperature. After the
reaction mixture was filtered to remove solids, the
filtrate was distilled to remove the solvent. The residue
thus obtained was purified by silica gel column
chromatography to vield 605 mg (2.3 mmol) of 2-(N-p-

toluenesulfonyl )-2-azabicyclo[2.2.1]}hept-5-en-3-one. The

yvield was 46% by mole.

Comparative Example 2

Preparation of 2-(N-o-nitrobenzenesulfonyl )-2-

azabicyclof[2.2.1]lhept-5-en-3-one

The reaction of 1.09 g (10 mmol) of 2-
azabicyclo[2.2.]1]hept-5-en-3-one with 2.44 g (11 mmol) of
.o-nitrobenzenesulfonyl chloride was carried out under the
same conditions as used in Comparative Example 1. As a
result, 1.18 g (4.0 mmol) of 2-(N-o-nitrobenzenesulfonyl)-
2-azabicyclo[2.2.1]hept-5-en-3-one was obtained. The
yvield was 40% by mole.

The present invention being thus described, it will
be obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope'of the present invention, all such
modifications as would be obvious to one skilled in the

art are intended to be included within the scope of the

following claims.
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CLAIMS:

1. A method for preparing a bicycloamide derivative

represented by the formula (ITI):

O\ N—R!

wherein R! is an electron withdrawing group having a sulfur
atom represented by the formula:
R®-S0,-

10 wherein R® is a substituted or unsubstituted aryl group
having 6 to 14 carbon atoms, a substituted or unsubstituted
aralkyl group having an aryl moliety of 6 carbon atoms and
an alkyl moiety of 1 or 2 carbon atoms, a substituted or
unsubstituted alkyl group having 1 to 6 carbon atoms, or a

15 substituted or unsubstituted cycloalkyl group having 3 to 6
carbon atoms or an electron withdrawing group having a

phosphorus atom represented by the formula:
R4-~O> P-
20 R>-0 H
O

wherein R* and R’ are independently a substituted or

unsubstituted aryl group having 6 to 14 carbon atoms, a

25 substituted or unsubstituted aralkyl group having an aryl
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moiety of 6 carbon atoms and an alkyl moiety of 1 or 2
carbon atoms, a substituted or unsubstituted alkyl group
having 1 to 6 carbon atoms, or a substituted or
unsubstituted cycloalkyl group having 3 to 6 carbon atoms
5 directly bonded to the nitrogen atom of the amido group,

comprising the step of:

reacting in the presence of an organolithium coﬁpound
and at a temperature of from -120°C to 0°C,
azabicyclof[2.2.1}lhept-5-en~-3-one represented by the formula

10 (IV) :

(IV)

with a compound represented by the formula (V):

15 R~ X (V)
wherein R' is as defined above directly bonded to X, and X
1s a halogen atom.

2 . An N-sulfonylbicycloamide derivative represented
by the formula (II-1):

20

O
o NTSO: TR (1= 1)
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wherein R° is an aryl group having 6 to 14 carbon atoms
which may have a substituent containing one or more atoms
except carbon and hydrogen atoms, or an aralkyl group
having an aryl moliety of 6 carbon atoms and an alkyl moiety
of 1 or 2 carbon atoms which may have a substituent
containing one or more atoms except carbon and hydrogen

atoms.

3. An N-sulfonylbicycloamide derivative represented
by the formula (II-2):

O
\ N"802 ""'R3 (” 2)

wherein R’ is a substituted or unsubstituted alkyl group
having 1 to 6 carbon atoms, or a substituted or substituted
or unsubstituted cycloalkyl group having 3 to 6 carbon

atoms.

4, An N-phophorylbicycloamide derivative represented

by the formula (II-3):

| "O—R? (11— 3)
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wherein R? and R’ are independently a substituted or

unsubstituted aryl group having 6 to 14 carbon atoms, a

substituted or unsubstituted aralky]

group having an aryl

moiety of 6 carbon atoms and an alkyl moiety of 1 or 2

carbon atoms, a substituted or unsubstituted alkyl group

having 1 to 6 carbon atoms, or a substituted or

unsubstituted cycloalkyl group having 3 to 6 carbon atoms.



0
R' —HN —<gY

(1)

(1)
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