DESCRIPTION

-SULFONYL DERIVATIVES

Technical Fiéld

The present invention relates to a novel, orally-
administrable sulfonyl derivative or salt thereof which in-
hibits an activated coagulation factor (which will herein-
after be abbreviated as “FXa”), thereby exhibiting strong
anticoagulant action; and a coagulation suppressor or pre-
ventive and/br remedy for thrombosis or embolism which com-

prises the derivative or salt as an effective ingredient.

Background Art

Exasperation of coagulation éapacity is an important
factor for unstable angina, cerebral infarctidn, cerebral
embolism, myocardial infarction, pulmonary infarction, pul-
monary embolism, Buerger’s disease, deep vein thrombosis,
disseminated intravascular'coagulation syndréme, thrombus
formatiqn after valve replacement, reocclusion after. revas-
cularization or formation of thrombus upon extracorporeal
circulation. There is accordingly a demand for an excel-
lent anticoagulant which is excellent in dose-
responéiveness, has iong—lasting effects, has a low.risk of
hemorrhage, has less side effects and exhibits rapid and

sufficient effects even by oral administration (Thrombosis



Research, 68, 507-512, 1992).

Studies on anticoagulants based on various acting
mechanisms suggest that a FXa inhibitor has a possibility
of becoming an excellent anticoagulant. The coagulation
system is a series of reactions wherein a large amount of a
thrombus is produced through an amplification étep due to a
multi-stage enzymatic reaction and induces the formation .of
insoluble fibrin. In the intrinsic system, after the
multi-stage reaction following the activation of a contact-
factor, activated Factor IX activates factor X on a phos-
pholipid membrane in the presence of activated Factor VIII
and a calcium ioh, while in the extrinsic system, activated
Factor VII activates Factor X in the presence of a tissue
factor. 1In othér words, the activation of Factor X into
FXa in the coagulation system is an essential reaction in
the formation of thrombin. Activated Factor X (FXa) in
each system carries out limited proteolysis of prothrombin,
thereby forming thrombin. The resulting thrombin activates
the coagulation factors on the upstream side, whereby the
formation of thrombin is amplified further. As described
above, the coagulation system upsﬁream of FXa is separated .
into intrinsic and extrinsic systems so that the inhibition
of the enzyme of the coagulation system upstream of FXa
does not suppress the production of FXa sufficiently, in-

evitably resulting in the production of thrombin. Further-




more, the coagulation occurs as a self-amplifying reaction
SO thaf ﬁhe suppression of the coagulation system can be
accomplished more efficiently by the inhibition of FXa
which exists upstream of the thrombin than by the inhibi—
tion of the thrombin formed (Thrombosis Research, 15, 617-
629(1979)).

Another merit of the FXa inhibitor ié that an effec-
tive dose in a thrombus model is largely different from the
dose for extending the bleeding time in an experimental
hemorrhage model. From the experimental result, the FXa
inhibitor is presumed to be an anticoagulant with a low
risk of hemorrhage.

As a FXa inhibitor, various compounds are reported.

In general, antithrombin III or antithrombin III-dependent
penta-saccharide is known to have no inhibitory action
against a prothrombinase complex which plays a practical
role in the thrombus formation in vivo (Thrombosis Re-
search, 68, 507-512(1992); Journal of Clinicai Investiga~
tion, 71, 1383-1389(1983); Mebio, August issue, 92-97) and
.moreover, it does not exhibit effectiveness in oral admini-
stration. Although tick anticoagulant peptide (TAP) (Sci-
ence, 248, 593-596(1990)) or antistacin (AST) (Journal of
Biological Chemistry, 263, 10162—10167(1988)) isolated from
a tick or leech which is a bloodsucker inhibits FXa and ex—.

hibits anti-thrombus effects on the models of from venous



thrombus to arterial thrombus, it is not effective when
orally administered because it is a high-moieéular peptide.
From such a viewpoint, a low-molecular FXa inhibitor which
directly inhibits a coagulation factor without depending on
antithrombin III has been developed.

An object of the present invention is to provide, as
an excellent anticoagulant, a novel compound which has
strong FXa inhibitory action, exhibits prompt, sufficient
and long-lasting anti-thrombus éffects even by the oral ad-

ministration and has less side effects.

Disclosure of the Invention

With the forgoing in view, the present.inventors have
carried out an extensive investigation on the synthesis of
a novel FXa inhibitor and its pharmacological action. As a
result, it has been found that a novel sulfonyl derivative,
salt thereof or solvate thereof exhibits strong FXa inhibi-
tory action énd strong anticoagulant action, inhibits FXa
strongly, promptly and continuously by the oral administra-
tion, exhibits anti-coagulant action and anti-thrombus ac-
tion, is highly safe and is useful as a preventive or rem-
edy for various diseases caused by a thrombus or embolus,
thus leading to completion of the present invention.

The present.invention provides a sulfonyl derivative

represented by the following formula (I):



R¢
o - .
- o*-11-0-8

N XX ()
0 R2

[wherein:

R? represents a hydrogen atom, a hydroxyl group, a ni-
tro group, a cyano group, a halogen atom, an alkyl group, a
hydroxyalkyl group, an alkoxyl group, an alkoxyalkyl group,
a carboxyi group, a carboxyalkyl group, an alkylcarbonyl
group, an alkoxycarbonyl group, an alkogycarbonylalkyl
group, an alkylcarbonyloxy group or a group A'-B*- (in
which A' represents an amino group which may have one or
two substituents, a saturated or unsaturated 5~ or 6-
membered cyclic hydrocarbon group which may have a sub-
stituent or a saturated or unsaturated 5- or 6—membefed
heterocyg;ic group which may have a substituent and B* rep-
resents a single bond, a carbonyl group, an alkylene group,
a carbonylalkyl group, a carbonylalkylox§ group or an al-
kylenecarbonyloxy éroup),

R? and R® each independently represents a hydrogen

atom, a halogen atom, an alkyl group, a hydroxyalkyl group

or an alkoxyalkyl group or R? or R?® may be coupled together.

with R' to form a Ci-3 alkylene or alkenylene group,
R* and R® each independently represents a hydrogen

atom, a hydroxyl group, a halogen atom, an alkyl group or



an alkoxyl grdup (with the proviso that R* and R® do not
represent a hfdfogen atom at the same time),

Q' represents a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group which may have a sub-
stituent, a saturated or unsaturated 5- or 6-membered het-
erocyclic group which may have a substituent or a saturated
or unsaturated bicyclic or tricyclic fused ring gfoup which
may have a substituent,

Q* represents a single bond, an oxygen atom, a sulfur
atom, a linear or branchedlcbﬁ alkylene group, a linear or
brénched C2-¢ alkenylene group, a linear or branched C,.¢ al-
kynylene group, a group -N(R®)-CO- (in which RS represents
a hydrogen atom or an alkyl group), a group =-N(R’)-(CHz)am—
(in which R’ represents a hydrbgen atom or an alkyl group
and m stands for an integer of 0 to 6) or a group of the

following formula:
+—C

(which represents a divalent, saturated or unsaturated 5-
or 6-membered cyclic hydrocarbon group which may have a
substituent, a divalent, saturated or unsaturated 5- or 6-
membered heterocyclic group which may have a substituent or

a divalent, saturated or unsaturated dicyclic fused ring

group which may have a substituent and «C means the bond-



ing of the carbon atom of this group to oYy,
o® represents any one of the following groups:
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(in which when the carbon atom to which each of R®, R®, R?°,
R, R'?, R, R and R!® has been bonded is not adjacent to
a nitrogen atom, R%®, R®, R!®, RY, R!?, R, R and R each
independently represents:

a hydrogen atom,

a hydroxyl group,

an alkyl group,

an alkoxyl group,

an alkoxyalkyl group,

an alkoxyalkyloxy group,

a hyroxyalkyl group,

a hydroxyalkyloxy group,

a hydroxyalkylcarbonyl group,

a hydroxyalkylsulfonyl group,
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formyl group,

formylalkyl group,

formylalkylcarbonyl group,

formylalkylsulfonyl group,

alkylcarbonyl group,

'alkylsulfonyl group,

alkylcarbonylalkyl'group,

alkylsulfonylalkyl group,

carboxyl group,

carboxyalkyl group,

carboxyalkyloxy group,

carboxyalkylcarbonyl group,

carboxyalkylsulfonyl group,
carboxyalkylcarbonylalkyl group,
carboxyalkylsulfonylalkyl group,

alkoxycarbonyl group,

alkoxycarbonylalkyl group,

alkoxycérbonylalkyloxy group,
alkoxycarbonylalkylcarbonyl group,
alkoxycarbonylalkylsulfonyl group,

amino group which may have one or two substituents, .
aminoaikyl group iﬁ which the amino moiety may have
two substituents,

aminoalkyloxy group in which the amino moiety may

e or two substituents,



an aminoalkylcarbonyl group in which the amino moiety
may have one or two substituents,

an aminoalkylcarbonyloxy group in which the amino moi-
ety may have one or two substituents,

an aminocarbonyl group in which the amino moiety may
have one or two substituents,

an aminocarbonylalkyl group in which the amino moiety
may have one or two substituents,

| an aminocarbonylalkyloxy group in which the amino moi-

ety may have one or two substituents or

a group A%-B?- (in which A? represents a saturated or
unsaturated 5- or 6-membered cyclic hydrocarbon group which
may have a substituent or a saturated or unsaturated 5- or
6-membered heterocyclic group which may have a substituent
and B? represents a single bond, a carbonyl group or an al-
kylene group),

when the carbon atom to which each of R%®, R?, R!°, R%,
R*, R', R and R has been bonded is adjacent to a nitro-
gen atom, R®, R®, R'®, R, R!2, R'3, R} and R each independ-
ently represents:

a hydrogen atom,

an alkyl group,

" a hydroxyalkyl group,
a hydroxyalkylcarbonyl group,

a hydroxyalkylsulfonyl group,



- 10 -

V1]

formyl group,

a formylalkyl group,

a formylalkylcarbonyl group,

a formylalkylsulfonyl group,

an alkylcarbonyl group,

an alkylsulfonyl group,

an alkylcarbonylalkyl group,

an alkylsulfonylalkyl group,

a carboxyl group,

a carboxyalkyl group,

a carboxyalkylcarbonyl group,

a carboxyalkylsulfonyl group,

a carboxyalkylcarbonylalkyl group,

a carboxyalkylsulfonylalkyl group,

an alkoxyalkyl group,

an alkoxycarbonyl group,

an alkoxycarbohylalkyl group,

an alkoxycarbonylalkylcarbonyl group,

an alkoxycarbonylalkylsulfonyl group,

an aminocalkyl group in which the amino moiety may have
one or two substituents,

an aminoalkylcarbonyl group in which the amino moiety
may have one or two substituents,

an aminocarbonyl.ggéup in which the amino moiety may

have one or two substituents,
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an aminocarbonylalkyl group in which the'amino.moiety
may have one or two substituents or

a group A3-B3-~ (in which A? represents a saturated or
unsaturéted 5~ or 6-membered cyclic hydrocarbon group which
may have a substituent or a saturated or unsaturated 5- or
6—membered heterocyclic group'which may have a substituent
and B® represents a single bond, a carbonyl group or an al-
kylene group),

R® and R®, R .and RY®, R* and R*®, and R and R'® may
each be coupled together with a carbon atom which consti-
tutes the ring and represent a saturated or unsaturated 5-
to 7-membered cyclic hydrocarbon group which may have a
substituent or a saturated or unsaturated 5- to 7-membered
heterocyclic group which may have a substituent,

R* and R' each independently represents;

a hydrogen atom,

an alkyl group,

a hydroxyalkyl group,

a hydroxyalkylcarbonyl grbup,

a hydroxyalkylsulfonyl group,

an alkoxyl group,

an alkoxyalkyl group,

an alkoxyalkylcarbonyl group,

lan alkoxyalkylsulfonyl group,

a formyl group,
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a formylalkyl group,

a formylalkylcarbonyl group,

a formylalkylsulfonyl group,

an alkylcarbonyl group,

an alkylcarbonylalkyl group,

an alkylsulfonyl group,

an alkylsulfonylalkyl group,

a carboxyalkyl group,

a carboxyalkylcarbonyl group,

a carboxyalkylsulfonyl group,

a carboxyalkylcarbonylalkyl group,

é carboxyalkylsulfonylalkyl group,

an alkoxycarbonyl group,

an alkoxycarbonylalkyl group,

an alkoxycarbonylalkylcarbonyl group,

an alkoxycarbonylalkylsulfonyl group,

an amino group which may have one or two substituents,

an aminoalkyl group in which the amino ﬁoiety may have
one or two substituents,

an aminoalkyloxy group in which the amino moiety may
have one or two substituents,

an aminoalkylcarbonyl group in which the amino moiety'
may have one or two substituents,

an aminoalkyloxycarbonyl group in which the amino moi- -

ety may have one or two substituents,
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an aminocarbonyl group in which the amino moiety may
have one or two substituents,

an aminocarbonylalkyl group in which the amino moiety
may have oﬁe or two substituents,_

an aminocarbonyloxyalkyl group in which the aminé moi-
ety may have one or two substituents,

R and R or R* may be coupled together with a carbon
atom constituting the ring and a nitrogen atom to which R
has been bonded and represent a saturated or unsaturated 5-
to 7-membered heterocyclic group which may have a substitu-
.ent,

R* and R'® or R may be coupled together with a carbon
atom constituting the ring and a nitrogen atom to which R’
has been bonded and represent a saturated or unsaturated 5-
to 7-membered heterocyclic group which may have é substitu-
ent, |

a, b, d, e and g each independently'stands for an in-
teger of 0 or 1, c stands for an integer of 0 to 3, £, h
and i1 each independently represents an integer of 1 to 3,
with the proviso that the sum of a, b and ¢ stands for an
integer of 2 or 3, the sum of d and e stands for an integer-
of 0 or 1 and the sum of £, g and h stands for an integer
of 3 to 5),

T! represents a carbonyl group, a group -CH(R¥)- (in

which R'® represents a hydrogen atom, an alkyl group, a hy-
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droxyalkyl group, an alkoxyalkyllgroup, a carboxyalkyl
group, an alkoxycarbonylalkyl group, an aryl group, an
aralkyl group, a heteroaryl group, a heteroérylalkyl group
or an aminoalkyl groﬁp in which the amino moiety may have a
substituent) or a group -C(=NOR@)- (in which R®® represents
a hydrogen atom, an alkyl group, a carboxyalkyl group, an
alkoxycarbényl group, an aryl group, an aralkyl group, a
heteroaryl group, a heteroarylalkyl group or an aminoalkyl
group in which the amino moiety may have a substituent, and

X' and %2 eéch independently represents a methine
group or a nitrogen atom]; salt thereof; or solvate
thereof.

The present invention also provides a medicament com-
prising as an effective ingredient a sulfonyl derivative
represented by the formula (1), salt thereof or solvate
thereof.

The present invention also provides a pharmaceutical
composition comprising a sulfonyl derivative represented by
the formula (1), salt thereof or solvate thereof;.and a
pharmaceutically acceptable carrier.

The present invention also provides the use of a sul-
fonyl derivative represented by the formula (1), salt
thereof or solvate thereof as a medicament.

The present invention also provides a method for

treating a disease caused by thrombosis or embolism, which
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comprises administering, to a patient suffering therefrom,
a sulfonyl derivative represented by the formula (1), salt

thereof or solvate thereof.

Best Modes for Carrying Out the Invention

A description will next be made of the substituents in

the sulfonyl group derivative of the formula (I) according

‘to the present invention.

As R?, examples of the halogen atom include fluorine,
chlorine, bromine and iodine.

Examples of the alkyl group include linear, branched
or cyclic Ci-g¢ alkyl groups such as methyl, ethyl, isopropyl
and cyclopropyl.

The “hydroxyalkyl group” means a group formed of a hy-
droxyl group and a linear, branched or cyclic Ci-¢ alkylene'
group. Examples of the alkylene group include methylene,
ethylene, trimethylene, propylene and cyclohexylene. Exam-
ples of the hydroxyalkyl group include hydroxymethyl and
hydroxyethyl.

The “alkoxyl group” means a group formed of the above-
described Cj-¢ alkyl group and an oxygen atom. Examples in--
clude methoxyl, ethoxyl and isopropoxyl.

The “alkoxyalkyl group” means a group formed of the
above-described alkoxyl group and the above-described C;-g

alkylene group. Examples include methoxymethyl, meth-
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oxyethyl and ethoxymethyl.

The “carboxyalkyl group” means a group formed of a
carboxyl group and the above-described Ci-.¢ alkylene group.
Examples include carboxymethyl and carboxyethyl.'

The “alkylcarbonyl group” means a group formed of the
above-described Ci.¢ alkyl group and a carbonyl group. Ex-
amplés include methyléarbonyl and ethylcarbonyl.

The “alkoxycarbonyl group” means a group formed of the
above-described Ci;-¢ alkoxyl group and a carbonyl group.
Examples include methoxycarbonyl and ethoxycarbonyl.

The “alkoxycarbonylalkyl group” means a group formed
of the above~described alkoxycarbonyl group and the above-
described alkylene group. Examples inc¢lude methoxycar-
bonylethyl and ethoxycarbonylmethyl.

The “alkylcarbonyloxy group” means é group formed of
the above-described Cj-¢ alkyl group, a carbonyl group and
an oxygen atom. Examples include methylcérbonyloxy, ethyl-
carbonyloxy and isopropylcarbonyloxy.

In the group A'-B'-, A! represents an amino group which
may have one or two substituents, a saturated or unsatu-
rated 5- or 6-membered cyclic hydrocarbon group which may
have a substituent or a saturated or unsaturated 5~ or 6-
membered heterocyclic group which may have a substituent.

When A® represents an amino group which may have one

or two substituents, B! represents a single bond, a car-
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bonyl group, an alkylene group, a carbonylalkyl group, a
carbonylalkyloxy group or an élkylenecarbonyloxy group.
The group A!-B'- therefore represents, for example, a group
as shown in the following class (A).

Class (A):

an amino group which may have one or two substituents,

an aminocarbqnyl group in which the amino moiety may
have one or two substituents,

an aminoalkyl group in which the amino moiety may have
one or two substituents,

an aminocarbénylalkyl gréup in which the amino moiety
may have one or two substituents,

an aminocarbonylalkyloxy group in which the amino moi-
ety may have one or two substituents or

an aminoalkylcarbonyl group in which the amino moiety
may have one or two substitueﬁts and

an aminoalkylcarbonyloxy group in which the amino m§i~
ety may have one or two substituents.

A description will next_be made of the groups shown in
Class (A).

The “aminocarbonyl group in which the amino moiety may.
have one or two substituents” means a group formed of an
amino group which may have one or two substituents and a
carbonyl group.

The “aminoalkyl group in which the amino moiety may
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have oné or two substituents” means a group formed of an
amino group which may have one or two substituents ana ﬁhe
above~described C;-¢ alkylene group. Examples of the ami-
noalkyl group include aminomethyl and aminoethyl.

The “aminocarbonylalkyl group in which the amino moi-
ety may have one or two substituents” means a group formed
of the above-described éminocarbonyl group and the above-
described C;-¢ alkylene group. Examples of the aminocar-
bonyialkyl group include aminocarbonylmethyl and aminocar-
bonylethyl.

The “aminocarbonylalkyloxy group in which the amino
moiety may have one or two substituents” means a group
formed of the above-described aﬁinocarbonylakyl group and
an oxygen atom. Examples of the aminocarbonylalkyloxy
group include aminocarbonylmethox&l and aminocarbonyleth-
oxyl.

The “aminoalkylcarbonyl group in which the amino moi-
ety may have one or two substituents” means a group formed
of the above-described aminoalkyl group and a carbonyl
group. Examples of the aminoalkylcarbonyl group include
aminomethylcarbonyl and aminoethyléarbonyl.

The “aminoalkylcarbonyloxy group in which the amino

moiety may have one or two substituents” means a group
formed of the above-described aminoalkylcarbonyl group and

an oxygen atom. Examples of the aminoalkylcarbonyloxy
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group include aminomethylcarbonyloxy and aminoethylcarbony—
loxy. |

Examples of the substituent which can be substituted
for an amino group include those as shown in the following
Class (1).
Class (1):

an alkyl group,

an alkenyl group,

a halogenoalkyl group,

a halogenoalkenyl group,

a hydroxyalkyl group,

a hyroxyalkylcarbonyl group,

a hydroxyalkylsulfonyl group,

an alkoxyl group,

an alkoxyalkyl group,

an alkoxyalkylcarbonyl group,

an alkoxyalkylsulfonyl group,

a formyl group,

a formylalkyl group,

a formylalkylcarbonyl group,

a formylalkylsulfonyl group,

an alkylcarbonyl group,

an alkylcarbonylalkyl group,

an alkylsulfonyl group,

an alkylsulfonylalkyl group,
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a carboxyalkyl group, .

a carboxyalkylcarboﬁyl group,

a carboxyalkylsulfonyl group,

a carbpxyalkylcarbonylalkyl group,

a carbokyalkylsulfonylalkyl group,

an alkoxycarbonyl group,

an alkoxycarbonylalkyl group,

an alkoxycarbonylalkylcarbonyl group,

aﬁ alkoxycarbonylalkylsulfonyl group,

a triflﬁoromethylsulfonyloxyalkenyl group and

a group a'-b'- (wherein a' represents a saturated or
unsaturated 5- or 6-membered cyclic hydrocarbon group or
saturated or unsaturated 5- or 6-membered heterocyclic
group which may have one to three substituents selected
from the group consisting of a halogen atom, a hydroxyl
group, an amino group, an alkoxyl group, an alkyl group, a
cyano group, a nitro.group, a carboxyl group, an alkoxycar-
bonyl group and an aminocarbonyl group; and |

b* represents a single bond, a carbonyl group, an al-
kylene group, a carbonylalkyl group, a carbonylalkyloxy
group, an alkylenecarbonyloxy group, an alkyleneaminocar-
bonyl group, an alkyleneaminocarbonylalkyl group, an al-
kyleneaminosulfonyl group or an alkyleneaminosulfonylalkyl
group) .

The substituents which can be substituted for an amino
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group in Class (1) will next be described.
| The alkyl group has the same meaning as described
above.

The “alkenyl group” means a linear, branched or cyclic
C2-¢ alkenyl group. Examples include vinyl and allyl.

The “halogencalkyl group” means a group formed of a
halogen atom and the above—described'alkylene group. Exam-
ples include chloromethyl and bromoethyl.

The “halogencalkenyl group” means a group formed of a
halogen atom and a linear or branched Cy-¢ alkenylene group.
Examples include chloroethenyl and bromopropenyl groups.
There is no particular limitation on the position of a dou-
ble bond.

The “hydroxyalkyl group” means a group formed of a hy-
droxyl group and a linear, branched or cyclic Ci.¢ alkylene |
group. Examples include hydroxyethyl and hydroxypropyl. ;

The “hydroxyalkylcarbonyl group” means a group formed
of the above-described hydroxyalkyl group and a carbonyl
group. Examples include hydroxymethylcarbonyl and hy-
droxyethylcarbonyl.

The “hydroxyalkylsulfonyl group” means a group formed -
of the above-described hydroxyalkyl group and a sulfonyl
group. Examples include hydroxymethylsulfonyl and hy-
droxyethylsulfonyl.

The alkoxyl group has the same meaning as described
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above.

The “alkoxyalkyl group; means a group formed of the
above~described alkoxyl group and linear, branched or cy-
clic Cz-¢ alkylene group. Examples include methoxyethyl,
ethoxyethyl and methoxypropyl.

The “alkoxyalkylcarbonyl group” means a group formed
of the above-described alkoxyalkyl group and a carbonyl
group. Examples include methoxyethylcarbonyl and eth-
oxymethylcarbonyl.

The “alkoxyalkylsulfonyl groupk means a group formed
of the above-described alkoxyalkyl group and a sulfonyl
group. Examples include methoxymethylsulfonyl and ethf
oxymethylsulfonyl.

The “formylalkyl group” means a group formed of a for-
myl group and the above-described Cj;-¢ alkylene group. Ex-
amples include formylmethyl and formylethyl.

The “formylalkylcarbonyl group” means a group formed
of the above-described formylalkyl group and a carbonyl
group. Examples include formylmethylcarbonyl and formy-
lethylcarbonyl.

The “formylalkylsulfonyl group” means a group formed
of the above-described formylalkyl group and a sulfonyl
group. Examples include formylmethylsulfonyl and formy-
lethylsulfonyl.

The “alkylcarbonyl group” means a group formed of the
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above-described alkyl group and a carbonyl group. Examples
includé méthylcarbonyl and ethylcarbonyl.

The “alkylcarbonylalkyl group” means a group formed of
the above-described alkylcarbonyl group and the above-
described C;-¢ alkylene group. Examples include methylcar-
bonylmethyl and ethylcarbonylmethyl.

The “alkylsulfonyl group” means a group formed of the
above-described alkyl group and a sulfonyl group. Examples
include methylsulfonyl and ethylsulfonyl.

The “alkylsulfonylalkyl group” means a group formed of
the above-described alkylsulfonyl group.and the above-
described Ci-¢ alkylene group. Examples include methylsul-
fonylmethyl and ethylsulfonylmethyl.

The carboxyalkyl group has the same meaning as de-
scribed above.

The “carboxyalkylcarbonyl group” means a group formed
of the above-described carboxyalkyl group and a carbonyl
group. Examples include.carboxymethylcarbonyl and car-
boxyethylcarbonyl.

The “cérboxyalkylsulfonyl group” means a group formed
of the above-described carboxyalkyl group and a sulfonyl
group. Examples include carboxymethylsulfonyl and car-
boxyethylsulfonyl.

The “carboxyalkylcarbonylalkyl group” means a.group

formed of the above-described carboxyalkylcarbonyl group
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and the above-déscribed Ci-¢ alkylene group. Examples in-
clude carboxymethylcargonylmethyl and carboxyethylcarbonyl-
methyl.

The “carboxyalkylsulfonylalkyl group” means a group
formed of the above-described carboxyalkylsulfonyl group
and the ab&ve~described Ci-6¢ alkylene group. Examples in-
clude carboxymethylsulfonylmethyl and carboxyethylsulfonyl-
methyl.

The alkoxycarbonyl and alkoxycarbonylalkyl groups have
the same meanings as described above.

The “alkoxycarbonylalkylcarbonyl group” means a group
formed of the above-described alkoxycarbonylalkyl group and
a carbonyl group. Examples include methoxycarbonylethyl-
carbonyl and ethoxycarbonylmethylcarbonyl.

The “alkoxycarbonylalkylsulfonyl group” means a group
of the above-described alkoxycarbonylalkyl group and a sul-
fonyl group. Exémples include methoxycarbonylethylsulfonyl
and ethoxycarbonylmethylsulfonyl.

The “trifluoromethylsulfonyloxyalkenyl group” means a

group formed of a trifluoromethylsulfonyloxy group and a

linear or branched Cz-¢ alkenylene group. Examples include

trifluoromethylsulfonyloxyvinyl and trifluoromethylsulfony-

loxyallyl.
In the group a*-b*-, a' represents a saturated or un-

saturated 5- or 6-membered cyclic hydrocarbon group or
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saturated or unsaturated 5- or 6-membered heterocyclic
gfoﬁp which may have a substituent such as a halogen atom.
Examples of the saturated or unsaturated 5- or 6-membered
cyclic hydrocarbon group include cyclopentyl, cyclopen;
tenyl, cyclopentadienyl, cyclohexyl, cyclohexenyl, cyclo-
hexadienyl and phenyl. Where the group has, as the cyclo-
pentenyl, plural structural isomers,.it is to be noted that
they are all embraced in it.

The saturated or unsaturated 5- or 6-membered hetero-
cyclic group is a cyclic group having at least one hetero
atom. Examples of the hetero atom include oxygen, nitrogen
and sulfur. Examples of the saturated or unsaturated 5- or
6-membered heterocyclic group include furyl, pyrrolyl, thi-
enyl, pyrazolyl, pyrazinyl, tetrahydropyrazinyl, imi-
dazolyl, pyrazolinyl, oxazolyl, oxazolinyl, thiazolyl, thi-
azolinyl, thiazolidinyl, oxatriazolyl, thiadiazolyl, fura-
zanyl, pyranyl, pyridyl, pyrimidinyl, tetrahydropyri--
midinyl, pyridazinyl, tetrahydropyridazinyl, pyrrolidinyl,
piperazinyl, piperidinyl, oxazinyi, oxadiazinyl, morpho-
linyl, thiazinyl, thiaaiazinyl, thiomorpholinyl, tetra-
zolyl, tetrazinyl, triazolyl and triazinyl. Where the
group has, as the pyranyl, plural structural isomers, it is
to be noted that they are all embraced in it.

b? represents a single bond or a.carbonyl, alkylene,

carbonylalkyl, carbonylalkyloxy, alkylenecarbonyloxy, al-
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kyleneaminocarbonyl, alkyleneaminocarbonylalkyl, al-
kyleneaminosulfonyl or aik&leneaminosulfonylalkyl group.
The alkylene group has the same meaning as described above.

The “carbonylalkyl group” means a group formed of a
carbonyl group and the above-described C;.¢ alkylene group.
Examples include carbonylmethyl and carbonylethyl. |

The “carbonylalkyloxy group” means a group formed of
the above-described carbonylalkyl group and an oxygen atom.
Examples include carbonylmethoxy and carbonylethoxy.

The “alkylenecarbonyloxy group” means a group formed
of the above-described C;-¢ alkylene group, a carbonyl group
and an oxygen atom. Examples include methylenecarbonyloxy
and ethylenecarbonyloxy.

The “alkyleneaminocarbonyl groﬁp" means a group formed
of the above-described Ci-¢ alkylene group, an imino group
and a carbonyl group. Examples include methyleneaminocar- '
bonyl and ethyleneaminocarbonyl.

The “alkyieneaminocarbonylalkyl group” means a group
formed of the above-described alkyleneaminocarbonyl and the
above-described Ci;.¢ alkylene. Examples include methyl-
eneaminocarbonylmethyl and ethyleneaminocarbonylmethyl.

The “alkyleneaminosulfonyl group” means a group formed
of the above-described Cj;.¢ alkylene group, an imino group
and a sulfonyl group. Examples include methyleneaminosul-

fonyl and ethyleneaminosulfonyl.
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The “alkyleneaminosulfonylalkyl group” means a group
formed of the above-described alkyleneaminosulfonyl and the
above-described Ci-¢ alkylene. Examples include methyl—
eneaminosulfonylmethyl and ethyleneaminosulfonylmethyl.

A description will next be made of the substituents
which can be introduced to, as the above-described a1, a
saturated or unsaturated 5- or 6-membered cyclic hydrocar-
bon group or saturated or unsaturated 5- or 6-membered het-
erocyclic group which may have a substituent. Examples of
the halogen atom include fluorine, chlorine, bromine and
iodine. The alkoxyl, alkyl, alkoxycarbonyl and aminocar-
bonyl groups have the same meanings as described above.

As the group a'-b'-, there exist various kinds accord-
ing to the combination of a' and b'. Examples include:

a saturated or unsaturated 5- or 6—meﬁbered cyclic hy-
drocarbon group which may have a substituent,

a group formed of a saturated br unséturatéd 5- or 6-
membered heterocyclic group which may have a substituent
and a carbonyl group,

a group formed of a saturated or unsaturated 5- or 6-

membered cyclic hydrocarbon group which may have a sub-

- stituent and an alkylene group,

a group formed of a saturated or unsaturated 5- or 6-
membered heterocyclic group which may have a substituent

and a carbonylalkyl group,
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a group formed of a saturated or unsaturated 5; or 6-
membered cyclic‘hydrocarbon group which may have a sub-
stituent and a carbonylalkyloxy group,

a group formed of a saturated or unsaturated 5- or 6-
membered heterocyclic group which may have a substituent
and a alkylenecarbonyloxy group,

a group formed of a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group which may have a sub-
stituent and a alkyleneaminocarbonyl group,

a group formed of a saturated or unsaturated 5- or 6-
membered heterocyclic group which may have a substituent
and an alkyleneaminocarbonylalkyl group,

a group formed of a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group which may have a sub-
stituent and an alkyleneaminosulfonyl group,

a group formed of a saturated or unsaturated 5- or 6-
membered heterocyclic group which may have a substituent
and an alkyleneaminosulfonylalkyl group and the like.

In addition to the above-described Class (1), the fol-
lowing Class (2)'can be given as examples of the substitu-
ent which can be substituted for the amino group.

Class (2):

an amino group which may have one or two substituents

selected from Class (1),

an aminoalkyl group in which the amino moiety may have
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one or two substituents selected from Class (1),

an aminocarbonyl group in which the amino moiety may
have one or two substituents selected from Class (1),

an aminocarbonylalkyl group in which the amino moiety
may have one or two substituents selected from Class (1),

an aminocarbonylalkylcarbonyl group in which the amino
moiety may have one or two substituents selected from Class
(1),

an aminocarbonylalkylsulfonyl group in which the amino
moiety may have one or two substituents selected from Class
(1),

an aminoalkylcarbonyl group in which the amino moiety
may have one or two substituents selected from Class (L),

an aminosulfonyl group in which the amino moiety may
have one or two substituents selected from Class (1),

an aminosulfonylalkyl group in which the amino moiety
may have one or two substituents selected from Class (1),

an aminoalkylsulfonyl group in which the amino moiety
may have one or two substituents selected from Class (1),

an aminosulfonylalkylcarbonyl.group in which the amino
moiety may have one or two substituents selected from Class
(1) and

an aminosulfonylalkylsulfonyl group in which the amino
moiety may have one or.two substituents selectéd from Class -

(1).
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A description will next be made of the substituents of
Class (2). |

The aminocarbonyl, aminocarbonylalkyl and aminoalkyl-
carbonyl groups in Class (2) have the same meanings as de-
scribed above.

The “aminoalkyl group which may have a substituent”
means a group formed of an amino group which maylhave a
substitﬁent and a linear, branched or cyclic Cz.¢ alkylene
group. Examples of the aminoalkyl group include aminoethyl
and aminopropyl.

The “aminocarbonylalkylcarbonyl group which may have a
substituent” ﬁeans a group formed of an aminocarbonylalkyl
group which may have a substituent and a carbonyl group.
Examples of the aminocarbonylalkylcarbonyl group include
aminocarbonylmethylcarbonyl and aminocarbonylethylcarbonyl.

The “aminocarbonylalkylsulfonyl group which may have a
substituent” means a group formed of an aminééarbonylalkyl
group which may have a substituent and a sulfonyl group.
Examples of the aminocarbonylalkylsulfonyl groﬁp include
aminocarbonylmethylsulfonyl and aminocarbonylethylsulfonyl.

The “aminosulfbnyl group which may have a substituent”.
means a group formed of an amino group which may have a
substituent and a sulfonyl group.

The “aminosulfonylalkyl group which may have a sub-

stituent” means a group formed of the above-described
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aminosulfonyl group which may have a substituent and the
above~described Ci.¢ alkylene group. Examples of the amino-
sulfonylalkyl group include aminosulfonylmethyl and
aminosulfonylethyl.

The “aminoalkylsulfonyl group which may have a sub-
stituent” means a group formed of the above-described amino
group which may have a substituent, the above-described C;-g
alkylene group and a sulfonyl group. Examples of the ami-
noalkylsulfonyl group include aminomethylsulfonyl and ami-
noethylsulfonyl.

The “aminosulfonylalkylcarbonyl group which may have a
substituent” means a group formed of the above-described
aminésulfonylalkyl group which may have a substituent and a
carbonyl group. Examples include aminosulfonylmethylcar-
bonyl and aminosulfonylethylcarbonyl.

The “aminosulfonylalkylsulfonyl group which may have a
substituent” méans a group formed of the above-described
aminosulfonylalkyl group which may have a substituent and a
sulfonyl_group. Examples include aminosulfonylmethylsulfo-
nyl and aminosulfonylethylsulfonyl.

Al also represeﬁts a safurated or unsaturated 5- or 6- -
membered cyclic hydrocarbon group or heterocyclic group
which may have a substituent. Examples of the saturated or
unsaturated 5- or 6-membered cyclic hydrocarbon group in-

clude cyclopentyl, cyclopentenyl, cyclopentadienyl, cyclo-
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hexyl, cyclohexenyl, cyclohexadienyl and phenyl groups.
Where the group has plural structural isomers as the cyclo-
pentenyl group, it is to be noted that they are all em-
braced in it.

The saturated or unsaturated 5- or 6-membered hetero-
cyclic group is a cyclic group having at least one hetero
atom. Examples of the hetero atom include oxygen, nitrogen
and.sulfur. Examples of the saturated or unsaturated 5- orx
6-membered heterocyclic group include furyl, pyrrolyl, thi-
enyl, pyrazolyl, imidazolyl, pyrazolinyl, oxazolyl,
oxazolinyl, thiazolyl, thiazolinyl, oxatriazolyl, thiadi-
azolyl, furazanyl, pyranyl, pyridyl, pyridazinyl, pyrroli-
dinyl, piperazinyl, piperidinyl, oxazinyl, oxadiazinyl,
morpholinyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tri-
azolyl and triazinyl. Where the group has plural struc-
tural isomers as pyranyl, it is to be noted that they are
all embraced in it.

When A represents a saturated or.unsaturated 5- or 6-
membered cyclic hydrocarbon group or heterocyclic group
which may have a substituent, B! represents a single bond,
a carbonyl group, an alkylene group, a carbonylalkyl group, -
a carbonylalkyloxy group or an alkylenecarbonyloxylgroup.
Accordingly, the group A'-B-, for example, represents a
group as shown in the following Class (B):

Class (B):
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a saturated or unsaturated 5- or 6-membered cyélic hy-
drocarbon group or heterocyclic group which may have a sub-
stituent,

a group forﬁed of a saturated or unsaturated 5- or 6-

membered cyclic hydrocarbon group or heterocyclic group

* which may have a substituent and a carbbnyl group,

a.group formed of a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group or heterocyclic group
which may have a substituent and an alkylene. group,

a group formed of a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group or heterocyclic group
which may have a substituent, a carbonyl group and an al-
kylene group,

a group formed of a saturated or unsaturated 5- or 6-
membered dyclic hydrocarbon group or heterocyclic'group
which may have a substituent, a carbonyl group, an alkylene
group and an oxygen atom,

a group formed of a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group or heterocyclic group
which may have a substituent, an alkylene group and a car-
bonyl group,

a group formed of a saturated or unsaturated 5- or 6-

membered cyclic hydrocarbon group or heterocyclic group

which may have a substituent, an alkylene group, a carbonyl '

group and an oxygen atom, and the like.
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A description will next be made of the groups shown in
Class (B).

In the group formed of a saturated or unsaturated 5-
or 6-membered cyclic hydrocarbon group or heterocyclic
éroup which may have a substituent and a carbonyl group,
examples of the group formed of the cyclic hydrocarbon
group and a cérbonyl group include cyclopentylcarbonyl and
phenylcarbonyl; while those of the group formed of the het-
erocyclic group and a carbonyl group include furylcarbonyl,
thienylcarbonyl and pyridylcarbonyl groups.

In the group formed of a saturated or unsaturated 5-
or 6-membered cyclic hydrocarbon group or heterocyclic |
group which may have a substituent and an alkylene group,
the “group formed of a cyclic hydrocarbon group and an al-
kylene group” means a group formed of the above-described
cyclic hydrocarbon group and the above-described Ci-g al-
kylene group, for example, cyclohexylmethyl and benzyl,
while the “group formed of a heterocyclic group and an al-
kylene group” means a group formed of the above-described
heterocyclic group and the above-described C,.¢ alkylene
group, for example, furylmethyl, thienylethyl and pyridyl-
propyl.

In the group formed of a saturated or unsaturated 5-
or 6-membered cyclic hydrocarbon group or heterocyclic

group which may have a substituent, a carbonyl group and an
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alkylene group, the “group formed of a cyclic hydrocarbon
group, a carbonyl group and an alkylene group” means a
group formed of the above-described cyclic hydrocarbon
group, a carbonyl group and the above-described Cj;-¢ al-
kylene group, for example, cyclopentadienylcarbonylmethyl
and phenylcarbonylethyl, while the “group formed of a het-
erocyclic group, a carbonyl Qroup and an alkylene group”
means a group formed of the above-described heterocyclic
group, a carbonyl group and the above-described Cj;-¢ al-
kylene group, for example, furylcarbonylmethyl, thienylcar-
boﬁylethyl and pyridylcarbonylpropyl.

In the group formed of a saturated or unsaturated 5-
or 6-membered cyclic hydrocarbon group or heterocyclic
group which may have a substituent, a carbonyl group, an
alkylene group and an oxygen atom, the.“group formed of a
cyclic hydrocarbon group, a carbonyl group, an alkylene
group and an oxygen atom” means a group composed of the
above-described group, which is formed of a cyclic hydro-
carbon group, a carbonyl group and an alkylene group, and
an oxygen atqm, for example, cyclopentylcarbonylmethoxy and
phenylcarbonylethoxy, while the “group formed of a hetero-
cyclic group, a carbonyl group, an alkylene group and an
oxygen atom” means a group composed of the above-described
group, which is formed of a heterocyclic group, a carbonyl

group and an alkylene group, and an oxygen atom, for exam-



- 36 -

ple, furylcarbonylmethoxy, thienylcarbonylethoxy and pyri-
dylcarbonylpropoxy.

In the group formed of a saturated or unsaturated 5-
or 6-membered cyciic hydrocarbon group or heterocyclic
group which may have a substituent, an alkylene group and a
- carbonyl group, “the group formed of a cyclic hydrocarbon
group,-an alkylene group and a carbonyl group” means a
group composed of the above-described groub, which is
formed of a cyclic hydrocarbon group and an alkylene group,
and a carbonyl group, for example, cyclohexylmethylcarbonyl
and phenylethylcarbonyl, while “the group formed of a het-
erocyclic group, an alkylene group and a carbonyl group”
means a group composed of the above-described group, -which
is formed of a heterocyclic group and an alkylene group,
and a carbonyl group, for example, furylmethylcarbonyl;
thienylethylcarbonyl and pyridylpropylcarbonyl.

In the group formed of a saturated or unsaturated 5-
or 6-membered cyclic hydrocarbon group or heterocyclic
group which may have a substituent, an alkylene group, a
carbonyl group and an oxygen atom, “the group formed of a
cyclic hydrocarbon'group, an alkylene group, a carbonyl
group and an oxygen atom” means a group cbmposed of the
above-described group, which is formed of a cyclic hydro-
carbon group, an alkylene group and a carbonyl group, and

an oxygen atom, for example, cyclohexadienylmethylcarbony-
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loxy and phenylethylcarbonylyoxy, while “the group formed
of a heter&cyclic group, an alkylene group, a cérbonyl
group and an oxygen atom” means a group composed of the
above-described group, which is formed of a heterocyclic
group, an alkylene group and a carbonyl group, and an oxy-
gen atom such as furylmethylcarbonyloxy, thienylethylcar-
bonyloxy and pyridylpropylcarbonyloxy. '

As examples of a substituent which can be substituted
for the saturated or uhsaturated 5- or 6-membered cyclic
hydrocarbon group or heterocyclic group, those as shown in
Class (3) can be given.

Class (3): |

a hydroxyl group,

an alkyl group,

an alkoxyl group,

a hydroxyalkyl group,

an alkoxyalkyl group,

a halogen atom,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarbonyl group,

a formyl group,

a heteroaryl group,

a heteroarylalkyl group,
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an élkylimino group,

an amidino group,

a guanidino group,

aﬁ amino (hydroxyimino)alkyl group,

an amino(alkoxyimino)alkyl group,

an amino (aryloxyimino)alkyl group,

an amino group which may have one or two substituents,

an aminocarbonyl group in which the amino moiety may
have one or two substituents,

an aminocarbonylalkyl group in which the amino moiety
may have one or two substituents,

an aminocarbonylalkyloxy group in which the amino moi-
ety may have one or two substituents,

an aminoalkyl group in which the amino moiety may have
one or two substituents,

an aminoalkyloxy group in which the amino moiety may
have one or two substituents,

an aminoalkylcarbonyl group in which the amino moiety
may have one or two substituents,

an aminoalkylcarbonyloxy group in which the amino moi-
ety may have one or two substituents, and

an oxygen atom.

The number of the replaceable substituents ranges from

1 to 3.

A description will next be made of the substituents
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which can be substituted for the saturated or unsaturated
5- or 6-membered heterocyclic group iﬁ élass (3).

The alkyl group, alkoxyl group, hydroxyalkyl group,

- alkoxyalkyl group, halogen atom, alkoxycarbonyl group have
the same meanings as described above in RM.

The “heterocaryl group” means a monovalent aromatic
group having at least one hetero atom. Examples include
pyridyl, furyl and thienyl.

The “heterocarylalkyl group” means a group formed of
the above-described heterocaryl groﬁp and the above-
described CL@lalkylene group. Examples include pyridyl-
methyl, furylethyl and thienylmethyl.

The “alkylimino group” means a group formed of the
above-~described alkyl group and a nitrogen atom. Examples
include methylimiho and ethylimind.

The “amino (hydroxyimino)alkyl group” means a group in
which amino and hydroxyimino groups have been bonded to the
same carbon atom of the above-described alkyl group. Exam-
ples include amino (hydroxyimino)methyl and
amino (hydroxyimino)ethyl.

The “amino(alkoxyimino)alkyl group” means a group in

which amino and alkoxyimino groups have been bonded to the

same carbon atom of the above-described alkyl group. Here,
the “alkoxyimino group” means a divalent group formed of

the above-described alkoxyl group and an imino group. Ex-
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amples of the amino(alkoxyimino)alkyl group include
amino (methoxyimino)methyl and amino(ethoxyimino)methyl.

The “amino(aryloxyimino)alkyl group” means a group in
which amino and aryloxyimino groups have been bonded to the
same carbon atom of the above-described alkyl group. Here,
the “aryloxyimino group” means a divalent group formed of
aryl and imino groups. Examples of the aryl group include
bhenyl, naphthyl, énthryl and phenanthryl; Examples of the
amino (aryloxyimino)alkyl group include
amino (phenoxyimino)methyl and
amino (naphthyloxyimino)methyl.

The “aminocarbonyl group in which the amino moiety may
have one or two substituents” means a group formed of an
amino group which may have one or two substituents and a
carbonyl group.

The “aminoalkyl group in which the amino moiety may
have one or. two substituents” means a group formed of an
amino group which may have one.or two substituents and the
above-described Cj.¢ alkylene group. Examples of the ami-
noalkyl group include aminomethyl and aminoethyl.

The “aminocarbonylalkyl group in which the amino moi- .
ety may have one or two substituents” means a group formed
of the above-described aminocarbonyl group in which the
amino moiety may have one or two substituents and the

above-described Ci-¢ alkylene group. Examples of the amino-
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carbonylalkyl group include aminocarbonylmethyl and amino-
carbonylethyl. |

The “aminocarbonylalkyloxy group in which the amino
moiety may have one.or two substituents” means a group
formed of the above-described aminocarbénylalkyl group in
which the amino moiety may have one or two substituents and
an'oxygen atom. Examples of the aminocarbonylalkyloxy
group include aminocarbonylmethoxyl and aminocarbonyleth-
oxyl.

The “aminoalkylcarbonyl group in which the amino moi-
ety may have one or two substituents” means a group formed
of the above-described aminoalkyl group in which the amino
moiety may have one or two substituents and a cérbonyl
group. Examples of the aminoalkylcérbonyl group include
aminomethylcarbonyl and aminoethylcarbonyl.

The “aminoalkylcarbonyloxy group in which the amino
moiety may have one or two substituents” means a group
formed of the above-described aminoalkylcarbonyl group in
which the amino moiety may have one or two substituents and
an-oxygen atom. Examples-of the aminocalkylcarbonyloxy
group include aminomethylcarbonyloxy and aminoethylcarbony-.
loxy.

The “aminoalkyloxy group in which the amino moiety may
have one or two substituents” means a group formed of an

amino group which may have a substituent, a linear,
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branched or cyclic Ci.¢ alkylene group and an oxygen atom.
Examples of the aminoalkyloxy group include aminoethyloxy
and aminopropyloxy.

In the case of the cyclic hydrocarbon group, an oxygen
atom can serve as a substituent when the corresponding keto
compound is formed, while, in the case of the heterocyclic
group or dicyclic or tricyclic fused ring group, an oxygen
atom can serve as a substituent when the oxygen atom is
bonded to a nitrogen or sulfur atom forming the ring and
the corresponding N-oxide or S-oxide or keto compound is
formed.

In the present invention, when R' is not coupled with
R* or R? to form a Cj-3 ‘alkylene or alkenylene group, pre-
ferred examples of R! include a hydrogen étom, an alkyl
group, a hydroxyalkyl grﬁup and a group'AF—Bl—.

In R? and R®, examples of the halogen étom include
fluorine, chlorine, bromine and iodine.

The “alkyl group” means a linear, branched or cyclic
CL@ alkyl group. Examples include methyl, ethyl, isopro-
pyl, cyclopropyl, heptyl and octyl.

The “hydroxyalkyl group” means a group formed of a hy—'
droxyl group and a linear, branched or cyclic Ci-g alkylene
group. Examples include hydroxymethyl and hydroxyethyl.

The “alkoxyalkyl group” means a group formed of the

above-described alkyl group, an oxygen atom and a linear,
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branched or cyclic Cj;-g alkylene group. Examples include
methoxymethyl, methox?ethyl and ethoxymethyl.

When R? or R® is coupled with R* to form a Ci-3 alkylene
or alkenylene group, the. following group, in the formula
(I):

R4
R3 =

N \xj_/xz
R2

RS

means the below-described group or the like.

n‘
. i,
x”

L]

R
R’
n? .

In the present invention, when R? or R® is not coupled
with Rito form a Ci-3 alkylene or alkenylene group, a hy-
drogen atom and alkyl group are preferred as R? or R3.

In the present invention, it is preferred that R! and
R? or R® are coupled together to form a C;-3 alkylene or
alkenylene group.

In R? or R®, examples of the halogen atom include
fluorine, chlorine, bromine and iodine. The alkyl and a;k—
oxyl groups have the same meanings as described above in

R*. In the present invention, as R! or R%, a halogen atom



- 44 -

is preferred, with flﬁorine, chlorine and bromine being
particularly preferred.

Q' represents a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group which may have a sub-
stituent,

a saturated or unsaturated 5- or 6-membered heterocy-
clic group which may have a substituent, or |

a saturated or unsaturated, dicyclic or tricyclic
fused ring group which may have a substituent.

Here, examples of the saturated or unsaturated 5- or
6-membered cyclic hydrocarbon group include cyclopentyl,
cyclopeﬁtenyl, cyclopentadienyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl and phenyl. When the group has plural
structural isomers as cyclopentenyl, it is to be noted that
they are all embraced in it.

The saturated or unsaturated 5- or 6-membered hetero-
cyclic group is a cyclic group having at least one hetero
atom. Examples of the hetero atom include oxygen, nitrogen
and sulfur. Examples of the saturated or unsaturated 5- or
6-membered hete?ocyclic group include furyl, pyrrolyl, thi-
enyl, pyrazolyl, imidazolyl, pyrazolinyl, oxazolyl,
oxazolinyl, thiazolyl, thiazolinyl, oxatriazolyl, thiadi-
azolyl, furazanyl, pyranyl, pyridyl, pyridazinyl, pyrroli-
dinyl, piperazinyl, piperidinyl, oxazinyl, oxadiazinyl,

morpholinyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tri-
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azolyl and triazinyl. Where the group has plural struc-
tural isomers as pyranyl, it is to be noted that they are
all embraced in it.

The “saturated or unsaturated, dicyclic or tricyclic
fused ring group which may have a substituent” means: D a

group obtained by the condensation of the above-described

saturated or unsaturated 5- or 6-membered cyclic hydrocar-
bon groups which may have a substituent, @ a group ob-

tained by the condensation of the above-described saturated
or unsaturated 5- or 6-membered cyclic hydrocarbon group
which may have a substituent and the above-described satu-

rated or unsaturated 5- or 6-membered heterocyclic group
‘which may have a substituent and @ a group obtained by the

condensation of the above-described saturated or unsatu-

rated 5- or 6-membered heterocyclic groups which may have a
substituent. Examples of the group @ include indenyl, in-
danyl, naphthyl, tetrahydronaphthyl, anthryl and phenan-
thryl; those of the group @ include benzofuranyl, indolyl,
indolinyl, quinolyl, benzodiazinyl and tetrahydroiso-
quinolyl; and those of the group @ include néphthyridinyl,'

tetrahydrothienopyridyl, tetrahydrothiazolopyridyl and tet-
rahydropyridinopyridyl.
Examples of the substituent which can be substituted

for the above-described cyclic hydrocarbon, heterocyclic,
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dicyclic or tricyclic fused ring group include the groups
shown in the following Class (4):
Class (4):

a hydroxyl group, -

an alkyl group,

an alkenyl group,

a halogenoalkyl group,

a hélogenoalkenyl group,

an alkoxyl group,

a hydroxyalkyl group,

an alkoxyalkyl group,

a halogen atom,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarbonyl group,

a formyl group,

a heteroaryl group,

a heteroarylalkyl group,

an alkylimino group,

an amidino group,

a guanidino group,

an amino (hydroxyimino)alkyl group,

an amino(alkoxyimino)alkyl group,

an amino({aryloxyimino)alkyl group,
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an amino group which may have one or two substituents,

an aminocarbonyl group iﬂ which the amino moiety may
have one or two substituenté,

an aminocarbonylalkyl group in which the amino moiety
may have one or two substituents,

an aminocarbonylalkyloxy group in which the amino moi-
ety may have one or two substituents,

an aminoalkyl group in which the amino moiety may have
one or two substituénts,

an aminoalkyloxy group in which the amino moiety may
have one or two substituents,

an aminoalkylcarbonyl group in which the amino moiety
may have one or two substituents,

an aminoalkylcarbonyloxy group in which the amino moi-
ety may have one or two substituents,

an oxygen atom,

a trifluoromethylsulfonyloxy group,

é trifluoromethylsulfonyloxyalkenyl group,

a boric acid group (-B(OHj)),

'a saturated or unsaturated 5- or 6-membered cyclic hy-
drocarbon group which may have 1 to 3 substituents selected.
from the group consisting of halogen, hydroxyl, amino, alk-
oxyl, alkyl, cyano, nitro, carboxyl, alkoxycarbonyl and
aminocarbonyl, and

a saturated or unsaturated 5- or 6-membered heterocy-
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clic group which may have 1 to 3 substituents selected from
the group consisting of halogen, hydroxyl, amino, alkaxyl,
alkyl, cyano, nitro, carboxyl, alkoxycarbonyl and aminocar-
bonyl.

Incidentally, the number of the replaceable substitu-
ents ranges from 1 to 7. The substituents in Class (4)
have the same meanings as described in Classes (1) to (3).

In the present invention, preferred examples of Q! in-
clude a phenyl group which may have a substituent, an imi-
dazolyl group which may have a substituent, a pyridyl group
which may have a substituent, a pyrimidinyl group which may
have a substituent, a pyrrolidinyl group which may have a
substituent, a tetrahydrothienopyridyl group which may have
a substituent and a tetrahydrothiazolopyridyl group which
may have a substituent.

In Qz, examples of the linear or branched C;-¢ alkylene
group include methylene, ethylene, tfimethylene, propylene,
tetramethylene, butylene, pentamethylene and hexamethyléne.

Examples of the linear or branched C,-¢ alkenylene
group include vinylene, prépenylene, butenylene and penten-
ylene. There is no particular limitation on the position
of the double bond.

Examples of the linear or branched C,-¢ alkynylene
group include propynylene, butynylene, pentynylene and

hexynylene.
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The following group:
+—C

means a divalent, saturated or unsaturated 5- or 6-membered
cyclie hydrocarbon group which may have a substituent, a
divalent, saturated or unsaturated 5- or 6-membered hetero-
eyclic group which may have a substituent, or a divalent,
saturated or unsaturated dicyclic fused group which may
have a substituent, and «C means the bonding of the carbon
atom of this group to Q. Examples of this gfoup include
divalent groups derived from thiophene, furan, pyran, pyr-
role, pyrrolidine, pyrroline, imidazole, imidazoline, imi-
dazolidine, pyrazole, pyrazolidine, thiazole, oxazole,
- oxathiolan, benzene, pyridine, piperidine, piperazine, mor-
pholine, thiomorpholine, pyrazine, pyrimidine, pyridazine,
triazine, tetrazine, thiadiazine, dithiazine, cyclopentane,
cyclopentene, cyclopentadiene, cyclohexane, cyclohexene,
cyclohexadiene or the like and they may have a substituent.
As the substituent, those exemplified above in Class (4)
can be mentioned as examples.

The alkyl group in R® or R’ of the group -N(R®)-CO- or
"~ =N(R”)-(CHz)p~ means a linear, branched or cyclic Cj.¢ alkyl

group. Examples include methyl, ethyl, isopropyl and cy-

clopfopyl. As the group -N(R®)-CO-, a group <N (R®)-CO-
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(wherein <« means the bonding of the nitrogen atom of this
group to Q') is preferred, while as the group -N(R’)-(CHz)m-
, a group «N(R’)-(CHz)n- (wherein <« means the bonding of
the nitrogen atom of this group to Q') is preferred.

In the present invention, preferred examples of Q? in-

clude a single bond, a carbonyl group and groups repre-

sented by the following formula:
+—C

Améng the groups represented by the following formula:
DEYs-

divalent groups derived from benzene, pyrimidine, tetrahy-
dropyrimidine, pyrazine, pyridazine, triazine, tetrazine,
imidazole, imidazoline, thiazole, thiazoline, furan, thio-
phene, pyrrole, oxazole, oxazoline, thiadiézole, cyclopen-—
tane, cyclopentene, cyclohexane or cyclohexene are pre-
ferred.

In R R% R, RY™, R™, RY, R and R'® as the sub-
stituents in @3, the alkyl, alkoxyl, alkoxyalkyl, hy- |
droxyalkyl, hydroxyalkyloxy, hydroxyalkylcarbonyl, hy-
droxyalkylsulfonyi, formylalkyl, formylalkylcarbonyl, for-

mylalkylsulfonyl, alkylcarbonyl, alkylsulfonyl, alkylcar-
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bonylalkyl, alkylsulfonylalkyl, carboxyalkylcarbonyl, car-
boxyalkylsulfonyl, carboxyalkylcarbonylalkyl, carboxyalkyl-
sulfonylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkoxy-
carbonylalkylcarbonyl, alkoxycarbonylalkylsulfonyl, amino |
which may have 1 to 2 substituents, aminoalkyl in which the
amino moiety may have 1 or 2 substituents, aminoalkylcar-
bonyl in which the amino moiety may have 1 or 2 substitu-
ents, aminoalkylcarbonyloxy in which the amino moiety may
havé 1 or 2 substituents, aminocarbonyl in which the amino
moiety may have 1 or 2 substituents, aminocarbonylalkyl in
which the amino moiety may have 1 or 2 substituents, and
aminocarbonylalkyloxy in which the amino moiety may have 1
or 2 substituents have the same meanings as described above
in R%.

The “alkoxyalkyloxy group” means a group formed of the
above-described alkoxyalkyl group and.an oxygen atom and
examples include methoxymethyloxy, methoxyethyloxy and eth-
oxymethyloxy.

The “carboxyalkyl group” means a group formed of a
carboxyl group and the above-described C;-¢ alkylene group
and examples include carboxymethyl and carboxyeﬁhyl.

The “carboxyalkyloxy group” means a group formed of
the above-described carboxylalkyl group and an oxygen atom
and examples include carboxymethoxyl and carboxyethoxyl.

The “alkoxycarbonylalkyloxy group” means a group
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formed of the above-described alkoxycarbonylalkyl group and
an oxygen atom and examples include methoxycarbonylethyl
and ethoxycarbonylethyl.

The “aminoalkyloxy group in which the amino moiety may
have 1 or 2 substituents” means a group fo;med of an amino
group which may have a substituent, a linear,'branched or
cyclic Ca-¢ alkylene group and an oxygen atom and examples
include aminoethoxyl and aminopropoxyl.

In the group A%-B%-, A2 fepresents a saturated or un-
saturated 5- or 6-membered cyclic hydrocarbon group which
may have a substituent or a saturated or unsaturated 5- or
6-membered heterocyclic group which may have a substituent.
Here, examples of the saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group include cyclopentyl, cy-
clopentenyl, cyclopentadienyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl and phenyl. When the group has various
structural isomers as the cyclopentenyl, they are all em-
braced in it.

The saturated or unsaturated 5- or 6-membered hetero-
cyclic group is a cyclic group having at least one hetero
atom. Examples of the hetero atom include oxygen, nitrogen.
and sulfur. Examples of the saturated or unsaturated 5- or
6-membered heterocyclic group include furyl, pyrrolyl, thi-
enyl,_pyrazolyl, pyrazinyl, tetrahydropyrazinyl, imi-

dazolyl, pyrazolinyl, oxazolyl, oxazolinyl, thiazolyl, thi-
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azolinyl, thiazolidinyl, oxatriazolyl, thiadiazolyl, fura-
zanyl, pyranyl, pyridyl, pyrimidinyl, tetrahydropyri-
midinyl, pyridazinyl, tetrahydropyridazinyl, pyrrolidinyl,
piperazihyl, piperidihyl, oxazinyl, oxadiazinyl, morpho-
‘linyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tetra-
zolyl, tetrazinyl, triazolyl and triazinyl. Where the
group has plural structural isomers as the pyranyl, it is
to be noted that they are all eﬁbraced in it.

B2 represents a single bond, carbonyl group or al-
kylene group. The “alkylene group” means a linear,
branched or cyclic C;-¢ alkylene group.

Examples of the group A%-B%- include the following
groups:

a saturated or unsaturated 5- or 6-membered cyclic hy-
drocarbon group which may have a substituent,.

a group formed of a saturated or unsaturated 5- or 6-
membered heterocyclic group which may have a substituent
and a ca;bonyl group, and

a group formed of a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group which may have a sub-
stituent and an alkylene group.

Each of R® and R%?, R and R, R'? and R*?, and RY® and
R'® is coupled together with a carbon atom which consti-

tutes the ring and represents a saturated or unsaturated 5-

- to 7-membered cyclic hydrocarbon group which may have a
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substituent or a saturated or unsaturated 5- to 7-membered

heterocyclic group which may have a substituent. Here, ex-
amples of the saturated or unsaturated 5- to 7-membered cy-
clic hYdrocarbon group include cyclopentyl, cyclopentenyl,

cyclopentadienyl, cyclohexyl, cyclohexenyl, cyclﬁhexadienyl
and phenyl. When the group has various structural isomers

as the cyclopentenyl, they are all embraced in it.

The saturated or unsaturated 5- to 7-membered hetero-
cyclic group is a cyclic group having at least -one hetero
atom. Examples of the hetero atom include oxygen, nitrogen
and sulfur. Examples of the saturated or unsatufated 5- to
7-membered heterocyclic group include furyl, pyrrolyl, thi-
enyl, pyrazolyl, pyrazinyl, tetrahydropyrazinyl, imi-
dazolyl, pyrazolinyl, oxazolyl, oxazolinyl, thiazolyl, thi-
azolinyl, thiazolidinyl, oxatriazolyl, thiadiazolyl, fura-
zanyl, pyranyl, pyridyl, pyrimidinyl, tetrahydropyri-
midinyl, pyridazinyl, tetrahydropyridazinyl, pyrrolidinyl,
piperazinyl, piperidinyl, oxazinyl, oxadiazinyl, morpho-
linyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tetra-
zolyl, tetrazinyl, triazolyl and triazinyl. Where the
group has plural structural isomers as the pyranyl, it is
to be noted that they are all embraced in it.

a, b, d, e and g each independentiy stands for an in-
teger of 0 or 1, ¢ stands for an integer of 0 to 3 and £, h -

and i each independently represents an integer of 1 to 3,
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with the proviso that the sum of a, b and c stands for an
integer of 2 or 3, the sum of d and e sténas for an integer
of 0 or 1 and the sum of £, g and h stands for an integer
of 3 to 5.

In R or R'Y as the substituent in @°, the alkyl, alk-
oxyl, hydroxyalkylcarbonyl, hydroxyalkylsulfonyl, alkoxyal-
kylcarbonyl, alkoxyalkylsulfonyl, formylalkyl, formylalkyl-
carbonyl, formylalkylsulfonyl, alkylcarbonyl, alkylsulfo-
nyl, alkylcarbonylalkyl, alkylsulfonylalkyl, carboxyalkyl-
carbonyl, carboxyalkylsulfonyl, carboxyalkylcarbonylalkyl,
carboxyalkylsulfonylalkyl, alkoxycarbonyl, alkoxycar-
bonylalkyl, alkoxycarbonylalkylcarbonyl, alkoxycarbonylal-
kylsulfonyl, amino.-which may have 1 to 2 substituents, ami-
noalkylcarbonyl in thch the amino moiety may have 1 or 2
substituents, aminoalkyloxycarbonyl in which the amino moi-
ety may have 1l or 2 substituents, aminocarbonyl in which
the amino moiety may have 1 or 2 substituents, aminocar-
bonylalkyl in which the amino moiety may have 1 or 2 sub-
stituents, and aminocarbonyloxyalkyl in which the amino
moiety may have 1 or 2 substituents have the same meanings
as described above in RY.

The “hydroxyélkyl group” means a group formed of a hy-
droxyl group and a linear, branched or cyclic Cz-¢ alkylene
group and examples include hydroxyethyl and hydroxypropyl.

The “alkoxyalkyl group” means a group formed of the
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above-described alkoxyl group and a linear, branched or cy-
clic Cz-¢ alkylene group and exampiéé inélude methoxyethyl
and ethoxyethyl. The “aminoalkyl group in which the amino
moiety may have one or two substituents” means a group
formed of the above-described amino group which may have a
substituent and a linear, branched or cyclic Ca.g alkylene
group and examples include aminoethyl and aminopropyl.

The “aminoalkyloxy group in which the amino moiety may
have one or two substituents” means a group formed of the
above-described amino group which may have a substituent, a
linear, branched or cyclic Cy-¢ alkylene group and an oxygen
atom and examples include aminoethoxyl and aminopropoxyl.

In the group A3-B®-, A? represents a saturated or un-
saturated 5- or 6-membered cyclic hydrocarbon group which
may have a substituent or a saturated or unsaturated 5- or
6-membered heterocyclic group which may have a substituent.
Here, examples of the saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group include cyclopentyl, cy-
clopentenyl, cyclopentadienyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl and phenyl. When the group has various
structural isomers as the cyclopentenyl, they are all em-
braced in it.

The saturated or unsaturated 5- or 6-membered hetero-
cyclic group is a cyclic group having at least one hetero

atom. Examples of the hetero atom include oxygen, nitrogen
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and sulfur. Examples of the saturated or unsaturated 5~ or
6—mém5ered heterocyclic group include furyl, pyrrolyl, thi-
enyl, pyrazolyl, pyrazinyl, tetrahydropyrazinyl, imi-
dazolyl, pyrazolinyl, oxazolyl, oxazolinyl, thiazolyl, thi-
azolinyl, thiazolidinyl, oxatriazolyl, thiadiazolyl, fura-
zanyl, pyranyl, pyridyl, pyrimidinyl, tetrahydropyri-
midinyl, pyridazinyl, tetrahydropyridazinyl, pyrrolidinyl,
piperazinyl, piperidinyl, oxazinyl, oxadiazinyl, morpho-
1inyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tetra-
zolyl, tetrazinyl, triazolyl and triazinyl. Where the
group has plural strqctural isomers as the pyranyl, it is
to be noted that they are all embraced in it.

B® represents a single bond, carbonyl group or al-
kylene group. The “alkylene group” means a linear,
branched or cyclic Cj.¢ alkylene group.

Examples of the group A3-B3- include the following
groups: a saturated 6r unsaturated 5- or 6-membered hetero-
cyclic group which may have a substituent,

a group formed of a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group which may have a sub-
stituent and a carbonyl group, and

a group formed of a saturatéd or unsaturated 5- or 6-
membered heterocyclic group which may have a substituent
and an alkylene group.

R and R'?, R and R, RY and R*®, and R and R are
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each coupled together with the carbon atom which coﬁsti—
tutes the ring and tﬁe.nitrogen atom to which R* or R' has
been bonded and represent a saturated or unsaturated 5- to
7-membered heterocyclic group which may have a substituent.
Here, examples of the saturated or unsaturated 5- to 7-
membered.heterocyclic group is a cyclic group which has at
least one nitrogen atom and may have a heterolatom. Exam-
ples.of the hetero atom include oxygen, nitrogen and sul-
fur. Examples of the saturated or unsaturated 5- to 7-
membered heterocyclic group include furyl, pyrrolyl, thi-
enyl, pyrazolyl, pyrazinyl, tetrahYdropyrazinyl, imi-
dazolyl, pyrazolinyl, oxazolyl, oxazo;inyl, thiazolyl, thi-
- azolinyl, thiazolidinyl, oxatriazolyl} thiadiazblyl, fura-
zanyl, pyranyl,'pyridyl; pyrimidinyl, tetrahydropyri-
ﬁidinyl, pyridazinyl, tetrahydropyridazinyl, pyrrolidinyl,
piperazinyl, piperidinyl, oxazinyl, oxadiazinyl, morpho-
linyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tetra-
zolyl, tetrazinyl, triazolyl and triaziﬁyl. Where fhe
group has plural structural isomers as the pyranyl, it is
to be noted that they are all embraced in it.

In the present invention, Q3 represents a group of the.

following formula:
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— N —
I
] Rl?

(wherein Rs, R9’ Rlo, R11’ Rlz’ R13, R14’ R15, Rls, R17' a’ b, C,
d, e, £, g, h and i have the same meanings as described

above), with the group of the following formula:

R® R?

(At

(wherein R®, R®, a, b and ¢ have the same meanings as de-
scribed above) being preferred. |

Tlrepresents a carbonyl- group,

a group -CH(R®?)-

{in which R'® represents a hydrogen aﬁom, an alkyl
group, a hydroxyalkyl group, an alkoxyalkyl group, a car-
boxyalkyl group, an alkoxycarbonylalkyl group, an aryl
group, an aralkyl group, a heteroaryl group, a heteroary-

lalkyl group or an aminoalkyl group in which the amino moi-
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ety may have a substituent) or
.a-group —C(=NOR”)—

(in which R'? represents a hydrogen atom, an alkyl
group,. a carboxyalkyl group, an alkoxycarbonyl group, an
aryl group, an aralkyl group, a heteroéryl group, a hetero-
arylalkyl group or an aminoalkyl group in which the amino
moiety may have a substituent).

Here, the alkyl, carboxyalkyl, alkoxycarbonyl, aryl,
aralkyl, heteroaryl, heterocarylalkyl and aminoalkyl in
which the amino moiety may have a substituent in R'® or R®
have the same meanings as described in R*. 1In the present
invention, a carbonyl groué is preferred as T'.

In the present invention, the group:

R! R*
.Ra ~ , RS
x \X"X
RZ

in the formula (1) means a group:

Rll

RZ xl

or another group:
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and,

R* représents a halogen atom.

In the present invention, preferred as Q* are a cyclo-
pentyl group which may have a substituent, a cyclohexyl
group which may have a substituent, a cyclopentenyl group
which may have a substituent, a cyclohexenyl group which
may have a substituent, a phenyl group which may have a
substituent, a pyrrolidinyl group which may have a sub-
stituent, a piperidinyl group which may havé a substituent,
an imidazolyl group which may have a substituent, a thi-
azolyl group which may have a substituent, a thiadiazolyl'
group which may have a substituent, a pyridyl group which
may have a substituent, a pyrimidinyl group which may have
a substituent, a pyridazinyl group which may have a sub-
stituent, a thiazolidinyl group which may have a substitu-
ent, a morpholinyl group which ﬁay have a substituent, a
piperazinyl group which may have a substituent, a thiomor-
pholinyl group which may have a substituent, a pyrrolyl
group which may have a substituent, a thienyl group which
may have a substituent, a furanyl group which may have a

substituent, a tetrahydropyrimidinyl group which may have a
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substituent, a tetrahydrofuranyl group which may have a
substituent, a tetrahydrothienyi group which may have a
substituent, a sulfolanyl group which may have a substitu-
ent, an imidazolinyl group whiéh may have a substituent, a
thiazolinyl group which may have a substituent, an oxazolyl
group which may have a substituent, an oxadiazinyl group
which may have a subétituent, a triazinyl group which may
have a substituent, a tetrazinyl group which may have a
substituent, a pyrazinyl group which may have a substitu-
ent, a pyrazolyl group which may have a substituent, a py-
razolinyl group which may have a substituent, a pyrazoli-
dinyl group which may have a substituent, a thienopyridyl
group which may have a substituent, a tetrahydrothienopyri-
dyl group which may have a substitﬁent, a thiazolopyridyl
group which may have a substituent, and a tetrahydrothi-
azolopyridyl group which may have a substituent.

Preferred as the substituent are saturated or unsatu-
rated, 5- or 6-membered cyclic hydrocarbon groups each of
which may have 1 to 3 substituents selected from the group
consisting of a hydroxyl group, alkyl groups, hydroxyalkyl
groups, halogen atoms, a cyano group, a nitro group, a car-
boxyl group, alkoxycarbonyl groups, a formyl group, alkyl-
sﬁlfonyl groups, amino groups which may have 1l or 2 sub-
stituents, aminosulfonyl groups which may have, at the ami--

no moiety'thereof, 1 or 2 substituents, aminoalkyl
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groups which may have, at the amino moiety thereof, 1l or 2
substituents, an oxygen atom, a trifluoromethyl group,
halogen atoms, a hydroxyl group, amino groups, alkoxyl
groups, alkyl groups, a cyano group, a nitro group, a car-
boxyl group, alkoxycarbonyl groﬁps, aminocarbonyl groups
which may have, at the amino moiety thereof, 1 or 2 sub-
stituents, aminosulfonyl groups which may have, at the
amino moiety thereof, 1 or 2 substituents, aminoalkyl
groups which may have, at the amino moiety thefeof, 1l or 2
substituents and a trifluoromethyl group; and saturated or
unsaturated 5- or 6-membered heterocyclic groups each of
which may have 1 to 3 substituents selected from the group
consisting of halogen atoms, a hydroxyl group, amino
groups, alkoxyl groups, alkyl groups, a cyano group, a ni-
tro group, a carboxyl group, alkoxycarbonyl groups, amino-
carbonyl groups which may have, at the amino-moiety
thereof, 1 or 2 substituents, aminosulfonyl groups which
may have, at the amino moiety thereof, 1 or 2 substituents,
aminoalkyl groups which may have, at the amino moiety
thereof, 1 or 2 substituents and a trifluoromethyl group.
In the present invention, preferred examples of Q? in-
clude a single bond, a carbonyl group and groups repre-

sented by the following formula:
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+—C
Among the groups represented by the following formula:
<+

divalent groups derived from benzene, pyrimidine, tetrahy-
dropyrimidine, pyrazine, pyridazine, triazine, tetrazine,
imidazole, imidazoline, thiazole, thiazoline, furan, thio-
phene, pyrrole, oxazole, oxazoline, thiadiazole, cyclopen-
. taﬁe, cyclopentene, cyclohexane or cyclohexene are pre-
ferred.

Particularly preferred is the case where:

0® means the following group:

[wherein, R®, R% a, b and c have the same meanings as de-
scribed above]; and

T' represents a carbonyl group.

The sulfonyl derivative of the present invention has
optical isomers or stereoisomers based on an asymmetric
carbon atom. These optical isomers and stereoisomers and

mixtures thereof are all embraced in the present invention.
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There is no particular limitation imposed on the salt
of the sulfonyl derivative according to the préseﬁt inven-
tion insofar as it is pharmaceutically acceptable. Spe-
cific examples include salts of a mineral acid such as
hydrochloride, hydrobromide, hydroiodide, phosphate,
nitrate and sulfate, benzoate, salts of an organic sulfonic
acid such as methanesulfonate, 2—hydroxyethanesulfonaté and
p-toluenesulfonate and salts of an organic carboxylic acid
such as acetate, propanocate, oxalate, malonate, succinate,
glutarate, adipate, tartrate, maléate, malate and mandel-
ate. There is no particular limitation imposed on the sol-
vate insofar as it is pharmaceutically acceptable. Spe-
cific examples include hydrates and ethanolates.

The following are the preferred compounds as the sul-
fonyl derivative of the present invention.

1-[ (6-Chloronaphthalen-2-yl)sulfonyl]-4-[4~ (pyridin-4-
yl)benzoyl]piperazine hydrochloride

4—[(6-Chloronaphthalen-2—yl)sulfonyl]—l—[4—(pyridin—4-
yl)benzoyl]lpiperazine-2-carboxylic acid hydrochloride

1-[ (6-Chloronaphthalen-2~yl)sulfonyl]-4-(4~-(pyridin-4-
yl)nicdtinyl]piperazine hydrochloride

4-[4-[[4-[(6-Chloronaphthalen-2-yl)sulfonyl]piperazin-
l-yl]carbonyl]phenyl]lpyridine N-oxide

1-[4-(2-Aminopyridin-5-yl)benzoyl]~4-[(6-

chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride
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1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[4-[imidazol-
4(5)-yl]lbenzoyl]piperazine hydrochloride o
1-[4-[2-Aminoimidazol-4-yl]lbenzoyl]-4-[ (6~
chloronaphthalen-2-yl)sulfonyl]lpiperazine hydrochloride
1—[(6—Chloronaphthalen—2-yl)sulfonyl]—4—[4—(pyridin—z—
yl)benzoyl]piperazine hydrochloride
2—[4—[[4—[(6—Chlofonaphthalen—2—yl)sulfonyl]piperazin-
l-yl]lcarbonyl]phenyl]lpyridine N-oxide
2-[4-[[4-[ (6~Chloronaphthalen-2-yl)sulfonyl]piperazin-
l1-yl)carbonyl]lphenyl]-1l-methylpyridinium iodide
1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[4-(2,4-
diaminopyrimidin-6-yl)benzoyl]lpiperazine hydrochloride
1-[(E)-4-Chlorostyrylsulfonyl]-4-{4-(2, 4-
diaminopyrimidin-6-yl)benzoyl]lpiperazine hydrochloride
2-[4-[[4-[(E)-4-Chlorostyrylsulfonyl]piperazin-1-
yl]lcarbonyl]lphenyl]pyridine N-oxide
.1-[(E)-4-Chlorostyrylsulfonyl]-4-[4-({pyridin-4-
yl)benzoyl]lpiperazine hydrochloride
3—[4—[[4—[(6-Chloronaphthalen-2—yl)sulfonyl]piperaéin—
l-yl]carbonyl]phenyl]-l-methylpyridinium iodide
1—[(G—Chloronaphthalén-Z—yl)sulfonyl]—4—[2—hydroxy—4—
(pyridin-4-yl)benzoyl]piperazine hydrochloride
1-[ (6~Chloronaphthalen-2-yl)sulfonyl]—2-
ethoxycarbonyl-4-{4-(pyridin-4-yl)benzoyl]lpiperazine

1-[ (6~Chloronaphthalen-2-yl)sulfonyl]-4-[4-(pyridin-4-
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yl)benzoyl]piperazine-2~carboxylic acid
2—Carbamoyl—4*[(6—chiofonaphthalen—2—yl)sulfonyl]—l—
- [4-(pyridin-3-yl)benzoyllpiperazine hydrochloride
2-Carbamoyl-4-[ (6-chloronaphthalen-2-yl)sulfonyl]-1-
[4- (pyridin-4-yl)benzoyl]lpiperazine hydrochloride
4-[4-[[2-Carbamoyl-4-[ (6~-chloronaphthalen-2-
yl)sulfonyl]lpiperazin~1l-yl]carbonyl]phenyl]lpyridine N-~oxide
4-[4-[[4-[(6-Chloronaphthalen-2-yl)sulfonyl]-2- |
ethoxycarbonylpiperazin-l-yl]jcarbonyl]lphenyl]pyridine N-
oxide
4-[4~[[2~-Carboxy-4-][ (6-Chloronaphthalen-2-~
yl)sulfonyl]piperazin-l-yl]carbonyl]phenyl]lpyridine N-oxide
. 2—Carbamoyl—4—[KE)—4—chlorostyrylsulfonyl]—[1—[4—
(pYridin—4—yl)benzoyl]piperazine hydrochloride
l1-[trans-4-(Aminomethyl)cyclohexylcarbonyl]-4-[ (6-
chloronaphthalen~2-yl)sulfonyl]piperazine hydrochloride
1-[[ (6RS)-6-Aminomethyl-5,6, 7, 8-tetrahydronaphthalen~
2-yl]carbonyl]-4-[ (6-chloronaphthalen—-2-
yl)sulfonyl]piperazine hydrochloride
1—[(7—Aminomethylnaphthalen—z—yl]carbonyl]—4—[(6—
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride
1-[(6-Chloronaphthalen-2-yl]sulfonyl]-4-[4-[[(3S)~
pyrrolidin-3-yl]oxylbenzoyl]piperazine hydrochloride
1-{(6~-Chloronaphthalen-2-yl]sulfonyl]-4~{4~[(3RS)-

- pyrrolidin-3-yl)benzoyl)piperazine hydrochloride
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1-[{(6-Chloronaphthalen-2-yl)sulfonyl]l-4-[(4,5,6,7-
tetrahydrothieno[3,2—c]pyridin—2—yl)carbonyl]piperazine hy-
drochloride

4-[(6-Chloronaphthalen-2-yl)sulfonyl]-2-
ethoxycarbonyl-1-[(4,5,6,7-tetrahydrothieno[3,2-c]pyridin-
2-yl)carbonyl]piperazine hydrochloride

-2-Carboxy-4-[ (6-Chloronaphthalen-2-yl)sulfonyl]-1-
[(4,5,6,7-tetrahydrothieno (3, 2-c]pyridin-2-
yl) carbonyl]lpiperazine hydrochloride

1—[K6—Chloronaphthalen—2—yl)sulfonyl]-4—[(5-
aminohydroxyiminomethyl—4,5,6,7—tetrahydrothieno[3,2—
clpyridin-2-yl)carbonyl]piperazine

" 1-[{(6-Chloronaphthalen-2-yl)sulfonyl]-4-[[5-(1-

pyrrolin-2-yl1l)-4,5,6,7-tetrahydrothieno([3,2-c]lpyridin-2-
yl]carbohyl]piperazine hydrochloride

1-[(6-Chloronaphthalen~2-yl)sulfonyl]l-4-[(4,5,6,7~
tetrahydrothiazolo[s,4—c]pyridin-2—yl]carbonyl]piperaziné
hydrochloride

1-[ (6-Chloronaphthalen-2-yl)sulfonyl]-4-[ (6~
aminohydroxyiminomethyl-4,5,6, 7-tetrahydrothiazolo(5, 4-
c]pyridin-2-yl]carbonyl]piperazine hydrochloride

1-[(6-Chloronaphthalen~2-yl)sulfonyl]-4-[(6-formyl-
4,5,6,7-tetrahydrothiazolo[5,4~c]lpyridin-2-~
yl)carbonyl]piperazine

1-[ (6-Chloronaphthalen-2-yl)sulfonyl]-4-[[6-methyl-
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4,5,6,7-tetrahydrothiazolo[5,4-c]pyridin-2-
yl)carbonyl]lpiperazine hydrochloride
2—[[4—[(6—Chloronaphthalen—2-ylisulfonyl]piperazin—l—
.yl]carbonyl]-G,6—dimethyi—4,5,6,7—tetrahYdrothiazolo[5,4—
clpyridinium iodide
2—[[4—[(6-Chloronaphthalen—2-yl)sulfonyl]piperazin—l—
yl]carbonyl]—G—methyl—4,5,6,7—tetrahydrothiazolo[5,4—
clpyridine N-oxide
2—Carbamoyl—4—[(6-Chloronaphthalen—2-yl§sulfonyl]-l—
[(4,5,6,7-tetrahydrothiazolo[5,4-c]pyridin-2-
yl)carbonyl]piperazine trifluoroacetate
2-Carbamoyl-4-[ (6~chloronaphthalen-2-yl)sulfonyl]-1-
[(6-methyl—4,5,6,7;tetrahydrothiazolo[5,4—c]pyridin—2-
yl)carbonyl]piperazine hydrochloride
1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[[6-(2~-
hyaroxyethyl)-4,5,6,7-tetrahydrothiazolo[5,4—c]pyridin-2-
yl]carbonyl]lpiperazine hydrochloride
1-[(6—Chloronaphthalen—2—yl)sulfonylj-4—[[6—(pyridin-
3-yl)methyl-4,5,6,7-tetrahydrothiazolo([5,4~-c]lpyridin-2-
yl]carbonyl]piperazine hydrochloride
1-[(E)~4-Chlorostyrylsulfonyl]-4-[(4,5,6,7~
tetrahydrothiazolo[5,4-c]pyridin-2-yl)carbonyl]piperazine
hydrochloride
1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[[(1RS)-4~

(pyridin—4-yl)—3—cyclqhexenyl]carbonyl]piperazine hydro-
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chloride

cis-, tréné—l—[(6—Chloronaphthalen—2—yl)sulfonyl]—4—
[[4-(pyridin—4—yl)cyclohexanyl]carbonyl]piperaz;ne hydro-
chloride

6-[[4-[(6-Chloronaphthalen-2~yl)sulfonyl]piperazin-1-
yllcarbonyl]-2,2-dimethyl-1,2,3,4-tetrahydroisoquinolinium
iodide |

1-[ (6-Chloronaphthalen-2~-yl)sulfonyl]-4-[(4-(1,2,3,6-
tetrahydropyridin-4-yl)benzoyllpiperazine hydrochloride

1-[[(E)-2~(6~Chloropyridin-3-yl)vinyl]sulfonyl]-4-[4-
(pyridin-4-yl)benzoyl]piperazine |

1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[2-methyl-4-
(pyridin-4-yl)benzoyl]piperazine hydrochloride

4-[4-[[4-[ (6-Chloronaphthalen-2-yl)sulfonyl]piperazin-
" 1l-yllcarbonyl]-2-methylphenyl]pyridine N-oxide

1-[ (6~-Chloronaphthalen-2-yl)sulfonyl]-4~-[4-(2-
methylpyridin—-4-yl)benzoyl]piperazine hydrochloride

4-[4-[[4-[ (6-Chloronaphthalen-2-yl)sulfonyl]-
piperazin-1-yl]carbonyl]phenyl]-2-methylpyridine N-oxide

4—[4-[[4—(G—Chloronaphthalen—Z—yl)sulfonyl]—Z—[[2—
(morpholin-4-yl)ethylamino]carbonyl]piperazin-1-
yl]carbonyl]lphenyllpyridine N-oxide

4-[4-[[4~-][ (6-Chloronaphthalen-2-yl)sulfonyl]—-2~[[2-
(dimethyiamino)ethylamino]carbonyl]piperazin—l-

yl]lcarbonyl]}phenyl]lpyridine N-oxide
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4~ (6-Chloronaphthalen-2-yl)sulfonyl]-2-
methoxycarbonylmethyl-1-[4-(pyridin-2-yl)benzoyl]piperazine

4-[ (6-Chloronaphthalen-2-yl)sulfonyl]-2-carboxymethyl-
1-{4~ (pyridin-2~yl)benzoyl]piperazine hydrochloride

2—Carbamoylmethy1—4-[(6—chloronaphthalen—2—
yl)sulfonyl}-1-{4-(pyridin~-2-yl)benzoyl]piperazine hydro-
chloride

1-{4-[(3RS)-1-Acetimidoylpyrrolidin-3-yl]lbenzoyl]-4-
[ (6-chloronaphthalen-2-yl)sulfonyl]lpiperazine hydrochloride

1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[4- (2~
acetoxymethylpyrrolidin-4-yl)benzoyl]piperazine

1—[(6-Chloronaphthalen—2—yl)sulfonyl]—4—[4—(2—
hydroxymethylpyridin-4-yl)benzoyl]piperazine hydrochloride

2-Hydroxymethyl-4-[4-[[4-[ (6-chloronaphthalen-2-
yl)sulfonyl]piperazin—l—yl)carbonyl]éhenyl]pyridine N-oxide

2-Carbamoyl-4-[ (6-chloronaphthalen-2-yl)sulfonyl]-1-
[4-(2-aminoimidazol-4-yl)benzoyl]piperazine

2-{[1-[ (6-Chloronaphthalen-2-yl)sulfonyllpiperazin-4-
yl]carbonyl-4-phenyl]-6-methylpyridine N-oxide

1-[ (6~-Chloronaphthalen~-2-yl)sulfonyl]-4-[4-(6-
methylpyridin-2-~yl)benzoyl]piperazine hydrochloride

1-[ (6-Chloronaphthalen-2-yl)sulfonyl]-4-[4-(3-
aminopyridin-2-yl)benzoyl]piperazine hydrochloride

4-[4-[[1-[ (6-Chloronaphthalen-2-yl)sulfonyl]piperazin-

4-yl)carbonyl]-3-methylphenyl]pyridine N-oxide
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1-[2-tert-Butoxycarbonyl-4- (pyridin-4-yl)benzoyl]-4-
[ {6-chloronaphthalen-2~yl)sulfonyllpiperazine
1-[2-Carboxy~4-(pyridin-4-yl)benzoyl]-4-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine
1-(4-Amidinobenzoyl) ~4-[ (6-chloronaphthalen-2-
vl)sulfonyl]piperazine hydrochloride
2—Carbamoyl—4—[(6—chlorohaphthalen—2—yl)sulfonyl]—l—
[4-[imidazol-4 (5)-yl]lbenzoyl]piperazine hydrochloride
| 1-[4- (2-Aminopyridin-4-yl)benzoyl]-4-[ (6-
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride
1-[4-(2-Aminothiazol-4-yl)benzoyl]-4-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine
2-Carbamoyl-4-[ (E)~4-chlorostyrylsulfonyl]-1-{4-
(pyridin-4-yl)benzoyllpiperazine hydrochloride
4-[5-[[4~[(6~Chloronaphthalen-2~yl)sulfonyllpiperazin-
1-yl]carbonyl]pyridin-2-yl]pyridine N-oxide
2-Amino-4~[4-[(4-[ (6-chloronaphthalen-2- .
yl)sﬁlfonyl]piperazin—l—yl]carbonyl]phenyl]pyridine N-oxide
4-[4-[[4-[(E)-4-Chlorostyrylsulfonyl]piperazin-1-
yl]lcarbonyl]lphenyl]lpyridine N-oxide
4-[4-[[4-[(6-Chloronaphthalen-2-yl)sulfonyl]-2-
ethoxycarbonylpiperazin-l-yl]lcarbonyl]lphenyl]lpyridine N-
oxide e
4-[ (6-Chloronaphthalen-2-yl)sulfonyl]-2-

methoxycarbonylmethyl-1~[4- (pyridin~-2-yl)benzoyl]lpiperazine
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hydrochloride
2-Carboxymethyl-4-{ (6~chloronaphthalen~2-yl)sulfonyl]-
1-[4-(pyridin-2-yl)benzoyl]piperazine hydrochloride
2-Carbamoylmethyl-4-[ (6~-chloronaphthalen-2-
yl)sulfonyl]-1-[4-(pyridin-2-yl)benzoyl]piperazine hydro-
chloride |
2-[4-[[2-carbamoylmethyl-4-[ (6-chloronaphthalen-2-
yl)sulfonyllpiperazin-l-yl]lcarbonyllphenyl]pyridine N-oxide
2~-Methyl-4-{4-[[4-[(6-chloronaphthalen-2-
yl)sulfonyl)piperazin~l-yl]jcarbonyl]lphenyl]lpyridine N-oxide
1-[ (6-Chloronaphthalen-2-yl)sulfonyl]-2,3-dimethyl-4-
(4- (pyridin-4-~yl)benzoyl]piperazine hydrochloride
2-{4-[[{4-[(6-Chloronaphthalen-2-yl)sulfonyl]-2-
hydroxymethyl-3-methylpiperazin-1-
yllcarbonyl]phenyl]pyridine N-oxide
4-(4-([4-([(6-Chloronaphthalen-2~yl)sulfonyl]-2, 3~
dimethylpiperazin-l-yl}carbonyl]phenyl]lpyridine N-oxide
4—[(6—Chloronéphthalen—2-yl)sulfonyl]f2,6—dimethyl—1—
[4- (pyridin~4-yl)benzoyl]piperazine hydrochloride
4-[ (6-Chloronaphthalen~2-yl)sulfonyl]-2,2-dimethyl-1-
[4—(pyridin;4—yl)benzoyl]piperazine hydrochloride
2-[4-[[4~[(6-Chloronaphthalen-2~yl)sulfonyl]~2,2-
dimethylpiperazin~l-yl]carbonyl]phenyl]lpyridine N-oxide
4-[(6-Chloronaphthalen-2-yl)sulfonyl]~-2~oxo~-1-[4-

(pyridin-4-yl)benzoyl]piperazine N-oxide
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1-[(6-Chloronaphthalen-2-yl)sulfonyl]-2, 3~dicarbamoyl-
4-{4~-(pyridin-2-yl)benzoyl]piperazine hydrochloride

1-[(6-Chloronaphthalen-2-yl)sulfonyl]-2-methyl-3-[2-
(morpholin~4-yl)ethylamino]carbonyl]-4-[4-(pyridin-4-
yl)benzoyl]piperazine hydrochloride

4—[44[[4—(6—Chloronaphthalen—2—yl)sulfonyl—3—methyl—2—
[[2- (morpholin-4-yl)ethylamino]carbonyl]lpiperazin-1-
yl]lcarbonyl]phenyl]lpyridine N-oxide

.2—Carbamoylmethyl—4—[(G—Chloronaphthalen—z—
yl)sulfonyl]-3-methyl-1-[4-(pyridin-4-yl)benzoyl]piperazine
hydrochloride

4-[4-[[2-Carbamoylmethyl-4-[ (6-chloronaphthalen-2-
yl)sulfonyl]-6-methylpiperazin-1-
yl]carbonyl]phenyl]pyridine N-oxide

2—[4—[[2—Carbamoylmethyl—4—[(6—chloronaphthalen—2¥
yl)sulfonyl]-6-oxopiperazin-l-yl]lcarbonyl]phenyl]pyridine
N-oxide '

1-[ (6-Chloronaphthalen-2-yl)sulfonyl]~-4-[4-(pyridin-2-
yl)benzoyl]-1,2,3,4-tetrahydroquinoxaline hydrochloride

1-{(6-Chloronaphthalen-2-yl)sulfonyl]-4-(4-(pyridin-4-
yl)benzoylldecahydroquinoxaline hydrochloride

1-[(6—Chloronaphthélen—2—yl)sulfonyl]—3—
[ (ethoxycarbonylmethylsulfonylamino)methyl]-2-methyl-4-(4-
(pyridin—z—yl)bepzoyl]piperazine hydrochloride

2-Carbamoylmethyl-4-[ (6-chloronaphthalen-2-
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yl)sulfonyl]-3-oxo-1-[4-(pyridin-2-yl)benzoyl]piperazine
hydrochloride o

1-[ (6-Chloronaphthalen-2-yl)sulfonyl}-3-(imidazol-4-
yl)methyl-2-oxo-4-[4-(pyridin-2-yl)benzoyl]piperazine hy-
drochloride

4-[ (6-Chloronaphthalen-2-yl)sulfonyl]-1-[4-(pyridin-4-
yl)benzoyl] -7-oxodecahydropyrido[3, 4-blpyrazine hydrochlo-
ride

2-Carbamoyl-4-[ (6-chloronaphthalen-2-yl)sulfonyl]-3-
methyl-1-[(6-methyl-4,5,6,7-tetrahydrothiazolo[5, 4-
clpyridin-2-yl)carbonyl]piperazine hydrochloride

2—Carbamoyl—4—[(6-chloronaphthalen-2—yl)sulfonyl]—6—
methyl-1-[(6-methyl-4,5,6, 7-tetrahydrothiazolo(5,4-
clpyridin-2-yl)carbonyl]piperazine hydrochloride

4-[({6-Chloronaphthalen-2~yl)sulfonyl}-1-[ (6-methyl-
4,5,6,7-tetrahydrothiazolo(5, 4-c]lpyridin-2-yl)carbonyl] -2~
[[2- (morpholin-4-yl)ethylamino]lcarbonyl]piperazine hydro—
chloride |

1-[ (6-Chloronaphthalen-2-yl)sulfonyl]~4-[ (6~methyl-
5,6,7,8-tetrahydro-1, 6-naphthyridin-2-
yl)carbonyl]plpera21ne hydrochlorlde

2- Carbamoyl -4-[(6-chloronaphthalen-2- yl)sulfonyl] -3~
methyl-1-[ (6-methyl-5, 6,7, 8~tetrahydropyrido-1, 6- |
naphthyridin—Z—yl)carbonyl]biperazine hydrochloride

The process for the preparation of the sulfonyl de-



- 76 -

rivative of the present invention will next be described.

The sulfonyl derivative, salt thereof and solvate
thereof according to the present invention can be prepared
by using general, conventionally-known chemical processes
in coﬁbination. Typical synthesis processes will be de-
scribed subsequently.

Upon synthesis of the sulfonyl derivative of the pres-
ent invention, when it is necessary to protect a substitu-
ent such as nitrogen atom, hydroxyl group or carboxyl
group, it may be protected with a ordinary, conventionally-
known protecting group which can be removed as needed.

Such a protecting group can be removed at need by the syn-
thesis process ordinarily employed in the organic chemistry
which will be described below. The starting materials nec-
essary for the synthesis can be obtained by the synthesis
procéss ordinarily employed in the organic chemistry and
such a process will be described in Referential Examples.
The starting materials can also be synthesized by the ap-
plication of the process described in Referential Examples.

A description will next be made of a protecting group
for the substituent such as nitrogen atom, hydroxyl group
or carboxyl group and deprotection process thereof.

As a protecting grbup for the nitrogen atom in an ami-
no or alkylamino group, ordinary acyl-type protecting

groups are suited. Examples include alkanoyl groups such
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aé acetyl, alkoxycarbonyl groups such as methoxycarbonyl,
ethoxycarbonyl and tertiaryibﬁtoxy carbonyl, arylmethoxy-
carbonyl groups such as benzyloxycarbonyl, paramethoxyben-
zyloxycarbonyl and para- (ortho-)nitrobenzyloxycarbonyl
groups, aryolmethyl groups such as benzyl and triphenyl-
methyl and aroyl groups such as benzoyl. The removing pro-
cess of such a protecting group differs with the chemical
properties .of the protecting group adopted. For example,
the acyl-type protecting group such as alkanoyl, alkoxycar-
bonyl or aroyl can be removed by hydrolysis using an appro-
priate base such as alkali metal hydroxide, for example,
lithium hydroxide, sodium hydroxide or potassium hydroxide.
The substituted methoxycarbonyl type protecting group
such as tertiary butoxycarbonyllor paramethoxybenzyloxycar-
bonyl can be removed by using an appropriate acid, for ex-
ample, acetic acid, hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphoric acid, trifluoroacetic acid or
trifluoromethanesulfonic acid or combination thereof. The
arylmethoxycarbonyl group such as benzyloxycarbonyl,
paramethoxybenzylocharbonyl or para- (ortho-
Ynitrobenzyloxycarbonyl, or the arylmethyl group such as
benzYl can be removed by hydrogenolysis in the presence of
a palladium-carbon catalyst. The benzyl group can also be
removed by Birch reduction, in liquid ammonia, in the pres- -

ence of a metal sodium, whereby conversion into a nitrogen-
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hydrogen bond can be effected. The triphenylmethyl group
can be removed by using an appropriate acid such as acétic
acid, hydrochloric acid, hydrobromic acid, sulfuric acid,
phosphoric acid,: trifluorocacetic acid or trifluoromethane-
sulfonic acid or combination thereof. It can also be re-
moved by Birch reduction, in liquid ammonia, in the pres-
ence qf a metal sodium or by hydrogenolysis in the presence
of a palladium-carbon catalyst.

In addition to the above~described amino-protecting
group, a phthaloyl type protecting group can be adopted for
a primary amino group and it can be removed using hydra-
zine, dimethylaminopropylamine or the like.

| As the protecting group suited for a hydroxyl group,
there are acyl type and ether type ones. Examples of the
acyl type protecting group include alkanoyl groups such as
acetyl and aroyl groups such as benzoyl,.while those of the
ether type protecting group include arylmethyl groups such
-as benzyl, silyl ether groups such as tertiary butyl di-
methylsilYl, methoxymethyl and tetrahydropyranyl. The re-
moval of such a protecting group differs with the chemical
properties of the protecting group adopted. For example,
the acyl group such as alkanoyl or aroyl can be removed by
the hydrolysis using an appropriate base such as an alkali
metal hydroxide, for example, lithium hydroxide, sodium hy- -

droxide or potassium hydroxide. The arylmethyl type pro-



- 79 -

. tecting group can be removed by the hydrogenolysis using a

palladium-carbon catalyst.. The silyl group such as terti-
ary butyl dimethylsilyl can be removed using a hydro-
fluoride salt such as tetrabutyl ammonium fluoride. The
methoxymethyl or tetrahydropyranyl group can be removed us-
ing acetic acid, hydrochloric acid or the like. The hy-
droxyl group substituted for an aryl group can be protected
with a methyl group and deprotection can be carried out us-
ing a Lewis acid such as aluminum chloride or phosphorus
tribromide, trimethylsilyl iodide or hydrogen bromide.

A carboxyl group can be protected by the esterifica-
tion of it. A methyl or ethyl ester can be deprotected by
the hydrolysis using an appropriate base such as alkali |
metal hydroxide, e.g., lithium hydroxide, sodium hydroxide

or potassium hydroxide, while from a tertiary butyl ester,

' the tertiary butyl group can be removed by treating with

trifluoroacetic acid or hydrochloric acid. From an aryl-
methyl type ester such as benzyl, the arylmethyl group can
be removed by the hydrogenolysis in the presence of a pal-
ladium-carbon catalyst.
[Preparation Process-1]

A process for preparing a sulfonyl derivative repre-

sented by the following formula (I):
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R
0 ; .
PR Y R
o~ Q"-'A“-—Q’-ﬁ D \xl,-xz (¥)
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R

[wherein R', R%?, R? RY, R% 0% 0%, @3 T X' and X® have
the same meanings as described above], which comprises sul-
fonylating the nitrogen atom of Q* of the compound repre-
sented by the following formula (Ia):

QI_QZ_TI_Q3a ( Ia)
[wherein Q', Q% and Tl have the same meanings as. described
above and Q% represents any one of the groups represented

by the following formulas:

R RI. 10 4,0
e B
Rll
RJG
‘N B
u<:x ~
R7 Rlv/ 1 nl.s

(in which R®, R%®, R!®, R, R'?, R, RY, R'5, R, RY, a, b,
c, d, e, £, g, h and i have the same meanings as described

above)] with a sulfonic acid halide represented by the fol-.

lowing formula (IIa):
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[wherein R}, R?, R?®, R%*, R%, X' and X? have the same meanings
as described above and Halo represents a halogen atom such

as chlorine, bromine or iodine].
<Synthesis of the compound of the: formula (Ia)>
The compound of the formula (Ia) can be synthesized by

a series of operations in accordance with the known tech-

nique.

For example, a compound of the following formula (Ib):
[wherein Q', Q® and T' have the same meanings as described

above and Q*® represents any one of the following groups:

RY¢ i 3 RS

(wherein R®, R®, R, R!*, R'?, R!%, RY, R!5, R, RY, a, b, c,
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d, e, £, g, h and i have the same meanings as described
above and R* represents an ordinary nitrogen protecting
group such as tertiary butoxycarbonyl, benzyloxycarbonyl,
paramethoxybenzyloxycarbonyl, paranitrobenzyloxycarbonyl or
benzyl)] can be synthesized by acylating the nitrogen atom
of the compound represented by the-following formula
(IIIa):

Q*-H (IlIa)
(wherein Q® has the same meaning as described above), to
which nitrogen atom, the hydrogen atom of Q® has been
boﬁded, with a carboxylic acid in an activated form repre-

sented by any one of the following formulas (IVa) to (IVd):

Q*-0%*-COOH ‘ (IVa)
Q*-N (R2?%) - (CH2) m1—COOH (IVb)
0'-0- (CHj) g1 —COOH - (Ivc)

Q*~S- (CHz) m~COOH (Ivd)

{wherein Q* has the same meaning as described above, R?®
represents a linear or branched alkylene or an ordinary ni-
trogen protecting group such aé tertiary butoxycarbonyl,
benzyloxycérbonyl, paramethoxybenzyloxycarbonyl,_paranitro—
benzyloxycarbonyl or benzyl; Q® represents single bond, a :
linear or branched C;-¢ alkylene, linear or branched Cz-g |
alkenylene, linear or branched C;-¢ alkynylene or a group of

the following formula:
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+——C

(which has the same meaning as described above) and ml
seands for an integer of 1 to 6].

When the nitrogen atom of Q*® of the compound repre-
sented by the formula (IIIa) forms an amide bond, the com-
pound of the formula (Ib) can be synthesized by alkylating
the nitrogen atom of Q* of the compound represented by the
formula (I1Ia) with any one of the compounds represented by

the following formulas (Va) to (Vd):

Q*-0®~CHL'R*® (Va)
Q*-N (R?) - (CHz) m-CHL'R*® (Vb)
Q'-0- (CHz) m~CHL'R® (ve)
Q*-S~- (CHz) m~CHL'R?® (vd)

 R'@, R? and ml have the same meanings as

[wherein Q', ©
described above, and L?* represents an eliminating group
frequently used in the organic chemistry, such as chlorine,
bromine, iodine, methylsulfonyloxy or paratoluenesulfony-
loxy].

When the nitrogen atom of 0*® of the compound repre-
sented by the formula (IIIa) exists as a primary or secon-
dary amine, the compound of the formula (Ib) can be pre-

pared by reductive alkylation, that is, by forming the cor-

responding imine with a carbonyl compound represented by
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any one of the following formulas (VIa) to (VId):

Q'-Q*-C (=0)R*® (VIa)
Q- (R®) - (CHy) m~C (=0) R*® (VIb)
Q'-0- (CHz) ma—C (=0O) R*® (VIc)
Q'-S- (CHz) m1~C (=0) R*® (VId)

[wherein Q!, 0%, R!®, R?® and ml have the same meanings as
described abovej, followed by reduction; by reacting the
compound of the formula (IIIa) with a reagent such as 1,1’-
carbonyldiimidazole and a compound containing a primary
amine represented by any one of the following formulas

(VIIa) to (VIId):

o'-Q%-NH, (VIIa)
Q*-N (R*°) - (CH2) mz—-NH; (VIIb)
A'-0- (CHa) n2—~NH, (VIIc)
Q'-S~ (CHz) me—-NH» (VIId)
Ql—-C N—H (VIize)
N/

[wherein Q*, 0% and R?® have the same meanings as described
above and m2 stands for an integer of 2 to 6 and a group of
the following formula:

—C N—H

N/

represents a 5- or 6-membered heterocyclic group which may

have a substituent], thereby forming an urea derivative; or
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by reacting the amine of the formula (IIIa) with an isocya-
nate derivative or an isocyanate prepared from a carboxylic
acid represented by any one of the formulas (IVa) to (IVd).

When in the structure of Q' of the compound repre-—
sented by the formula (Ib), a halogen- or trifluoromethane-
sulfonyloxy-substituted aryl group or a halogen- or tri-
fluoromethanesulfonyloxy—substituted alkenyl group is con-
tained, coupling reaction can be effected with a boric-
acid-substituted aryl compound in the presence of a transi-
tion metal catal?st.

When in the structure of Q' of the compound repre-
sented by the formula (Ib), an alkenyl group is contained,
it can be subjected to coupling reaction with a halogen-
substituted or trifluoromethanesulfonyloxy-substituted aryl
group in the presence of a transition mefal catalyst.

When in the structure of Q! of-the compound repre-
sented by the formula (Ib), a boric-~acid-substituted aryl
group is contained, it can be éubjected to coupling reac-
tion with a halogen- or trifluoromethanesulfonyloxy-
substituted aryl compound or a halogen- or trifluo-
romethanesulfonyloxy-substituted alkenyl compound. When in.
the structure of Q' of the compound represented by the for-
mula (Ib), a halogen- or trifluoromethanesulfonyloxy-
substituted aryl group is contained, it can be subjected to

coupling reaction with an alkenyl compound in the presence
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of a transition metal catalyst. If the nitrogen atom of
| 0*® of the compound (Ib) so obtained has been protectéd,
the compound of the formula (Ia) can be obtained by depro-
tection as needed. |

Examples of the carboxylic acids of the following for-
mulas (IVa) to (IVd) in an activated form include mixed
acid anhydrides available by reacting any one of the car-
boxylic acids of the formulas (IVa) to (IVd) with a chloro-
formate ester such as isobutyl chloroformate, acid halides
such as écyl chloride prepared using an acid halide such
thionyl chloride, active esters obtained by reacting with a
phenol such as paranitrophenbl or pentafluorophenyl-
trifluoroacetate, active esters obtained by reacting with
N-hydroxybenztriazole or N—hydroxysuccinimide, reaction
products with N,N’-dicyclohexylcarbodiimide or N-(3-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride
which is usually employed for the synthesis of amino acid
peptide, reaction products with diethyl cyanophosphonate
(Shioiri’s method) and reaction products with triphenyl-
phosphine and 2,2’ -dipyridylsulfide (Mukéiyama’s method) .

The resulting carboxylic acid in an activated form is
then reacted with the compound of the formula (IIIa) or
salt thereof generally in the presence of an appropriate
base in an inert solvent at -78°C to 150°C, whereby the

compound of the formula (Ib) can be obtained. Specific ex-
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amples of the base include carbonates, alkoxides, hydrox-
ides and hydrides of an alkali metal or alkaline earth
metal, such as sodium carbonate, potassium carbonate, so-
dium ethoxide, potaésium botoxide, sodium hydroxide, potas-
sium hydroxide, sodium hydride and potassium hydride; or-
ganic metal bases typified by an alkyl lithium such as n-
butyl lithium and a dialkylamino lithium such as lithium
diisopropylamide; and organic bases such as pyridine, 2,6-
lutidine, collidine, 4-dimethylaminopyridine, triethyla-
mine, N-methylmorpholine, diisopropylethylamine and
diazabicyclo[5.4.0]Jundec-7~ene (DBU).

Examples of the inert solvent include alkyl halide
solvents sﬁch as dichloromethane, chloroform and carbon.
tetrachloride; ether solvénts such as tetrahydrofuran, 1,2-
dimethoxyethane and dioxane; aromatic solvents such as ben-
zene and toluene; and amide solvents such as N,N-
diﬁethylformamide, N,N-dimethylacetamide and N-
methylpyrrolidin-2-one. In addition to them, sulfoxide
solvents such as dimethylsulfoxide and sulfolane and ketone
solvents such as acetone and methyl ethyl ketone can be
used if they are suited.

When the nitrogen atom of Q°® of the compound repre-
sented by the formula (IITa) forms an amide bond, the alky-
lation of the nitrogen atom is carfied out by reacting the

compound (IIIa) with the compound represented by any one of
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the formulas (Va) to (Vd) in the presence of an appropriate
base in an inert solvent at -78 to 150°C, whereby the com-
pound of the formula (Ib) can be obtained. Specific exam-
ples of the base include alkoxides and hydrides of an al-
kali metal or alkaline earth metal such as sodium ethoxide,
potassium butbxide, sodium hydride and potassium hydride;
organic metal bases typified by an alkyl lithium such as n-
butyl lithium and a dialkylamino lithium such as lithium
diisopropylamide; and organic bases such as diazabicy-
clo[5.4.0]undec-7-ene (DBU). |

Examples of fhe inert solvent include ether solvents
such as tetrahydrofuran, 1,2-dimethoxyethane and dioxane
and amidé solvents such as N,N-dimethylformamide.

When the nitrogen atom of Q% of the compound repre-
sented by the formula (IIIa) exists as a primary or secon-
dary amine, the compound of the formula (Ib) can be ob-
tained by reacting the compound of the formula (IIIa) with
the carbonyl compound of any one of the formulas (VIa) to
(VId) to form the corresponding imine, generally ih an in-
ert solvént, in the presence of an organic acid such as
acetic acid, a mineral acid such as hydrochloric acid or a
Lewis acid such as aluminum chloride at -20 to 150°C; and
then hydrogenating the resulting imine in an inert solvent
in the presence of a boron hydride reducing agent such as

sodium borohydride, sodium cyanoborohydride or sodium tri-
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acetoxyborohydride or a catalytic reduction catalyst such
as palladium-carbon catalyst at 10 to 110°C.

Preferred examples of the inert solvent include carbon
halides such as dichloromethane, chloroform and carbon tet-
rachloride, efher solvents such as tetrahydrofuran, 1,2-
dimethoxyethane and dioxane, benzene solvents such as tolu-
ene and amide solvents such as N,N-dimethylformamide, N,N-
dimethylacetamide and N-methylpyrrolidin-2-one.

When the nitrogen atom of Q* of the compound repre-
sented by the formula (IIIa) exists as a primary or secon-
dary amine, the reactidn product between the compound of
any one of the formulas (VIIa) to (VIIb) containing a pri-
mary amine or the compound of the formula (VIIe) containing
a secondary amine and a reagent such as 1,1’-
carbonyldiimidazole can be reacted with the compound of the
formula (IIIa) to introduce it to the corresponding urea
derivative. The derivative can be synthesized by reacting
the primary amine compound of any one of the formulas
(VIiIa) to (VIId) or the secondary amine compound of the
formula (VIIe), a reagent such as carbonyldiimidazole and
the éompound of the formula (IIIé) successively in this or-
der, if necessary.in the presence of a base, in an inert
solvent.
| Examples of the inert solvent include halogen solvents -

such as dichloromethane, chloroform and carbon tetrachlo-
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ride; ether solvents such as tetrahydrofuran, 1,2-
dimethoxyethane and dioxane; benzene solvents such as tolu-
ene; and amide solvents such as N,N-dimethylformamide, N,N-
dimethylacetamide and N-methylpyrrolidin-2-one. Among
them, dichloromethane, tetrahydrofuran and toluene are pre-
ferred.

Examples of the base include carbonates and hydroxides
of an alkali metal or alkaline earth metal, such as sodium
carbonate, potassium carbonate, sodium hydroxide and potas-
sium hydroxide; and organic bases such as pyridine, 2, 6-
lutidine, collidine, 4-dimethylaminopyridine, triethyla-
mine, N—methylmorpholine, diisopropylethylamine and di-
azabicyclo[5.4.0]undec—7—ene (DBU) . The.reaction is ef-
fected within a temperature range of from -70°C to 110°C.

When the nitrogen atom of Q*® of the compound repre-
sented by the formula (IIIa) exists as a primary or secon-
dary amine, the compound of the formula (Ib) can also be
obtained by reacting the compound of the formula (IIIa)
with an isocyanate derivative in an inert solvent at -20 to
100°C.

The isocyanate derivatiﬁe can be synthesized by con-
verting the carboxylic acid of the formula (IVa) into the
corresponding acid halide by using an acid halide such as
thionyl chloride or oxalyl chloride in an inert solvent

such as tetrahydrofuran, chloroform or toluene at -20 to
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110°C, reacting the resulting acid halide with sodium azide
lin-an inert solvent such as tetrahydrofuran, chloroform or
toluene at a temperature range of from 0 to 80°C, and then
heating the reaction mixture at 20 to 100°C; reacting the
carboxylic acid of the formula (IVa) with a chloroformate
éuch as isobutyl chloroformate in an inert solvent such as
tetrahydrofuran, chloroform or toluene at -20 to 110°C to
obtain the corresponding mixed acid anhydride, reacting the.
mixed acid anhydride with sodium azide within a temperature
range of from 0 to 80°C and then heating the reaction mix-
ture at 20 to 100°C; or by introducing the carboxylic acid
of the formula (IVa) into the corresponding hydrazide
through an ester in an inert solvent such as tetrahydrofu-
ran, chloroform or toluene at -20 to 110°C, reacting the
hydrazide with nitric acid or alkyl ester thereof to con-
vert it into the corresponding acyl azide and then heating
the resulting acyl azide in a solvent such as chloroform,
dichloroethane, toluene, xylene or N,N—dimethylformamide at
20 to 150°cC.

The compound of the formula (Ib) can also be prepared
by reacting the carboxylic acid of the formula (IVa) with
diphenylphosphoryl azide in the presence of a base such as
triethylamine, in an inert solwvent such as chloroform, tet-
rahydrofuran, toluene or N,N-dimethylformamide at a tem-

perature range of 10 to 140°C and then reacting the reac-
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tion mixtufe with the amine of the formula (IIIa).

When in the structure of Q' of the compound repre-
sented by the formula (Ib), a halogen- or trifluoromethane-
sulfonyloxy-substituted aryl group or a halogen- or tri-
.fluoromethanesulfonyoxy—substituted alkenyl group is con-
tained, the compound can be subjected to cdupiing reaction
with a boric-acid-substituted aryl derivative by using a
transition metal catalyst such as
tetrakis(triphenylphosphine)pélladium (Oi, in a two-phase
solvent such as benzene-water or toluene-water, amide sol-
vent such as N,N-dimethylformamide or ether solvent such as
tetrahydrofuran or dimethoxyethane, in the presence of a
base such as sodium carbonate, sodium hydroxide, barium hy-
droxide, potassium phosphate or cesium carbonate at a tem-
perature range of 20 to 150°C for 0.5 to 120 hours.

When an alkenyl group is contained in the structure of
0' of the compound represented by the formula (Ib), cou-
pling reaction of the compound with a halogen- or trifluo-
romethanesulfonyloxy—substituted éryl group can be effected
using a transition metal catalyst such as palladium ace-
tate, in the.presence of an appropriate base, in an amide
solvent such as N,N-dimethylformamide, at a temperature
range of 20 to 150°C for 0.5to 120 hours. When a boric-
acid-substituted aryl group is contained in the structure

of Q' of the compound represented by the formula (Ib), cou-
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pling reaction of the compound with a halogen- or trifluo-
romethanesulfonyloxy—éubstituted aryl derivative or a halo-
gen- or trifluoromethanesulfonyloxy-substituted alkenyl de-
rivative can be effected. When a halogen- or trifluo~
romethanesulfonyloxy-substituted aryl group is contained in
the structure of Q! of the compound represented by the for-
mula (Ib), coupling reaction of the compound with an
alkenyl compound can be effected using a transition metal
catalyst.

If the nitrogen atom of 0% of the compound repre-
sented by the formula (Ib) has been protected as described
above, the compound of the formula (Ia) can be obtained by
- deprotection as needed.
<Synthesis of the compound répresented by the formula
(IIa)>

The sulfonic acid halide of the formula (IIa) can be
synthesized by any one of the various conventionally-
reported processes (The Chemistry of Sulfonic Acids Esters
and their Derivatives, Edited by S. Patai and Z. Rappoport,
1991, John Wiley & Sons Ltd.), ﬁor example, halogenation of

the corresponding sulfonic acid of the following formula

g .
TR - 4
HO—S \ = R
g (XIb)
Xi—yx2 R3

(IIb):
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or halogenosulfonylation of an unsaturated-bond-containing

compoﬁnd represented by the following formula (IIc):

;3 R
: \ {IIc)
Rr2 x'—x2 RS

[wherein in the above formulas (IIb) and (IIc), RY, R%, R3,
R?, R®, x' and X% have the same meanings as described
above] .

For example, the sulfonic acid halide of the formula
(ITa) can be obtained by reacting the sulfonic acid of the
formula (IIb) with a thionyl halide in the presence of N,N-
dimethylformamide at 0 to 150°C for 0.5 to 24 hours. At
this time, the reaction system can be diluted with a sol-
vent such as dichloromethane, chloroform, carbon tetrachlo-
ride, N-methylpyrrolidin-2-one, dimethylsulfoxide or sulfo-
lane.

The sulfonic acid halide of the formula (IIa) can also
be obtained by reacting the unsaturated—bond—containing
compound of the formula (IIc) with a thionyl halide or
chlorosulfonic acid in a solvent such as N,N-
dimethylformamide at 0 to 150°C for 0.5 to 24 hours.

The compound of the formula (I) can be obtained gener-
ally by reacting the compound of the formula (Ia), which
has been synthesized by the above-described process or the

like, with the sulfonic acid halide of the formula (IIa)
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which has been synthesized by the above-described process
or the like, in the presence of an appropriate base, in an
inert solvent at -78 to 150°C.

Specific examples of the base include carbonates, alk—
oxides, hydroxides and hydrides of an alkali metal or alka-
line earth metal, such as sodium carbonate, potassium car-
bonate, sodium ethoxide, potassium botoxide, sodium hydrox-
ide, potassium hydroxide, sodium hydride and potassium hy-
dride; organic metal bases typified by an alkyl lithium
such as n-butyl lithium and a dialkylamino lithium such as
lithium diisopropylamide; and organic bases such as pyri-
dine, 2,6-lutidine, collidine, 4-dimethylaminopyridine,
triethylamine, N-methylmorpholine, diisopropylethylamine
and diazabicyclo[5.4.0]undec~-7-ene (DBU).

Examples of the inert solvent include dichloromethane,
chloroform, carbon tetrachloride, tetrahydrofuran, 1,2-
dimethoxyethane, dioxane, toluene, N,N-dimethylformamide,
N, N-dimethylacetamide, N-methylpyrrolidin-~2-one, dimethyl-
sulfoxide, sulfolane and acetone.

[Preparation Process-1-(1)]

When the nitrogen atom of 0* of the compound repre-
sented by the formula (Ia), which is to be sulfonylated,
exists as a primary or secondary amine, preferred examples
of the base include carbonates and hydroxides of an alkali

metal or an alkaline earth metal such as sodium carbonate,
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potassium carbonate, sodium hydroxide and potassium hydrox-
ide and organic bases such as pyridine, 2,6-lutidine, col-
lidine, 4-dimethylaminopyridine, triethylamine, N-
methylmorpholine, diisopropylethylamine and diazabicy-
clo[5.4.0]Jundec~7-ene (DBU) and usable examples of the sol-
vent include, in addition to inert solvents, alcohol sol-
vents such as ethanol and butanol and ester solvents such
as ethyl acetate.

[Preparation Process-1-(2)]

When the nitrogen atom of Q3 of the compound repre-
sented by the formula (Ia), which is to be sulfonylated,
forms an amide group, preferred examples of the base in-
clude alkoxides and hydrides of an alkali metal or an alka-
line earth metal such as sodium ethoxide, potassium
botoxide, sodium hydride and potassium hydride, organic
metal bases typified an alkyl lithium such as n-butyl lith-
ium and a dialkylamino lithium such as lithium diisopro-
pylamide and organic bases such as diazabicy-
clo[5.4.0]Jundec-7-ene (DBU). Examples of the inert solvent
iﬁclude tetrahydrofuran, 1,2-dimethoxyethane, dioxane and
N,N—dimethy;formamide.

[Preparation Process-2]

A process for preparing the sulfonyl derivative (I) by

acylating the nitrogen atom of Q* of the compound repre-

sented by the formula (VIIIa):
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(VIIIa)

.RS
[wherein R', R%, R3®, R% R5, X!, X% and 0° have the same

meanings as described above] with a carboxylic acid of the
following formula (IVa):
R Q'-Q2-COOH (IVa)
[wherein Q' and Q? have the same meanings as described
above] or the carboxylic acid in an activated form.
The compound of the following formula

(VIIIb):
0 o3 R!

il |
Ré
Q’“ﬁw " (VIXXDb)

R2 xL.xZ' RS
[wherein R, R%?, R?} R% R5 X!, %% and Q% have the same

meanings as described above] can be obtained by sulfonylat-
ing the nitrogen atom of the primary amine, secondary amine
or amide compound of the formula (IIIa) ﬁith a sulfonic

acid halide represented by the following formula (IIa):

0w ¥
Halo—S§ ¢ ’
g \ (IXa)

[wherein R, R?, R3, R*, R®, %', %® and Halo have the same
meanings as described above] in the presence of an appro-

priate base in an inert solvent at -78 to 150°C.
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Specific examples of the base include carbonates, alk-
oxides, hydroxides and hydrides of an alkali metal or alka-
line earth metal, such as sodium carbonate, potassium car-
bonate, sodium ethoxide, -potassium butoxide, sodium hydrox-
ide, potassium hydroxide, sodium hydride and potassium hy-
dride; organic metal bases typified by an alkyl lithium
such as n-butyl lithium and a dialkylamino lithium such as
lithium diisopropylamide; and organic bases such as pyri-
dine, 2,6—lutidine,'collidine, 4¥dimethylaminopyridine,
triethylamine, N-methylmorpholine, diisopropylethylamine
and diazabicyclo([5.4.0Jundec~-7-ene (DBU).

Examples of the inert solvent include dichloromethane,
chloroform, carbon tetrachloride, tetrahydrofuran, 1,2-
dimethoxyethane, dioxane, toluene, N,N-dimethylformamide,
N,N-dimethylacetamide, N-methylpyrrolidin-2-one, dimethyl-
sulfoxide, sulfolane and acetone.

If the nitrogen atom of Q® of the resulting compound
represented by the formula (VIIIb) has been protected, the
compound of the formula (VIIIa) can be obtained by depro-
tection as needed.

The compound of the formula (VIIIa) can be obtained by
removing the protecting group of the nitrogen atom from the

compound represented by the following formula (VIIIc):
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I .
Q3-8 R
2 RS

Rz X —x2
[wherein R%, R?®, R%, R®%, X! and X® have the same meanings as
described above and Q°° represents any one of the following
groups:

Rz3 R24

—N N—R?*

o

(wherein R?? represents a hydrogen atom,

an alkyl group,

a hydroxyl group protected with methoxymethyl,'tetra—
hyaropyranyl or the like,

a hydroxyalkyl group protected with methoxymethyl,
tetrahydropyranyl or the 1ike?

an alkoxyl group,

an alkoxyalkyl group,

a dialkoxyalkyl group,

a dialkylamino group,

a monoalkylamino group in which the amino moiety has
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been protected with tertiary butoxycarbonyl,

a dialkylaminoalkyl group,

a monoalkylaminoalkyl group in which the amino moiety
has been protected with tertiary butoxycarbonyl,

a dialkylaminocarbonyl group,

a dialkylaminocarbonylalkyl group,

a dialkylaminoalkyloxy group,

é monoalkylaminoalkyloxy group in which the amino moi-
ety has been protected with tertiary butoxycarbonyl,

a dialkylaminoalkylaikyloxy group,

-oa monoalkylaminoalkyloxy group in which the amino moi-

ety has been protected with tertiary butoxycarbonyl,

a dialkylaminocarbpnylalkyloxy group or the like.

When the carbon atom to which R?3, R*, R? or R?* has
been bonded is not adjacent to the nitrogen atom, RZ, ﬁ“,
R?»®* and R?® each independently represents:

a hydrogen atom,

an alkyl group,

a hydroxyl group protected with methoxymethyl, tetra-
hydropyranyl or the like,

a hydroxyalkyl group protected with methoxymethyl,
tetrahydropyranyl or the like,

an alkoxyl group,

an alkoxyalkyl group,

a dialkoxyalkyl group,
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a dialkylamino group,

a monoalkylamino group in whichlthe amino moiety has
been protected with tertiary butoxycarbonyl,

a dialkylaminoalkyl group,

a monoalkylaminoalkyl group in which the amino moiety
has been protected with tertiary butoxycarbonyl,

a dialkylaminocarbonyl group,

a dialkylaminocarbonylalkyl group,

a dialkylaminoalkyloxy group,

a monocalkylaminoalkyloxy group in whicﬁ the amino moi-
ety has been protected with tertiary butoxycarbonyl,

a dialkylaminocarbonylalkyloxy group or the like.

When the carbon atom to which R?®, R*, R?®® or R?® has
been bonded is adjacent to the nitrogen atom, R??, R**, R*®
and R?® each iﬁdependently represents:

a hydrogen atom,

an alkyl group,

a hydroxyalkyl group in which the hydroxyl moiety has
been protected with methoxymethyl, tetrahydropyranyl or the
like,

an alkoxyalkyl group,

a dialkoxyalkyl group,

a dialkylaminoalkyl group,

a monoalkylaminoalkyl group in whicﬁ the amino moiety

has been protected with tertiary butoxycarbonyl,
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a dialkylaminocarbonyl group,

a dialkylaminocarbonylalkyi group,

a dialkylaminoalkyloxy group or the like.

R® and R?, as well as R?® and R?*®, may be coupled to-
gether to form a saturated or unsaturated 5- to 7-membered
cyclic hydrocarbon group which may have a substituent or a
saturated or unsaturated 5- to 7-membered heterocyclic
group which may have a-substituent.

R?’ represents:

an alkyl group,

a hydroxyalkyl group in which the hydroxyl moiety has
been protected,

a hydroxyalkylcarbonyl groﬁp in which the hydroxyl
moiety has-been protected,

a hydroxyalkylsulfonyl group in which the hydroxyl
moiety has been protected,

an alkoxyalkyl group,

an alkoxyalkylcarbonyl group,

an alkoxyalkylsulfonyl group,

an alkylcarbonyl group,

an alkylcarbonylalkyl group,

an alkylsulfonyl group,

an alkylsulfonylalkyl group,

an alkoxycarbonyl group,

an alkoxycarboylalkyl group,
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an alkoxycarbonylalkylcarbonyl group,

an alkoxycarbon?lélkylsulfonyl group,

a dialkylaminoalkyl group,

a ﬁonoalkylaminoalkyl group in which the amino moiety
has been protected with tertiary butoxycarbonyl,

a dialkylaminocarbonyl group,

a dialkylaminocarbonylalkyl group, or the like.

R*® and R?, or R?*® and R?" may be coupled together to
form a saturated or unsaturated 5- to 7-membered heterocy-
clic group which may have a substituent.

R?® represents a tertiary butoxycarbonyl, benzyl or
triphenylmethyl group, j and k each independently repre-

: sents an integer of 0 or 1 and 1 stands for an integer of 1
to 3 with the proviso that the sum of k and 1 stands for an
integer of 1 to 4.)]

The compound represented by the formula (VIIIc) can be
obtained by reacting an amino compound which is available
by the known process or application thereof and is repre-
sented by the following formula (IIIb):

Q3°-H (IIIb)
[wherein Q3> has the same meaning as described above] with
an alkylsulfonic acid halide in the presence of an appro-
priate base; reacting the resulting sulfonamide represented

by the following formula (IXa):
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QA °
SN R? (1xa)

o

[wherein R® and Q% have the same meanings as described

above] with a carbonyl compound represented by the follow-

ing formula (XIa):

Rzz
0 L, /R*
W (x1a)
xi_x2 RS

R

[wherein R%?, R%*, R%, R??, X! and X% have the same meanings as
described above] in an inert solvent in the presence of an
appropriate base to obtain the alcohol product represented

by the following formula (XIIa):

(XIIa).

[wherein R?®, R?, R?*, R®, R*%, @®, x' and X? have the same
meanings as described above]; converting the alcohol moiety
of the alcohol product (XIIa) into a methanesulfonyloxy
group or the like in the presence of an appropriate base,
or converting the alcohol moiety into a halogen atom by a
phosphorus ﬁalide or triphenylphosphine/carbon tetrahalide,
thereby forming an eliminating group; and then eliminating
methanesulfonic acid or hydrogen halide in the presence of

an appropriate base.
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The sulfonamide compound of the formula (IXa) can be
obtainéd by reacting the amino compound of the formula
(ITIb) available by the known method or application thereof
with an alkylsulfonic halide which may have a substituent,
in the presence of an appropriate base, in an inert solvent
at -78 to 150°C.

Examples of the base include carboﬁates of an alkali'
metal or alkaline earth metal, such as sodiﬁm carbonate and
potassium carbonate and organic bases such as pyridine,
2,6-lutidine, collidine, 4-dimethylaminopyridine, trieth-
ylamine, N-methylmorpholine, diisopropylethylamine and di-
azabicyclo[5.4.0]undec-7~ene (DBU). Examples of the inert
solvent include dichloromethane, chloroform, carbon tetra-
chloride, tetrahydrofuran, 1,2-dimethoxyethane, dioxane,
toluene, N,N-dimethylformamide, N,N-dimethylacetamide and
N-methylpyrrolidin-2-one. Dimethylsulfoxide, sulfolane,
acetone or the like can be used, though depending on_the.
kind of the bases employed.

The alcohol compound of the formula (XIIa) can-be ob-
tained by reacting the sulfonamide of the formula (IXa)
with a carbonyl compound of the formula (XIa) in the pres-
ence of an appropriate base in an inert solvent at -78 to
110°c. |

Examples of the base include hydrides of an alkali

metal or alkaline earth metal such as sodium ethoxide, po-
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tassium botoxide, sodium hydride and potassium hydride and
organic metal bases typified by an alkyl lithium such as n-
butyl lithium and a dialkylamino lithium such as lithium
diisopropylamide. Examples of the inert solvent.include
tetrahydrofuran, 1,2-dimethoxyethane and dioxane.

The compound of the formula (VIIIc) can be obtained by
treating the hydroxyl group of-the alcohol product of the
formula (XIIa) with -a phosphorus halide such as phosphorus
pentachloride or a triphenylphosphine-halogen complex such
~as triphenylphosphine dibromide in the presence of an ap-
propriate base, for example, the carbonate of an alkali
metal or alkaline earth metal, such as sodium carbonate or
potassium carbonate, or an organic base such as pyridine,
2,6—lutidine, collidine, 4-dimethylaminopyridine, trieth-
ylamine, N-methylmorpholine, diisopropylethylamine or di-
azabicyclo[5.4.0]lundec-7-ene (DBU), in a solvent such as
dichloromethane, chloroform, carbon tetrachloride, tetrahy-
drofuran, 1,2-dimethoxyethane, dioxane, toluene or N,N-
dimethylformamide at -20 to 110°C, thereby obtaining the
corresponding halide, and then eliminating the hydrogen
halide from the resulting halide under basic conditions,
for example, by treating at -78 to 150°C with a carbonate,
aikoxide, hydroxide or hydride of an alkali metal or alka-
line earth metal, such as sodium carbonate, potassium car-

bonate, sodium ethoxide, potassium butoxide, sodium hydrox-
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ide, potassium hydroxide, sodium hydride or potassium hy-
dride, an organic ﬁetal base typified by alkyl lithium such
as n—butyl lithium and a dialkylamino lithium such as lith-
ium diisopropylamide, or an organic base such as pyridine,
2,6~-lutidine, collidine, 4-dimethylaminopyridine, trieth-
ylamine, N-methylmorpholine, diisopropylethylamine and di-
azabicyclo[5.4.0]undéc-7—ene (DBU) in dichloromethane,
chloroform, carbon tetrachloride, tetrahydrofuran, 1,2-
dimethoxyethane, dioxane, toluene, N,N-dimethylformamide,
N,N-dimethylacetamide, N-methylpyrrolidin-2-one or dimeth-
ylsulfoxide.

The compound of the formula (VIIIc) can also be ob-
tained.by treating the hydroxyl group of the alcohol prod-
uct represented by the formula (XIIa) with an alkyl- or
arylsulfonic acid chloride such as methanesulfonic acid
chloride in the presence of an appropriate base, for exam-
ple, a carbonate of an alkali metal or alkaline earth metal
such as sodium carbonate or potassium carbonate or an or-
ganic base such as pyridine, 2,6-lutidine, collidine, 4-
dimethylaminopyridine, triethylamine, N-methylmorpholine,
diisopropylethylamine or diazabicyclo[5.4.0)Jundec-7-ene
(DBU), in a solvent such as dichloromethane, chloroform,
carbon tetrachloride, tetrahydrofuran, 1,2-dimethoxyethane,
dioxane, toluene or N,N-dimethylformamide at —20 to 110°C

to obtain the corresponding alkyl- or arylsulfonate deriva-
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tive; and then eliminating the alkyl- or arylsulfonic acid
from the resulting alkyl- or arylsulfonate derivative under
basic conditions, described specifically, by treating the
resulting alkyl- or arylsuifonate derivative at -78 to
150°C in the presence of a carbonate, alkoxide, hydroxide
or hydride of an alkali metal or alkaline earth metal such
as sodium carbonate, potassium carbonate, sodium ethoxide,
potassium butoxidé, sodium hydroxide, potassium hydroxide,
sodium hydride or potassium hydride, an organic metal base
typified by an alkyl lithium such aé n-butyl lithium and a
dialkylamino lithium such as lithium diisopropylamide, or
an organic base such as pyridine, 2,6-lutidine, collidine,
4~dimethylaminopyridine, triethylamine, N-methylmorpholine,
diisopropylethylamine or diazabicyclo[5.4.0]undec-~7-ene
(DBU) in an inert solvent such as dichloromethane, chloro-
form, carbon tetrachloride, tetrahydrofuran, 1,2-
dimethoxyethane, dioxane, toluene, N,N-diﬁethylformamide,
N,N~dimethylacetamide, N-methylpyrrolidin-2-one or dimeth-
ylsulfoxide.

.The compound of the formula (VIIIc) can also be ob-
tained by treating the sulfonamide of the formula (IXa)
with a silyl halide such as trimethylsilyl chloride in the
presence of an appropriate base in an inert solvent to con-
vert it to the corresponding silyl compound, reacting the

resulting silyl compound with a carbonyl compound of the
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formula (XIa) in the presence of a base in an inert solvent
and then treatiﬁg the reaction product under acidic to ba-
sic aqueous conditions (Peterson’s reaction). Déscribed
specifically, the compound of the formula (VIIIc) can be
obtained by treating the sulfonamide of the formula (IXa)
with an alkylsilyl chloride such as trimethylsilyl chloride
at -78 to 110°C in the presence of a hydroxide of an alkali
metal or alkaline earth metal éuch as sodium ethoxide, po-
tassium butoxide, sodium hydride or potassium hydride or an
organic metal base typified by an alkyl lithium such as n-
butyl lithium or a dialkylamino lithium such as lithium di-
isopropylamide in a solvent such as tetrahydrofuran, 1,2-
dimethoxyethane or dioxane, to convert it to the corre-
sponding silyl compound, condensing with the carbonyl com-
pound of the formula (XIa) unqer the same conditions and
then treating the condensate under acidic to basic aqueous
conditions.

The protecting group for the hitrogen atom of the com-
pound represented by the formula (VIIIc) can be removed by
the ordinarily employed method. Described specifically,
when the protecting group is a tertiary butoxycarboﬁyl
group, it can be removed by using an appropriate acid such
as acetic acid, hydrochloric acid, hydrobromic acid, sulfu—
ric acid, phosphoric acid, trifluoroacetic acid or trifluo-"

romethanesulfonic acid or combination thereof. The aryl-
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methyl group such as benzyl can be removed by the hydroge-
noiyéis in the presence of a palladium-carbon catalyst.

The triphenylmethyl group can be removed by using an appro-
priate acid such as acetic acid, hydrochloric acid, hydro-
bromic acid, sulfuric acid, phosphoric acid, trifluoroace-
tic acid or trifluoromethanesulfonic acid or combination
thereof. It can also be removed by Bifch reduction with a
metal sodium in liquid ammonia or by hydrogenolysis in the
presence of a palladium-carbon catalySt.

Thus, by the removal of the protecting group from the
compound of the formula (VIIIc), the éompound of the for-
mula (VIIIa) can be obtained. Examples of the carboxylic
acid of the formula (IVa) in an aﬁpropriate activated form
include mixed acid anhydrides available by reacting the
carboxylic acid of the formula (IVa) with a chloroformate
ester such as isobutyl chloroformate, thereby converting it
into the corresponding acid anhydride, acid halides such as
acyl chloride prepared by treating with an inorganic acid
halide such thionyl chloride, active esters obtained by re-

acting with a phenol such as paranitrophenol or pentafluo-

rophenyl-trifluoroacetate, active esters obtained by react- -

ing it with N-hydroxybenztriazole or N-hydroxysuccinimide,
reaction products with N,N’-dicyclohexylcarbodiimide or N-
(3—dimethyléminopropy1)—N’-ethylcarbodiimide hydrochloride

which is ordinarily employed in the synthesis of an amino
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acid, reaction products with diethyl cyanophosphonate
(Shioiri’s method) and reaction products with triphenyl-
phosphine and 2,2’ -dipyridylsulfide (Mukaiyama’s method).

The resulting carboxylic acid in an activated form is
then reacted with the compound of the formula (VIIIa) at -
78°C to 150°C, generally in the presence of an appropriate
base in an inert solvent, whereby the sulfonyl derivative
of the formula (I) can be obtained.

Specific examples of the base include carbonates, alk-
oxides, hydroxides and hydrides of an alkali metal or alka-
line earth metal, such as sodium carbonate, potassium car-
bonate, sodium ethoxide, potassium butoxide, sodium hydrox-
ide, potassium hydroxide, sodium hydride and potassium hy-
dride; organic metal bases typified by an alkyl lithium
such as n-butyl lithium and a dialkylamino lithium such as
lithium diisopropylamide; and organic bases such as pyri-
dine, 2,6-lutidine, collidine, 4-dimethylaminopyridine,
triethylamine, N-methylmorpholine, diisopropylethylamine
and diazabicyclo[5.4.0]lundec-7-ene (DBU).

Examples of tﬂe inert solvent include dichloromethane,
chloroform, carbon tetrachloride, tetrahydrofuran, 1,2~
dimethoxyethane, dioxéne, toluene, N,N—dimethylformamidé,
N, N-dimethylacetamide, N-methylpyrrolidin-Z—oﬁe, dimethyl-
sulfoxidé, sulfolane and acetone.

[Preparation process-2-(1)]
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When the nitrogen atom of Q® of the compound of the

formula (VIIIa):

(VIlIa)

[wherein R, R?, R3®, R%, R® X!, X% and Q* have the same
meanings as described above] which is to be acylated exists
as a primary or secondary amine, preferred examples of the
base include carbonates and hydroxides of an alkali metal
or.alkaline earth metal, such as sodium carbonate, potas-
sium carbonate, sodium hydroxidé and potassium hydroxide
ahd organic bases such as pyridine, 2,6-lutidine, colli-
dine, 4-dimethylaminopyridine, triethylamine, N-
methylmorpholine, diisopropylethylamine and diazabicy-
clo[5.4.0)Jundec-7-ene (DBU); and examples of the solvent
include, in addition to inert solvents, élcohol solvents
such as ethanol and butanol and ester solvents such as
ethyl acetate.
[Preparation process-2-(2)]

When the nitrogen atom of Q® of the compound of the

formula (VIIIa):

0
Qaa__, g
(VIIIa)
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[wherein R, R?, R®, R%, R% x*, X% and Q* have the same
meanings as described above] which is to be acylated forms
an amide bond, examples of the base include alkoxides and
hydrides of an alkali metal or alkaline earth metal such as
sodium ethoxide, potassium butoxide, sodium hydride and po-
tassium hydride, organic metal bases typified by an alkyl
lithium such as n-butyl lithium and a dialkylamino lithium
such as lithium diisopropylamide and organic bases such as
diazabicyclo[5.4.0}undec-7-ene (DBU) and preferred examples
of the inert solvent include tetrahydrofuran, 1,2-
_dimethoxyethane, dioxane and N,N-dimethylformamide.
[Preparation Process-3]
A process for preparing the sulfonyl derivative of the

present invention, in the case where the nitrogen atom of
0% of the compound represented by the folloﬁing formula

(VIIIa):

(VIIIa)

[wherein Rl, R%?, R3, R* R% X%, X2 and Q* have the same
meanings as'described above] forms an amide, by alkylating
the nitrogen atom of the éompound represented by the for-
mula (VIIIa) with the compound represented by any one of
the following formulas (Va) to (Vd).

0'-0?-CHLIR® (Va)
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O'-N (R%) - (CHp) m~CHL'R¥®  (Vb)
Q*-0- (CH2) m~CHL'R™®  (Vc)
Q*-S- (CH2) m~CHL'R'®  (Vd)
[wherein Q', 0%, R, R?°, ml and L' have the same meanings
as described above].

When the nitrogen atom of 0 of the compound repre-
sented by the formula (VIIIa) forms an amide bond, the sul-
fonyl derivative of the formula (I) can be synthesized by
alkylating the nitrogen atom with the compound of any one
of the formulas (Va) to (Vd), described specifically, by
reécting the compound of the formula (VIIIa) with the com-
pound of any one of the formulas (Va) to (Vdf at -78 to
150°C in the presence of an appropriate base in an inert
..solvent for 0.5 to 120 hours, thereby alkylating the nitro-
gen atom.

Examples of the base include alkoxides and hydrides of
an alkali metal or alkaline earth metal sﬁch as sodium
ethoxide, potassium butoxide, sodium hydride and potassium
hydride, organic metal bases typified by an alkyl lithium
such as n-butyl lithium and a dialkylamino lithium such as
lithium diisopropylamide and organic bases such as diazabi--
cyclo[5.4.0]undec-7-ene (DBU). Preferred examples of the
inert solvent include tetrahydrofuran, 1,2-dimethoxyethane,
toluene, dioxane and N,N-dimethylformamide.

[Preparation Process-4]
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A process of preparing the sulfonyl derivative (I), in
the case where the nitrogen atom of Q® of the compound rep-

resented by the following formula (VIIIa):

Rl

(VIIXa)
RS )

[wherein R', R?, R?® R? R% X!, X% and Q* have the same
meanings as described above] exists as a primary or secon-
dary amine, by forming the corresponding imine with the
carbonyl compound of any one of.the following formulas
(Via) to (VIid):
0'-Q*-C(=0)R™ (VIa)
Q'-N(R*) - (CHz) m~C (=0) R*® (VIb)

0"-0- (CHz) m~C (=0)R*® (VIc)

Q'-S- (CHz) m~C (=O)R™® (VId)
[wherein Q*, 0%, R, R?® and ml have the same meanings as
described ébove], followed by reduction.

When the nitrogen atom of Q*® of the compound of the
formula (VIIIa) exists as an émine, the sulfonyl derivative
of the formula (I) can be obtained by reacting the compound
of the formula (VIIIa) with the carbonyl compound of any |
one of the formulas (VIa) to (VId) at -20 to 150°C for 0.5
to 120 hours generally in an inert solvent and if necessary .

in the presence of an organic acid such as acetic acid,
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mineral acid such as hydrochloric acid or Lewis acid such
as aluminum chloride, thereby forming the correspoﬁding
imine; and hydrogénating the resulting imine at 10 to 110°C
for 0.5 to 120 hours in an inert solvent in the presence of
a boron hydride reducing agent such as sodium borohydride,
sodium cyanoborohydride or sodium triacétoxyborohydride or
a catalytic reduction catalyst such as palladium-carbon.

Examples of the inert solvent include dichloromethane,
chloroform, carbon tetrachloride; tetrahydrofuran, 1,2-
dimethoxyethane, dioxane, toluene, N,N-dimethylformamide,
N,N-dimethylacetamide, N-methylpyrrolidin-2-one, dimethyl-
sulfoxide and sulfolane.
[Préparation Process-5]

A process of making use of the reaction wherein a ureé
derivative is formed by reacting, when 0* of the compound

of the following formula (VIIIa):

Rr! ) '
3 ﬁ R R4
Q.8 = 7R
gw (VIiIa)
R x'—x2 "R®

[wherein R, R?, R3®, R, Rs, X', X% and Q* have the same
meanings as described above] exists as a primary or secon-
dary amine, the compound of the formula (VIIIa) with the
primary—-amine-containing compound of any one of the formu-
las (VIIa) to (VIId):

Q'-Q*-NH, (VIIa)
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Q*-N (R%°) ~ (CHz) na~NH; (VIIb)
Q*-0- (CHz) n2—NHz (VIIc)
Q'-S~ (CHa) m2—-NH, (VIId)

or the secondary-amine-containing compound of the formula

(VIIe):

g—C N—H (ViIe)

N/

[wherein in the above formulas, 0%, 0% and R®® and m2 have

the same meanings as described above and a group of the

following formula:
—C N—H
v

has the same meaning as described above] by using a reagent
such as carbonyldiimidazole.

When Q3 of the compound represented by the formula
(ViIIIa) is an amine, the primary—amine-céntaining compound
of any one of the formulas (VIIa) to (VIId) or the secon-
dary-amine~-containing compound of the formula (VIIe) and a
reagent such as 1,1’-carbonyldiimidazole are reacted with
the compound of the formula (VIIIa) to introduce it into
the sulfonyl derivative of the formula_(I) of the present
invention which is an urea derivative.

The derivative can be synthesized by reactin§ the pri-

mary—amine-containing compound of any one of the formulas
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(VIIa) to (VIId) or the secondary-amine-containing compound
of the formula (VIIe) and ﬁheﬁ the compound df the formula
(VIIIa) successively with a reagent such as carbonyldiimi-
dazole, if necessary, in the presence of a base in an inert
solvent. Examples of the inert solvent include dichlo-
romethane, chlofoform, carbon tetrachloride, tetrahydrofu-
ran, 1l,2-dimethoxyethane, dioxane, toluene, N,N-
dimethylformamide, N,N-dimethylacetamide, N-
methylpyrrolidin-2-one, dimethylsulfoxide and sulfolane.
Aﬁong them, dichloromethane, tetrahydrofuran and toluene
are preferred.

Examples of the base include-carbonates and hydroxides
of an alkali metal or alkaline earth metal, such as sodium
carbonate, potassium carbonate, sodium hydroxide and potas-
sium hydroxide; and organic bases such as pyridine, 2,6-
lutidine, collidine, 4~dimethylaminopyridine, triethyla-
mine, N-methylmorpholine, diisopropylethylamine and di-
azabicyclo[5.4.0]undec-7-ene (DBU). It is only necessary
to effect the reaction within a temperature range of from -
70°C to 110°C.

[Preparation Process-6]

A process of preparing the urea-containing sulfonyl
derivative of the formula (I), in the case where the nitro-
gen atom of Q“‘éf the compound fepresented by the follow-

ing formula (VIIIa):



(VIIIa)
: RS

[wherein R, R%, R®, R%, R5, X%, Xx? and Q®® have the same
meanings as described above] exists as a primary or secon-
dary amine, by reacting the amine of the formulé (VIIla)
with a known isocyanate derivative (Q*-Q*o-N=C=0) ([wherein
Q' and 0® have the same meanings as described above] or én

isocyanate prepared from the carboxylic acid of any one of

the following formulas (Iva) - (Ivd):
| Q*-Q*-COOH (IVa)
Q'-N (R?®) - (CHz) m~COOH (IVb)
Q*-0- (CHz) m1~COOH (IVc)
Q*-S~ (CHz) m1—COOH (IVd)

[wherein Q' ,0%®, R?® and ml have the same meanings as de-
scribed above].

When Q* of the compound represented by the formula
(VIIIa) is an amine, the sulfqnyl derivative of.the formula
(I) can be obtained by reacting the compound of the formula
(VIIIa) with a known isocyanate derivative in an inert sol-
vent at -20 to 100°C for 0.5 to 120 hours.

The isocyanate derivative can also be synfhesized from
the carboxylic acid of any one of the formulas (IVa) to

(IVd), described specifically, by converting the carboxylic
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acid of any one of the formulas (IVa) to (IVd) into the
corresponding acid halidé Ey using thionyl chloride or
oxalyl chlpride, reacting the resulting acid halide with
sodium azide in an inert solvent at a temperature range of
from 0 to 60°C and then heating the reaction mixture; by
reacting the carboxylic acid of the formula (IVa) with a
chloroformate such as isobutyl chloroformate to obtain the
corresponding mixed acid anhydride, reacting the resulting
anhydride with sodium azide and then heating; or by intro-
ducing the carboxylic acid of any one of the formulas (IVa)
to (IVd) into the corresponding hydrazide through an ester
in an inert solvent such aé tetrahydrofuran, chloroform or
toluene at -20 to 110°C, reacting the hydrazide with nitric
acid or alkyl ester thereof, thereby introducing into the
corresponding acylazide and then heating the acylazide at
20 to 150°C in a solvent such as chloroform, dichloro-
ethane, toluene, xylene or N,N-dimethylformamide.

The sulfonyl derivati&e of the formula (I) can also be
prepared by reacting the carboxylic acid of any one of the
formulas (IVa) to (IVd) with diphenylphosphoryl azide in
the presence of a base such as triethylamine, in an inert
solvent at a femperature range of 10 to 100°C and then re-
acting the resulting compound with the amine of the formula
(ViIIa).

[Preparation Example-7]
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A process for synthesizing the sulfonyl derivative

represented by the following formula (I):

Ré
0 - .
i R®
o 0% 208 S AR X ()
o _
R2

[wherein R!, R?, R3, R% R® Q' 0% @° T X' and X? have
the same meaninés as described above] by coupling reaction
using a transition metal catalyst.

When the structure of Q' of the sulfonyl derivative
represented by the formula (I) contains a halogen- or tri-
flﬁoromethanesulfonyloxy—substituted aryl group, or a halo-
gen or trifluoromethanesulfonyl-substituted alkenyl group,
coupling reaction with a boric-acid-substituted aryl com-
pound can be effected in the presence of a transition metal
catalyst.

When an alkenyl group is contained in the structure of
Q' of the sulfonyl derivative of the formﬁla (I), coupling
reaction can be effected with a halogen- or trifluo-
romethanesulfonyloxy-substituted aryi group in the presence
of a transition metal catalyst.

When a boric-acid-substituted aryl group.is contained
in the structure of Q' of the sulfonyl derivative of the’
formula (I), coupling reaction can be effected with a halo-
gen- or trifluoromethanesulfonyloxy-substituted aryl com-

pound or a halogen- or trifluoromethanesulfonyloxy-
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substituted alkeﬁyl compound.

o When in the structure of Q' of the sulfonyl derivative
represented by the formula (I), a halogen- or trifluo-
romethanesulfonyloxy-substituted aryl group is contained,
coupling reaction can be effected with an alkenyl compound
in the presence of a transition metal catalyst, whereby the
sulfonyl derivative of the formula (i) can be obtained.
The sulfonyl derivative of the formula (I) so obtained is
subjected to deprotection as needed, whereby the compound
of the formula (Ia) can be obtained.

When in the structure of Q' of the sulfonyl derivative
represented by the formula (I), a halogen- or trifluo-
romethanesulfonyloxy-substituted aryl group or a halogen-
or trifluoromethanesulfonyloxy-substituted alkenyl group is
contained, coupling reaction with a boric-acid-substituted
aryl derivative can be effected using a transition metal
catalyst such as tetrakis(triphenylphosphine)'palladiUm
(0), in a two-phase solvent such as benzene-water or tolu-
ene-water, an amide solvent such as N,N-dimethylformamide

or an ether solvent such as tetrahydrofuran or dimeth-

oxyethane, in the presence of a base such as sodium carbon-.

ate, sodium hydroxide, barium hydroxide, potassium phos-
phate or cesium carbonate at a temperature range of 20 to
150°C for 0.5 to 120 hours.

When in the structure of Q' of the sulfonyl deriva-
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tive represented by the formula (I), a boric-acid-
substituted aryl group is contained, coupling reaction can
be effected with a halogen- or trifluoromethanesulfonyloxy-
substituted aryl compound of a halogen- or trifluo-
romethanesulfonyloxy-substituted alkenyl derivative.

When'in.the structure of Q! of the sulfonyl derivative
represented by thé formula (I), an alkenyl group is con-
tained, coupling reaction can be effected with a halogen-
or trifluoromethanesulfonyloxy-substituted aryl group by
using a transition metal catalyst such as palladium ace-
tate, in the presence of an appropriate base, in an amide
solvent such as N,N-dimethylformamide at a temperature
range of from 20 to 150°C for 0.5 to 120 hours.

When in the structure of Q' of the sulfonyl derivative
represented by the formula (I), a boric-acid-substituted
aryl group is contained, coupling reaction can be effected
with a halagen— or trifluoromethanesulfonyloxy-substituted
aryl derivative or a halogen- or trifluoromethanesulfony-
loxy-substituted alkenyl derivative.

When in the structure of Q' of the sulfonyl derivative
represented by the formula (I), a halogen- or trifluo-
romethanesulfonyloxy-substituted aryl group, coupling reac-
tion can be effected with an alkenyl compound by using a
transition metal catalyst, whereby the sqlfonyl derivative

of the formula (I) can be obtained. From the sulfonyl de-
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rivative of the formula (I) so obtained, the sulfonyl de-

rivative of the formula (I) with a changed substituent can

be obtained by deprotection as needed.

[Preparation Process-8] ' | i
A process for preparing an amidoxime type sulfonamide

product:

When T!-Q® of the sulfonyl derivative represented by

the following formula (I):

()

[wherein R, R?*, R®, R% R%, Q' Q% Q% T X' and X? have
the same meanings as described above] represénts any one of

the following formulas: -

% ' o) - R12 vp /
P ’E§\‘ N
111; ' /

q "R RY 19 <

[wherein R®, R®, R'?, R'® and R have the same meanings as
described above, n stands for an integer of 1 or 2, p
stands for an integer of 1 to 3 and g stands for an integer

of 0 to 3 with the proviso that the sum of p and 1 stands
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for an integer of 3 or 4] and none of amine-, alkylamine—,
amido-, hydroxyl- and carboxylic—acid—containiﬂg substitu-
ents exist on R, Q' or Q?, or R%, R? R'?, R' or R™ of @3,
or a substituent replaceable therewith, the sulfonyl de-
rivative of the formula (I} is reacted with a halogenating
agent such as phosphorus pentachloride or an alkylating
agent such as Meerwein reagent in an inert solvent at -30
to 140°C, preferably, in a halogen solvent such as chloro—
form at 0 to 80°C to obtain the corresponding imino chlo-
ride or imino ether and then the resulting imino chloride_
or imino ether is reacted with hydroxylamine, alkoxyamine
which may have a sﬁbstituent or salt thereof at 0 to 80°C,
preferably at 20 to 60°C, if necessary in the presence of a
base catalyst, whereby the target sulfonyl derivative of
the formula (I) can be obtained.

Examples of the inert solvent include alkyl halide
solvents such as dichloromethane, chloroform and carbon
tetrachloride, ether solvents such as tettahydrofuran, 1,2-
dimethoxyethane and dioxane and aromatic solvents such as
benzene and toluene. Among them, the alkyl halide solvents
are particularly preferred. Examples of the base include
carbonates, alkoxides, hydroxides and hydrides of an alkali
metal or alkaline earth metal, such as sodium carbonate,
potassium carbonate, sodium ethoxide, potassium butoxide,

sodium hydroxide, potassium hydroxide, sodium hydride and
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potassium hydride; organic metal bases typified by an alkyl
lithium such as n—butyi lithium and a dialkylamino lithium
such as lithium diisopropylamide; and organic bases such as
pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyridine,
triethylamine, N-methylﬁorpholine, diisopropylethylamine
and diazabicyclo[5.4.0]undec-7-ene (DBU).
[Preparation Process-9]
N-oxide formation

When in the sulfonyl derivative of the formula (I),
there exists a nitrogen-containing heterocyclic aromatic
ring or aliphatic tertiary amine on R, Q*, 0%, Q®or T or a
substituent replaceable therewith, the sulfonyl derivative
of the formula (I) is reacted with a peroxide such as hy-
drogen peroxide, metachloroperbenzoic acid or tertiary bu-
tyl hydroperoxide at -40 to 60°C for 0.5 to 120 hours pref-
erably -20 to 20°C in water, acetic acid, a ketone solvent
such as acetone, benzene solvent such as benzene; toluene
or xylene, ether solvent such as tetrahydrofuran or dimeth-
oxyethane or an alkyl halide solvent such as dichlo-
romethane, chloroform or carbon tetrachloride, whereby the
sulfonyl derivative of the formula (I) can be obtained as
an N-oxide derivative.
[Preparation Process-10]
Quaternization of a nitrogen atom

When in the sulfonyl derivative of the formula (I),
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. there exists a nitrogen-containing heterocyclic aromatic
group or aliphatic £ertiary amine on R!, 0O, Qz, 0° or T! or
a substituent replaceable therewith, the sulfonyl deriva-
tive of the formula (I) is reacted with an alkyl halide
such as methyl iodide or ethyl iodide in an ether solvent
such as 1,2-dimethoxyethane or dioxane, an aromatic solvent
such as benzene or toluene, an amide solvent such as N,N-
dimethylformamide, N,N-dimethylacetamide or N-
methylpyrrolidin-2-one or a sulfoxide solvent such as di-
methyl sulfoxide or sulfolane at -10 to 150°C, preferably 0
to 80°C, whereby the sﬁifonyl derivative of the formula (I)
can be obtained as a quaternary amine ﬁroduct.
[Preparation Process-11]
Sulfoxide or sulfone formation

When in the sulfonyl derivative.of the formula (I), a
sulfur-containing hetero ring or aliphatic thiocether exists
on R, o', Q% @® or T or a substituent réplaceable there-
with, the sulfonyl derivative of the formula (I) is reacted
with a peroxide such as hydrogen peroxide, metachloroper-

"Ikenzoic acid or tertiary butyl hydroperoxide at -40 to 60°C

for 0.5 to 120 hours, preferably -20 to 20°C in water, ace--

tic acid, a ketone solvent such as acetone, a benzene sol-

vent such as benzene, toluene or xylene, an ether solvent

such as tetrahydrofuran or diﬁethoxyethane or an alkyl hal-

ide solvent such as dichloromethane, chloroform or carbon
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tetrachloride, whereby the sulfonyl derivative (I) can be
obtained in the form of sulfoxide or sulfone. |
[Preparation Process-12]
Amidino formation-1

When in the sulfonyl derivative of the formula (I), a
nitrile group exists on R!, Q!, @%, Q®or T® or a substituent
replaceable therewith, it can be converted into an amidino
group by the ordinarily employed method. The amidino-
containing sulfonyl derivative of the formula (I) can be
obtained, for example, by allowing an equal amount to large
excess of a Cj-4 alcohol such as methanol, ethanol or pro-
panol to act on the sulfonyl derivative of the formula (I)
at -10 to 60°C for 3 to 120 hours in an aliphatic ether
solvent such as diethyl ether, an alkyl halide solvent such
as chloroform or dichloromethane or an aprotic solvent such
as benzene or a mixed solvent thereof in the presence of a
hydrogen halide such as hydrogen chloride or hydrogen bro-
mide, thereby converting it to the corresponding imino
ether; then reacting the resulting imino ether product with
ammonium, a monoalkylamine which may have a substituent or
a dialkylaminé which may have a substituent or a carbonate
or acetate thereof at -10 to 140°C for 0.5 to 200 hours in
a Ci-q4 alcohol such as ethanol or propanol, an aliphatic
ether solvent such as diethyl ether, an alkyl halide sol-

vent such as chloroform, an aprotic solvent such as ben-
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zene, a solvent such as dimethylformamide or dimethylsul-
foxide or a mixed solvent thereof, preferabl? at -8 to 30°C
for 10 to 96 hours in ethanol.
[Preparation Process-13]
Amidino formation-2

When in the sulfonyl derivative of the formﬁla (I), a
primary or secondary amino group exists on R, Q*, Q% Q3% or
T! or a substituent replaceable therewith, it can be con-
verted into a substituted amidino group by the ordinarily
employed process. |

Described specifically, the amidino-containing sul-~-
foﬁyl derivative of the formula (I) can be obtained by re-
acting the sulfonyl derivative of the formula (I) with an
imino ether, imino chloride or salt thereof, which has been
synthesized from an amide compound or nitrile compound, in
an aliphatic ether solvent such as diethyl ether, an alkyl
halide solvent such as chloroform or dichloromethane or an
aprotic solvent such as benzene or a mixed solvent thereof,
if necessary in the présence of a base catalyst, at -10 to
140°C for 0.5 to 200 hours, preferably 0 to 80°C for 10 to
96 hours. Examples of the base include carbonates and hy-
droxides of an alkali metal or alkaline earth metal, such
as sodium carbonate, potassium carbonate, sodium hydroxide
and potassium hydrqfide and organic bases such as pyridine,

2,6-lutidine, collidine, 4-dimethylaminopyridine, trieth-
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ylamiﬂe, N-methylmorpholine, diisopropylethylamine and di-
azabicyclo[5.4.0}Jundec-7-ene (DBU). |
[Preparation Process-14]

N-nitrile formation-

When in the sulfonyl derivative of the formula (I), a
primary or secéndary amine group exists on R, @', 0% Q% or
T! or a substituent replaceable therewith, it can be cya-
nated by the ordinarily employed process.

Described specifically, the sulfonyl derivative of the
formula (I) is reacted with cyanogen bromide in an alcohol
solvent such as methanol, ethanol or propanol in the pres-
ence of a salt such as sodium acetate or a base at -10 to
110°C, preferably 0 to 60°C, whereby the sulfonyl deriva-
tive (I) having a nitrile group on its nitrogen atom can be
obtained. Examples of the baseuinclude carbonates and hy-
droxides of an alkali metal or alkaline earth metal, such
as sodium carbonate, potassium carbonate, sodium hydroxide
and potassium hydroxide; and organic bases such as pyri-
dine, 2,6-lutidine, collidine, 4-dimethylaminopyridine,
triethylamine, N—methylmorﬁholine, diisopropylethylamine
and diazabicyclo[5.4.0)Jundec~-7-ene (DBU). |
[Prepération Process-15]

Amidoxime or carboxamido-O-alkyloxime introduction
When in the sulfonyl derivative of the formula (I), a

nitrile group exists on R, @', Q2?, Q° or T!' or a substitu-
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ent replaceable therewith, it can be converted into an ami-
doxime or carboxamido-O-alkyloxime gfou? by the ordinarily
employed process.

Described specifiéally, the sulfonyl derivative of the
formula (I) is reacted with hydroxylamine or an alkoxyamine
which may have a subsfituent or salt thereof in an alcohol
solvent such as methanol, ethanol or propanol, an ether
solvent such as diethyl ether or tetrahydrofuran, a halo-
genated hydrocarbon such as chloroform or dichloromethane,
an aprotic solvent such as toluene, an amide solvent such
as N,N-dimethylformamide or a solvent such as dimethylsul-
foxide or a mixed solvent thereof at -10 to 110°C, prefera-
bly 0 to 60°C, .if necessary in the presence of a base cata-
lyst, whereby the sulfonyl derivative of the formula (I)
having an amidoxime or carboxamido-O-alkyloxime group can
be obtained. Examples of the base include.carbonates and
hydroxides of an alkali metal or alkaline earth metal, such
as sodium carbonate, potassium carbonate, sodium hydroxide
and potassium hydroxide; and organic bases such as pyri-
Aine, 2,6-1lutidine, collidine, 4-dimethylaminopyridine,
triethylamine, N-methylmorpholine, diisopropylethylamine
and diazabicyclo{5.4.0]Jundec-7-ene (DBU).

[Preparation Process-16]
Guanidino introduction

When in the sulfonyl derivative of the formula (I), a
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primary or secondary amino group exists on RY, Q%, 0%, Q°® or
T* or a substituent replaceable therewith, it can be con-
verted into a substituted or unsubstituted guanidino group
by the ordinarily employed process.

Described specifically, the sulfonyl derivative of the
formula (I) having a primary or secondary amino group is
reacted with N,N’-di(tert-butoxy)carbonylthiourea by using
as a condensing agent N,N’-dicyclohexylcarbodiimide in an
aliphatic ether solvent such as diethyl ether, a halogen-
ated hydrocarbon such as chloroform or dichloromethane or
'an'aprotic solvent such as benzene, or a mixed solvent
thereof at -10 to 140°C for 0.5 to 200 hours, preferably O
to 80°C for 10 to 96 hours, if necéssary in the presence of
a base catalyst, and then, as usual, the tertiary butoxy-
carbonyl group is remoﬁed, whereby the sulfonyl derivative
of the formula (I) as a guanidino compound can be synthe-
sized. Exaﬁples of the base include carbonates and hydrox-
ides of an alkali metal or alkaline earth metal, such as
sodium carbonate, potassium carbonate, sodium hydroxide and
potassium hydroxide; and organic bases such as pyridine,
2,6~-lutidine, collidine, 4-dimethylaminopyridine, trieth-
ylamine, N-methylmorpholine, diisopropylethylamine and di-
azabicyclo(5.4.0]Jundec-7-ene (DBU).

[Preparation Process-17]

Deprotection from the protected nitrogen atom



- 133 -

When in the sulfonyl derivative of the formula (I), an
acylamino or alkoxycarbonylamino gréup exists on R}, Q!, Q%
Q* or T or a substituent replaceable therewith, the de-
rivative can be hydrolyzed at 0 to 80°C in a solvent such
as water, a lower alcohol or tetrahydrofuran or a mixed
solvent thereof in the presence of a base such as an alkali
metal hydroxide e.g. lithium hydroxide, sodium hydroxide or
potassium hydroxide, whereby an amino-containing derivative
can be obtained. The nitrogen atom to which an acyl type
protecting group such as tertiary butoxycarbonyl or
pafamethoxybenzyloxycarbonyl has been bonded can be con-
verted iﬁto.a nitrogen-hydrogen bond by using an appropri-
ate acid such‘'as acetic acid, hydrochloric aqid, hYdrobro-
mic acid, sulfuric acid, phosphoric acid, trifluorocacetic
acid or trifluoromethanesulfonic acid or combination
thereof and removing the acyl type protecting group from
the nitrogen atom at 0 to 80°C in an alkyl halide solvent
such as dichloromethane, chloroform or carbon tetrachlo-
ride, an ether solvent such as tetrahydrofuran, 1,2-
dimethoxyethane or dioxane or an aromatic solvent such as
benzene or toluene.

The nitrogen atom to which an arylmethoxycarbonyl

group such as benzyloxycarbonyl, paramethoxybenzyloxycar-

bonyl or para(ortho)-~-nitrobenzyloxycarbonyl has been_bonded'

can be converted into a nitrogen-hydrogen bond by removing
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the arylmethoxycarbonyl group from the protected nitrogen
through hydrogenolysis in the presence of a paliadium—
carbon catalyst in a solvent such as ethanoi, tetréhydrofu—
ran, acetic acid or N,N-dimethylformamide. The nitrogen
atom to which a silyl type protecting group such as tri-
methylsilyl or tertiary butyl dimethylsilyl has been bondeq
can be converted into a nitrogen-hydrogen bond by reacting
with hydrochloric acid or a hydrofluoride such as tetrabu-
tylammonium fluoride at 0 to 80°C in an alkyl halide sol-
vent such as dichloromethane, chloroform or carbon tetra-
chloride, an ether solvent such as tetrahydrofuran, 1,2-
dimethoxyethane or‘dioxane or an aromatic solvent such as
benzene or toluene, thereby removing the silyl group from
the protected nitrogen atom. The nitrogen atom to which a
benzyl group has been bonded can be converted into a nitro-
gen-hydrogen bond by removing the benzyl group through the
catalytic reduction with a palladium—éarbon catalyst or the
like at 0 to 80°C in a solvent such as ethanol,_tetrahydro—
furan or acetic acid or through the Birch’s reduction with
a metal sodium in a liquid ammonia. The nitrogen atom to
which a triphenyl group has been bonded can be converted
into a nitrogen—hydrogen bond by removing thé triphenyl
group through the catalytic reduction with a palladium-
carbon catalyst or the like at 0 to 80°C in a solvent such

as ethanol, tetrahydrofuran or acetic acid or through the
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Birch’s reduction with a metal sodium in a liquid ammonia.
The removal of the triphenylmethyl groub énd conversion in-
to a nitrogen-hydrogen bond.can be carried out by using an
appropriate acid, such as acetic acid, hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, trifluo-
roacetic acid or trifluoromethanesulfonic acid or a combi-
nation thereof at 0 to 80°C.
[Preparation Précess—lB]
Ester hydrolysis

When in the sulfonyl derivative of the formula (I), an
alkoxycarbonyl group exists on R, @, 0% Q° or T' or a
substituent replaceable therewith, the alkoxycarbonyl group
protected in the methyl or ethyl ester form can be con-
verted into the corresponding carboxylic acid by the hy-
drolysis with ah abpropriate base, for example, an alkali
metal hydroxide such as lithium hydroxide, sodium hydroxide
or potassium hydroxide. In the case of the protection in
the form of a ﬁertiary butyl ester, the tertiary butyl
group can be removed by treéting with trifluorocacetic acid
or hydrochloric acid, while in the case of the protection
in the form of an arylmethyl type ester such as benzyl, the.
carboxylic acid can be obtained by removing the arylmethyl
group by hydrogenélysis in the presence of a palladium-~
carbon catalyst.

[Preparation Process-19]
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When in the sulfonyl derivative of the formula (I), an
acyloxy, arylmethyloxy, silylether, methoxymethyl ér tetra-
hydropyranyl group exists on RY, Q', 0%, Q® or T' or a sub-
stituent replaceable therewith, the acyl group such as al-
kanoyl or aroyl can be removed by the hydrolysis with an
appropriate base, for example, an alkali metal hydroxide
such as lithium hydroxide, sodium hydroxide or potassium
hydroxide. The arylmethyl type protecting group can be re-
moved by the hydrogenolysis with a palladium-carbon cata-
lyst. The silylether group such as tertiary butyl dimeth-
ylsilyl can be removed by a salt of hydrofiuoride such as
tetrabutylammonium fluoride. The methoxymethyl or tetrahy-
dropyranyl group can be ;emoved by acetic‘acid or hydro-
chloric acid. )

[Preparation Process-20]

When in the'sulfonyl derivative of the formula (I), an
amino group exists on RY, Q, 0%, Q% or T® or a substituent
replaceable therewith, it can be acylated by the ordinarily
employed process which uses an acyl halide or carboxylic
acid in an activated form. Alternatively, it can be alkyl-
ated by reductive alkylation or the like method. The sul-
fonyl derivative of the formula (I) which is an ureé de-
rivative can be prepared by sulfonylation through sulfonic
acid chloride or by reacting with an isocyanate or an iso-

cyanate derived from a carboxylic acid.
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[Preparation Process-21]

When iﬁ the sulfonyl derivative of the formﬁla (I), an
carboxyl group exists on R*, @', Q% @ or T' or a substitu-
ent replaceable therewith, it can be converted into a car-
bamoyl, alkylcarbamoyl or dialkylcarbamoyl group by the or-
dinarily employed active ester method or mixed acid anhy-
dride method and then converted into a hydroxyl or aldehyde
group by reduction. The resulting hydroxyl or aldehyde |
group can be subjected to conversion of a functional group,
such as ether bond formation, conversion into an amino
group or converéion into an alkylamino group by the process
ordinarily employed in organic chemistry. The carboxyl
group, after conversion into its ester or mixed acid anhy-
dride-directly or by the usual process, is reduced, whereby
the corresponding alcochol can be obtained.

[Preparation-22]
Formation of phenol

When in the sulfonyl derivative of the formula (I), an
aryl-substituted methoxy group exists on R, Q', Q?, Q% or
T or a substituent replaceable therewith, it can be con-
verted into a hydroxyl group by removing the methyl group
using trimethylsi;yl iodide in an alkyl halide solvent such
as dichloromethane, chloroform or carbon tetrachloride or a
benzene solvent such as toluene, a Lewis acid such as.alu-

minum chloride or phosphorus tribromide, an alkyl halide
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solvent or an ether solvent at -78 to 110°C.

The sulfonyl derivative of the formula (I) according
to the present invention, salt thereof or solvate thereof
has peculiar and excellent’ FXa inhibitory activity and is
therefore useful as a coagulation suppressor or a preven-
tive and/or remedy for thrombosis or embolism.

The sulfonyl derivative of the prgsent'invention ex-
hibits effects even by the oral administration so that it
can be administered either orally or parenterally. The
dose of the sulfonyl derivative may be changed as needed
depending on the symptom, age, weight and/or the like of a
patient. .It is necessary to administer the derivative in
an amoﬁnt of 1 to 1000 mg/day; preferably 5 to 300 mg/day
per adult. Although no particular limitation is imposed on
the dosage form, examples inciude tablets, capsules, pow-
ders, granules, suspensions, syrups and dry syrups. The
derivative together with ordinarily employed additives such
as excipient, lubricant or binder can be formulated into
the above-described dosage forms in accordance with the
known formulation technique.

No particular limitation is imposed on the dosage form.
in the case of parenteral administration but examples in-
clude ointments, plasters, injections and suppositories.

As an injection, the derivative may be administered subcu-

taneously or intravenously or by intravenous drip in an
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amount of 0.1 to 100 mg/day, preferably 0.5 to 30 mg/day
per adult.

The present invention will hereinafter be described
more specifically by Referential Examples, Examples and
Tests, but it should however be borne in mind that the pre-

sent invention is not limited to or by them.

. Examples

A detailed description will next be made of the sul-
fonyl derivative of the present invention and preparing
process therefor. Some of the raw material compounds used
for preparing the sulfonyl derivative of the present inven-
tion are novel compounds. These compounds and preparation
process therefor will be described in Referential Examples.

Upon preparation of the compound, Merck Silic; Gel 60
or Yamazen Silica Gel for moderate pressure liquid chroma-
tography were employed for silica gel column chromatogra-
phy.

In the nuclear magnetic resonance spectrum (NMR) , tet-
ramethylsilane was used an internal standard.
[Referential Example 1] 1-[(6-Chloronaphthalen-2-
yl)sulfonyl]lpiperazine hydrochloride and trifluorocacetate

In dichloromethane (20 ml), tert-butyl l-piperazine

carboxylate (856 mg) was dissolved. To the resulting solu-~

tion, triethylamine (0.77 ml) and 6-chloro-2-
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naphthylsulfonylchloride (1.20 g) were added, followed by
stirring at room temperature for 5 hours. The reaction
mixture was concentrated under reduced pressure. Ethyl
acefate was added to the residue and the resulting mixture
was washed with 1N hydrochlorié acid. The organic iayer
extracted was dried over anhydrous sodium sulfate. The
solvent was then distilled off under reduced pressure. The
residue was dissolved in saturated ethanol hydrochloride
(10 ml), followed by concentration under reduced pressure
and wéshing with ethyl acetate, whereby the hydrochloride
{(1.62 g, guant.) of the title compound was obtained as a

colorless solid.
1H-NMR (DMSO—ds) 6: 3.1-3.4(8H,m), 7.75(1lH,dd,J=8.8,2.0Hz),
7.86(1H,dd,J=8.8,1.5Hz), 8.22(1H,d,J=8.8Hz), 8;26—
8.32(2H,m), 8.56(1H,s), 8.63(2H,br s).
MS (FAB) m/z: 311 [(M+H)*, C1%], 313 [(M+H)*, C1%7].
Elementary analysis for Ci4H1sC1lN202S-HCI- 0.. 1H,0
Calculated: C, 48.17; H, 4.68, Cl, 20.31;
N, 8.03; S, 9.10.
Found: C, 47.91; H, 4.68; Cl, 20.41;
N, 7.80; S, 9.21.
Instead of the saturated ethanol hydrochloride, treat-
ment was carried out using trifluorocacetic acid, whereby
the trifluoroacetate was obtained.

Elementary analysis for Cji4Hi5C1N202S-CF3CO2H
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Calculated: C, 45.24; H, 3.80, Cl, 8.35;
F, 13.42; N, 6.59; S, 7.55.
Found: C, 44.84; H, 3.80; Cl, 8.27;
F, 13.72; N, 6.29; s, 7.50.

[Referential Example 2] 4—(4—Pfidyl)benzoic acid hydrochlo-
ride

At room temperature, 4-bromopyridine hydrochloride
(11.7 g) and 4-carboxybenzeneboronic acid (10.0 g) were
dissolved in toluene (250 ml) and water (250 ml). To the
resulting solution, tetrakis(triphenylphosphine)palladium
(oy (5.00 g) and anhydrous sodium carbonate (25.4 g) were
added successively, followed by refluxing under heat at
120°C for 19 hours. After allowed to cool down, the reac-
tion mixture waé added with ethyl acetate and water, where-
by the water layer was separated. The organic layer was
extracted twice with water. All the water layers so
obtained were combined and to the resulting solution, con-
centrated hydrochloric acid was added to make it acidic,
followed by washing with ethyl acetate again. The solvent
was distilled off from the water layer until it decreased
to 100 ml. The colorless solid so precipitated was col-
lected by filtration and dried under reduced pressure,

whereby the title compound (8.37 g, 59%) was obtained.
'H-NMR (DMSO-d¢) &: 8.11 (2H,d,J=8.8Hz),

8.14(2H,d, J=8.8Hz), 8.35(2H,d,J=6.6Hz), 8.97(2H,d,J=6.6Hz).
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Elementary analysis for CjioHgNOz+HC1l-0.3H20

Calculated: C, 59.79; H, 4.43, N, 5.81;

Found: C, 59.87; H, 4.35; N, 5.53.
MS (FAB) m/z: 200 (M+H)".
[Referential Example 3] 1—tert;Butoxycarbonyl-4—[4—(4—
pyridyl)benzoyl]lpiperazine

In N,N-dimethylformamide (40 ml), 4-(4-pyridyl)benzoic
acid hydrochloride (654 mg) and tert-butyl 1-
piperazinecarboxylate (569 mg) were suspended. To the re-
sulting suspension, l-hydroxybenzotriazole (374 mg) and N--
meﬁhylmorpholine (336 pl) were added. The resulting mix-
ture was ice cooled, followed by the addition of 1-(3-
dimethylaminopropyl-3-ethylcarbodiimide hydrochloride (796
mg). After stirring at room temperature for 7 hours, the
solvent was distilled off. The residue was purified by
chromatography on a silica gel column (2% methanol - di-
chloromethane), followed by washing with hexane, whereby
the title compound (905 mg, 89%) was obtained.
*H-NMR (CDCl13)8: 1.48(9H,s), 3.40-3.91(8H,m),

~ 7.51(2H,d,J=5.9Hz), 7.53(2H,d,J=8.1Hz), 7.69(2H,d, J=8.1Hz),

" 8.69(2H,d, J=5.9Hz) .

Elementary analysis for Cz1HasN3O3
Calculated: C, 68.64; H, 6.86, N, 11.44.
Found: C, 68.48; H, 6.84; N, 11.17.

[Referential Example 4] 1-{4-(4-Pyridyl)benzoyl]lpiperazine
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ditrifluoroacetate

In dichloromethane (30 ml), 1—tert-bu£oxycarbonyl—4—
[4-(4-pyridyl)benzoyl]lpiperazine (944 mg) was dissolved.
Under ice cooling, trifluorocacetic acid (30 ml) was added
to the resulting solution, foliowed by stirring at room
temperature for one hour. Thé solvent was distilled off.
Tetrahydrofuran was added to the residue to solidify the
same, whereby the title compound (1.28 g, 100%) was ob- |
tained as a colorless amorphous solid.
'H-NMR (DMSO-dg) 8: 3.1~3.3(4H,br s), 3.5-4.0(4H,m),
7.é5(2H,d,J=7.8Hz), 7.95-8.05(4H,m), 8.79(2H,d, J=5.4Hz),
8.95-9.10(1H,br s)
[Referential Example 5] 4-tert-Butoxycarbonyl-2-
ethoxycarbonyl—l-[4—(4—pyridyl)benzoyl]piperazine

In toluene (150 ﬁl), 1,2-dibromopropionic acid (58.0
g) was dissolved. To the resulting solution, a solution of
N,N’-dibenzylethylenediamine (53.5 g) and'triéthylamine (53
ml) in toluene (toluene: 50 ml) was added dropwise under
ice cooling. Toluene (100 ml) was added again to the reac-
tion mixture, followed by stirring at room temperature for
14 hours, addition of toluene (100 ml) again and stirring
at 60 to 80°C for 4 hours. The insoluble matter was fil-
tered off. The filtrate was washed with water and dried
over anhydrous potassium carbonate. The solvent was then

distilled off under reduced pressure. The residue was dis-
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solved in acetic acid (200 ml). To the resulting solution,
10% palladium carbon (water content: about 50%; 40 g) was
added, followed by catalytic reduction under 4 atmospheric
pressure for 4 hours. The catalyst was filtered off and
the filtrate waé distilled off.under reduced pressure. To
the residue, dichloromethane and a saturated aqueous solu-
tion of potassium carbonate were added to separate the or-
ganic layer, followed by drying ovef anhydrous potassium
carbonate. The solvent was distilled off under reduced
pressure. ' The residue was dissolved in dichloromethane
(350 ml), followed by the addition of 2-(tert-
butoxycarbonyloxyimino)-2-phenylacetonitrile (46.5 g) under
ice cooling. The reaction mixture was heated gradually to
room temperature, at which stirring was conducted for 14
hours. The solvent was distilled off under reduced pres-
sure. The residue was purifiea by chromatography on a sil-
ica gel column (dichloromethane ~ 2% methanol - dichlo-
romethane), whereby l-tert-butoxycarbonyl-3-
ethoxycarbonylpiperazine (5.82 g, 10%) was obtained.

In a similar manner to Referential Example 3 except
for the use of the resulting product and 4-(4-
pyridyl)benzoic acid hydrochloride as the raw materials in-
stead, the reaction was conducted, whereby the.title com—

pound was obtained.

1H-NMR (CDCl3)8: 1.2-1.4(3H,m), 1.46(9H,s), 2.7-5.4(7H,m),
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7.51(2H,d,J=5.2Hz), 7.59(2H,d,J=7.6Hz), 7.69(2H,d,J=7.6Hz),
8.69 (2H,d, J=5.2Hz) . | |
MS (FAB) m/z: 440 (M+H)'.
[Referential Example 6] 6-(4-Pyridyl)nicotinic acid hydro-
chloride |

In tetrahydrofuran (20 ml), 6-chloronicotinic acid
(535 mg) and diethyl (4-pyridyl)borane (500 mg) were dis-
solved. To the resulting solution,'tetrabutylammonium bro-
mide (546 mg), potassium hydrochloride (570 mg),
tetrakis(triphenylphosphine) palladium (0) (392 mg) and wa- .
ter (0.5 ml) were added, followed by heating under reflux
for 6 hours. Dilute hydrochloric acid was added to the re-
action mixture to make it acidic. Water and ethyl acetate
were poured into the resulting mixture for extraction. The
water layer so extracted was distilled off under reduced
pressure. The residue was purified by chromatography
through a synthetic adsorbent (“Diaion HP-207, water ~ 50%
acetonitrile - water). To the resulting fraction, dilute
hydrochloric acid was added to make it acidic. .The solvent
was then distilled off. Tetrahydrofuran was added to.the
residue and the precipitate was collected by filtration,
whereby the title compound (269 mg, 32%) was obtained.
'H-NMR (DMSO-dg) &: 8.45-8.55(2H,m), 8.65(2H,d,J=6.8Hz),
9.03(2H,d,J=6.8Hz), 9.27(1H,s).

MS (FAB) m/z: 201 (M+H)*
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[Referential Example 7] Methyl 4-(3-pyridyl)benzoate

In tetrahydrofuran (100 ml), methyl 4—bromobénioate
(5.04 g) and diethyl-3-pyridylborane (2.30 g) were dis-
solved, followed by the addition of tetrabutylammonium bro-
mide (2.51 qg), potassium hydroxide (2.63 g),
tetrakis(triphenylphosphine)palladium (0) (1.8 g) and water
(1 ml) under an argon atmosphere. The resulting mixture
was heated under reflux for 2 hours. After ice cooling, an
aqueous ammonium chloride solutibn and ethyl acetate were
added to the reaction mixture. The organic layer so sepa-
rated was dried over anhydrous magnesium sulfate. The
residue obtained by distilling off the solvent was purified
by chromatography on a silica gel column (hexane: ethyl
acetate = 1:1). The solvent was then distilled off. To
the residue, methanol and ethanolic 1N hydrochloric acid
were added. The solvent was distilled off again. Tetrahy-
drofuran was édded to the residue and the solid so precipi-
tated was collected by filtration. After drying, the title
compound (1.76 g, 45%) was obtained as a colorless solid.
'H-NMR (DMSO-dg) &: 3.91(3H,s), 8.0-8.1(3H,m), 8.1-
8.15(2H,m), 8.75-8.85(1H,m), 8.85-8.95(1H,m), 9.25-
9.3(1H,m).
[Referential Example 8] 4-(3-Pyridyl)benzoic acid hydro-
chloride

At room temperature, methyl 4-(3-pyridyl)benzoate
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(1.76 g) was dissolved in a mixed solvent of lN_hyarochlo—
ric acid (50 ml) and dioxane (50 ml), foiléwed by heating
under reflux for 4 hours. The solvent was then distilled
off under reduced pressure. Tetrahydrofuran was added to
the residue, followed by washing, whereby the title com-
pound (1.55 g, 93%) was obtained as a colorless solid.
'H-NMR (DMSO-d¢) 8: 7.95-8.0(3H,m), 8.10(2H,d,J=8.3Hz),
8.65-8.75(1H,m), 8.8-8.9(1H,m), 9.22(1H,d,J=2.0Hz)
[Referential Example 9] Methyl 4-(2-aminopyridin-5-
yl)benzoate. |

In a similar manner to Example 2 eXcept for the use of
S5-bromo-2-aminopyridine and 4-carboxyphenyboronic acid as
the raw materials instead, the reaction was conducted,
whereby 4-(2-aminopyridin-5-yl)benzoic acid was obtained.

The resulting 4;(2—aminopyridin—5—yl)benzoic acid (684
mg) was dissolved in methanol (50 ml) at room temperature,
followed by the addition of concentrated sulfuric acid (1
ml). After heating under reflux for 2 hours, the reaction
mixture was made weakly alkaline with an agqueous solution
of sodium bicarbonate. Water and ethyl acetate were added
to the resulting mixture to separate the organic layer.
‘The organic layer was then dried over anhydrous magnesium
sulfate. The solvent was distilled off. Hexane was added
lto the residue for crystallization, whereby the title com-

pound (243 mg, 23%) was obtained.
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'H-NMR (CDCl3) &: 3.94(3H,s), 4.57(2H,br s),
6.60(1H,d,J=8.8Hz), 7.58(2H,d,J=8.8Hz),
7.72(1H,dd,J=8.8,2.4Hz), 8.09(2H,d,J=8.8Hz),
8.38(1H,d, J=2.4Hz) .
MS (FAB) m/z: 229 (M+H)'.
Elementary analysis for Ci3HisN20.

Calculated: C, 68.41; H, 5.30, N, 12.27.

Found: C, ©68.78; H, 5.45; N, 12.009.
[Referential Example 10] Methyl 4-[2-(tert-
Butoxycarbonylamino) pyridin-5-yl]benzoate

At room temperature, methyl 4-(2-aminopyridin-5-
yl)benzoate (200 mg) was suspended in tert-butanoi (20 ml).
To the fesulting suspensioﬁ, di—tert—bufyl dicarbonate (286
mg) was added and the resulting ﬁixture was stirred for 24 .
hours. After the solvent waé distilled off, the residue
was purified by chromatography on a silica gel column (1%
methanol - dichloromethane), whereby the.title compound
(155 mg, 54%) was obtained as a colorless solid.
*H-NMR (CDCls) &: 1.55(9H,s), 3.95(3H,s),
7.63(2H,d,J=8.3Hz), 7.92(1H,dd,J=8.8,2.4Hz),
8.07(1H,d,J=8.8Hz), 8.09(1H,br s), 8.12(2H,d,J=8.3Hz),
8.55(1H,d, J=2.4Hz).
MS (FAB) m/z: 329 (M+H)*.

Elementary analysis for C;gHoN204



- 149 -

Calculated: C, 65.84; H, 6.14, N, 8.53;

Found: C, 65.67; H, 6.02; N, 5.40.
[Referential Example 11} 4-[2-(tert-
Butoxycarbonylamino)pyridin-5-yl]lbenzoic acid

At room temperature, methyl 4—[2—(tert—
butoxycarbonylamino)pyridin-5-yl]lbenzoate (250 mg) was sus-
pended in a.mixed solvent of tetrahydrofuran (10 ml) and
methanol (10 ml), followed by the addition of 'a 1N aqueous
sodium hydroxide solution (8 ml). The resulting mixture
was stirred for 5 hours. The reaction mixture was made
wedkly acidic with an aqueous citric acid solution, fol-
lowed by the addition of saturated saline and n-butanol to
separate the organic layer. The organic layer was then
dried over anhydrous magnesium sulfate. The solvent was
distilled off, whereby the title compound (120 mg, 49%) was
obtained as a crude purified product.
1H-NMR (DMSO-dg) &: 1.49(9H,s), 7.83(2H,d,'J=8.3Hz),
7.91(1H,d,J=8.8Hz), 8.02(2H,d,J=8.3Hz),
8.13(1H,dd,J=8.8,2.4Hz), 8.65(1H,d,J=2.4Hz}, 5.95(1H,s),
12.99(1H,br s).
[Referential Example 12] 1—[4—[2—(tert—
Butoxycarbonylamino)pyridin-5-yllbenzoyl]-4-[(6-
chloronaphthalen-2-yl)sulfonyllpiperazine

In a mixed solvent_of dichlorémethane (20 ml) and N,N-

dimethylformamide (1 ml), 4-[2-(tert-
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butoxycarbonyl)amino]pyridin-5-yl]lbenzoic acid (74 mg) and
1-{(6-chloronaphthalen-2-yl)sulfonyl]lpiperazine trifiuoro—
acetate (110 mg) were suspended. To the fesulting suspen-—
sion, l-hydroxybenzotriazole (35 mg) and. N-methylmorpholine
(34 pl) were added, followed by the addition of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (68
mg) under ice cooling. After stirring at room temperature
for 6 hours, the solvent was distilled off. The residue
was purified by chromatogr#phy on a silica gel column (1%
methanol -~ dichloromethane). The solvent was then dis-~
tilled fo, whereby the title compound (128 mg, 90%) was
obtained.
'H-NMR (CDCls) &: 1.54(9H,s), 3,;00-3,30(4H,m), 3.50-
4.10(4H,m), 7.39(2H,d,J=7.8Hz), 7.54(2H,d,J=7.8Hz),
7,60(1H,dd, J=8,8,2.0Hz), 7.71(1H,dd,J=8.8,1.5Hz),
'7.84(1H,dd,J=8.8,2.4Hz), 7.88(1H,br s), 7.9-8.0(3H,m),
8.03(1H,d,J=8.8Hz), 8.31(1H,s), 8.46(1H,d,J=2.4Hz).
[Referential Example 13] 4;(4—Aminophenyl)benzoic acid hy-
drochloride |
In a similar manner to Referential Example 2 except
for the use of 4-bromoaniline and 4-carboxyphenylboronic
acid as raw materials, the reaction was conducted, whereby

the title compound was obtained.
'H-NMR (DMSO-dg) &: 7.31(2H,d,J=7.3Hz), 7.75-7.85(4H,m),

8.09(2H,d,J=8.3Hz).
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MS (FAB) m/z: 213 (M%).
Elementary analysis for C;3H;iNO2-HC1

Calculated: C, 62.53; H; 4.84, N, 5.61;

Cl, 14.20.
Found: C, 62.33; H, 4.83; N, 5.50;
Cl, 14.14.

[Referential Example 14] Methyl 4—[4—(terte
butoxfcarbonylamino)phenyl]benzoate

In a similar manner to Referentiél Examples 9 and 10
except for the use of 4-(4-aminophenyl)benzoic acid hydro-
chloride as the raw materiai, the reaction was conducted,
whereby the title compound was obtained.
H-NMR (CDCls) &: 1.54(9H,s), 3,94(3H,s), 6.56(1H,br s),
7.46(2H,d,J=8.8Hz), 7.57(2H,d,J=8.8Hz), 7.63(2H,d,J=8.3Hz),
8.08 (2H,d, J=8.3Hz) . |
MS (FAB)m/z: 328 (M+H)*.
Elementary. analysis for C;gH2i1NO,

Calculated: C, 69.71; H, 6.47, N, 4.28.

Found: C, 69.49; H, 6.44; N, 4.42.
[Referential Example 15] 4-[4-(tert-
Butoxycarbonylamino) phenyl]benzoic acid

In a similar manner to Referential Example 11 except
for the use of methyl 4-[4-(tert-
- butoxycarbonylamino)phenylbenzoate (501 mg), the reaction

was conducted, whereby the title compound (426 mg, 89%) was
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obtained.
IH;NMR (CDCls) &: 1.54(9H,s), 6.57(1H,br s),
7.47(2H,d,J=8.3Hz), 7.59(2H,d,J=8.3Hz), 7.66(2H,d,J=8.3Hz),
8.13(2H,d; J=8.3Hz) . |
MS (FAB) m/z: 314 (M+H)".
Eiementary analysis for CldthO4

Calculated: C, 68.99; H, 6.11, N, 4.47.

Found: C, 68.91; H, 6.27; N, 4.24.
[Referential Example 16] 1-{4-[4-(tert-
Butoxycarbonylamino)phenyllbenzoyl]-4-[(6-chloronaphthalen-
Z-Ql)sulfonyl]piperazine |

In a similar manner to Referential Example 12 except
for the use of 4-[4-(tert-butoxycarbonylamino)phenylbenzoic
acid (150 mg) and 1-{[(6-chloronaphthalen-2-
yl)sulfonyl]lpiperazine trifluoroacetate (203 ﬁg) as the raw
materials, the reaction was conducted, whereby the title
- compound (303 mg, 100%) was 6btained.
14-NMR (CDCls) 8: 1.53(9H,s), 2.90-3.30(4H,m), 3.50-
4.10(4H,m), 6.56(1H,s), 7.35(2H,d,J=8.3Hz),
7.44(2H,d,J=8.3Hz), 7.49(2H,d,J=8.3Hz), 7.54(2H,d,J=8.3Hz),
7.59(1H,dd,J=8.8,2.0Hz), 7.76(1H,dd,J=8.8,2.0Hz),
7.90-7.95(3H,m), 8.30(1H,br s).
[Referential Example 17] Methyl 4-acetylbenzoate

In a mixed solvent of tetrahydrofuran (100 ml) and

methanol (7 ml), methyl 4-acetylbenzoate (3.28 g) was dis-



- 153 -

solved at room temperature, followed by the addition of

trimethylsilyldiazomethane (a 2.0M hexane solution, 12 mi)‘
in portions under ice cooling. After heating to room tem-
perature and stirring for 30 minutes, the solvent was dis-

tilled off. To the residue, an aqueous solution of sodium

bicarbonate and ether were added. The organic layer so
separated was dried over anhydrous magnesium sulfate. Af-
ter the solvent was distilled off, the residue was crystal-
lized from hexane, whereby the title compound (2.90 g, 82%)
was obtained.
'H-NMR (CDCls) &: 2.65(3H,s), 3.96(3H,s),
8.01(2H,d,J=8.3Hz), 8.13(2H,d,J=8.3Hz).
MS (EI) m/z: 178M'.
Elemeﬁtary analysis for CioH1003

Calculated: C, 67.41; H, 5.66.

Found: C, 67.28; H, 5.53.
[Referential Example 18] Methyl 4-bromoa¢etylbenzoate

At 15°C, methyl 4-acetylbenzoate (2.23 g) was dis-
solved in a hydrobromic acid acetic acid solution (30%, 1Q
ml). Bromine was gradually added dropwise to the reaction
mixture to maintain its temperature at 15°C. After stir-
ring for 10 minutes, the reaction mixture was cooled to
4°C. A mixed solvent of hethanol {50 ml) and water (50 ml)
was added to the reaction mixture for crystallization, fol-

lowed by washing with hexane. By the collection through
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filtration, the title compound (2.29 g, 71%) was obtained
as a colorless solid.
'H-NMR (CDCls) &: 3.96(3H,s), 4,47(2H,s),
8.05(2H,d, J=8.8Hz), 8.16(2H,d,J=8.8Hz).
MS (FAB) m/z: 257 [(M+H)+,'”Brj, 259 [(M+H)*, ®Br].
Elementary analysis for C,oH¢BrOs

Calculated: C, 46.72; H, 3.53.

Found: C, 46.36; H, 3.63.
[Referential Example 19] Methyl 4-(2-aminothiazol-4-
yl)benzoate |

At room temperature, methyl 4-bromoacetylbenzoate
(1.00 g) and thiourea (296 mg) were dissolved in isopropa-
nol (100 ml), followed by heating under réflux for 15 min-
utes. Under stirring at the same temperature, anhydrous
sodium carbonate (206 mg) wés added to the reactioﬁ mix-
ture. The resulting mixture was heated under reflux for 20
minutes. After completion of the reaction, water (50 ml)
was added under ice cooling and the solid so precipitated
was collected by fiitration. The solid was dissolved in
water and dichloromethane. The organic layer so separated
was dried over anhydrous sodium sulfate. The solvent was
then distilled off. The pale yellow solid so precipitated
was washed with ether, whereby the title compound (634 mg,

70%) was obtained.

14-NMR (CDCls) &: 3.93(3H,s), 4.96(2H,br s), 6.88(1H,s),
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7.85(2H,d,J=8.8Hz), 8.05(2H,d,J=8.8Hz).
MS (FAB) m)z: 235 (M+H)*.
[Referential Example 20] 4-(2-Aminothiazol-4-yl)benzoic
acid

At room temperature, methyl 4- (2-aminothiazol-4-
yl)benzoate (300 mg) was suépended in a mixed solvent of
tetrahydrofuran (5 ml) and methanol (5 ml), followed by the
addition of a 1N aqueous sodium hydroxide solution (10 ml).
The resulting mixture was stirred for one hour. To the re-
action mixture, N,N-dimethylformamide (5 ml) was added,
followed by heating under reflux for 6 hours. After com-
pletion of the reaction, the solvent was distilled off. To
the residue, water and 1N hydrochloric acid were added suc-
cessively and the pale yellow solid so precipitated was
collected by filtration, whereby the title compound (229
mg, 69%) was obtained as a pale yellow solid.
'H-NMR (DMSO-de) 8: 7.30(1H,br s), 7.87(2H,d,J=8.3Hz),
7.95-8.00(2H,m) .
MS (FAB) m/z: 221 (M+H)™.
Elementary. analysis for C;oHgN202S-0.75HC1-0.6H0

Calculated: C, 46.48; H, 3.88, N, 10.84;

Cl, 10.29; S, 12.41.
Found: C, 46.36; H, 4.12, N, 10.64;
| Cl, 10.05; S, 12.33.

[Referential Example 21] Methyl 4-(imidazol-4-yl)benzoate
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At room temperature, methyl 4—bromoacetylbenzoate (2
g) was dissolved in formamide (100 ml), followed by stir-
ring at 180°C for 90 minutes. After completion of the re-
action, the reaction mixture was ice cooled and dissolved
in water ana 1N hydrochloric acid. The resulting solutioh
was purified by chromatography through a synthetic adsorb-
ent (“Diaion HP—20”, water ~ 50% acetonitri;e - water).
The crude product so obtained was purified further by chfo—
matography on a silica gel column (5% methanol - dichlo-
romethane), whereby the title compound (844 mg, 54%) was
obtained as a pale yellow solid.
'H-NMR (CDCls) &: 3.93(3H,s), 7.46(1H,s), 7.75(1H,s),
7.86(2H,m), 8.07(2H,d,J=8.3Hz).
MS (FAB) m/z: 203 (M+H)*.
[Referential Example 22] Methyl 4-[1-
t;iphenylmethylimidazol—4(5)—yl]benzoate

Methyl 4-(imidazol-4-yl)benzoate (829 mg) was dis-
solved in dichloromethane (50 ml), followed by the addition
of diisopropylethylamine (856 pl) and triphenylmethyl chlo~
ride (1.37 g) under ice cooling. The resulting mixture was
stirred at room temperature for 16 hours. The solvent was
distilled off. The residue was purified by chromatography
on a silica gel column (dichloromethane), whereby the title
compound (1.08 g, 59%) was obtained as a colorless glassy

solid.
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‘'H-NMR (CDCl;) &: 3.90(3H,s), 7.15-7.22(6H,m),
7.23(14,d,J=1.5Hz), 7.30-7.40(15H,m), 7.52(1H,d,J=1.5Hz),
7.79(2H,d;J=8.3Hz), 8.01(2H,d,J=8.3Hz).
MS (FAB) m/z: 445 (M+H)".
[Referential Example 23] '4—[1;Triphenylmethylimidazol—
4(5)-yllbenzoic acid

At room temperature, methyl 4-[1-
triphenylmethylimidazol-4(5)-yllbenzoate (1.04 g) was dis-
solved in a mixed ‘solvent of tetrahydrofuran (10 ml) and
methanol (10.ml). To the fesulting solution, a 3N aqueous
sodium hydroxide solution (6 ml) was added, followed by
stirring for 5 hours. Tetrahydrofuran and methanol were
subjected to solvent removal by distillation under reduced
pressure. An aqueous citric acid solution was added to the
residue to make it weakly acidic, followed by the addifion
of water and dichloromethane. The organic layer so sepa—l
rated was washed with saturated saline and dried over anhy-
drous sodium sulfate. The solvent was distilled off,
whereby the title compound (1.13 g, quant.} was obtained as
a érude purified product in the form of a colorless glassy

solid.

1H-NMR (CDCl3) &: 7.15-7.22(6H,m), 7.23(1H,d,J=i.5Hz),
7.30-7.40(9H,m), 7.69(1H,d,J=1.5Hz), 7.81(2H,d,J=8.3Hz);
8.10(2H,d, J=8.3Hz) .

[Referential Example. 24] 1-[(6-Chloronaphthalen-2-
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yl)sulfényl]—4—[4—[1-triphenylmethylimidazol-4(S)-
yl)]benzoyljpiperazine

In a similar manner to Referential Example 12 except
for the use of 4-[1—triphenylméthylimidazol—4(5)-y1]benzoic
acid (371 mg) and 1-[(6-chloronaphthalen-2-
yl)sulfonyl]lpiperazine hydrochloride (300 mg) as raw mate-
rials, the_reaction was conducted, whereby the title com-
pound (560 mg, 90%) was obtained in the form of a colorless
glassy solid.
'H-NMR (CDCls) 8: 2.90-3.30(4H,m), 3.50-4.10(4H,m), 7.15-
7.20(6H,m), 7.28(2H,d,J=8.3Hz), 7.30-7.40(%H,m),
7.49(1H,d,J=1.0Hz), 7.59(1H,dd,J=8.8,2.0Hz)},
7.71(24H,d,J=8.3Hz), 7.75(1H,dd,J=8.8,1.5Hz), 7.90-
7.95(3H,m), 8.29(1lH,br s).
MS (FAB) m/z: 723 (M+H)".
[Referential Example 25] 4-[2—Amiﬁoimidazol-4—yl]benzoic
acid hydrochloride

At room temperature, methyl 4-bromoacetylbenzoate
(1.37 g) and acetylguanidine (1.62 g) were suspendedtin
acetonitrile, followed by heating under reflux for 16
hours. The solvent was then distilled off under reduced
pressure. Water was added to the residue. The insoluble
matter so precipitated was collected by filtration, fol-
lowed by washing with ethanol, whereby methyl 4-[2-

aminoimidazol-4~yl]lbenzoate was obtained. The resulting
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product was dissolved in a mixed solvent of dioxane (10 ml)
and 1N hydrochloric acid (10 ml), followed by heating under
reflux for 8 hours. The residue obtained by distilling off
the solvent was solidified by tetrahydrofuran and then col-
lected by filtration, whereby the title compound (500 mg,
| 39%) was obtéined.
H-NMR (DMSO-dg) d: 7.55~7.65(3H,m), 7.80(2H,d,J=8.3Hz),
7.98(2H,d,J=8.3Hz), 12.2-13.3(3H,m).
MS (FAB) m/z: 204 (M+H)™.
Elementary analysis for C;oHgN302¢ HCl-0.5H20

Calculated: C, 48.30; H, 4.46; N, 16.90; .

Cl, 14.26.
" Found: C, 48.03; H, 4.10; N, 16.49;
Cl, 14.12.

[Referential Examplé 26] 1-[4-Bromo-2~(tert-
butoxycarbonyl)benzoyl]-4-[ (6~-chloronaphthalen-2-
yl)sulfpnyl]piperazine

In dichloromethane (200 ml), 4-bromophthalic anhydride
(1.96 g) and 1—[(GFchloronaphthalen—Z-
- yl)sulfonyllpiperazine hydrochloride (3.00 g) were sus-
pended under ice cooling. To the resulting suspension, di--
isopropylethylamine (3.76 ml) was added,-followed by stir-
ring for 20 minutes. To the reaction mixture, dilute hy-
drochloric acid and dichloromethane were added. The or-

ganic layer so separated was dried over anhydrous sodium
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sulfate. The solvent was concentrated so that the volume
was réduced to 200 ml. To.the concentrate, N,N’-
diisopropyl-O-tert-butylisourea (2.6 g) was added under ice
cooling and the resulting mixture was stirred at room tem-
perature for 3 days. Dilute hydrochloric acid and dichlo-
romethane were added to the reaction mixture. The organic
layer so separated was dried over anhydrous sodium sulfate.
The residue was purified by chromatography on a silica gel
column (hexane : ethyl acetate = 3:1 ~ 1:1), whereby the
title compound (1.78'g, 35%) was obtainéd as a colorless
solid. |
'H-NMR (CDCl3) 8: 1.30(9H,s), 2.90-3.40(6H,m), 3.80-
4.00(2H,m), 7.01(1H,d,J=8.3Hz), 7.59(1H,dd,J=8.3,2.0Hz),
7.61(1H,dd,J=8.3,2.0Hz), 7.76(1H,dd,J=8.8,2.0Hz),
7.85-7195(3H,m), 8.00(1H,d,J=2.0Hz), 8.29(1H,br s).
[Referential Example é]} 1-{2-tert-Butoxycarbonyl-4-
(pyridin-4—yl)benzoyl]—4—[(6—chloronaphthé1en—2—
yl)sulfonyl]lpiperazine hydrochloride

In a similar manner to Referential Example 7 except
for-the use of 1-[4-bromo-2-(tert-butoxycarbonyl)benzoyl]-
4~ (6-chloronaphthalen-2-yl)sulfonyl]piperazine and di-
ethyl (4-pyridyl)borane as the raw materials, the reaction
was conducted, whereby the title compound was obtained.

lg_NMR (CDCls) &: 1.37(9H,s), 2.80-3.50(6H,m), 3.80-

4.00(2H,m), 7.40(1H,d,J=7.8Hz), 7.60(1H,dd,J=8.8,2.0Hz),
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7.77(1H,dd,J=8.3,1.5Hz), 7.87(1H,dd,J=7.8,2.0Hz),
7.90-7.95(3H,m), 8.10(2H,d,J=6.8Hz), 8.25(1H,d,J=2.0Hz),
8.31(1H,br s), 8.90(2H,d,J=6.8Hz). -
MS (FAB) m/z: 592 (M+H)®.
Elémgntary analysis for C31H30C1.N3058-HC1-O.2H20-THF
Calculated: C, 59.69; H, 5.64; N, 5.97;
cl, 10.07; S, 4.55.
Found: C, 59.55; H, 5.45; N, 5.87;
Cl, 9.97; s, 4.68.
[Referential Exémple 28] 5-(4-Pyridyl)thiophene-2-
carboxylic acid hydrochloride
In a similar manner to Referential Example 6 except
for the use of 5-bromothiophene-2-carboxylic acid and di-
ethyll(4—pyridyl)borane as the raw materials, the reaction
was conducted, whereby the title compound was obtained.
'H-NMR (DMSO-de¢) &: 7.87(1H,d,J=3.9Hz), 8.17(1H,d,J=3.9Hz),
8.29(2H,d,J=6.8Hz), 8.88(2H,d,J=6.8Hz).
MS (FAB) m/z: 206 (M+H)". |
Elementary analysis for Ci;oH7NO2S-HC1l-0.8H20
Calculated: C, 46.90; H; 3.78; N, 5.47;
C1, 13.84; S, 12.52.
Found: ‘ C, 46.77; H, 3.76; N, 5.27;
Ccl, 13.83; s, 12.56.
[Referential Example 29] 5-(4-Pyridyl) furan-2-carboxylic

acid hydrochloride
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In a similar manner to Referential Example 6 eXcept
for the use of 5—brom6fﬁran—2—carboxylic acid and diethyl
(4-pyridyl)borane as the raw materials, the reaction was
conducted, whereby the title compound was obtained.

'H-NMR (DMSO-dg) 8: 7.49(1H,d,J=3.4Hz), 7.80-7.90 (1H,m),
8.20-8.30(2H,m), 8.85-8.95(2H,m).

[Referential Example 30] 4-(2-Pyridyl)benzoic acid hydro;
chloride

To water (200 ml), 2-(p-tolyl)pyridine (17.2 g) was
added. To the resulting mixture, potassium permanganate
(21.0 g) was added, followed by heating under reflux for 18
hours. After the precipitate was filtered off, dichlo-
.romethane was added to the filtrate to-separate the water
layer. . The water layer was then made acidic.with 2N hydro—
chloric acid: The acidic aqueous solution was concen-
tréted. The precipitate was collected by filtration, fol-
lowed by washing with water and ethyl acetate, whereby the
title compound (7.07 g, 35%) was obtained as a white solid.
'H-NMR (DMSO-de¢) 8: 7.60(1H,t,J=5.9Hz), 8.08(2H,d,J=7.8Hz),
8.17(2H,m), 8.21(2H,d,J=7.8Hz), 8.78(1H,d,J=4.9Hz).
MS (EI) m/z: 199M".
[Referential Example 31} .1—[(E)—4-
Chlorostyrylsulfonyl)piperazine hydrochloride

In a similaf manner to Referential Example 1 except

for the use of tert-butyl l-piperazinecarboxylate and (E)-
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4-chlorostyrylsulfonyl chloride as the raw materials, the
reaction was conducted, whereby the title compound was ob-
tained.
'H-NMR (DMSO-dg) &: 3.20(4H,br s), 3.33-3.38(4H,m),
7.47(2H,s), 7.53(1H,d,J=8.8Hz), 7.82(1H,d,J=8.8Hz).
Elementary analysis for CjsH;sC1Nz02S-HC1

-Calculatéd: C, 44.59; H, 4.99, Cl1l, 21.94;

N, B8.67; S, 9.92.
Found: C, 44.42; H, 4.78, Cl, 21.83;
N, 8.68; S, 9.87.

[Referential Example 32] 4-(2,4-Diamino-6-
pyrimidinyl)benzoic acid hydrochloride

In toluene (9 ml), 6-chloro-2,4-diaminopyrimidine (434 °
mg) was dissolved, followed by the addition of 4-
carboxyphenylboronic acid (667 mg), ethanol (2.5 ml), so-
dium carbonate (635 mg), water (3.0 ml) and
bis(triphenylphosphine)palladium (II) dichloride (65 mg).
The resulting mixture was heated under reflux for 24 hours
under an argon gas atmosphere. Ethyl acetate and water
were added to the reaction mixture. The water layer so
separated was made acidic with 2N hydrgchloric acid. The
insoluble matter was collected by filtration, washed with
water and tetrahydrofuran and then dried, whereby the title

compound (371 mg, 54%) was obtained.

'H-NMR (DMSO-de¢) &8: 6.43(1H,s), 7.30-7.80(2H,br),
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7.96(2H,d,J=7.8Hz), 8.12(2H,d,J=7.8Hz), 8.27(2H,br s),
12.77(1H,br), 13.33(1H,br).
MS (EI) m/z: 230M".
Elementary analysis for Cj;;H;oN402S-0.95HC1-1.9H20

Calculated: C, 44.17; H, 4.97; Cl, 11.26;

N, 18.73.
Found: C, 44.33; H, 4.97; Cl, 11.32;
N, 18.65.

[Referential Example 33] 1l-tert-Butoxycarbonyl-4-[4-(2-
pyridyl)benzoyllpiperazine

In a similar manner to Referential Example 3 except
for the use of 4-(2-pyridyl)benzoic acid hydrochloride ob-
tained in Referential Example 30 and tert-butyl 1-
piperazinecarboxylate as the raw materials, the reaction
was conducted, whereby the title compound was qbtained.
*H-NMR (CDC13)8: 1.47(9H,s), 3.43(4H,br), 3.51(2H,br),
3.76(2H,br), 7;28(1H,d,J=5.9Hz), 7.52(2H,d,J=7.8Hz),
7.76 (1H,m), 7.79(1H,m), 8.05(2H,d,J=7.8Hz),
8.71(1H,d, J=4.9).
MS (FAB) m/z: 368 (M+H)". =
Elementary analysis for Cz;HzsN303°0.1H,0

Calculated: C, 68.31; H, 6.88; N, 11.38;

Found: C, 68.26; H, 6.86; N, 11.42.
[Referential Example 34] 2-[4-[[4-(tert-

Butoxycarbonyl)piperazin-l-yl]jcarbonyl]phenyl]pyridine N-
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oxide

At -10°C, metachloroperbenzoic acid (789 mg) was added
to a solution of l-tert-butoxycarbonyl-4-[4-(2-
pyridyl)benzoyllpiperazine (517 mg) in dichloromethane (di-
" chloromethane: 8 ml). THe resulting mixture was stirred
for 24 hours, followed by dilution with dichloromethane. A
small amount of an aqueous sodium thiosulfate solution and
saturated saline were added to the dilute solution. The.
organic layer so separated was waéﬁed with a saturated
aqueéus solution of sodium bicarbonate and saturated saline
and then dried over anhydrous sodium sulfate. The residue
obtained by distilling off the solvent under reduced pres-
sure was purified by chromatography on a silica gel column.
{dichloromethane : methanol = 20:1), whereby the title com-
pound (415 mg, 77%) was pbtained.
'H-NMR (CDCl3)8: 1.48(9H,s), 3.47(6H,br), 3.76(2H,br),
7.29(1H,m), 7.34(1H,£,J=7.8Hz), 7.44(1H,dd,J=7.8,2.0Hz),
7.52(2H,d4,J=7.8Hz), 7.90(2H,d,J=7.8Hz), 8.35(1H,d,J=5.9Hz).
MS (FAB) m/z: 384 (M+H)" .
[Referential Example 35] 2-[4-[(1-
Piperazinyl)carbonyllphenyllpyridine N-oxide

In dichloromethane (2.5 ml), 2—[4—[[4—(tert—.
butoxycarbonyl)piperazin~l-yl]carbonyl]phenyl]lpyridine N-
oxide was dissleed. -To the resulting solution, a satu-

rated solution of ethanol hydrochloride (2.5 ml) was added,
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followed by stirring at room temperature for 1 hour. After
the solvent was diétilled off under reduced pressure, water
was added to the residue, whereby an aqueous solution was
obtained. Acetone was added to the aqueous solution until
the solution became turbid. The precipitate was collected
by filtration and washed with acetone, whereby the title
compound (274 mg, 81%) was obtained; “
'H-NMR (DMSO-dg) 8: 3.17(4H,br s), 3.50-3.95(4H,br),
7.43(1H,d,J=3.9Hz), 7.44(1H,d,J=3.9Hz), 7.57(2H,d,J=8.8Hz),
7.66(1H,t,J=3.9Hz), 7.92(2H,d,J=8.8Hz), 8.36(1H,t,J=3.9Hz),
9.21(2H,bx).
MS (FAB) m/z: 284 (M+H)".
[Referential Example 36] 1-{tert-Butoxycarbonyl)-4-[4-(3-
pyridyl)benzoyl]piperazine

In a similar manner to Referential Example 3 except
for the use of 4-(3-pyridyl)benzoic acid hydrochloride ob-
tained in Referential Example 8 and tert-butyl 1-
piperazinecarboxylate as the raw materials, the reaction
was conductéd, whereby the title compound was obtained.
'H-NMR (CDCls) &: 1.47(9H,s), 3.35-3.85(8H,br),
7.38(1H,dd,J=7.8,4.9Hz), 7.52(2H,d,J=8.3Hz),
7.63(2H,d,J=8.3Hz), 7.88(1H,m), 8.62(1H,dd,J=1.5,4.9Hz),
8.84(1H,d,J=2.0Hz).
[Referential Example 37] 3-[4-[[4-(tert-

Butoxycarbonyl)piperazin-1-yl]carbonyl]phenyl]pyridine N-
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oxide

In a similar manner to Referential Example 34 except
for the use of 1-(tert-butoxycarbonyl)-4-{4~(3~-
pyridyl)benzoyl]piperazine as the raw material, the title
compound was obtained as a colorless solid.
lH-NMR (CDCl3) &: 1.48(9H,s), 3.35-4.83(8H,br), 7.38(1lH,m),
7.47(1H,m), 7.49-7.65(4H,m), 8.23(1H,dd,J=6.4,1.5Hz),
8.47(1H,t,J=1.5Hz).
MS (FAB) m/z: 384 (M+H)".
Elementary analysis for Cz;HzsN30,°0.25H,0

Calculated: C, 65.02; H, 6.63; N, 10.83.

Found: C, 65.30; H, 6.65; N, 10.43.
[Referential Example 38] 2-Hydroxy-4-(4-pyridyl)benzoic
acid

In water (22.5 ml) and a 47% aqueous solution of hy-'
drobromic acid (22.5 ml), 4-amino-2-hydroxybenzoic acid
(5.04 g) was dissolvéd. While the resulting solution mix-
ture was maintained at 5°C or lower, an aqueous solution
(water: 15.0 ml) of sodium nitrite (2.26 g) was added drop-
wise thereto, followed by stirring for 30 minutes under ice
cooling. The reaction mixture was added, in portions, to a:
solution of cuprous bromide (5.63 g) dissolved in a 47%
aqueoué solution of hydrobromic acid (15 ml) under ice
cooling. The resulting mixture was stirred at room tem-

perature for 150 minutes. Ethyl acetate was added to the
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reaction mixture for extfaction. The organic layer so ob-
tained was washed with watef and then dried over anhydrous
sodium sulfate. The residue obtéined by distilling off the
solvent under reduced pressure was purified - by chromatogra-
phy on a silica gel column (diéhloromethane ~ 10% methanol
- dichloromethane), whereby 4-bromo-2-hydroxybenzoic acid
(5.51 g) was obtained as a crudely purified product.

The crudely purified product (298 mg) was reacted as
in Referential Example 6, whereby the title compound (70
mg, 21%) was obtained.
'H-NMR (DMSO-dg) §: 7.30-7.40(2H,m), 7.78(2H,d,J=4.4Hz);
7.92(1H,d,J=6.3Hz), 8.69(2H,d,J=5.9Hz)..
MS (FAB) m/z: 216 (M+H)".
[Referential Example 39]' 4-Bromo~3-hydroxybenzoic acid

Iﬁ.acetic acid (24.5 ml), 3-hydroxybenzoic acid (5.00
g) was suspended. To the resulting suspension, a solution
of bromine (1.9 ml) in acetic acid (acetié acid: 5 ml) was
added dropwise under ice cooling, followed by stirring at
room temperature for 33 hours. The reaction mixture was
ice cooled. The crystals so precipitated were collected by
filtration and then washed with acetic acid, whereby the
title compound (1.68 g, 21%) was obtained. |
'H-NMR (DMSO-dg) &: 7.28(1H,dd,J=7.8,2.0Hz),

7.51(1H,d,J=2.0Hz), 7.59(1H,d,J=8.3Hz), 10.54(1H,br s},
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12.84(1H,br).
[Referential Example 40] Methyl 4-bromo-3-methoxybenzoate
In a similar manner to Referential Example 17 except
for the use of 4—br6mo-3—hydroxybenzoic acid és the raw ma-
terial, the reaction was conducted, whereby the title-com—
pound was obtained.
'H-NMR (CDCls) 8: 3.92(3H,s), 3.96(3H,s),
7.51(1H,dd;J=8.3,2.0Hz), 7.55(1H,d, J=2.0Hz),
7.61(1H,d, J=8.8Hz).
[Referential Example 41] 3-Methoxy-4-(4-pyridyl)benzoic
acid
In a similar manner to Referential Example 7 except
for the use of methyl 4-bromo-3-methoxybenzoate and diethyl
(4—pyridyl)bdrane, the reaction was conducted. The crude
product so obtained was reacted as in Referential Example
8, whereby the title compound was obtained.
'H-NMR (CDC13)8: 3.93(3H,s), 7.65-7.75(3H,m),
8.20(2H,d,J=5.4Hz), 8.94(2H,d,J=6.3Hz).
MS (FAB) m/z: 230 (M+H)".
[Referential Example 42] 4-tert-Butoxycarbonyl-1-[(6-
chloronaphthalen-2-yl)sulfonyl])-2-ethoxycarbonylpiperazine
In dichloromethane (18 ml), l-tert-butoxycarbonyl-3-
ethoxycarbonylpiperazine {517 mg) and 6-chloro-2-
naphthylsulfonyl chloride (588 mg) were dissolved under ice

cooling. To the resulting solution, diisopropylethylamine
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(0.59 ml) was added, followed by stirring at room tempera-
ture for 63 hours. The residue obtained by disfiiling off
the solvent under reduced pressure was purified by chroma-
tography.on a silica gel column (hexane : ethyl acetate =
3:1), whereby the title compound (688 mg, 71%) was ob-
tained. | |
'H-NMR (CDCl3)8: 1.05(3H,t,J=7.1Hz), 1.38(9H,s), 2.80-
4.70(9H,m), 7.55(1H,dd,J=8.6,2.2Hz),
7.77(1H,dd,J=8.6,1.7Hz), 7.85-7.90(3H,m), 8.33(1H,s).
MS (FAB) m/z: 483[(M+H)*, C1%], 485[(M+H)*, C1%7].
[Referential Example 43] 4-tert-Butoxycarbonyl-2-
ethoxycarbonyl-1-[4-(3-pyridyl)benzoyl]lpiperazine

In a similar manner to Referential Example 12 except
for the use of 4-(3-pyridyl)benzoic acid and 1l-tert-
butoxycarbonyl—3-ethoxycarbbnylpiperazine as the raw mate-
rials, the reaction was conducted, whereby the title com-
pound was obtainea.
1H-NMR {CDC13)'5: 1.20-1.40(3H,m), 1.46(9H,s), 2.70-
4.80(8H,m), 5.35(1H,br), 7.35-7.70(5H,m), 7.85~7.95(1H,m),
8.64(2H,dd,J=4.6,1.7Hz), 8.86(1lH,s).
MS (FAB) m/z: 440 (M+H)*.
[Referential Example 44] Methyl N-tert-
bqtoxycarbonyltranexamate

To methanol (20 ml), thionyl chloride (1 ml) was added

dropwise under ice cooling, followed by the addition of
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tranexamic acid (2.04 g). The resulting mixture was heated
under feflux for 3 hours. The residue obtained by distill-
ing off the reaction mixture under reduced pressure was
pulverized in ether and then collected by filtration,
whereby colorless crystals (2.31 g) were obtained.

The resulting crystals (2.10'g) were dissolved in di-
chloromethane (40 ml), followed by the addition of N-
methylmorpholine (1.2 ml). To the resulting mixture, a so-
lution of di-tert-butyl dicarbonate (2.51 g) in dichlo-
romethane (dichloromethane: 3 ml) was added under ice cool-
ing. The resulting mixture was stirred at room temperature
for 18 hours. After diluted with dichloromethane, the re-
action mixture was washed with water and then dried over
anhydrous sodium sulfate. The residue obtained by distill-
ing off the solvent under reduced pressure was purified by
chromatography on a silica gel column (hexane : ethyl ace-
tate = 10:1 ~ 3:1), followed by recrystallization from a
mixed solvent of hexane and ethyl acetate, whereby color-
leés crystals (2.09 g, 65%) was obtained.
'H-NMR (CDCls) 3: 0.90—1.10(2H,m), 1.40-1.60(12H,m), 1.80-
1.90(2H,m), 2.00-2.10(2H,m), 2.24(1H,m), 2.98(2H,m),
3.66(3H,s), 4.58(1H,br).
Elementary analysis for Cj;4HasNO4

Calculated: C, 61.97; H, 9.29; N, 5.16.

Found: C, 62.15; H, 9.42; N, 5.12.
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[Referential Example 45] trans-4-(N-tert-
Butoxycarbonyiaminomethyl)cyclohexylmethanol

Methyl N-tert-butoxycarbonyltranexamate (1.00 g) was
dissolved in a mixed solvent of tetrahydrofuran (10 ml) and
methanol (2 ml). To the resulting solution, sodium borohy-
dride (0.44 g) was added under ice cooling, followed by
stirring at room temperature for 24-hours. After the addi-
tion of water, the reaction mixture was concentrated under
reduced pressure. Ethyl acetate and dilute hydrochloric
acid were added to the concentrate. The organic layer so
separated was dried over anhydrous sodium sulfate. The
residue obtained by distilling off the solvent under re-
duced pressure was purified by chromatography on a silica
gel column in repetition (first time; dichloromethane ~ di-
chloromethane : methanol = 20:1, second time; hexane : eth-
yl acetate = 3:1), whereby colorless crystals (0.74 g, 82%)
were obtained. A portion of the crystals was recrystal-
lized from a mixed solvent of hexane and ethyl acetate,

whereby colorless cfystals were obtained.
‘H-NMR (CDCl3)8: 0.90-1.10(4H,m), 1.30-1.60(12H,m), 1.80-
. 2.00(4H,m), 2.98(2H,m), 3.45(2H,d.J=6.4Hz), 4.59(1lH,br).
Elementary analysis for CanNO3

Calculated: C, 64.17; H, 10.35, N, 5.76.

Found: C, 64.31; H, 10.03; N, 5.74.

[Referential Example 46] trans-4-(N-tert-
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Butoxycarbonylaminomethyl)cyclohexanecarboxaldehyde

In dichloromethane (5 ml), trans-4-(N-tert-
butoxycarbonylaminomethyl)cyclohexylmethanol (0.20 g) was
dissolved, followed by the addition of pyridinium chloro-
chromate (0.23.g). The resulting mixture was stirred at
room temperature for 3 hours. The reaction mixture was pu-
rified by chromatography on a silica gel column (hexane
ethyl acetate = 3:1), whereby the title compound (0.15 g,
76%) was obtained.
'H-NMR (CDCl3) &: 1.00(2H,m), 1.27(2H,m), 1.40-1.60(1H,m),
1.44(9H,s), 1.88(2H,m), 2.02(2H,m), 2.18(1H,m),
3.00(2H,t,J=6.4Hz), 4.61(1H,br), 9.62(1H,s).
MS (FAB) m/z: 242 (M+H)*.
[Referential Example 47] 1~[trans-4-(N-tert-
Butoxycérbonylaminomethyl)cyclohexylmethyl]—4—[(6—
chloronaphthalen—Z—yl)sulfonyl]piperaziné

In dichloromethane (7 ml), trans-4-(N-tert-
butoxycarbonylaminomethyl)cyclohexane carboxaldehyde (0.13
g) was dissolved, followed by the addition of 1-[(6-
chloronaphthélen-Z—yl)sulfonyl]piperazine trifluoroacetate
(0.24 g), triethylamine (78 pl) and sodium triacetoxyboro-
hydride (0.17 g). The resulting mixture was stirred at
room temperature for 11 hours under an argon gas atmos-
phere. To the reaction mixture, an aqueous solution of so-

dium bicarbonate was added, followed by dilution with di-
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chloromethane. The organic layer so separated was dried
over-anhydrbus sodium sulfate. The residue obtained by
distilling off the solvent under reduced pressure was puri-
fied by chrqmatography on a silica gel column (hexane
ethyl acetate = 2:1), whereby the title compound (0.29 g,
100%) was obtained.
H-NMR (CDCls) &: 0.70-0.90(4H,m), 1.30-1.50(2H,m),
1.42(94,s), 1.70-1.80(4H,m), 2.09(2H,d,J=7.3Hz),
2.46(4H,m), 2.92(2H,m), 3.08(4H,m), 4.53(1H,br),
7.56(1H,dd,J=8.8,2.0Hz), 7.78(1H,dd,J=8.8,2.0Hz), 7.80-
8.00(3H,m), 8.30(1H,s).
MS (FAB) m/z: 536[ (M+H)*, c13%], 538[(M+H)*, c1%7].
[Referential Example 48] 1-[trans-4-(N-tert-
Butoxycarbonylaminomethyl)qydlohexylcarbonyl]-4—[(6—
chloronaphthalen-2-yl)sulfonyl]piperazine

The reaction was conducted as in Referential Examples
11 and 12, whereby the title compound was obtained.
'H-NMR (CDCl3) &: 0.80-1.00(2H,m), 1.40-1.60(3H,m),
1.42(9H,s), 1.60-1.70(2H,m), 1.70-1.90(2H,m), 2.30(1H,m),
2.95(2H,m), 3.07(4H,m), 3.58(2H,br), 3.70(2H,br),
4.57(1H,m), 7.58(1H,dd,J=8.8,2.0Hz),
7.75(1H,dd,J=8.8,1.5Hz), 7.90-8.00(3H,m), 8.30(1H,s).
MS (FD) m/z: 549(M*, c1%), 551(M*, C1¥").
[Referéntial Example 49] N-(trans-4-(N-tert-

Butoxycarbonylaminomethyl)cyclohexylcarbonyllglycine benzyl
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ester

In a similar manner to Referential Examples 11 and 12
except for the use of methyl N-tert-
butoxycarbonyltranexamate and glycine benzyl ester as the
raw materials, the reaction was conducted, whereby the ti-
tle compound was obtained.
'H-NMR (CDCls) &: 0.96(2H,m), 1.44(9H,s), 1.40-1.60(3H,m),
1.80-1.90(2H,m), 1.90-2.00(2H,m), 2.10(1H,m), 2.98(2H,m),
4.08(2H,d,J=4.9Hz), 4.57(1H,br), 5.19(2H,s), 5.97(1H,m),
7.30-7.40(5H,m) .
Elementary analysis for C22H32N205.

Calculated: C, 65.32; H, 7.97; N, 6.93.

Found: C, 65.05; H, 7.89; N, 7.16.
[Referential Example 50] 1-([N-[trans-4-(N-tert-
Butoxycarbonylaminomethyl)cyclohexylcarbonyl]glycyl]—4—[(6-
chloronaphthalen-Z—yl)sﬁlfonyl]piperazine

In tetrah&drofuran (11 ml), N-[trans-4-(N-tert-
butoxycarbonylaminomethyl)cyclohexylcarbonyl]lglycine benzyl
- ester (0.22 g) was suspended. - To ﬁhe resulting suspension,
10% palladium carbon (water content: about 50%, 50 mg) was
added, followed by catalytic redﬁction at normal pressure
and room temperature for 14 hours. After the removal of
the catalyst, the solvent was distilled off under reduced
pressure. The residue so obtained was reacted as in Refer-

ential Example 12, whereby the title compound (0.32 g, 98%)



- 176 -

was obtained.
14-NMR (CDCls) &8: 0.80-1.00(2H,m), 1.30-1.50(3H,m),

1.43(9H,s), 1.80-2.00(4H,m), 2.06(1H,m), 2.95(2H,m), 3.10-
3.20(4H,m), 3.52(2H,m), 3.74(2H,m), 3.94(2H,d,J=4.4Hz),
4.54(1H,m), 6.40(1H,m), 7,59(1H,dd,J=8.8,2.0Hz),
7;74(1H,dd,J=8.8,1.5Hz), 7.80-8.00(3H,m), 8.30(1H,s).
MS (FAB) m/z: 607 [(M+H)*, C1%1, 609 [(M+H)*, C1%].
[Referential Example 51} 1-[(6-Chloronaphthalen-2-
yl)sulfonyl]lhomopiperazine hydrochloride

Homopiperazine (5 g) was dissolved in tetrahydrofuran
(100 ml) at room temperature. To the resulting solution,
2-(tert-butoxycarbonyloxyimino)-2-phenylacetonitrile (12.3
g) was added in portions, followed by stirring for 3 hours.
After completion of the reaction, the solvent was distilled
off. The residue was purified by chromatography on a sil-
ica gel column (10 to 20% methanol - dichloromethane), fol?
lowed.by the addition of ethanolic 1N hydrochloric- acid.
The solvent was then distilled off. The residue was so-
lidified by the addition of ethanol, whereby powders (7.46
g) were obtained. The resulting powders were reacted as in

Referential Example 1, whereby the title compound was ob-

tained.
1H-NMR (DMSO-dg) &: 2.00(2H,br s), 3.10-3.30(4H,m), 3.30-
3.50(2H,m), 3.55-3.65(2H,m), 7.72(1H,d,J=8.8Hz),

7.89(1H,d,J=8.3Hz), 8.17(1H,d,J=8.8Hz), 8.22-8.28(2H,m),



- 177 -

8.56(1H,s), 9.29(2H,br s).
MS (FAB) m/z: 325 (M+H)*.
Elementary analysis for C;sH;7C1N202S-HC1
" Calculated: C, 49.89; H, 5.02; N, -7.75;
Cl, 19.63.
Found: C, 49.94; H, 5.05; N, 7.47;
C1l, 19.65.
[Referential Example 52] 1-[trans-4-(N-tert-
Butoxycarbonylaminomethyl)cyclohexylcarbonyl]-4~[ (6~
chloronaphthalen-2-yl)sulfonyl]homopiperazine
In a similar manner to Referential Example 48 except
for the use of méthyl N*tert—butoxycarbonyltranexamate and
1-[{ {6~-chloronaphthalen-2-yl)sulfonyl]}homopiperazine hydro-
chloride, the reaction was conducted, whereby the title
compound was obtained.
'H-NMR (CDCl3) &: 0.80-1.00(2H,m), 1.40-1.60(3H,m),
.1.43(9H,s), 1.60~1.90(4H,m), 1.90-2.10(2ﬁ}m), 2.30-
2.40(1H,m), 2.97(2H,m), 3.30-3.50(4H,m), 3.60-3.80(4H,m),
4,64 (1H,br), 7.50-7.60(1H,m), 7.70-7.80(1H,m), 7.80-
8.00(3H,m), 8.33 and 8.35(1H, each s).
MS (FAB) m/z: 564 [(M+H)*, Cc1%®], 566 [(M+H)*, Cc1¥].
{Referential Example 53] Methyl 4-(N-tert-
butoxycarbonylaminomethyl)benzoate
In a similar manner to Referential Example 44 except

for the use of 4-aminomethylbenzoic acid as the raw mate-
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rial, the reaction was conducted, whereby the title com-
pound was obtained.
I4_NMR (CDCLs) 8: 1.47(9H,s), 3.91(3H,s),
4.37(2H,d,J=5.4Hz), 4.92(1H,br), 7.35(2H,d,J=8}3Hz),
8.00(2H,d,J=8.3Hz). |
Elementary analysis for Cj,HioNO,4

Calculated: C, 63.38; H, 7.22; N, 5.28.

Found: cC, 63.20; H, 7.02; N, 5.58.
[Referential Example 54] 1-[4-(N-tert-
Butoxycarbonylaminomethyl)benzoyl]-4-[ (6~chloronaphthalen-
2-yl)sulfonyl]lpiperazine

In a similar manner to Referential Example 48 except
for the use of methyl 4-(N-tert-
butoxycarbonylaminomethyl)benzoate and 1-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride,
the reaction was conducted, whereby the title compound was
obtained.
'H-NMR (CDCls) &: 1.45(9H,s), 3.00-3.30(4H,br), 3.40-
4.00(4H,br), 4.31(2H,d,J=5.9Hz), 4.90(1H,br), 7.27(4H,m),
7.59(1H,dd,J=8.8,1.5Hz), 7.75(1H,d,J=8.8Hz), 7.90-
8.00(3H,m), 8.30(1H,s).
MS (FAB) m/z: 544 [(M+H)*, C1%%], 546 [(M+H)*, Cc1%].
[Referential Example 55] Methyl 3-(N-tert-
butoxycarbonylaminomethyl)benzoate

Methyl 3-methylbenzoate (1.00 g) was dissolved in car-
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bon tetrachloride (10 ml), followed by the addition of N-
bromosuccinic imide (1.22 g) and 2,2/~
azobisisobutyronitrile (catalytic amount). The resulting
mixture was heated under reflux for 1 hour under exposure
to a mercury lamp. After the insoluble matter was filtered
off, the residue obtained by distilling off the sélvent un-
der reduced pressure was purified by chromatography on a
silica gel column (hexane :_ethyi acetate = 20:1), whereby
a colorless oil (1.34 g) was obtained.

The colorless o0il (0.62 g) so obtained was dissolved
in ‘N,N-dimethylformamide (10 ml), followed by the addition
of sodium azide (0.38 g). The resulting mixture was
stirred at room temperature for 20 hours. After the
concentration of the reaction mixture under reduced
pressure, the concentrate was diluted with ethyl acetate,
washed with water and then dried over anhydrous sodium
sulfate. The residue obtained by distilling off the
solvent under reduced pressure was dissolved in
tetrahydrofuran (15 ml). Triphenylphosphine (0.75 g) was
added to the resulting solution, followed by stirring at an
external temperature of about 50°C for 5 hours. After the
addition of about 28% aqueous ammonia (7 ml) and stirring
for further 2 hours, the reaction mixture was concentrated
under reduced pressure. The concentrate was extracted with -
ether. Dilute hydrochloric acid was added to the extract

to make it acidic. To the water layer so separated, a
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acidic. To the water layer so separated, a dilute aqueous
solution of sodium hydroxide was added to make it alkaline,
followed by extraction with dichloromethane. The extract
was dried over anhydrous sodium sulfate. The residue ob-
tained by distilling off the solvent under reduced pressure
was dissolved in dichloromethane (7 ml). To the resulting
solution, di-tert-butyl dicarbonate (0.45 g) was added un-
der ice cooling, followed by stirring at room temperature
for 3 days. The residue obtained by distilling off the
solvent under reduced pressure was purified by chromatogra-
phy on a éilica gel column (hexane : ethyl acetate = 5:1),
whereby the title compound (0.29 g, 35%) was obtained.
'H-NMR (CDCl3) 8: 1.46(9H,s), 3.91(3H,s),
4.36(2H,d,J=5.9Hz), 4.97(1H,br), 7.40(1H,t,J=7.8Hz),
7.49(1H,d, J=7.8Hz), 7,90-8,00(2H,m). |
MS (FAB) m/z: 266 (M+H)".
[Referential Example 56] Methyl 4-cyanomethylbenzoate

In dichloromethane (20 ml), methyl 4-
hydroxymethylbenzoate (1.00 g) was dissolved, followed by
the addition of triethylamine (0.9 ml). Under ice cooling,
a solution of methanesulfonyl chloride (0.70 g) in dichlo-
romethane (dichloromethane: 5 ml) was added to the result-
ing solution. The resulting mixture was stirred at room
temperature for 15 hours. After dilution with dichio—

romethane, the reaction mixture was washed with water and
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was then dried over aﬁhydrous sodium sulfate. The residue
obtained by dietilling off the solvent under reduced pres-
sure was dissolved in acetonitrile (12 ml). To the result-
ing solution, potassium cyanide (0.80 g) and 18-Crown-6
(0.16 g) were added, followed by stirring at room tempera-
ture for 4d hours. After concentration under reduced pres-
sure, the concentrate was diluted with dichloromethane,
washed with water and then, dried over anhydrous sodium
sulfate. The residue obtained by distllling off the sol-
vent under reduced pressure was purified by chromatography
on-a silica gel column (dichloromethane), whereby colorless
crystals (0.91 g, 86%) was obtained. A portion of the re-
sulting crystals was recrystallized from a mixed solvent of
hexane and ethyl acetate, Qhereby colorless crystals were
obtained.
lH-NMR (CDCls) &: 3.82(2H,s), 3.93(3H,s),
7.42(2H,d,=8.3Hz), 8.06(2H,d,J=8.3Hz).
Elementary analysis for Cj;gHgNOz

Calculated: C, ©68.56; H, 5.18; N, 8.00.

Found: C, 68.39; H, 5.29; N, 8.08.
[Referential Example 57] Methyl 4-[2-(tert-
butoxycarbonylamino)ethyl]benzoate

Methyl 4~cyanomethylbenzoate (0.20 g) was dissolved in
a mixed solvent of methanol (15 ml) and chloroform (0.4

ml). To-the resulting solution, platinum dioxide (33 mg)
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was added, followed by catalytic reduction at room tempera-
ture under 3 atmospheric pressuré for 3 hours. The cata-
lyst was removed by filtration through Celite and the sol-
vent was distilled off under reduced pressure. The residue
was suspended in dichloromethane (5 ml), followed by the
addition of triethylamine (160 ul). After the additiqh of
- a solution of di-tert-butyl dicarbonate (0.29 g) in dichlo-
romethane (dichloromethane: 2 ml) under ice cooling, the
resulting solution was stirred at room temperature for 13
hours. The reaction mixture was diluted with dichlo-
romethane, washed with water and then dried over anhydrous
sodium sulfate. The solvent was distilled off under re-
duced pressure. The residue was purified by chromatography
on a silica gel column (hexane : ethyl acetate = 10:1 ~
5:1), whereb§ the title compdund (0.28 g, 88%) was ob-
tained.
'H-NMR (CDCl;) &: 1.43(9H,s), 2.86(2H,t,J=6.8Hz),
3.39(2H,m), 3.91(3H,s), 4.53(1H,br), 7.27(2H,d,J=8.3Hz),
7.98(2H,d, J=8.3Hz). |
Elementary analysis for CisH2i:NO4

Calculated: C, 64.50; H, 7.58; N, 5.01.

Found: C, 64.43; H, 7.35; N, 4.97.
[Referential Example 58] 1-[4-(2-(tert~
Butoxycarbonylamino)ethyl]lbenzoyl]~4-[(6-chloronaphthalen-

2~-yl)sulfonyl]lpiperazine
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In a similar manner to Referential Example 48 except
for the use of methyl 4-{2-(tert-
butoxycarbonylamino)ethyl]lbenzoate and 1-[ (6-
chioronaphthalen—z—yl)sulfonyl]piperaiine hydrochloride as
the raw materials, thé title compound was obtained.
'H-NMR (CDCls) &: 1.42(9H,s), 2.79(2H,t,J=6.8Hz),
3.10(4H,br), 3.35(2H,m), 3;40—4.00(4H,br), 4.50(1H,br),
7.18(2H,d,J=8.3Hz), 7.24(2H,d,J=8.3Hz),
7.59(1H,dd,J=8.8,2.0Hz), 7.75(1H,dd,J=8.8,2.0Hz), 7.90-
8.00(3H,m), 8.30(1H,s).

MS (FAB) m/z: 558 [(M+H)*, C1%®], 560 [(M+H)*, C1%].
[Referential Example 59) (2RS)-2~(N-tert-—
Butoxycarbonylaminomethyl)-6-methoxycarbonyl-1,2, 3, 4~
tetrahydronaphthalene

In a similar manner to Referential Examplg 55 except
for the use of (2RS)-6-methoxycarbonyl-2-p-
toluenesulfonyloxymethyl-1,2, 3, 4-tetrahydronaphthalene as
the raw material, the reaction was conducted, whereby the
title compound was obtained.
14-NMR (CDCl3) &: 1.40-1.60(1H,m), 1.46(9H,s), 1.90-
2.10(2H,m), 2.50(lH,dd(J=17.},10.7Hz), 2.70-3.00(3H,m),
3.10-3.30(2H,m), 3.89(3H,s), 4.68(1H,br),
7.12(1H,d, J=7.8Hz), 7.70-7.80 (2H,m).

Elementary analysis for CjgHasNO,

Calculated: C, 67.69; H, 7.89; N, 4.39.
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Found: C, 67.78; H, 7.61; N, 4.12.
[Referential Example 60] 1-[[(6RS)-6-(N-tert-
Butoxycarbonylaminomethyl)—5,6,7,8—tetrahydrqnaphthalen—Z—
yl]carbonyl]—4—[(6—chloronaphthalen—2—
yl)sulfonyl]piperazine

In a similar manner to Referential Example 48 except
for the use of'(2RS)-2—(N—tert—butoxycarbonylaminomethyl)—'
6;methoxycarbonyl?1,2,3,4—tetrahydronaphthalene and 1-[(6-
chloronaphthalen-2~yl)sulfonyl]piperazine hydrochloride,
the reaction was conducted, whereby the title compound was
obtained.
"H-NMR (CDCls) &: 1.30-1.60(1H,m), 1.45(9H,s), 1.80-
2.00(2H,m), 2.43(1H,dd,J=16.6,10.7Hz), 2.70-2.90(3H,m),
3.00-3.20(6H,m), 3.50-3.90(4H,br), 4.69(1H,br), 6.90-
7.10(3H,m), 7.59(1H,dd,J=8.8,2.0Hz),
7.75(1H,dd,J=8.8,2.0Hz), 7.90-8.00(3H,m), 8.30(1H,s).
MS (FAB) m/z: 598 [(M+H)*, c1°%1, 600 [(M+H)*, C1%].
[Referential Example 61] (2RS)-2- (N-tert-
Butoxycarbonylaminomethyl)-6-hydroxymethyl-1,2,3,4-
tetrahydronaphthalene

In dichloromethane (10 ml), (2RS)-2-(N-tert-
butoxycarbonylaminomethyl)-6-methoxycarbonyl-1,2,3,4-
tetrahydronaphthalene (0.47 g) was dissolved, followed by
the dropwise addition of diisobutylaluminum hydride (a

0.95M hexane solution, 3.6 ml) at an external temperature
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of -78°C. The resulting mixture was stirred for 90-minutes
without changing the temperature. Methanol was added to
the reaction mixture, followed by heating to room tempera-
ture. The insoluble matter was filtered- off through Ce-
lite. The filtrate was concentrated under reduced pres-
sure. The concentrate was diluted with dichloromethane,
washed with water and dried over anhydrous sodium sulfate.
The residue obtained by distilling off the solvent under
reduced pressure was purified by chromatography on a silica
gel column (hexane : ethyl acetate = 3:1), whereby color-
less crystals (0.31 g, 72%) were obtained. A portion of
the crystals was recrystallized from a mixed solvent of
hexane and ethyl acetate, whereby colorless crystals were.

obtained.
'H-NMR (CDCls3) &: 1.40-1.60(1H,m), 1.46(9H,s), 1.60-
1.70{1H,m), 1.90-2.00(2H,m), 2.45(1H,dd,J=16.6,10.7Hz),
2.70-2.90(3H,m), 3.10-3.30(2H,m), 4.62(2H,d,J=5.9Hz),
4.67(1H,br), 7.00-7.20(3H,m).
Elementary analysis for C;;H3sNO;

Calculated: C, 70.07; H, 8.65; N, 4.81.

Found: C, 70.21; H, 8.49; N, 4.75.
[Referential Example 62] 1-[[(6RS)-6-(N-tert-
Butoxycarbonylaminomethyl)-5,6,7,8—tetrahydronaphthalen—Z—
yl]methyl]-4-[(6—chloronaphthalen-2—yl)sulfonyl]piperazine

In a similar manner to Referential Examples 46 and 47
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except for the use of (2RS)—2-(N—tert—
butokyéarbonylaminomethyl)—6—hydroxymethyl—1,2,3,4—
tetrahydronaphthalene as the raw material, the reaction was
conducted, whereby the title compound was obtained.
4-NMR (CDCls) 8: 1.30-1.50(1H,m), 1.44(9H,s), 1.80-
2.00(2H,m), 2.40(1H,m}, 2.51(4H,br), 2.60-2.90(3H,m),
3.09(6H,br), 3.39(2H,s), 4.67(1H,br), 6.90-7.00(3H,m),
7.56(1H,d,J=8.8Hz), 7.77(1H,d,J=8.8Hz), 7.80-8.00(3H,m),
8.28(1H,s) .
MS (FAB) m/z: 584 .[(M+H)*, c1%], 586 [(M+H)*, C1%¥].
[Referential Example 63] (2RS)-2-(tert-
Butyldimethylsilyloxymethyl)-6-methoxycarbonyl-1,2,3,4-
tetrahydronaphthalene

In N,N-dimethylformamide (5 ml), (2RS)-2-
hydroxymethyl-6-methoxycarbonyl-1,2, 3, 4-
tetrahydronaphthalene (1.71 g) was dissolved, followed by
the addition of imidazole (0.81 g) and tert-
butyldimethylsilyl chloride (1.81 g) under ice cooling.
The resulting mixture was stirred at room temperature for
14 hours. After the addition of methanol, the mixture was
concenfrated under reduced pressure. The EOncentrate was
diluted with ethyl acetate, washed with water and then
dried over anhydrous sodium sulfate. The residue obtained
by distilling off the solven£ under reduced pressure was

purified by chromatography on a silica gel column (hexane :
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. ethyl acetate = 50:1), whereby a yellow solid (2.20 g, 85%)
was obtained.
H-NMR (CDClis) &: 0.06(6H,s), 0.91(9H,s), 1.40-1.60(1H,m),
1.90-2.10(2H,m), 2.53(1H,dd,J=17.1,10.3Hz), 2.80-
3.00(3H,m), 3.58(2H,d,J=5.9Hz), 3.89(3H,s),
7.14(1H,d,J=7.8Hz), 7.70-7.80(2H,m).
MS (FAB) m/z: 335 (M+H)". |
[Referential Example 64] (2RS)—2-(te£t—
Butyldimethylsilyloxymethyl)-6-hydroxymethyl-1,2,3,4-
tetahydronaphthalene

In a similar manner to Referential Example 61 except
for the use of (2RS)—2—(tert-butyldimethylsilyloxymethyl)-
6-methoxycarbonyl-1, 2, 3, 4-tetrahydronaphthalene as the raw
material, the title compound was obtained.
*H-NMR (CDCls) 8: 0.07(6H,s), 0.91(9H,s), 1.30;1.50(1H,m),
1.50—1.60(1H,m), 1.90-2.10(2H,m), 2.48(1H,m}), 2.70-
2.90(3H,m), 3.58(2H,m), 4.62(2H,d,J=5.9H25, 7.09(3H,m).
MS (FAB) m/z: 307 (M+H)™'.
[Referential Example 65] (2RS)-6-(N-tert-
Butoxycarbonylaminomethyl)~2-(tert-
butyldimethylsilyloxymethyl)-1,2,3,4-tetrahydronaphthalene

In dichloromethane (10 ml), (2RS)-2-(tert-
butyldimethylsilyloxymethyl)—6-hydro§ymethyl—1,2,3,4-
tetrahydronaphthalene (1.00 g) was dissolved. To the re-

sulting solution, triethylamine (0.5 ml) was added, fol-
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lowed by ice cooling. After the addition of a solution of
methaﬁesulfonyl chloride (0.39 g) in dichloromethane Kdi—
chloromethane: 1 ml), the resulting mixture was stirred at
room temperature for 9 hours. The reaction mixtufe was
washed with water and then dried over anhydrous sodium sul-
fate. The residue obtained by distilling off the solvent
under reduced pressure was treated as in Referential Exam-
ple 59, whereby the title compound (1.10 g, 83%) was ob-
tained.

H-NMR (CDCls) &: 0.06(6H,s), 0.91(9H,s), 1.40-1.60(1H,m),
1.46(9H,s), 1.90-2.00(2H,m), 2.45(1H,m), 2.70-2.90(3H,m),
3.57(2H,m), 4.24(2H,m), 4.76(1H,br), 7.00-7.10(3H,m).

MS (FAB) m/z: 406 (M+H)".

[Referential Example 66] (2RS) ~6- (N~tert-
Butoxycarbonylaminomethyl) -2-hydroxymethyl-1,2, 3, 4~
tetrahydronaphthalene
| In tetrahydrofuran (10 ml), (2RS)—6—(N-tert—
butoxycarbonylaminomethyl)-2-(tert-
butyldimethylsilyloxymethyl)—1,2,3,4—tetrahydronaphthalene.
(1.09 g) was dissolved. To the resulting solution, tetra-
butylammonium fluoride (a 1.0M tetrahydrofuran solution,
4.0 ml) was added, followed by stirring at room temperature
for 2 hours. After concentration under reduced pressure,
the concentrate was diluted with dichloromethane, washed

with water and dried over anhydrous sodium sulfate. The
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residue obtained by distilling off the solvent under re-
duced pressure was purified by chromatography on a silica
gel column (hexane : ethyl acetate = 3:1 ~ 2:1), whereby a
colorless solid (0.77 g, 98%) was obtained. A portion of
the solid was recrystallized from a mixed solvent of hexane
and ethyl acetate, whereby colorless crystals were ob-
tainea.
H-NMR (CDCls) &: 1.40-1.60(2H,m), 1.46(%9H,s), 1.90-
2.10(2H,m), 2.48(1H,dd,J=16.6,10.7Hz), 2.70-3.00(3H,m),
3.6-3.7(2H,m), 4.24(2H,d,J=5.4Hz), 4.78(1H,br), 7.00-
7.10(3H,m) .
Elementary analysis for Cj;9HzsNOj

Calculated: C, 70.07; H, 8.65; N, 4.81.

Found: C, 70.02; H, 8.61; N, 4.46.
[Referential Example 67] 1-[[(2RS)~6~(N-tert-
Butoxycarbonylaminomethyl)71,2,3,4—tetrahydronaphthalen—Z—
yl]methyl]—4—[(6—chloronaphthalen-2—yl)suifonyl]piperazine

In dic¢hloromethane (5 ml), (2RS)-6-(N-tert-
butoxycarbonylaminomethyl)-2-~hydroxymethyl-1,2,3,4-
tetrahydronaphthalene (0.17 g) was dissolved, followed by
the addition of N-methylmorpholine N-oxide (0.13 g) and Mo-'
lecular Sieves 4A (activated powder, 0.18 g). Under ice
cooling, ruthenium tetraoxide tetfapropylammonium salt (10
mg) was added to the resulting mixture under ice cooling,

followed by stirring at room temperature for 1 hour. Ether
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was added to the reaction mixture and the insoluble matter
was removed by the filtration through Celite. The filtrate
was distilled off under reduced pressure. The residue was
purified by chromatography on a silica gel column (dichlo-
romethane), whereby the corresponding aldehyde compound was
obtained. In a similar manner to Referential Example 47
except for the use of the résulting aldehyde compound, the
reaction was conducted, whereby the title compound (0.14 g,
41%) was obtained.
H-NMR (CDCls) &: 1.20-1.40(1H,m), 1.44(9H,s), 1.80-
2.00(2H,m), 2.20-2.40(3H,m), 2.50-2.60(4H,m), 2.60-
2.80(3H,m), 3.11(4H,m), 4.20(2H,d,J=5.4Hz), 4.79(1H,br),
6.94(3H,m), 7.57(1H,dd,J=8.8,1.5Hz),
~7.79(1H,dd,J=8.8,1.5Hz), 7.90-8.00(3H,m), 8.31(1lH,s).
MS (FAB) m/z: 584 [(M+H)*, C1*®], 586 [(M+H)*, C1%7].
[Referential Example 68] 1-[[(2RS)-6-(N-tert-
Butoxycarbonylaminomethyl)-1,2,3,4;tetrahydronaphthalen42—
yl]lcarbonyl]4-{ (6-chloronaphthalen-2-yl)sulfonyl]piperazine
In carbon tetrachloride (2 ml), acetonitrile (2 ml)
and water (3 ml), (2RS)-6-(N-tert-
bﬁtoxycarbonylaminomethyl)—2-hydroxymethyl—l,2,3,4—
tetrahydronaphthalene (0.21 g) was dissolved, followed by
the addition of sodium periodate (0.48 g) and ruthenium
trichloride hydrate (4 mg). The resulting mixture was

stirred for 90 minutes. The reaction mixture was diluted
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with dichloromethane. The organic layer so separated was
dried over anhydrous sodium sulfate. The residue obtained
by distilling off the solvent under reduced pressure was
added with ether and insoluble matter was filtered off.
The filtrate was then distilled under reduced pressure. In
a similar manner to Referential Example 12.except for the
use of the carboxylic acid compound so obtained, the reac-
tion was conducted, whereby the title compound (0.11 g,
25%) was obtained.
1H-NMR (CDCls) &: 1.45(9H,s), 1.70-2.00(2H,m), 2.60-
2.90(4H,m), 2.95(1H,m), 3.11(4H,m), 3.64(2H,m), 3.76(2H,m),
4.22(2H,d,J=5.4Hz), 4.82(1lH,br), 6.90-7.10(3H,m),
7,59(1H,d,J=8.8Hz), 7.77(1H,d,J=8.8Hz), 7.90-8.00(3H,m),
'8.31(1H,s).
MS (FD) m/z: 597 [M', c155], 599 [M*, c1%].
[Referential Example 69] 2-(N-tert-
Butoxycarbonylaminomethyl)-7-methoxycarbonylnaphthalene

In a similar manner to Referential Example 65 except
for the use of 2-hydroxymethyl-7-methoxycarbonylnaphthalene
(1.01 g) as the raw material, the reaction was conducted,
whereby the title compound Qas obtained.
'H-NMR (CDCl;) &: 1.49(9H,s), 3.98(3H,s),
4.50(2H,d,J=5.4Hz), 4.99(1H,br), 7.53(1H,d,J=8.3Hz), 7.80-
7.90(3H,m), 8.04(1H,dd,J=8.3,1.0Hz), 8.57(1lH,s).

Elementary analysis for C;gH2i1NO,
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Calculated: C, 68.55; H, 6.71; N, 4.44.

Found: C, 68.54; H, 6.70; N, 4.46.
[Referential Example 70] 1-[[7-(N-tert-
Butoxycarbonylaminomethyl)naphthalen-2-yl]carbonyl]-4~[(6-
chloronaphthalen-2-yl)sulfonyllpiperazine

In a similar manner to Referential Example 48 except
for the use of 2-(N—tert—butoxycarbonylaminomethyl)—7~
methoxycarbonylnaphfhalene as the raw material, the title
compound was obtained.
'H-NMR (CDCl3) &: 1.46(9H,s), 3.12(4H,br), 3.50-
4.00(4H,br), 4.45(2H,d,J=5.9Hz), 5.01(1H,br),
7.34(1H,d,J=7.8Hz), 7.45(1H,d,J=8.3Hz), 7.50-7.60(1H,m),
7.66(1H,s), 7.70-7.80(4H,m), 7.90-8.00(3H,m), 8.30(1lH,s).
MS (FAB) m/z: 594 [(M+H)*, C1*®], 596 [(M+H)*, Cc1%7].
[Referential Example 71} 1-{[7-(N-tert-
Butoxycarbonylaminomethyl) naphthalene-2-yl]lmethyl]-4-[ (6~
chloionaphthalen—z—yl)sulfonyl]piperaziné

In a similar manner to Referential Examples 61 and 67
except for the use of 2-(N-tert-butoxycarbonylaminomethyl)-
7—methoxycarbonyinaphthalene as the raw material, the reac-
tion was conducted, whereby the title compound was ob-

tained.
14-NMR (CDCls) &: 1.47(9H,s), 2.50-2.70(4H,m), 3.10(4H,br),

3.61(2H,s), 4.44(2H,d,J=5.4Hz), 4.92(1H,br), 7.30-

7.40(2H,m), 7.50-7.70(3H,m), 7.70-7.90(3H,m), 7.90-
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8.00(3H,m), 8.29(1lH,s).
MS (FAB) m/z: 580 [(M+H)*, Cl®®], 582 [(M+H)*, C1%].
[Referential Example 72] 2-(N-tert-
Butoxycarbonylaminomethyl) -6-methoxycarbonylnaphthalene

In a similar manner to Referential Examples 45 and 65
except for the use of dimethyl 2,6—naphthélenedicarboxylate
as the raw material, the reaction was conducted, whereby
the title compound was obtained.
'H-NMR (CDCls) &: 1.48(9H,s), 3.98(3H,s),
4.50(2H,d, J=5.4Hz), 4.99(1H,br),'7.47(1H,d,J=8.3Hz),
7.75(1H,s), 7.84(1H,d,J=8.8Hz), 7.92(1H,d,J=8.8Hz),
8.06(1H,d,J=8.3Hz), 8.58(1H,s).
Elementary analysis for Cj;gH21NO4

Calculated: C, 68.55; H, 6.71; N, 4.44.

Found: C, 68.93; H, 6,76; N, 4.29.
[Referential Example 73] Methyl 4-[[(38)-1-tert-
butoxycarbonyl—B-pyrrolidinyl]oxy]benzoaté

In tetréhydrofuran (50 ml), methyl 4-hydroxybenzoate
(1.01 g), (3R)-1l-tert-butoxycarbonyl-3-pyrrolidinole (1.36

g) and triphenylphosphine (1.73 g) were dissolved, followed

by the dropwise addition of a 40% solution (2.87 ml) of di--

ethyl azodicarboxylate in toluene under ice cooling. The
resulting mixture was stirred at room temperature for 20
hours. To the reaction mixture, ethyl acetate and a 10%

agqueous solution of potassium carbonate were added to sepa-
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rate the organic layer. The organic layer so separated was
washed Qiﬁh a 10% aqueous solution of potassium éarbonate
and water and dried over anhydrous sodium sulfate. The
solvent was then distilled off under reduced pressure. The
residue was purified by chromatography on a silica gel col-
umn (hexane : ethyl acetate = 2:1), whereby the title com-
pound (1.60 g, 76%) was obtained.
'H-NMR (CDCls) &: (9H,s), 2.00-2.20(2H,m), 3.40-3.70(4H,m),
3.89(3H,s), 4.96(1H,br s), 6.88(2H,d,J=8.8Hz), 7.90-
8.00(2H,m) .
[Referential Example 74] 4-[[(3S)-1-tert-Butoxycarbony-3-
pyrrolidinyl]oxylbenzoic acid

In a similar manner to Referential Example 11 except
for the use of methyl 4-[[(3S)~-1l-tert-butoxycarbonyl-3-
pyrrolidinylloxylbenzoate as the raw material, the reaction
was conducted, whereby the title compound was obtained.
'H-NMR (CD3OD) &: 1.45 and 1.47(9H, each s), 2.10-
2.20(2H,m),-3.40—3.70(4H,m), 5.00-5.10(1H,m),
6.98(2H,d,J=8.8Hz), 7.97(2H,d,J=8.8Hz).
[Referential Example 75] 1-{4-[[(3S)-1l-tert-
Butoxycarbonylpyrrolidin-3-yl]loxylbenzoyl]-4~{ (6-
chloronaphthalen-2-yl)sulfonyllpiperazine

In a similar manner to Referential Example 12 except
for the use of 4—[[(3S)—l-tert—butoxycarbonyl—B-

pyrrolidinylloxylbenzoic acid and 1-[(6-chloronaphthalen-2-
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yl)sulfonyllpiperazine hydrochloride as the raw materials,
the reaction was conducted, whereby the title compound was
obtained.
'H-NMR (CDCls) 8: 1.46(9H,s), 2.00-2.20(2H,m), 3.00-
3.20(4H,m), 3.40-3.80(8H,m), 4.88(1lH,br s),
6.82(2H,d,J=8.3Hz), 7.26—7.30(2H,m),
7.60(1H,dd,J=8.7,1.9Hz), 7.76(1H,dd,J=8.5,1.7Hz), 7.96—
7.95(3H,m), 8.30(1H,s).
Elementary analysis for C3oH34C1N304S

Calculated: C, 60.04; H, 5.71; N, 7.00.

Found: C, 60.05; H, 5.69; N, 6.80.
[Referential Example 76] Methyl 3-[[(3S)-1-tert-
butoxycarbonyl-3-pyrrolidinyl]oxylbenzoate

In a similar manner to Referential Example 73 except
.for the use of methyl 3-hydroxybenzoate, fhe reaction was
conducted, whereby the title compound was obtained.
'H-NMR (CDC13)8: 1.45 and 1.47(9H, each s), 2.05-
2.25(2H,m), 3.40-3.70(4H,m), 3.92(3H,s), 4.96(1H,br s),
7.07(1H,d,J=7.8Hz), 7.30-7.40(1H,m), 7.53(iH,d,J=2.0Hz),
7.65(1H, m).
MS (FAB) m/z: 322 (M+H)*.
[Referential Example 77] 3-[[(3S)-1l-tert-Butoxycarbonyl-3-
pyrrolidinyl]oxylbenzoic acid

In a similar manner to Referential Example 74 except

for the use of methyl 3-[[(3S)-l-tert-butoxycarbonyl-3-
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pyrrolidinyl]oxy]benzoate as the raw material, the title
compound was obtained.
'H-NMR (CD;OD) &: 1.45 and 1.47(9H, each s), 2.05-
2.25(2H,m), 3.35-3.65{(4H,m), 5.04(1H,br s), 7.05-
7.15(1H,m), 7.30-7.40(1H,m), 7.53(1H,s), |
7.62(1H,d,J=7.3Hz).
MS (FAB) m/z: 308 (M+H)".
[Referential Example 78] 1-[3-[[(3S)-1-tert-
butoxycarbonylpyrrolidin-3-yl]loxylbenzoyl]-4-[ (6-
chloronaphthalen-2-yl)sulfonyl]piperazine

In a similar manner to Referential Example 75 except
for the use of methyl 3-[[(3S)—1—tert—butoxycarbonyl—3—
pyrrolidinyl]oxy]benzoic.acid'as the raw material, the ti-
tle compound was obtained.
'H-NMR (CDCls) &: 1.45 and 1.46(9H, each s), 2.00-
2.20(2H,m), 2.95-3.25(4H,m), 3.40-3.90(8H,m), 4.84(1H,br
s), 6.80-6.90(3H,m), 7.20-7.30(1H,m), :
7.60(1H,dd,J=8.8,1.5Hz), 7.76(1H,dd,J=8.5,1.7Hz), 7.90-
7.95(3H,m), 8.30-8.35(1H,m).
MS (FAB) m/z: 600 [(M+H)*, C1%°], 602 [(M+H)*, C1%].
[Referential Example 79] Methyl 4-[[(3R)-1~tert-
butoxycarbonyl-3-pyrrolidinyl]oxy]benzoate

In a similar manner to Referential Example 73 except
for the use of methyl 4-hydroxybenzoate and (3S)-1l-tert-

butoxycarbonyl-3-pyrrolidinole as the raw materials, the
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title compound was obtained.
'H-NMR (CDCl3) 8: 1.47(9H,s), 2.05-2.25(2H,m), 3.4o¥
3.70(4H,m), 3.89(3H,s), 4.96(1H,br s), 6.88(2H,d,J=8.8Hz),
7.90-8.00(2H, m) .
MS (FAB) m/z: 322 (M+H)*.
[Referential Example 80] 4-[[(3R)~1-tert-Butoxycarbonyl-3-
pyrrolidinyl]oxy]benioic acid

In'a similar manner to Referential Example 74 éxcept
for the use of methyl 4-[[(3R)-1-tert-butoxycarbonyl-3-
pyrrolidinyl]oxylbenzoate as the raw material, the title

coﬁpound was obtained.

*H-NMR (CD3OD) o: 1.47 and 1.48(9H, each s), 2.10-

2.25(2H,m), 3.40-3.70(4H,m), 4.98(1H,br s),
6.91(2H,d, J=8.8Hz), 8.00-8.10(2H,m).
MS (FAB) m/z: 308 (M+H)".

[Referential Example 81] 1-[4-[[(3R)-1l-tert-

'Butoxycarbonylpyrrolidin—3—yl]oxy]benzoyl]—4—[(6-

chloronaphthalen-2-yl)sulfonyl]piperazine

In a similar manner to Referential Example 75 except
for the use of 4-[[(3R)-1l-tert-butoxycarbonyl-3-
pyrrolidinyljoxylbenzoic acid as the raw material, the ti- .
tle compound was obtained.

14-NMR (CDCls) &: 1.46(9H,s), 2.00-2.20(2H,m), 3.00-

3.20(4H,m), 3.40-3.80(8H,m), 4.89(1H,br s),
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6.82(2H,d, J=8.3Hz), 7.20—7.30{2H,m),
7.58(1H,dd,J=8.8,2.0Hz), 7.74(1H,dd,J=8.5,1.7Hz), 7.90-
7.95(3H,m), 8.30(1H,s).
MS (FAB) m/z: 600 [(M+H)*, Cl1**], 602 [(M+H)*, C1%].
[Referential Example 82] Methyl 3-[[(3R)-l-tert-
‘butoxycarbonyl-3-pyrrolidinyl]oxy]benzoate

In a similar manner to Referential Example 73 except
for the use of methyl 3-hydroxybenzoate and (3S)-l-tert-
butoxycarbonyl-3-pyrrolidinole as the raw materials, the
title compound was obtained.
H-NMR (CDC13)8: 1.47(9H,s), 2.05-2.25(2H,m), 3.40-
3.70(4H,m), 3.92(3H,s), 4.95(1H,br s), 7.07(1H,d,J=7.8Hz),
7.30-7.40(1H,m), 7.50-7.55(1H,m), 7.60-7.70(1H,m).
MS (FAB) m/z: 322 (M+H)™*.
‘[Referential Example 83] 3—[[(3R)-1—tert—butoxycarbonyi—3—
pyrrolidinyl]oxylbenzoic acid

In a similar manner to Referential Ekample 74 except
for the use of méthyl 3-[((3R)~1-tert-butoxycarbonyl-3-
pyrrolidinyl]oxyjbenzoate as the raw material, the title

. compound was obtained.

14-NMR (CD;OD) &: 1.48(9H,s), 2.05-2.25(2H,m), 3.45-
3.70(4H,m)}, 4.97(1H,br s), 7.10-7.15(1H,m), 7.35-
7.45(1H,m), 7.58(1H,s), 7.70~7.75(1H,m).

MS (FAB) m/z: 308 (M+H)*.

[Referential Example 84] 1-(3-[[(3R)-1l-tert-
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butoxycarbonylpyrrolidin-3-yl]oxy]lbenzoyl]-4-[ (6-
chloronaphthalen—Z—yl)sulfonyl]pibefazine

In a similar manner to Referential Example 75 except
for the use of 3-[[(3R)-1l-tert-butoxycarbonyl-3-
pyrrolidinyl)oxylbenzoic acid as the raw material, the ti-
tle compound was obtained.
'H-NMR (CDCls) &: 1.45 and 1.46(9H, each s), 2.00-
2.20(2H,m), 2.95—3.25(4H,m), 3.40-3.90(8H,m), 4.84(1H,bx
s), 6.80-6.90(3H,m), 7.20-7.30(1H,m),
7.60(1H,dd,J=8.5,1.7Hz), 7.76(1H,dd,J=8.5,2.0Hz), 7.90~
7.95(3H,m), 8.30-8.35(1H,m). |
MS (FAB) m/z: 600 [(M+H)*, cl1®%], 602 [(M+H)*, C1¥}.
[Referential Example 85] 4-[2-Amino-5-pyrimidyl)benzoic
acid

In a similar manner to Referential Example 2 except
for the use of 2-amino-5-bromopyrimidine as the raw mate-
rial, the title compound was obtained.
1H—NMR (DMSO-dg) &: 7.81(2H,d,J=8.8sz, 8.00(2H,d, J=8.8Hz),
8.84(2H,s).
MS (FAB) m/z: 216 (M+H)*.
[Referential Example 86] 1l-tert-butoxycarbonyl-4-
[ (methoxycarbonyl)methylene]lpiperidine

In tetrahydrofuran (40 ml), methyl'dimethylphosphoné—
acetate (1.8 ml) was dissolved. To the resulting solution,

60% oily sodium hydride (450 mg) was added under ice cool-
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ing, followed by stirriﬁg under the same condition. After
the addition of a solution of 1-(tert-butoxycarbonyl)-4-
piperidone (2.05 g) in tetrahydrofuran (tetrahydrofuran: 10
ml) and stirring at room temperature for 30 minutes, the .
reaction mixture was diluted with ethyl acetate. To the
diluted solution, 2N hydrochloric acid was édded. The or-
génic layer was separated, washed with a saturated aqueous
solution of sodium bicarbonate and saturated aqueous sa-
line, and dried over anhydrous sodium sulfate. The solvent
was then distilled off under reduced pressure. The residue
was purified by chromatography on a silica gel column (hex-
ane : ethyl acetate = 6:1), whereby the title compound
(2.35 g, 92%) was obtained.
'H-NMR (CDCls) 8: 1.47(9H,s), 2.28(2H,t,J=5.9Hz),
2.94(2H,t,J=5.9Hz), 3.48(2H,t,J=5.9Hz), 3.50(2H,t;J=5.9Hz),
3.70(3H,s), 5.72(1H,s).
Elementary analysis for C;3Hz;NO4

Calculated: C, 61.16; H, 8.29; N, 5.49.

Found: C, 61.14; H, 8.34; N, 5.20.
[Referential Example 87] Methyl (l-tert-
butoxycarbonylpiperidin-4~yl)acetate

In ethanol (10 ml), 1-tert-butoxycarbonyl-4-
[ (methoxycarbonyl)methyl]piperidine (875 mg) was dissolved,
followed by the addition of 10% palladium carbon (water

‘content: about 50%, 730 mg). The resulting mixture was
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subjected to catalytic reduction under normal pressure at
room temperature for 3 days; After the removal of the
catalyst by filtration, the solvent was distilled off under
reduced pressure, whereby the title compound (871 mg, 99%)
was obtained. |
1H-NMR (CDCls) &: 1.16(2H,m), 1.45(9H,s), 1.65(2H,m),
1.93(1H,m), 2.25(2H,d,J=6.8Hz), 2.72(2H,br), 3.68(3H,s),
4.08(2H,br).
MS (FAB) m/z: 258 (M+H)®.
[Referential Example 88] (l-tert-Butoxycarbonylpiperidin-
4—§l)acetic acid
In a similar manner to Referential Example 11 except

for the use of methyl (l-tert-butoxycarbonylpiperidin-4-
yl)acetate as the raw material, the title compound was ob-
tained..
'H-NMR (CDCls) &: 1.18(2H,m), 1.45(9H,s), 1.73(2H,m),
1.94(1H,m), 2.29(2H,d,J=6.8Hz), 2.72(2H,ﬁ), 4.10(2H,br) .
MS (EI) m/z: 243 M*.

[Referential Example 89] 1-[(l-tert-
Butoxycarbonylpiperidin-4-yl)acetyl]-4-[ (6~
chloronaphthalen-2-yl)sulfonyl]lpiperazine

' In a similar manner to Referential Example 12 except
for the use of (l-tert-butoxycarbonylpiperidin-4-yl)acetic
acid and 1-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine

hydrochloride as the raw materials, the reaction was con-
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ducted, whereby the title compound was obtained.
'H-NMR (CDCl;) &: 1.05(2H,m), 1.43(9H,s), 1.63(2H,m),
1.91(14,m), 2.14(2H,d,J=6.8Hz), 2.66(2H,m), 3.07(4H,br s),
3.56(2H,br s), 3.67(2H,br s), 4.02(2H,br),
7.58(1H,dd,J=8.8,2.0Hz), 7.75(1H,d,J=8.8Hz),
7.91(1H,d,J=8.8Hz), 7.93(1H,d,J=8.8Hz), 7.92(1H,s),
8.30(1H,s).
MS (FAB)-m/z: 536 [(M+H)*, C1%], 538 [(M+H)*, C1%].
[Referential Example 90] 3-(l-tert-
Butoxycarbonylpiperidin-4-yl)propionic acid

| In a similér manner to Referential Example 61 except
for the use of ethyl 1l-tert-butoxycarbonylisonipecotinate
as the raw material, the reaction was conducted, whereby
the corresponding aldehyde derivative was obtained. The
.resulting derivative was treated as in Referential Examples
86, 87 and 88, whereby the title compound was obtained.
'H-NMR (CDCls) &: 1.10(2H,m), 1.41(1H,m), 1.45(9H,s),
1.60(2H,q,J=7.8Hz), 1.66(2H,m), 2.39(2H,t,J=7;8Hz),
2.67(2H,m), 4.09(2H,br).
MS (FAB) m/z: 258 (M+H)*.
[Referential Example 91] 1-[3-(l-tert-
Butoxycarbonylpiperidin-4—yl]prépionyl]—4—[(6—
chloronaphthalen-2-yl)sulfonyl]piperazine

In a similar manner to Referential Examéle 12 except

for the use of 3-(l-tert-butoxycarbonylpiperidin-4-
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yl)propionic acid and 1-{(6-chloronaphthalen-2-
ylﬁsulfonyl]pipérézine hydrochloride as the raw materials,
the reaction was conducted, whereby the title compound was
obtained.
’H-NMR (CDCl3) &: 1.04(2H,m), 1.35(1H,m), 1.44(9%H,s),
1.47(2H,q,J=7.8Hz), 1.57(2H,m), 2.24(2H,t,J=7.8Hz),
2.61(2H,m), 3.07(4H,br s), 3.50(2H,br s), 3.71(2H,br s),
4.04 (2H,br), 7.58(1H,dd,J=8.8,2.0Hz),
7.75(1H,dd, J=8.8,2.0Hz), 7.90(1H,d;J=8.8Hz), 7.91(1H, s),
7.92(1H,d,J=8.8Hz), 8.30(1lH,s).
MS (FAB) m/z: 550 [(M+H)*, C1%%], 552 [ (M+H)*, C1%"].
[Referential Example 92] (E)-3—(4;Pyridyl)acrylic acid

In a similar manner to Referential Examples 86 and 88
except for the use of isonic§tinic aldehyde as the raw ma-
teriél, the title compound was obtained.
'H-NMR (DMSO-de) &8: 6.79(1H,d.J=16.6Hz),
7.56(1H,d,J=16.6Hz), 7.66(2H,d,J=5.9Hz),
8.62(2H,d,J=5.9Hz), 12.72(1H,br s).
MS (EI) m/z: 149M".
[Referential Example 93] 1-Methoxycarbonyl-3~-pyrroline

In dichloromethane (20 ml), 3-pyrroline (1.1 ml) was
dissolved, followed by the addition of triethylamine (2.6
ml) and methyl chloroformate (1.2 ml) under ice cooling.
Thelresulting mixture was stirred at room temperature for

17 hours. The residue obtained by distilling the reaction
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mixture under reduced pressure was purified by chromatogra-
phy on a silica gel column (hexane : ethyl acetate = 4:i),.
whereby the title compound (0.95 g, 52%) was obtained.
H-NMR (CDCls) &: 3.73(3H,s), 4.00-4.20(4H,m), 5.70-
5.90(2H,m) .
[Referential Example 94] Methyl 4-
trifluoromethanesulfonyloxybenzoate

In dichloromethane (20 ml), methyl 4-hydroxybenzoate
(1.99 g) was dissolved, followed by the addition of pyri-
dine (2.4 ml) and trifluoromethanesulfonic anhydride (3.0
mlf under ice cooling. After stirring at room temperature
for 6 hours, the reaction mixture was added with pyridine
{1.5 ml) and trifluoromethanesulfbnic anhydride (1.0 ml)
again. The resulting mixture was stirred for 5 hours. Di-
chloromethane and an aqueous solutién of sodium bicarbonate
were added to the reaction mixture. The organic layer so
separated was washed with a 10% aqueous citric acid solu-
tion and saturated saline and dried over anhydrous sodium
sulfate. The residue obtained by distilling off the sol-
vent under reduced pressure was purified by chromatography
oﬁ a silica gel column (5% ethyl acetate - hexane), whereby-

the title compound (3.22 g, 86%) was obtained.
'H-NMR (CDCls) &: 3.95(3H,s), 7.36(2H,d,J=8.8Hz),
8.15(2H,d, J=8.8Hz) .

MS (FAB) m/z: 285 (M+H)".
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[Referential Example 93] Mefhyl 4-(1-
methoxfcérbonylpyrrolidin—3—yl)benzoate

In N,N-dimethylformamide (25 ml); methyl 4-
trifluoromethanesulfonyloxybenzoate (1.05 g), 1-
methoxycarbonyl-3-pyrroline (1.0 g), lithium chloride (0.51
g), palladium (II) acetate(53 mg) and tri(2-furyl)phosphine
(100 mg) were dissolved, followed by the addition of diiso-
propylethylamine (2.8 ml). Under an argon gas atmosphere,
the resulting mixture was stirred at 90°C for 11 hours and
then, at 100°C for 7 hours. The residue obtained by dis-
tilling off the solvent under reduced pressure was added
with dichloromethane and water. The organic layer so sepa-
rated was washed with water and dried over anhydrous sodium
sulfate. The solvent was then distilled off under reduced
pressure. The residue was purified by chromatography on a
silica gel column (hexane : ethyl acetatel= 9:1.~ 5:1).
The purified product was dissolved in methanol (30 ml),
followed by the addition of 10% palladium carbon (water
content: about 50%, 186 mg) and ammonium formate (197 mg). -
The resulting mixture was heated under reflux for 2 hours.
After the removal of the catalyst by filtration, the sol-
vent was distilled off under reguced pressure. The residue
was purified by chromatography on a silica gel column (10%
ethyl acetate - toluene), whereby the title compound (241

mg, 25%) was obtained.
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'H-NMR (CDCls) &: 1.95-2.10(1H,m), 2.25-2.35(1H,m), 3.30-
3.35(4H,m), 3.55-3.75(1H,m), 3.72 and 3.73(3H, each s),
3.80-3.90(1H,m), 3.91(3H,s), 7.30(2H,d,J=3.8Hz),
' 8.00(2H,d, J=8.3Hz).
MS (FAB) m/z: 264 (M+H)".
[Referential Example 96] 4-(l-tert-
ButoxycarbonYlpyrrolidin—3—yl)benzoic acid

In methanol (10 ml), methyl 4-(1-
methoxycarbonylpyrrolidin-3-yl)benzoate (0.24 g) was dis-
solved. The resulting solution was added with 8N hydro-
chioric acid (30 ml), followed by heating under reflux for
40 hours. The residue obtained by distilling off the sol-
vent under reduced pressure was dissolved in N,N-
dimethylformamide_(BO ml). To the resulting solution, 2-
(tert—butoxycarboﬁyloxyimino)-2—phenylacetonitrile (0.30 q)
and then diisopropylethylamine (0.40 ml) were added, fol-
lowed by stirring at rooﬁ temperature for 15 hours. The
residue obtained by distilling off the solvent under re-
duced pressure was distributed in ethyl acetate and a 10%
aqueous citric acid solution. The organic layer so sepa-
rated was washed with saturated saline and dried over anhy—
drous sodium sulfate. The solvent was then distilled off

under reduced pressure. The residue was purified by chro-
matography on a silica gel column (dichloromethane ~ 10%

methanol - dichloromethane), whereby the title compound
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(234 mg) was obtained.

lH-NMR (CDCls) &: 1.48(9H,m), 1.90-2.00(1H,m), 2.20-
2.30(1H,m), 3.20-3.90(5H,m), 7.20-7.30(2H,m), 8.00-
. 8.10(2H, m) .
MS (EI) m/z: 291M".
[Referential Example 97] 1-{4-(3RS)-1l-tert-
Butoxycarbonylpyrrolidin—3-yl]benzoyl]—4-[(6—
chloronaphthalen-2-yl)sulfonyl]piperazine

In a similar manner to Referential Example 12 except
for the use of 4-(l-tert~butoxycarbonylpyrrolidin-3-
ylibenzoic,acid and 1-[ (6-chloronaphthalen-2-
yl)sulfonyl]piperazine hydrochloride as the raw materials,
the reaction was conducted, whereby the title compound was
obtained.
*H-NMR (CDCl3) &: 1.47 and 1.60(9H, each s), 1.80-
2.00(1H,m), 2.10-2.20(1H,m), 3.00-4.00(13H,m), 7.10-
7.30(4H,m), 7.55-7.65(1H,m), 7.70—7.80(1H;m), 7.85-
8.00(3H,m), 8.30(1H,s).
[Referential Example 98] Methyl 5-benzimidazolecarboxylate
hydrochloride

In a similar manner to Referential Example 44 except
for the ﬁse of 5-benzimidazolecarboxylic acid as the raw
material, the reaction was conducted, whereby the title

compound was obtained.

'H-NMR (DMSO-dg) &: 3.93(3H,s), 7.96(1H,d,J=8.8Hz),
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8.12(1H,d.J=8.8Hz), 8.40(1H,s), 9.66(1H,s).
Elementary analysis for'thNﬂh-HCl

Calculated: C, 50.84; H, 4.27; N, 13.17;

Cl, 16.67.
Found: C, 50.64; H, 4.22; N, 13.12;
Cl, 16.59.

[Referential Example 99] Methyl N-triphenylmethyl-5-
benzimidazolecarboxylate

In a similar manner to Referential Example 22 except
for the use of methyl 5-benzimidazolecarboxylate hydrochlo-
ride as the raw material, the title compound was obtéined.
*H-NMR (CDCl3)8: 3.75(2H,s), 3.89(1lH,s),
6.49(1/3H,d,J=8.8Hz), 7.1-7.4(16H,m),
7.61(1/3H,dd,J=8.8,1.5Hz), 7.78(2/3H,d,J=8.8Hz),
7.85(2/3H,dd,J=8.8,1.5Hz), 7.96(1/3H,§), 8.02(2/3H,s).
MS (FAB) m/z: 419 (M+H)*.
[Referential Example 100] Sodium thiazolb[5,4-c]pyridine—
2-carboxylate

In tetrahydrofuran (12 ml), ethyl thiazolé[5,4-
clpyridine-2-carboxylate (0.61 g) was dissolved, followed
by the addition of a 1N aqueous sodium hydroxide solution
(3 ml). After stirring at room temperature for 30 minutes,
the insoluble matter was filtered off. Without purifica-
tion, the filtrate was provided for the subsequent reac-

tion.
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'H-NMR (DMSO-dg) 8: 7.95(1H,d,J=5.9Hz), 8.57(1H,d,J=5.9Hz),
9.27(1H,s).
[Referential Example 101] 1-[(5-tert-Butoxycarbonyl-
4,5,6,7—tetrahydrothieno[3,2—c]pyridin—2—y1]mefhyl]-4—[(6—
chloronaphthalen-2-yl)sulfonyl]piperazine
In a similar manner to Referential Example 47 except
for the use of 5-tert-butoxycarbonyl-2-formyl-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine and 1-[(6-chloronaphthalen-
2-yl)sulfonyl]piperazine hydrochloride as the raw materi—
als, the reaction was conducted, whereby thg title compound
was obtained.
1H—NMR (CDCl3) &: 1.47(9H,s), 2.53-2.62(4H,m), 2.72(2H,br
s), 3.10(4H,br s), 3.59(2H,s), 3.66(2H,br s), 4.38(2H,s),
6.54(1H,s), 7.57(1H,dd,J=8.8,2.0Hz),
7.76(1H,dd,J=8.8,2.0Hz), 7.87-7.94(3H,m), 8.29(1H,s).
MS (FAB) m/z: 562 [(M+H)*, C1], 564 [(M+H)*, C1%].
[Referential Example 102] 3—(5—tért—Buto#ycarbonyl—
4,5/6,7-tetrahydrothieno(3,2~c]pyridin-2-yl]lpropionic acid
In a similar manner to Referential Examples 86, 87 and
88 except for the use of SFtert—butoxycarbonyl—2—formyl—
4;5,6,7~tetrahydrothienot3,2—c]pyridine as the raw mate-
rial, the reaction was conducted, whereby the title com-

pound was obtained.

14-NMR (CDCls) 8: 1.48(9H,s), 2.70(2H,t,J=7.3Hz),
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2.76(2H,br s), 3.09(2H,t,J=7.3Hz), 3.70(2H,s), 4.40(24,s),
6.51(1H,s). | |
MS (FD) m/z: 311M*.
[Referential Example 103] (E)-3-(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno[3,2~c]pyridin-2-yllacrylic acid
In a siﬁilar manner to Referential Examples 86 and 88
except for the use of 5-tert-butoxycarbonyl-2-formyl-
4,5,6,7-tetrahydrothieno(3,2-c]pyridine as the raw mate-
riél, the reaction was conducted, whereby the title com-
pound was obtained.
'H-NMR (CDCls) 8: 1.49(9H,s), 2.85(2H,br s), 3.73(2H,br s),
4.47(2H,s), 6.12(1H,d,J=15.4Hz), 6.98(1H,s),
7.77(1H,d,J=15.4Hz). |
MS (FD) m/z: 309M".
[Referential Example 104] 1-{(E)-3-(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno[3,2-c)jpyridin-2-yl)propenoyl] -4~
[(6—chloronaphthalen-2-yl)sulfonyl]piperézine
In a similar manner to Referential Example 12 except
for the use of (E)-3-(5-tert-butoxycarbonyl-4,5,6,7~
"tetrahydrothieno[3,2-c]pyridin-2-yl)acrylic acid and 1-[(6-
chloronaphthalen-2-yl)sulfonyl]lpiperazine hydrochloride as
the raw materials, the reaction was conducted, whereby the
title compound was obtained.

1H-NMR (CDCls) &: 1.47(9H,s), 2.80(2H,br s),

3.12(4H,t,J=4.9Hz), 3.46-3.86(6H,m), 4.41(2H,s),
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6.39(1H,d,J=15.1Hz), 6.83(1H,s), 7.55-7.78(3H,m), 7.89—
7.92(3H,m), 8.30(1H,s).

MS (FD) m/z: 601 (M, C1%), 603 (M", C1%).

[Referential Example 105] 1~[3-(5-tert-Butoxycarbonyl-
4,5,6,7—tetrahydrothieno[3,2—c]pyridinFZ—yl)propionyl]—4—
[(6—chloronaphtha1en—2—yl)sulfonyl]piperazine.

In tetrahydrofuran (10 ml), 3-(5-tert-butoxycarbonyl-

4,5,6,7—tetrahydfothieno[3,2—c]pyridin—Z—yl)propionic acid

(445 mg) was dissolved, followed by the dropwise addition
of N-methylmorpholine (170 pl) and isobut&l chloroformate
(210 ui) successively at -20°C. After stirring at -20°C
for 10 minutes, 1-[(6-chloronaphthalen-2-
yl)sulfonyl]piperazine hydrochloride (607 mg) diss§lved_in
advance in dichloromethane (10 ml) was added to the reac-
tion mixture. The reaction mixture was stirred at -20°C
for 10 minutes and then heated to room temperatﬁre. The
reaction mixtufe was concentrated under reduced pressure.
The residue was dissolved in dichloroethane. The resulting
solution'was washed with 1IN hydrochloric acid, saturated
sodium bicarbonate and saturate saline and dried over anhy-
drous sodium sulfate. The solvent was distilled off under

reduced pressure. The residue was purified by chromatogra-
phy on a silica gel column (hexane : ethyl acetate = 4:1 ~

2:1), whereby the title compound (625 mg, 72%) was ob-

tained.
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'H-NMR (CDCls) &: 1.47(9H,s), 2.53(2H,t,J=7.5Hz),
2.68(2H,br s), 2.99-3.10(6H,m), 3.51-3.55(2H,m), 3.64(2H,br
s}, 3.72-3.77(2H,m), 4.34(2H,s), 6.43(1H,s),
7.59(1H,dd, J=8.8,2.0Hz), 7.74(1H,dd,J=8.8,2.0Hz), 7.88-
7.94(3H,m), 8.30(1H,s).
MS (FAB) m/z: 604 [(M+H)*, c1%], 606 [(M+H)*, C1¥].
[Referential Example 106) 3-(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno[3,2-clpyridin-2-yl)propanal

Ethyl 3—(S;tert—butoxycarbonyl—4,5,6,7—
tetrahydrdthieno[3,2fc]pyridin—2—yl)propionate (1.68 g) ob-
tained in Referential Example 102 was dissolved in dichlo-
romethane (100 ml). After stirring at -78°C for 10 min-
utes, diisobutylaluminum hydride (a 0.98M hexane solution,
7.50 ml) was slowly added dropwise to the reaction mixture.
The resulting mixture was stifred at -78°C for 10 minutes,
followed by the addition of methanol (50 mi). The result-
ing mixture was heated to room temperaturé. The reaction
mixture was concentrated under reduced pressure. To the
residue, dichloromethane and a saturated agueous ammonium
chloride soiution were added and the resulting mixture was
filtered through Celite. The organic layer separated from -
the filtrate was washed with saturated saline and dried
over anhydrous sodium gulfate. The solvent was then dis-
tilled off. The residue was purified by chromatography on

a silica gel column (hexane : ethyl acetate = 5:1), whereby
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the title compound (935 mg, 55%) was obtained.
*H-NMR (CDCl3) &: 1.48(9H,s), 2.76(2H,br s),
2.81(2H,t,J=7.3Hz), 3.09(2H,t,J=7.3Hz), 3.69(2H,br s),
4.39(2H,s), 6.49(1H,s), 9.81(1H,s).
MS (FAB) m/z: 295M*.
[Referential Example 107] 1—[3—(5¥tert—butoxycarbonyl—
4,5,6,7-tetrahydrothieno([3,2-c]pyridin-2-yl)propyl]-4-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine

In a.similar manner to Referential Example 47 except
for the use of 3-(5-tert-butoxycarbonyl-4,5,6,7-"
tefrahydrothieno[3,2—c]pyridin-2—yl)propanal, 1-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as
the raw matefials, the reaction was conducted, whereby the
title compound was obtained.
H-NMR (CDCls) &: 1.47(9H,s), 1.69-1.79(2H,m),
2.36(2H,t,J=7.3Hz), 2.49-2.54(4H,m), 2.65-2.75(4H,m),
3.10(4H,br s), 3.67(2H,br s), 4.37(2H,s),-6.39(1H,s),
7.57(1H,dd,J=8.8,2.0Hz), 7.78(1H,dd,J=8.8,2.0Hz), 7.88-
7.95(3H,m), 8.30(1H,s).
.MS (FD) m/z: 589 (M*, cl1%), 591 (M*, Ccl1¥).
[Referential Example 108] 2-Aminomethyl-5-tert-
butoxycarbonyl-4,5, 6, 7-tetrahydrothieno[3,2~-c]pyridine

In tetrahydrofuran (100 ml), 5-tert-butoxycarbonyl—2-
hydroxymethyl-4,5,6,7-tetrahydrothieno[3,2-clpyridine (2.10

g) was dissolved, followed by the addition of triphenyl-
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phosphine (2.66 g) and phthalimide (1.15 g). After the
dropwise addition of diethyl azodicarboxylate (1.28 ml),
the resultinglmixture was stirred at room temperature for 5
hours. After concentration under reduced pressure, the
residue was purified by chromatography on a silica gel col-
umn {(hexane : ethyl acetate = 4:1), whereby a colorless
solid was obtained. The resu;ting solid was dissolved in
ethénol (40 ml). To the solution, hydrazine hydrate (0.39
ml) was added, followed by heating under reflux fof 5
hours. After the solid so precipitated was filtered off,
the filtrate was concentrated under reduced pressure. The
residue was.purified by chromatography on a silica gel col-
umn (dichloromethane ~ dichloromethane : methanol = 25:1),
whefeby the title compound (448 mg, 21%) was obtained.
'H-NMR (DMSO-ds) 8: 1.42(9H,s),.2.72(2H,m), 3.60(2H,m),
3.80(2H,s), 4.32(2H,s), 6.64(1H,s).
'MS (FD) m/z: 268M'.
[Referential Example 109] 1-[N-(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl)methyl]carbamoyl]-4-[ (6~chloronaphthalen-2-
yl)sulfonyl]lpiperazine

In tetrahydrofuran (100 ml), 5-tert-~-butoxycarbonyl-2-
aminomethyl—4,5,6,7—tetrahydrothieno[3,2fc]pyridine (150
mg) was dissolved. To the resulting solution, carbonyldi-

imidazole (136 mg) was added under ice cooling, followed by
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stirring at room temperature for one hour. After concen-
trétion under reduced pressure, the residue was dissolved
.in toluene (50 ml). To the resulting solution, triethyla-
mine (0}23 ml) and 1-([(6-chloronaphthalen-2-
yl)sulfonyl]piperazine hydrochloride (356 mg) were added
under ice cooling, followed by stirring overnight at room
temperature. The reaction mixture was diluted with ethyl
acetate, washed with water and saturated saline and dried
over anhydrous sodium sulfate. The solvent was then dis-
tilled off under reduced pressure. The residue.was puri-
fied by chromatography on a silica gel column (hexane
ethyl écetate = 3:1 ~ 1:1), whereby the title combound (303
mg, 89%) was obtained.
'H-NMR (CDCl3) 8: 1.46(9H,s), 2.70(2H,br s),
3.07(4H,t,J=4.9Hz), 3.48(4H,t,J=4.9Hz), 3.66(2H,br s),
4.36(2H,br s), 4.39(2H,d,J=5;4Hz), 4.69(1H,t, J=5.4Hz),
6.58 (1H,s), 7.58(1H,dd,J=8.8,2.0Hz), h |
7.74(1H,dd,J=8.8,2.0Hz), 7.87-7.93(3H,m), 8.30(1H,s). .
MS {FD) m/z: 604 (M*, C1%®), 606 (M*, C1%). |
[Referential Example 110] 1-[(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno[3,2-c]pyridin~-2-yl)carbonyl]-4-
[ (6-chloronaphthalen-2-yl)sulfonyl]piperazine

In a similar manner to Referential Example 12 except |
for the use bf 5-tert-butoxycarbonyl-4,5,6,7-

tetrahydrothieno[3, 2-c]pyridin~-2-carboxylic acid and 1-[(6-
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chloronaphthalen-2-yl)sulfonyl]lpiperazine hydrochloride as
the raw materials, the title compound wao obtained.
1H-NMR (CDCl3) &8: 1.47(9H,s), 2.79(2H,br s),
3J12(4H,t,J=4.§Hz), 3.68(2H,br s), 3.84(4H,t,J=4.9Hz),
4.42(2H,br s), 6.91(1H,s), 7.59(1H,dd,J=8.8,2.0Hz),
7.75(iH,dd,J=8.8,2.0Hz), 7.90-7.97(3H,m), 8.30(1H,s).
MS (FD) m/z: 575 (M*, c13%), 577 (M*, c1%).
[Referential Example 111] 1-[(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno(3,2-c]pyridin-2-yl)carbonyl]-4-
[ (6—chloronaphthalen-2-yl)sulfonyl]-2-
ethoxycarbonylpiperazine

In a similar manner to Referential Example 12 except
for the use of 5-tert-butoxycarbonyl-4,5,6,7-
tetrahydrothieno([3,2-c]lpyridin-2~carboxylic acid and 1-[(6-
chloronaphthalen—2—yi)sulfonyl]—3—ethoxycarbonylpiperazine
hydrochloride as the raw materials, the title compound was
ohtained.
. 'H-NMR (00013)5-: 1.32(3H,t,J=7.3Hz), 1.47(9H,s), 2.35-
2.46(1H,m), 2.55—2.64(1H,m), 2.80(2H,br s), 3.15-
3.20(1H,m), 3.69(2H,br s), 3.75-3.85(1H,m),
4.12(2H,q,J=7.3Hz), 4.20-4.36(2H,m), 4.39-4.48(3H,m),
6.96(1H,s), 7.59(1H,dd,J=8.8,2.0Hz),
7.75(1H,dd,J=8.8,2.0Hz), 7.88-7.94(3H,m), 8.32(1H,s).
MS (FAB) m/z: 648 [(M+H)*, C1%°], 650 [(M+H)*, C13).

[Referential Example 112] 1-[(6-Chloronaphthalen-2-
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yl)sulfonyl]l-4-[(5-cyano-4,5,6,7-tetrahydrothieno([3, 2-

c]pyridin-2-yl)carbonyllpiperazine

In ethanol, 1-[(6~chloronaphthalen-2-yl)sulfonyl]-4-
[(4,5,6,7-tetrahydrothieno[3,2-clpyridin-2-
yl)carbonyl]piperazine hydrochloride (195 mg)}, triethyla-
mine (0.2 ml) and sodium acetate (118 mg) were suspended,
followed by the addition of cyan bromide (114 mg). The re-~
sulting mixture was stirred at room temperature for 2
hours. The residue obtained by concentrating the reaction
mixture under reduced pressure was added with dichlo-
romethane, followed by washing with water. After drying
over anhydrous sodium sulfate, the residue obtained by dis-
tilling off the solvent.under reduced pressure was purified
by chromatography on a silica gel column (dichloromethane
methanol = 100:1), whereby the title compound (51 mg, 28%)
was obtained.
1H-NMR (CDCls) &: 2.93—2.98(2H,m), 3.11-3.14(4H,m), 3.49-
3.55(2H,m), 3.81-3.84(4H,m), 4.29(2H,s), 6.89(1H,s),
7.59(1H,dd, J=8.8,2.0Hz), 7.75k1H,dd,J=8.8,2.0Hz), 7.90-
7.94(3H,m), 8.30(1H,s).
MS (FAB) m/z: 501 [(M+H)*, C1%%], 503 [(M+H)*, Cc1¥].
[Referential Example 113] 1-([N-(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno(3,2-c]pyridin-2-yl)carbamoyl]}-4-
[ (6-chloronaphthalen-2-yl)sulfonyl]piperazine

In benzene (10 ml), S5-tert-butoxycarbonyl-4,5,6,7-
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tetrahydrothieno[3,2-c]pyridin-2-carboxylic acid (283 mg)
was dissolved, followed by the addifion of triethylamine
(0.14 ml) and diphenylphosphoryl azide (0.21 g). The re-
sulting mixture was heated under reflux for 2 hours. After
cooling to roém temperature, the reaction mixture was added
with 1-~[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydro-
chloride (347 mg), followed by heating overnight under re-
flux. After the reaction mixture was cooled to room tem-
perature, dichloromethane and a 3N aqueous sodium hydroxide
solution were added thereto to extract an organic layer.
The organic layer so extracted was washed with 0.5N hydro-
chloric acid, a saturated aqueous solution of sodium bicar-
bonate and saturated saline and driéd over anhydrous sodium
sulfate. The solvent was distilled off under reduced pres-
sure. The residue was purified by chromatography on a sil-
ica gel column (hexane : ethyl acetate = 3:1 ~ 2:1),
whereby the titlé compound (284 mg, 48%) was obtained.
'H-NMR (CDCl;) 8: 1.45(SH,s), 2.65(2H,br s),
3.10(4H,t,J=4.9Hz), 3.57(4H,t,J=4.9Hz), 3.64(2H,br s),
4.27(2H,s), 6.15(1H,br s), 7.58(1H,dd,J=8.8,2.0Hz),
7.73(1H,dd,J=8.8,2.0Hz), 7.87—7.93(3H,m), 8.28(1H,s).

MS (FAB) m/z: 591 [(M+H)*, C1%], 593 [(M+H)*, C1%].
[Referential Example 114] 1-[N~(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno(3,2-clpyridin-2-yl)-N-

methylcarbamoyl]}~-4-[ (6-chloronaphthalen-2-
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yl)sulfonyl]lpiperazine

In N,N-dihethylformamide (10 ml), 1-[N-(5-tert-
butoxycarbonyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl)carbamoyl]-4-[ (6-chloronaphthalen-2-
yl)sulfonyl]piperazine (147 mg) was dissolved. After the
addition of 60% oily sodium hydride (22 mg), the resulting
mixture was stirred at room temperature fof 30 minutes.
Methyl iodide (0.023 ml) was added to the reaction mixture
and the resulting mixture was stirred at room temperature
for 90 minutes. To the residue obtained by concentrating
the reaction mixture under reduced pressure, ethyl acetate
was added. The resulting mixture was washed with water and
saturated saline and then dried over anhydrous sodium sul-
fate. The solvent was then distilled off under reduced
pressure. The residue was purified by chromatography on a
silica gel column (hexane : ethyl acetate = 2:1), whereby
the title compound (43 mg) was obtained.
'H-NMR (CDCl;3) 8: 1.49(9H,s), 2.63(2H,br s),
3.01(4H,t,J=4.9Hz), 3.13(3H,s), 3.40(4H,t,J=4.9Hz),
3.67(2H,br s), 4.31(2H,s), 6.21(1H,br s),
7.58(1H,dd,J=8.8,2.0Hz), 7.72(1H,dd,J=8.8,2.0Hz), 7.88-
7.95(3H,m), 8.27(1H,s).
MS (FAB) m/z: 605 [(M+H)*, C1%], 607 [(M+H)*, Cl%"].
[Referential Example 115] 1-[(6~tert-Butoxycarbonyl-

4,5,6,7—tetrahydrothiazolo[5,4-c]pyridin—2-yl)carbonyi]—4—
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[ (6-chloronaphthalen-2-yl)sulfonyllpiperazine

In a similar manner.té Referential Example 12 except
for the use of 6-tert-butoxycarbonyl-4,5,6,7-
tetrahydrothiazolo[5,4~c]pyridine—Z—carbo#ylic acid and 1-
[ {6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride
as the raw materials, the title compound was obtained.
lH-NMR (CDCls) &: 1.47(9H,s), 2.84(2H,br s), 3.19(4H,br),
3.72(2H,t,J=5.4Hz), 3.87(2H,br s), 4.54(2H,s), 4.63(2H,br
s), 7.57(1H,dd,J=8.8,2.0Hz), 7.76(1H,dd,J=8.8,2.0Hz), 7.87-
7.94(3H,m), 8.30(1lH,s) |
MS (FAB) m/z: 577 [(M+H)*, C1%], 579 [(M+H)*, C1¥].
[Referential Example 116] 1-[ (6~tert-Butoxycarbonyl-
4,5,6,7-tetrahydro£hiazolo[5,4-c]pyridin—2—yl)carbonyl]—4—
[(6—chloroﬁaphthalen-2—yl)sulfonyl]—z—
etho#ycarbonylpiperazine

In N,N-dimethylformamide (30 ml), 6-tert-
butoxycarbonyl—4,5,6,7—tetrahydrothiazo[5;4—c]pyridin-2—
carboxylic acid (742 mng) , 1-[ (6-chloronaphthalen-2-
yl)sulfonyl]-3-ethoxycarbonylpiperazine hydrochloride (1.00
g) and benzotriazol-l-yl-oxy-tris(pyrrolidino)phosphonium
hexafluorophosphate (“PyBOP”, trade name) (1.50 g) were
dissolved, followed by the addition of triethylamine (0.40
ml). The resulting mixture was stirred overnight at room
temperature. After the reaction mixture was concentrate

under reduced pressure, ethyl acetate was added to the
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residue. The resulting mixture was washed with water and
saturated saline and dried over anhydrous sodium sulfate.
The solvent was then distilled off under reduced pressure.
The residue was purified by chromatography on a silica gel
column (hexane : ethyl acetate = 4:1), whereby the title
compound (505 mg, 30%) was obtained.
*H-NMR (CDCls) &: 1..24—1.37(3H,m), 1.47(9H,s), 2.45-
2.60(1H,m), 2.62—2.71(1H,m), 2.75-2.90(2H,m), 3.65-
3.94(3H,m), 4.19-4.31(2H,m), 4.45-4.72(4H,m), 5.35(1/2H,br
s), 5.71-5.77(1/2H,m), 6.72(1lH,br s},
7.58(1H,dd,J=8.8,2.0H2), 7.77(1H,dd,J=8.8,2.0Hz), 7.88-
7.92(3H,m), 8.33(1H,s).
MS (FAB) m/z: 649 [(M+H)*, c1®], 651 [(M+H)*, Cc17"].
[Referential Example 117] 1—[(G-tert—Butoxyéarbonyl—
4,5,6,7-tetrahydrothiazolo[5,4-c]pyridin-2-~yl)carbonyl]-2-
carbamoyl-4f[(6~chloronaphthalen-2—yl)sulfonyl]piperazine
In tetrahyd;ofuran (5 ml), 1~[(G—teft—butoxycarbonyl—_
4,5,6,7;tetrahydrothiazdlo[5,4-c]pyridin—2—yl)carbonyl]—4—
[ (6~chloronaphthalen-2-yl)sulfonyl] -2~
ethoxycarbonylpiperazine (487 mg) was dissolved. After the
addition of methanol (5 ml) and a 1N agqueous solution of
sodium hydroxide (3 ml), the resulting mixture was stirred
at room temperature for 4 hours. To the reaction mixture,
IN hydrochloric acid was added to adjust its pH to 1 to 2,

followed by the addition of ethyl acetate. The organic
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layer so separated was dried over anhydrous sodium sulfate.
The residué obtained by distilling off the solvent under
reduced pressure was dissolved in tetrahydrofuran (5 ml),
followed by the dropwise addition of N-methylmorpholine
(0.09 ml) and isobutyl chloroformate (0.11 ml) at -20°C.
After stirring at -20°C for 10 minutes, the reaction mix-
ture was added with an ammonia-dichloromethéne solution
(0.50 ml). The resulting solution was stirred at -20°C for
10 minutes, ethanolic 1N hydrochloric acid (10 ml) was
added. The reaction mixture was then heated to room tem-
perature and concentrated under reduced pressure. The
residue was dissolved in dichloroethane, followed by wash-
ing with 1N hydrochloric acid. The organic layer was dried
over anhydrous sodium sulfate. The solvent was then dis-
tilled off under reduced pressure. The residue was puri-
fied by chromatography on a silica gel column (dichlo-
romethane ; dichloromethane : methanol = 100:1), whereby
the title compound (317 mg, 68%) was obtained.

'H~NMR (DMSO-d¢) 8: 1.41(9H,s), 2.39-2.86(4H,m), 3.60-
3.80(4H,m), 4.25-4.34(1H,m)}, 4.36—4.44(1/2H,m), 4.62(2H,br
s), 4.97(1/2H,br s), 5.44-5.52(1/2H,m), 6.19(1/2H,br S),
7.30-7.39(1H,m), 7.63-7.85(3H,m), 8.15(1H,d,J=8.8Hz), 8.20-
8.29(2H,m), 8.48(1lH,s).

MS (FAB) m/z: 620 [(M+H)*, C1%], 622 [(M+H)*, c1%].

[Referential EXample 118] 1-[(6-tert-Butoxycarbonyl-
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4,5,6,7—tetrahydrothiaiolo[5,4—c]pyridin-2—yl)carbonyl]—4-
[ (E)-4-chlorostyrylsulfonyl]piperazine

In a similar manner to Referential Example 12 except
for the use of 6-~tert-butoxycarbonyl-4,5,6,7~
tetrahydrothiaquo[S,4—c]pyridin—2—carboxylic acid and 1-
[ (E)-4-chlorostyrylsulfonyl]piperazine hydrochloride as the
réw materials, the title compound was obtained.
'H-NMR (CDCl3) &§: 1.48(9H,s), 2.87(2H,br s), 3.31(4H,m),
3.75(2H,br s), 3.90(2H,br s), 4.57(2H,br s), 4.68(2H,s),
6.64(1H,d, J=15.6Hz), 7.28—7.35(5H}m).
MS (FAB) m/z: 553 [(M+H)*, C1%], 555 [(M+H)*, C1%"].
[Referential Example 119] (38)~-3~Amino-l1-tert-
- butoxycarbonylpyrrolidine |

In a similar manner to Referential Example 59 except
for the use of (3R)-1l-tert-butoxycarbonyl-3- |
methanesul fonyloxypyrrolidine (i.SO g) as the raw material,
the title compound was obtained.
'H-NMR (CDCls) &: 1.46(9H,s), 1.98-2.11(2H,m), 2.95-
3.10(1H,m), 3.26-3.60(4H,m). -
MS (FAB) m/z: 187 (M+H)'.
[Referential Example 120] (38)-3-[ (6~Chloronaphthalen~-2-
yl)sulfonamide]pyrrolidine trifluorocacetate

In a similar manner to Referential Example 1 except
for the use of (3S)-3-amino-l-tert- |

butoxycarbonylpyrrolidine as the raw material, the reaction
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was conducted, whereby the title compound was obtained.
1H-NMR éDMSO-ds) 5: 1.69-1.80(1H,m), 1.88-1.99(1H,m), 2.95-
3.28(4H,m), 3.75-3.84(1H,m), 7.71(1H,m), 7.91(1H,m), 8.10-
8.30(4H,m), 8.53(1H,s), 8.91(1H,br s), 9.06(1H,br s).
[Referential Example 121] (3S)-1-[(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno[3,2—c]pyridin—2—yl)methyl];3—[(6—-
ch;oronaphthalen—Z—yl)sulfonamide]pyrrolidine

In a similar manner to Referential Example 47 except
for the usé of 5-tert-butoxycarbonyl-2-formyl-4,5,6,7-
tetrahydrothieno[3,2~-c]pyridine and (3S)-3-[(6-
chioronaphthalen—Z—yl)sulfonamide]pyrrolidine trifluoroace-
tate as the raw materials, the reaction was conducted,
whereby the title compound was obtéined.
'H-NMR (CDCli) &: 1.49(9H,s),. 1.52-1.63(1H,m), 2.03-
2.12(1H,m), 2.19-2.27(1H,m), 2.35-2.54(2H,m), 2.73-
2.85(3H,m), 3.59(1H,d,J=13.9Hz), 3,66(1H,d,J=13.9Hz),
3.70(2H,br s), 3.88-3.95(1H,m), 4.39(2H,s5, 4.99(1/2H,s),
5.02(1/2H,s), 6.49(1H,s), 7.55(1H,dd,J=8.8,2.0Hz), 7.82-
7.90(4H,m), 8.40(1H,s).
MS. (FD) m/z: 561 (M*, C1%*%), 563 (M*, C1%).
[Referentia; Example 122] (3S)-1-[(5-tert-Butoxycarbonyl-
4,5,6,7—tetrahydrothieno[3,2—c]pyridin—2-yl)carbonyl]—3j
[ (6-chloronaphthalen-2-yl) sulfonamide]pyrrolidine

In a similar manner to Referential Example 12 except

for the use of 5-tert-butoxycarbonyl-4,5,6,7-
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tetrahydrothieno[3,2-c]lpyridine-2~carboxylic acid and (3S)-
3-[(6-chloronaphthalen~-2-yl)sulfonamide]pyrrolidine tri-
fluoroacetate as the raw materials, the title compound was
obtained.
'H-NMR (CDCl;) &: 1.50(9H,s), 1.80-2.08(2H,m), 2.75(2H,br
s), 3.48-3.87(6H,m), 3.88-4.05(1H,m), 4.37(2H,br s),
6.09(1H,bxr s), 7.05-7.15(1H,m), 7.55(1H,dd,J=8.8,1.5Hz),
7.79-7.91(4H,m), 8.41(1H,s).
MS (FAB) m/z: 576 [(M+H)*, c1®®], 578 [(M+H)*, C1¥].
[Referential Example 123] (3S)-3-Amino-1-[ (6-
chiorﬁnaphthalen—z—yl)sulfonyl]pyrrolidine

In trifluoroaceiic acid, (3R)-1l-tert-butoxycarbonyl-3-
methanesulfonyloxypryrrolidine was dissolved. After the
resulting solution was concentrated under reduced pressure,
diethyl ether was added to the concentiaté, followed by the
removal of the supernatant. The residue was reacted.as in
Referential Example 1, whereby the corresponding sulfona-
mide derivative was obtained as a crude product. The crude
product was subjected to azide formation and reduction as
in Referential Example 55, whereby the title compound was

obtained.

14_NMR (DMSO-de) &: 1.38-1.53(3H,m), 1.72-1.83(1H,m), 2.81-
2.89 (1H,m), 3.20-3.39(4H,m), 7.69(1lH,dd,J=8.8,1.9Hz),
7.87(1H,d, J=8.8Hz), 8.12(1H,d,J=8.8Hz), 8.21(1H,s),

8.26(1H,d,J=8.8Hz), 8.39(1lH,s).
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MS (FAB) m/z: 311 [(M+H)*, C13%], 313 [(M+H)*, C1¥].
tReferential Example 124] (3S)-1-[[(5-tert-Butoxycarbonyl-
4,5,6,7-tetrahydrothieno{3,2-c]pyridin-2-yl)methyl]amino]-
1-[(6-chloronaphthalen-2-yl)sulfonyllpyrrolidine

In a similar manner to Referential Example 47 except
for the use of 5-tert~butoxycarbonyl-2-formyl-4,5,6,7-
" tetrahydrothieno[3,2-c]pyridine and (3S)-3-amino-1-[(6-
chloronaphthalen—z—yl)suifonyl]pyrrolidine as the raw mate-
rials, the reaction was conducted, whereby the title com-
pound was obtained.
H-NMR (CDCls) §: 1.48(9H,s), 1.60-1.69(1H,m), 1.95-
2.05(14,m), 2.72(2H,br s), 3.11(1H,dd,J=10.3,4.4Hz), 3.30-
3.46(4H m), 3.68(2H,br s), 3.72(2H,s), 4.36(2H,s),
6.44(1H,s), 7.56(1H,dd,J=8.8,2.0Hz), 7.86-7.91(4H,m),
8.36(1H, s).
MS (FD) m/z: 561 (M*, c1%), 563 (M*, C1¥).
[Referential Example 125] (3S)—3—[(5—teft—Butoxycarbonyl~
4,5,6,7~-tetrahydrothieno[3,2~c]pyridin—-2-yl)carbonylamino]-
1—[(6—chloronaphthalen—é—yl)sulfonyl]pyrrolidine

In a similar manner to Referential Example 12 except
for the use of 5~-tert-butoxycarbonyl-4,5,6,7~
tetrahydrothieno[3,2-c]pyridine~2-carboxylic acid and (3S)-
3-amino-1-[ (6-chloronaphthalen-2-yl)sulfonyl]pyrrolidine as

the raw materials, the title compound was obtained.

IH-NMR (CDCl3) &: 1.48(9H,s), 1.90-2.00(1H,m), 2.11~
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-2.22(1H,m), 2.80(2H,br s), 3.32-3.42(1H,m), 3.44-
3.57(3H,m), 3.71(2H,br s), 4.38(2H,d,JdJ=1.5Hz), 4.40-
4.49(1H,m), 5.80-5.87(1H,m), 6.96(1H,s),
7.54(1H,dd,J=8.8,1.5Hz), 7.83-7.89(3H,m),

; 7.90(1H,d,J=8.8Hz), 8.37(1H,s).

MS (FD) m/z: 576 [(M+H)*, C1%%], 578 [(M+H)+, c1¥y.
[Referential Example 126] 1-[(5-tert-Butoxycarbonyl-

4,5,6,7-tetrahydrothienoc(3,2-c]lpyridin-2-yl)carbonyl]-4-

[(6-chloronaphthalen—2—yl)sulfonyl]homopiperazine

In a similar manner to Referential Example 12 except
for the use of 5-tert-butoxycarbonyl-4,5,6,7-

tetrahydrothieno[3,2~-clpyridine~2~carboxylic acid and 1-

[ (6-chloronaphthalen-2-yl)sulfonyl]homopiperazine hydro-

chloride as the raw materials, the title compound was ob-

tained. |

1H-NMR (CDCls) 8: 1.47(9H,s), 2.01(2H,br s), 2.78(2H,br s),

3.37-3.54(4H,m), 3.68(2H,br s), 3.78(2H,t,J=6.1Hz),

' 3.86(2H,t,J=6.1Hz), 4.39(2H,s), 6.88(1H,br s),

7.55(1H,dd,J=8.8,2.0Hz), 7.75~-7.80(1H,m), 7.83-7.90(3H,m),

8733(1H,s). |

MS (FD) m/z: 589 (M, c1%), 591 (M*, c1¥).

[Referential Example 127] 4-Benzylamino-l-tert-

butoxycarbonylpiperidine

In dichloromethane (500 ml), l-tert-butoxycarbonyl-4-

piperidione (7.00 g) was dissolved, followed by the addi-
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tion of benzylamine (4.03 ml) and sodium triacetoxyborohy—
dride (11.91 g). The resulting mixture was stirred over-
night at room temperature. After the reaction mixture was
concentrated under reduced pressure, the residue was dis-
solved in ethyl acetate. The resulting mixture was washed
with water and saturated saline and then dried over anhy-
drous sodium sulfate. The solvent was then distilled off
under reduced pressure. The residue was purified by chro-
matography on a silica gel column (hexane : ethyl acetate =
1:1), whereby the title compound (7.46 g, 76%) was ob-
tained.
H-NMR (CDCls) &: 1.24-1.37(2H,m), 1.45(9H,s), 1.80-
1.90(2H,m), 2.62-2.70(1H,m), 2.75-2.85(1H,m), 2.98-
3.07(1H,m), 3.78-3.90(3H,m), 3.95-4.10(1H,m), 7.21~-
7.34(5H, m).
MS (FD) m/z: 290M'.
[Referential Example 128] 4-Amino-1l-tert-
butoxycarbonylpiperidine acetate

In methanol (2 ml) and acetic acid (30 ml), 4-
benzylamino-l-tert-butoxycarbonylpiperidine (4.04 g) was
dissolved, followed by the-éddition of 10% palladium carbon-
(water content: about 50%, 3.06 g). The resulting mixture
was subjected to catalytic reduction overnight under medium
pressure (3 atmospheric pressure). After the removal of

the catalyst by filtration, the filtrate was distilled off
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under reduced pressure. The residue was solidified in eth-
yl acetate, whereby the title compound (2.23 g, 5%%) was
obtained.

H-NMR (DMSO-dg) &: 1.10-1.23(2H,m), 1.39(9H,s), 1.69-
1.77(2H,m), 1.80(3H,s), 2.50(2H,s), 2.67-2.88(2H,m), 3.80-
3.90 (1H,m) . |

Elementary analysis for C,oHaoN202°CH3CO2H

Calculated: C, 53.16; H, 9.37; N, 10.33.

Found: C, 53.51; H, 9.10; N, 9.93.

[Referential Example 129] 4-[(6-Chloronaphthalen-2-
yljsulfonamido]piperidine trifluorocacetate:

In a similar manner to Referential Example 1 except
for the use of 4-amino-l-tert-butoxycarbonylpiperidine hy-
drochloride and 6-chloro—2-naphthylsul£onyl chloride as the
raw materials, the tiﬁle compéund was obtained.

H-NMR (DMSO-dg) &: 1.47-1.60(2H,m), 1.68—1.78(2H,m), 2.81-
' 2.95(2H,m), 3.10-3.20(2H,m), 3.29-3.40 (1H,m),
7.70(1H,dd,J=8.8,2.0Hz), 7.91(1H,dd, J=8.8,2.0Hz), 8.11-.
8.15(2H,m), 8.21(1H,s), 8.31(lH,br s), 8.50(1H,s),
8.55(1H,br s).

MS (FAB) m/z: 325 [(M+H)*, c1%], 327 [(M+H)*, C1%].
[Referential Example 130] 1~[(6~-Chloronaphthalen-2-
yl)sulfonyl]—4—[(6—cyanobenzofuran-2—yl)carbonyl]piperazine

In a similar manner to Referential Example 12 except

for the use of 6-cyanobenzofuran-2-carboxylic acid and 1-
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[ {6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride
as the raw materials, the reaction was conducted, whereby
the title compound was obtained.
'H-NMR (CDCl3) &: 3.21(4H,s), 3.95(4H,s),
7.32(1H,d,J=1.0Hz), 7.55(1H,dd,J=8.3,1.0Hz),
7.59(1H,dd,J=8.8,2.0Hz), 7.72(1H,d,J=8.3Hz),
7.77(1H,dd,J=8.8,2.0Hz), 7.81(1H,s), 7.88-7.95(3H,m),
8.32(1H, s).
MS (FAB) m/z: 480 [(M+H)*, C1%%], 482 [(M+H)*, c1¥].
[Referential Example 131] 1-[(6~-Chloronaphthalen-2-
ylfsulfonyl]—4—[(5—cyanobenzothiophen—2—
yl)carbonyl]piperazine
In a similar manner to Referential Example 12 except
for the use of 5-cyanobenzothiophen-2-carboxylic acid and
1-[ (6~chloronaphthalen-2-yl)sulfonyllpiperazine hydroéhlo—
ride as fhe raw materials, the reaction was conducted, |
Qhereby the title compound was obtained.
1H-NMR (CDC1ls) 8; 3.18(4H,s), 3.89(4H,s),
7.43(1H,d,J=2.0Hz), 7.60(1H,d,J=8.8Hz), 7.73-7.80(2H,m),
7.85-7.95(4H,m), 8.10(1H,s), B.32(1lH,s).
MS (FAB) m/z: 496 [(M+H)*, C1%°], 498 [(M+H)*, C1¥7].
[Referential Example 132] Ethyl (1RS)-4-
trifluoromethanesulfonyloxy-3-cyclohexenecarboxylate
biisopropylamine (0.99 ml) was dissolved in tetrahy-

drofuran (50 ml), followed by the dropwise addition of n-
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butyl lithium (a 1.59M hexane solution, 3.70 ml) at -78°C.
After the dropwise addition of efhyl 4-
oxocyclohexanecarboxylate (1.00 g) dissolved in tetrahydro-
furan (5 ml) to the reaction mixture and stirring for 15
minutes, N-phenyltrifluoromethanesulfonimide (2.10 g) dis-
‘solved in tetrahydrofuran (5 ml) was added dropwise to the
reaction mixture. The reaction mixture was heated to 0°C,
stirred for one hour and then concentrated under reduced
pressure. The residue was purified by chromatography on a
neutral alumina column (hexane : ethyl acetate = 9:1),
whéreby the title compound (838 mg, 47%) was obtained.
'H-NMR (CDCls) 8: 1.27(3H,t,J=7.3Hz), 1.88-1.99(1H,m),
2.10-2.18 (1H,m), 2.38-2.50(4H,m), 2.55-2.64 (1H,m),
4.16(2H,q,J=7.3Hz), 5.77(1H,br s).

MS (FAB) m/z: 303 {M+H)*.

[Referential Example 133] Ethyl (1RS)-4-(4-pyridyl)-3-
cyclohexenecarboxylate '

In a similar manner to Referential Example 7 except
for the use of ethyl (1RS)-4-trifluoromethanesulfonyloxy-3-
cyclohexenecarboxylate as the raw material, the reaction
was conducted, whereby the title compound was obtained.
'H-NMR (CDCls) &: 1.28(3H,t,J=7.3Hz), 1.80-1.91(1H,m),
2.19-2.25{1H,m), 2.40-2.57(4H,m), 2.55-2.67(1H,m),
4.17(2H,q,JdJ=7.3Hz), 6.36(1H,br.s), 7.26(2H,dd,J=4.9,1.5Hz),

8.53(2H,dd, J=4.9,1.5Hz).
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MS (FAB) m/z: 232 (M+H)".
[Referential Example 134] (1RS)-4-(4-Pyridyl)-3-
cyclohexenecarboxylic acid

In a similar manner to Referential Example 8 except
for the use of ethyl (1RS)-4-(4-pyridyl)-3-
cyclohexenecarboxylate as the raw material, the title com-
pound was obtained.
'H-NMR (DMSO-d¢) &: 1.70-1.82(1H,m), 2.10-2.19(1H,m), 2.42-
2.65k5H,m), 6.99(1H,br s), 8.02(2H,d,J=6.8Hz),
8.80(2H,d, J=6.8Hz) .
MS (FAB) m/z: 204 (M+H)*.
[Referential Example 135] cis-~, trans-4-(4-
Pyridyl) cyclohexanecarboxylic acid

In a similar manner to Referential Example 87 except
for the use of (1RS)—4—(4—pyridyl)—3—cy§lohexenecarboxylic
acid as the raw material, thg title compound was obtained.
' MS (FAB) m/z: 206 (M+H)*.
[Referential Example-136] 6-Methoxy-3,4-
dihydroisoquinoline

In tetrahydrofuran (100 ml), 3-methoxyphenethylamiﬁe
(75.0 g) was dissolved, followed by the addition of formic
acid (60 ml) énd acetic anhydride (108 ml) under ice cool-
ing. The resulting mixture was stirred overnight at room
temperature. A saturated aqueous solution of sodium bicar-

bonate was added to the reaction mixture. The organic lay-
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layer so separated was washed with saturated saline and
dried over anhydroﬁs.sodium sulfate. The residue obtained
by distilling off the solvent under reduced pressure was
dissolved in benzene (200 ml), followed by the dropwise ad-
dition of phosphorus oxychloride (140 ml) under ice cool-
ing. After stirring at 70°C for 15 minutes, ice and then
2N hydrochioric.acid were added. The resulting mixturé was
stirred under ice cooling fo; one hour. The water layer
was separated and neutralized with potassium carbonate.
After extraction with dichloromethane, the extract was
dried over anhydrous sodium sulfate. The residue obtained
by distilling off the solvent under reduced pressure was
purified by chromatography on a silica gel column (dichlo-
romethane ~ dichloromethane : methanol = 100:1), the title
compound (13.5 g, 17%) was obtained.
'H~-NMR (CDCls) 8: 2.72(2H,t,J=7.3Hz), 3.72(2H,t,J=7.3Hz),
3.83(3H,s), 6.68(1H,d,J=2.4Hz), 6.79(1H,dd,J=8.3,2.4Hz),
7.22(1H,d,J=8.3Hz), 8.25(1lH,s).
MS (FAB) m/z: 162 (M+H)®*.
[Referential Example 137] 6-Methoxy-1,2,3,4-
tetrahydroisoquinoline

In methanol (100 ml), 6-methoxy-3,4-
dihydroisoquinoline (10.4 g) was dissolved. After the ad-
dition of water (10 ml) and then sodium borohydride (6.10

g), the resulting mixture was stirred at room temperature
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for 15 minutes. The reaction mixture was concentratéd un-
der reduced pressure and the residue was dissolved iﬁ di-
chloromethane. The resulting solution was washed with wa-
ter. The organic layer so separated was dried over anhy-
drous sodium sulfate. The solvent was then distilled off
under reduced pressure. The residue was purified by chro-
matography on a silica gel column {(dichloromethane ~ di-
chlorométhane : methanol = 100:15), whereby the title com-
pound (7.95 g, 76%) was obtained.
'H-NMR (CDCls) &: 2.79(2H,t,J=5.9Hz), 3.12(2H,t,J=5.9Hz),
3.56(3H,s), 3.96(2H,s), 6.62(1H,s), .
6.70(1H,dd,J=8.3,2.4Hz), 6.92(1H,d,J=8.3Hz).
MS (FAB) m/z: 164 (M+H)".
[Referential Example 138] 6-Hydroxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride

In dimethylsulfide (20 ml), 6-methoxy-1,2,3,4-
tetrahydroisoquinéline (7.75 g) was dissoived, followed by
the addition of aluminum chloride (19.0 g} under ice cool-
ing. The resulting mixture was stirred at room temperature
for 3 hourg. Dichloromethane and dilute hydrochloric acid
were added to the reaction mixture. A saturated aqueous
solution of sodidm,bicarbonate was added to the water layer
so separated to make it weakly alkaline, followed by the
extractibn with dichloromethane. After drying over anhy-

drous sodium sulfate, the solvent was then distilled off
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under reduced pressure. The residue was dissolved ih satu-
fated ethanol hydrodhloride (100 ml) and the solvent was
distilled off under reduced pressure. Ethyl acetate was
added to the residue and the solid éo precipitated was col-
lected by filtration, whereby the title compound (7.91 g,
90%) was obtained.
*H-NMR (DMSO-de) &: 3.06(2H,t,J=5.9Hz), 3.43(2H,m),
4.25(2H,s), 6.76(1H,d,J=2.0Hz), 6.83(1H,dd,J=8.3,2.0Hz),
7.15(1H,d,J=8.3Hz), 9.71(3H,br s).
MS (FAB) m/z: 150 (M+H)®*.
[Réferential Example 139] 2-tert-Butoxycarbonyl-6-hydroxy-
1,2,3,4-tetrahydroisoquinoline

In methanol (100 ml), 6~hydroxy-1,2,3,4-
tetrahydroisoquinoline hydrochloride (7.87 g) was dis-
solved, followed by the addition of triethylamine (4.67 ml)
and di-tert-butyl dicarbonate (13.95 g). The resulting
mixture was stirred at room temperature for 3 hours. To
the residue obtained by concentrating the reaction mixture
under reduced pressure, ethyl acetate was added. The re-
sulting mixture was washed with 1IN hydrochloric acid and
dried over anhydrous sodium sulfate; The solvent was then
distilled off under reduced pressure. The residue was pu-

rified by chromatography on a silica gel column (hexane :
ethyl acetate = 10:1 ~ 3:1), whereby the title compound

(9.96 g, 94%) was obtained.
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"H-NMR (CDCls) 8: 1.49(9H,s), 2.75(2H,t,J=5.9Hz),
3.61(2H,t,J=5.9Hz), 4.48(2H,s), 6.25t1H,br s),
6.64(1H,d,J=2.4Hz), 6.70(1H,br s), 6.93(1H,d,J=7.8Hz).
[Referential Example 140] 2-tert-Butoxycarbonyl-6-
trifluoromethanesulfonyloxy-1,2, 3, 4-tetrahydroisoquinoline

In a similar manner to Referential Example 94 except
for the use of 2-tert-butoxycarbonyl-6-hydroxy-1,2,3,4-
tetrahydroisoquinoline as the raw material, the title com-
pound was obtained.
'H-NMR (CDCls) &: 1.49(9H,s), 2.87(2H,t,J=5.9Hz),
3.66(2H,t,J=5.9Hz), 4.59(2H,s), 7.06(1H,br s),
7.08(1H,d,J=8.3Hz), 7.17(1H,d,J=8.3Hz).
Elementary analysis for CisH;gF3NOsS

Calculated: C, 47.24; H, 4.76; F, 14.94;

N, 3.67; S, 8.41.
Found: C, 47.34; H, 4.72; F, 15.25;
N, 3.42; s, 8.65. |

[Referential Example 141] 2-tert-Butoxycarbonyl-6-
methoxycarbonyl-1,2, 3, 4-tetrahydroisoquinoline

In methanol (50 ml), 2-tert-butoxycarbonyl-6-
trifluoromethanesulfonyloxy-1,2, 3,4-tetrahydroisoquinoline
(1.34 g) was dissolved, followed by the addition of trieth-
Qlamine (0.73 ml), palladium (II) acetate (40 mg) and 1,3-
(diphenylphosphino)propane (145 mg). The resulting mixture

was - stirred overnight at 70°C under a carbon monoxide gas
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stream. After the reaction mixture was concentrated under
rédﬁced pressure, the‘residue was purified by chromatogra-
phy on a silica gel column (hexane : ethyl acetate = 15:1),
whereby the title compound (665 mg, 65%) was obfained.
'H-NMR (CDCls) &: 1.50(9H,s), 2.88(2H,m), 3.66(2H,br s),
3.91(3H,s), 4.62(2H,s), 7.17(1H,d,J=7.8Hz), 7.83(1lH,s),
7.84 (1H,d, J=7.8Hz) . |
[Referential Example 142] 1-[(2-tert-Butoxycarbonyl-
1,2,3,4-tetrahydroisoquinolin-6-yl)carbonyl]-4-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine

In a similar manner to Rgferential Example 48 except
for the use of 2-~tert-butoxycarbonyl-6-methoxycarbonyl-
1,2,3,4-tetrahydroisoquinoline and 1-[ (6-chloronaphthalen-
2-yl)sulfonyl]piperazine hydrochloride as thé raw materi-
als, the title compound was obtained.
'H-NMR (CDCl;) &: 1.48(9H,s), 2.76(2H,t,J=5.4Hz),
3.09 (4H,br), 3.60(2H,t,J=5.4Hz), 3.77(4H,br), 4.52(2H,s),
7.12-7.25(34H,m), 7.59(1H,dd,J=8.8,2.0Hz), |
7.75(1H,dd,J=8.8,2.0Hz), 7.88-7.95(3H,m), 8.30(1lH,s).
MS (FAB) m/z: 570 [(M+H)*, C1®®], 572 [(M+H)*, c1¥].
[Referential Example 143] 4?(1—tert—Butpxycarbonyl—
1,2,3,6-tetrahydropyridin~4-yl)benzoic acid

In 1,2-dimethoxyethane (30 ml), 4-(l-tert-
butoxycarbonyl—4;trifluoromethanesulfonyloxy—1,2,3,6—

tetrahydropyridine (3.59 g) was dissolved, followed by the
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addition of 4—carbo£yphenylboric acid (3.60 g), lithium
chloride (1.38 g), tetrakistriphenylphosphine palladium
(0.62 g) and an aqueous solution of sodium carbonate (2M,
16.3 ml). The resulting mixture was heated under reflux
for 2 hours under an argon gas atmosphere. To the reaction
-mixture, IN hydrochloric acid was added. The resulting
mixture was extracted with ethyl acetate. The extract Qas
dried over anhydrous sodium sulfate. The residue obtained
by distilling off the solvent under reduced pressure was
purified by chromatography on a silica gel column (dichlo-
fomethane ~ dichloromethane : methanol = 100:1). The puri-
fied product was pulverized and washed in a mixed solvent
of hexane and ethyl acetate (hexane : ethyl acetate = 5:1),
whereby the title compound (462 mg, 14%) was obtainéd.
H-NMR (CDCls) 8: 1.50(9H,s), 2.56(2H,br s), 3.66(2H,m),
4.12(2H,br s), 6.19(1H,br s), 7.47(2H,d,J=8.3Hz),
8.07(2H,d, J=8.3Hz).
MS (FAB) m/z: 304 (M+H)".
[Referential Example 144] 4-(l-tert-
Butoxycarbonylpiperidin—4—yl)benzoic acid

In a similar manner to Referential Example 87 except
for the use of 4-(l-tert-butoxycarbonyl-1,2,3,6-
tetrahydropyridin-4-yl)benzoic acid as the raw material,

the title compound was obtained.

'H-NMR (CDCls;) &: 1.48(9H,s), 1.60-1.71(2H,m), 1.80-
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1.89(2H,m), 2.69-2.90(3H,m), 4.20-4.35(2H,m),
7.31(2H,d,J=8.3Hz), 8.05(2H,d,J=8.3Hz).
MS (FAB) m/z: 306 (M+H)'.
[Referential Example 145] 1—[4;(1—tert—butoxycarbonyl—
1,2,3,é—tetrahydropyridin~4—y1)benzoyl]—4—[(6—
chloronéphthalen—Z-yl)sulfonyl]piperazine

In a Similar manner to Referential Example 12 except
for the use of 4-(l-tert-butoxycarbonyl-1,2,3, 6~
tetrahydropyridin-4-yl)benzoic acid and 1-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as
the raw materials, the reaction was conducted, whereby the
title compound was obtained.
l3-NMR (CDCls) &: 1.49(9H,s), 2.48(2H,br s), 3.10(4H,br),
3.62(2H,t,Jd=5.9Hz), 3.70(4H,br), 4.08(2H,br s), 6.05(1H,br
s), 7.25(2H,d,J=8.3Hz), 7.34(2H,d,J=8.3Hz),
7.59(1H,dd,J=8.8,2.0Hz), 7.75(1H,dd,J=8.8,2.0Hz), 7.90-
7.96(3H,m), 8.30(1H,s).
MS (FAB) m/z: 596 [ (M+H)*, C1%], 598 [ (M+H)*, c137];
[Referential Example 146] 1-[4-(1l-tert-
Butoxycarbonylpiperidin-4-yl)benzoyl]-4-[(6-
chloronaphthalen—z—yl)sulfonyl]piperazine

In a similar manner to Referential Example 12 except
for the use of 4-(l-tert-butoxycarbonylpiperidin-4-
yl)benzoic acid and 1-[(6-chloronaphthalen-2- |

yl)sulfonyl]piperazine hydrochloride as the raw materials,
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the reaction was conducted, whereby the title compound was
obtained.
'H-NMR (CDCls;) &: 1.47(9H,s), 1.49-1.63(2H,m), 1.72-
1.80(2ﬁ;m), 2.59-2.68(1H,m), 2.71-2.86(2H,m), 2,92-
3.30(4H,m), 3.45-4.95(4H,m), 4.16-4.31(2H,m),
7.18(2H,d,J=8.3Hz), 7.24(2H,d,J=8.3Hz), '
7.59(1H,dd,J=8.8,2.0Hz), 7.75(1H,dd?J=8.8,2.0Hz), 7.90-
7.94(3H,m), 8.30(1H,s).
MS (FAB) m/z: 598 [(M+H)*, c1%%], 600 [(M+H)*, C1%7].
[Referential Example 147] (3RS)-3-Amino-l-tert-
butoxycarbonylpyrrolidine

In methanol (30 ml), 3-aminppyrrolidine {(0.54 q) wés
dissolved under ice cooiing, followed by the addition of
diisopropylethylamine (720 pl) and 2~(tert-
butoxycarbonyloxyimino)—2—phenylacet§hit;ile (0.84 g). The
resulting mixture was graaually heated to room temperature
and stirred for 11 hours. The residue obtained by distill-
ihg off the solvent under reduced pressure was purified by
chromatogr%phy on a silica gel column (dichloromethaﬁe ~ 5%

methanol - dichloromethane), whereby the title compound

(0.59 g, 94%) was obtained.
1H-NMR (CDCli) &: 1.45(9H,s), 2.00-2.30(2H,m), 3.10-
4.00(5H,m).

[Referential Example 148] (3RS)-1-tert-Butoxycarbonyl-3-
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[ (6-chloronaphthalen-2-yl)sulfonamido]lpyrrolidine

In a similar manner to Referential Example 1 except
for the use of (3RS)-3-amino-l-tert-
butoxycarbonylpyrrolidine as the raw material, the title
compound was obtained.
14-NMR (CDCls) 8: 1.37(9H,s), 1.60-2.10(2H,m), 3.00-
3.50(4H,m), 3.88(1H,br), 4.96(1H,br), 7.50-7.60(1H,m),
7.80—7.90(4H,ﬁ), 8.43(1H,s).
MS (FAB) m/z: 411 [(M+H)*, C1%®], 413 [(M+H)*, C1¥].
[Referential Example 149] (3RS)-i-tert—Butoxycarbonyl-B—
[4- (4-pyridyl)benzamido]pyrrolidine

In a similar manner to Referential Example 12 except
for the use of (3RS)-3-amino-l-tert-
butoxycarbonylpyrrolidine and 4- (4-pyridyl)benzoic aéid as
the raw materials, the title compound was obtained.
H-NMR (CDCls) 8; 1.48(9H,s), 1.90~-2.10(1H,m), 2.20-
2.30(1H,m), 3.30-3.40(1H,m), 3.40—3.60(2H;m), 3.70-
3.80(1H,m), 4.65-4.75(1H,m), 6.25-6.35(1H,m),
7.52(2H,d,J=5.9Hz), 7.71(2H,d,J=8.3Hz), 7.88(2H,d,J=8.3Hz),
8.70(2H,d, J=5.4Hz).
MS (FAB) m/z: 368 (M+H)*.
[Referential Example 150] 6-Chloro-N-methoxy-N-
methylnicotinamide

Under ice cooling, 6-chlor6nicotinic acid (5.00 g) was

suspended in dichloromethane (150 ml), followed by the ad-
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dition of a catalytic amount of N,N-dimethylformamide and
oxaiyl chloride (5.30 ml). The resultiné mixture was
stirred at room temperature for 23 hours. The residue ob-
“tained by concentrating the reaction mixture was dissolved
in dichloromethane (100 ml), followed by the addition of
N,O-dimethylhydroxylamine hydrochloride (6.18 g) and
triethylamine (13.3 ml) ﬁnder ice cooling. After stirring
at room temperature for 6 hours, the reaction mixture was.
diluted with dichloromethane (150 ml), washed wifh a satu-
rated aqueous solution of sodium bicarbonate, water and
saturated saline and then dried over anhydrous magnesium
sulfate. The residue obtained by distilling off the sol-
vent under reduced pressure was purified by chromatography
on a silica gel column (hexane : ethyl acetate = 2:1),
whereby the title compound (6.08 g, 96%) was obtained.
'H-NMR (CDCl;) 8: 3.39(3H,s), 3.56(3H,s),
7.39(1H,d, J=8.3Hz), 8.03(1H,dd,J=8.3,2.4Hz),
8.78(1H,d,J=2.4Hz).
[Referential Example 151] 6-Chloronicotinaldehyde

In tetrahydrofuran (8 ml), 6-chloro-N-methoxy-N-
methylnicotinamide (500 mg) was dissolved, followed by the
dropwise addition of diisobutylaluminum hydride (a 0.95M
hexane solution, 2.88 ml) at -78°C in an argon gas atmos-—
phere. The resulting mixture was stirred for 3 hours and

then, at room temperature, for 2 hours. After the reaction
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mixture was cooled to -20°C, saturated saline (2 ml) was
added thereto, followed by stirring for 30 minuteé. .The
insoluble matter was filtered off. The residue was washed
Qith ethyl acetate. The filtrate and the washing were com-
bined together. The mixture was washed with saturated sa-
line and dried.over anhydrous sodium sﬁlfate. The solvent
was then distilled off under reduced pressure, whereby the
title compound (346 mg, 98%) was obtained as a crude prod-
uct. The product was provided for the subsequent reaction
without purification.
'H~NMR (CDCls) &: 7.52(1H,d,J=8.3Hz),
8.14(1H,dd, J=8.3,2.2Hz), 8.87(1H,d,J%2.2Hz), 10.10(1H,s).
[Referential Example 152] 1l-tert-Butoxycarbonyl-4-
methanesulfonylpiperazine

In dichloromethane‘(40 mi), N-tert-
butoxycarbonylpiperazine (2.00 g) was dissolved, followed
- by the addition of triethylamine (1.78 ml). To the result-
ing solution, methanesulfonyl chloride (0.91 ml) was added
dropwise under icé cooling. After stirring for one hour
under ice cooling, the reaction mixture was diluted with
-dichloromethane (26 ml), washed with a 5% aqueous citric
acid solution, water and saturated saline and dried over
anhydrous magnesium sulfate. The residue obtained by dis-
tilling off the solvent under reduced pressure was recrys-

tallized from a mixed solvent of ethyl acetate and hexane,
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whereby the title compound (2.58 g, 91%) was obtained.
H-NMR (CDCls) &: 1.47(9H,s); 2.79(3H,s),
" 3.19(4H,t,J=5.1Hz), 3.55(4H,t,J=5.1Hz).
[Referential Exaﬁple 153] 1—tert—Buto#ycarbony}—4—[[(2RS)—
2-(6~-chloropyridin-3-yl)-2-hydroxyethyl]sulfonyl]piperazine
In tetrahydrofuran (8 ml), 1—tert—butoxycarbonyl—4?
methanesulfonylpiperazine (838 mg) was dissolved, followed
by the addition of tert-butyl lithium (a 1.7M pentane solu-
tion, 1.72 ml) at -78°C in an argon gas atmosphere. The
resulting mixture was stirred for 2 hours. After the drop-
wise addition of a solution of 6~chloronicotinaldehyde (346
mg) in tetrahydrofuran (tetrahydrofuran: 4 ml) and stirring
at -78°C for 3 hours, the reaction mixture was added with
isopropanol.(l ml). The resulting mixture was heated to
room temperature and diluted with ethyl acetate. The di-
luted solution was waéhed with water and saturated saline
and dried over anhydroﬁs'sodium sulfate. The residue ob-
tained by distilling off the solvent under reduced pressure
was recrystallized from ethyl acetate, whereby the title

compound (532 mg, 54%) was obtained.

*H-NMR (CDCli3) &: 1.46(9H,s), 3.11(1H,dd,J=l4.l,2.2Hz),
3.21(1H,dd,J=14.1,9.8Hz), 3.23-3.33(4H,m), 3.52—3.57(4ﬁ,h),-
3.70(1H,br s), 5.37(1H,br), 7.36(1H,d,J=8.3Hz),
7.72(1H,dd,J=8.3,2.4Hz), 8.41(1H,d,J=2.4Hz).

MS (FAB) m/z: 405 (M+H)'.
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[Referential Example 154] l-tert-Butoxycarbonyl-4-[[(E)-2-

(6—chloropyridin—3-yl)ethyl]sulfonyl]piﬁerézine
In dichloromethane (10 ml), 1—tert—butdxycarbonyl—4—

[[(2RS)~-2~-({6~chloropyridin-3-yl)-2-
hydroxyethyl]sulfonyl]piperazine (465 mg) was dissolved,
followed by the addition of N-methylmorpholine (0.152 ml)
and N,N-dimethyl~4-aminopyridine (14.1 mg). Under an argon
atmosphere, p-toluenesulfonyl_chloride (263 mg) was added
under ice cooling. After étirring at room temperature for
2 hours, N,N-dimethyl-4-aminopyridine (141 mg)lwas added
further and the resulting mixture was stirred at room tem-
perature for 3 hours. After dilution with dichloromethane
(20 ml), the reaction mixture was washed with a saturated
aqueous solution of sodium bicarbonate, water and saturated
saline and then dried over anhydrous sodium sulfate. The
residue obtained by distilling off the solvent under re-
duced pressure was purified by chromatography on a silica
gel column (dichloromethane : methanol = 100:1), Qhereby
the title compound (414 mg, 93%) was obtained.

'H-NMR (CDCls) &: 1.45(9H,s), 3.19(4H,br), 3.55(4H,br),
6.73(1H,d,J=15.6Hz), 7.40(1H,d, J=8.3Hz),
7.43(1H,d,J=15.6Hz), 7.76(1H,dd,J=8.3,2.5Hz),
8.50(1H,d, J=2.5Hz).

Elementary analysis for C;gH22C1N303S

Calculated: C, 49.54; H, 5.72; N, 10.83;



- 246 -

Cl, 9.14; s,8.27.
Found: C, 49.54; H, 5.73; N, 10.63;
Cl, 9.44; sS,8.15.

[Referential Example 155] 1-(4-Bromo-2-methylbenzoyl)-4-
[ (6-chloronaphthalen-2-yl)sulfonyllpiperazine

In a similar manner to Referential Example 12 except
for the use of 4-bromo-2-methylbenzoic acid and 1-][ (6-
chloronaphthalen-z—yl)§ulfonyl]piperazine hydrochloride as
the raw materials, the reaction was conducted, whereby the
title compound was obtained.
'H-NMR (CDCls) &: 2.13(3H,s), 2.80-4.10(8H,m),
6.89(1H,d,J=8.3Hz), 7.30(1H,dd,J=8.3,2.0Hz),
7.35(14,d,J=2.0Hz), 7.60(1H,dd,J=8.8,2.0Hz),
7.74(1H,dd,J=8.8,2.0Hz), 7.90-7.95(3H,m), 8.30(1H,br s).
MS (FAB) m/z: 507 [(M+H)*, Br’?], 509 [(M+H)*, Br®].
[Referential Exampie 156] 3-Methyl-4-(4-pyridyl)benzoic
acid hydrochloride

In a similar manner to Referential Example 6 except
for the use of 4-bromo-3-methylbenzoic acid as the raw ma-
terial, the reaction was conducted, whereby the title com-

pound was obtained.

‘H-NMR (DMSO-dg) 8: 2.36(3H,s), 7.50(1H,d,J=7.8Hz),
7.92(1H,d,J=7.8Hz), 7.97(1H,s), 8.08(2H,d,J=6.4Hz),
8.99(2H,d, J=6.4Hz) . |

MS (FAB) m/z: 214 (M+H)*.
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[Referential Example 157] 4-(2-Methyl-4-pyridyl)benzoic
acid hydrochloride .
| In a similar manner.to Referential Example 2 except
for the use of 4-bromo-2-methylpyridine as the raw mate-
rial, the reaction was conducted, whereby the title com-
pound was obtained.
'H-NMR (DMSO-dg) 8: 2.81(3H,s), 8.10-8.16(4H,m),
8.23(1H,dd,J=6.4,1.5Hz), 8.36(1H,d,J=1.5Hz),
8.85(1H,d, J=6.4Hz).
MS (FAB) m/z: 214 (M+H)*.
[Referential Example 158] 1,4-Dibenzyl-2-
methoxycarbonylmethylpiperazine

In toluene (250 ml), N,N’-dibenzylethylenediamine (12
ml) and triethylamine (12 ml) were dissolved, followed by
the dropwise addition ofrmethyl 3~-bromocrotonate (7.0 ml)
under ice cooling. The resulting mixture was stirred at
room temperature for 24 hours. After the addition of tri-
ethylamine (2.0 ml), the resulting mixture was stirred at
room temperature for 71 hours. The insoluble matter was
filtered off and the filtrate was distilled under reduced
pressure. The residue was added with 10% hydrochloric acid-
(300 ml) and crystals so precipitated were removed by fil-
tration. Ethyl acetate was added to the filtrate. Potas-
sium carbonate was added to the water layer so separated to .

make it alkaline. Ethyl acetate was added to the resulting
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mixture. The organic layer so separated was washed with
saturated saliné and dried over anhydrous potassium carbon-
ate. The solvent was then distilled off under reduced
pressure. The residue was purified by chromatography on a
silica gel column (hexane : ethyl acetate = 4:1),'whereby
the title compound (1.07 g, 62%) was obtained.
H-NMR (CDCls) §: 2.30-2.70(8H,m), 3.11(1H,br s), 3.40-
3.80(4H,m), 3.6063H,s), 7.20-7.40(10H,m). |
MS (FAB} m/z: 339 (M+H)'.
[Referential Example 159] 1-[(6-Chloronaphthalen-2-
ylisulfonyl]—3—méthoxycarbonylmethylpiperazine |

In acetic acid (40 ml), 1,4-dibenzyl-2-.
methoxycarbonylmethylpiperazine (2.04 g) was dissolved,
followed by the addition of 10% palladium carbon (water
content: about 50%, 2.00 g). The resulting mixture was
subjected to catalytic reduction at room temperature for 4
hours under 4 atmospheric pressure. After removal of the
catalyst by fiitration, the residue obtained by distilling
the filtrate under reduced pressure was added with dichlo-
romethane and a saturated aqueous solution of sodium bicar-
bonate. The insoluble matter so precipitated was filtered
off. The organic layer so separated was washed with satu-
rated saline and dried over anhydrous sodium sulfate. The
solvent was then distilled off under reduced pressure. The

residue was dissolved in dichloromethane (30 ml), followed'
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by the addition of 6-chloro-2-naphthylsulfonyl chlofide
(782 mg). The resulting mixture was stifred at 0°C for 2
hours. To the reaction mixture, friethylamine (410 nl) was
added, iollowed by stirring.at 0°C for further three hours.
The residue obtained by distilling off the solvent_under
reduced pressure was purified by chromatography on a silica
gel column {(dichloromethane ~ 3% methanol - dichlo-
romethaﬁe), whereby the title compound (759 mg, 33%) was
obtained.
'H-NMR (CDCls) &: 1.71(1H,br s), 2.15-2.55(4H,m), 2.90-
3.65(2H,m),s3.15—3.25(1H,m), 3.60-3.70(5H,m), i.55—
7.60(1H,m), 7.75-7.80(1H,m), 7.85-7.95(3H,m), 8.30(1H,s).
MS (FAB) m/z: 383 [(M+H)*, C1%], 385 [(M+H)*, C1%7].
[Referential Example 160] 4-tert-Butoxycarbonyl-1-[(3-
chloro—l—ﬁropyl)sulf&nyl]piperazine

Under an argon gas atmosphere, l-tert-
butoxycarbonylpiperazine (3.00 g) and triéthylamine (2.24
ml) were dissolved in dichloromethane (40 ml) under ice
cooling, followed by the addition of 3-chloro-1-
propanesulfonic acid chloride (1.96 g). The resulting mix-
ture was stirred for 20 minutes under ice cooling and then, '
at room temperaturé for 10 minutes. The reaction mixture
was diluted with dichloromethane, washed with watef and
saturated saline and then dried over anhydrous sodium sul-

fate. The solvent was then distilled off under reduced
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pressure. The residue was recrystallized from a mixed sol-
vent of ethyi écetate and hexane, whereby the title com-
pound (4.36 g, 83%) was obtained.
H-NMR (CDCl;) 8: 1.41(9H,s), 2.27-2.33(2H,m),
3.08(2H,t,J=7.3Hz), 3.26(4H,t,J=4.9Hz), 3.53(4H,t,J=4.9Hz),
3.69(2H,t,Jd=6.1Hz).
MS (FAB) m/z: 327 (M+H)"
Elementary analysis for C;2H23C1N204S

Calculated: C, 44.10; H, 7.09, CL, 10.85;

N, 8.57; S, 9.81.
Found: C, 44.18; H, 7.11; Cl, 10.69;
N, 8.23; 5, 9.76.

[Referential Example 161] 4-tert-Butoxycarbonyl-1-[(3-
hydroxy-1-propyl)sulfonyl]lpiperazine

In N,N-dimethylformamide (10 ml), 4-tert-
butoxycarbonyl—l-[(3—chloro—1—prole)sulfonYl]piperazine
(1.18 g) was dissolved, followed by thé addition of potas-
sium acetate (1.06 g). After stirring at room temperature
for 2 hours, the reaction mixture was stirred under heat at
100°C for 3 hours. The reaction mixture was diluted with
ethyl acetate, followed by the addition of water and a
saturated aqueous solution of sodium bicarbonate. After
stirring, the.organic layer so separated was washed with a
5% aqueous citric acid solution, water and saturated sa-

line. After drying over anhydrous sodium sulfate, the
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residue obtained by distilling off the solvent under re-
duced pressure was dissolved in tetrahydrofuran (20 ml).
To the resulting solution, water and lithium hydroxide
mohohydraté (221 mg) were added, followed by stirring at
room temperature for 18 hours. Ethyl acetate and saturated
saline were added to the reaction mixture to separated an
organic layer. From the water layer; another organic layer
was extracted with ethyl acetate. The organic layers were
combined together, washed with saturated saline and dried
over anhydrous sodium sulfate. The solvent was then dis-
tilled off under reduced pressure. The residue was recrys-
tallized from a mixed solvent of ethyl acetate an hexéne,
whereby the title compound (944 mg, 84%) was obtained.
1H-NMR (CDCls) 8: 1.47(9H,s), 2.04-2.11(2H,m),
3.06(2H,t,J=7.6Hz), 3.25(4H,t,J=4.9Hz), 3.53(4H,t,J=4.9Hz),
3.80(2H,q,J=5.4Hz) .
MS (FAB) m/z: 309 (M+H)".
‘Elementary analysis for Ci2H24N20sS

Calculated: C, 46.74; H, 7.84; N, 9.08; S, 10.40.

'Found: C, 46.80; H, 7.92; N, 9.05; S, 10.59.
[Referential Example 162] 4-tert-Butoxycarbonyl-1-{(3-
methoxymethyloxy—-1-propyl)sulfonyl]lpiperazine

In dichloromethane (60 ml), 4-tert-butoxycarbonyl-1-
[ (3-hydroxy-1l-propyl)sulfonyllpiperazine (3.00 g) was dis-

"solved. To the resulting solution, diisopropylethylamine
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(2.72 ml) was added, followed by the addition of meth-
oxymethyl chloride (1.11 ml) under icelcooling. After
stirring at room temperature for 20 hours, the reaction
mixture was diluted with dicﬁloromethane, washed with wa-
texr, a 5% aqueous citric acid solution and saturated saline
and then dried over ahhydrous sodium sulfate. The solvent
‘was then distilled off under reduced pressure. The residue
was purified by chromatography on a silica gel column (hex-
ane : ethyl acetate = 2:1), whereby the title compound
(3.32 g, 97%) was obtained.
'H-NMR (CDCls) &8: 1.47(SH,s), 2.06-2.13(2H,m), 3.03(2H,m),
3.25(4H,t,J=4.9ﬁz), 3.36(3H,s), 3.52(4H,t,J=4.%Hz),
3.63(2H,t,J=5.4Hz), 4.61(2H,s).
MS (FAB) m/z: 353 (M+H)*. |
Elementary analysis. for Ci14H2gN206¢S
Calculated: C, 47.71; H, 8.01; N, 7.95; S, 9.10.
Found: C, 47.77; H, 8.18; N, 7.97; S, 9.16.
[Referential Example 163] 4-tert-Butoxycarbonyl-1-[ (E)-4-
chloro—ﬁ—[Z;(methoxymethylbxy)ethyl]—ﬁ—
séyrylsulfonyl]piperazine and 4—tert—bqtoxyc;rbonyl—1-[(Z)—
4-chloro-p-[2~ (methoxymethyloxy)ethyl]-p~
styryléulfonyl]piperazine
Under an argon gas atmosphere, 4-tert-butoxycarbonyl-

1-[3-methoxymethyloxy-1-propyl)sulfonyllpiperazine (800 mg)
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was dissolved in tetrahydrofuran (10 ml), followed by the
dropwiée addition of tert-butyl lithium (a 1.7M hexane so-
lution, 1.47 ml) at -78°C. The resulting mixture was
stirred at -78°C for one hour. After the addition of tri-
methylsilyl chloride (0.317 ml) and stirring at -78°C for
90 minutes, tert-butyl lithium (a 1.7M hexane solution,-
1.47 ml) was added dropwise to the reaction mixture and
stirring was effected at -78°C for 90 minutes. At -78°C, a
solution of p-chlorobenzaldehyde (352 mg) in tetrahydrofu-
ran (tétrahydrofuran: 8 ml) was added dropwise to the reac-
tion mixture. After stirring for 2 hours, the temperature
of the reaction mixture was allowed to rise back to room
temperature over 15 hours, at which temperature it was
stirred for 6 hours. Under ice cooling, a 5% citric acid
solution (20 ml) and ethyl acetate (150 ﬁl) were added to
the reaction mixture. The organic layer so separated was
washed wifh water and saturated saline and then dried over
anhydrous magnesium sulfate. The residue obtained by dis-
tilling off the solvent under reduced pressure was purified

by. chromatography on a silica gel column (hexane : ethyl"
acetate = 3:1 ~ 2:1), whereby the title compound was ob-
tained as an E~form (307 mg, 28%) and Z-form {751 mg, 7Q%).
E form:

'H-NMR (CDCls) 8: 1.42(9H,s), 2.87(2H,t,J=7.3Hz), 3.21-

3.28(4H,m), 3.35(3H,s), 3.46-3.56(4H,m),
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3.80 (2H,t,J=7.3Hz), 4.60(2H,s), 7.40(2H,d,J=8.5Hz),
7.46(2H,d,J=8.5Hz), 7.54(1H,s).
Z—férm:
'H-NMR (CDCls) 8: 1.43(9H,s), 2.77(2H,dt,J=6.4,1.0Hz),
2.91-2.98(4H,m), 3.19-3.25(4H,m), 3.38(3H,s),
3.82(2H,t,J=6.4Hz), 4.66(2H,s), 7.07(1H,s),
7.32(2H,d,J=8.6Hz), 7.35(2H,d,J=8.6Hz).
[Example 1] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]}-4-[4-
(pyridin-4-yl)benzoyllpiperazine hydrochloride

At room temperature; 1-14-(4-
pyridyl)benzoyl]piperazine ditrifluoroacetate (1.19 g) was
suspended in dichloromethane (100 ml), followed by the ad-
dition of diisopropylethylamine (1.68 ml) and 6-chloro-2-
naphthylsulfonyl chloride (691 mg). After stirring at room
temperature for 2 hours, the reaction mixture was pufified
by chromatography on a silica gel column (2% methanol - di-
chloromethaﬁe). To the resulting fraction, ethanolic 1N
hydrochloric acid was added to make it weakly acidic. The
solvent was then distilled off. The resulting colorless
solid.was washed with tetrahydrofuran, whereby the title

compound (1.05 g, 81%) wés obtained as a colorless solid.
IH-NMR (DMSO-de) 8: 2.95-3.25(4H,m), 3.43(2H,br s),
3.6b(2H,br s), 7.56(2H,d,J=8.3Hz), 7.74(1H,dd,J=8.8,2.5Hz),
7.83(1H,dd,J=8.8,2.0Hz), 8.01(2H,d,J=8.3Hz),

8.19(1H,d,J=8.8Hz), 8.25-8.40(4H,m), 8.51(1H,s),
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8.94(2H,d, J=6.8Hz).
MS (FAB) m/z: 492 [(M+H)*, C1%], 494 [(M+H)*, C1%7].
Elementary énalysis for CzgH23N305C1S-HC1l-0.5H,0

Calculated: C, 58.10; H, 4.50; N, 7.82;

Cl, 13.19; s, 5.97.
Found: C, 58.12; H, 4.67; N, 7.66}
Cli, 13.12; s, 6.10.

[Example 2] 4-[(6-Chloronaphthalen-2-yl)sulfonyl]-2-
ethoxycarbonyl-1-[{4-(pyridin-4-yl)benzoyllpiperazine hydro-
chloride

In dichloromethane (30 mlf, 4~tert-butoxycarbonyl-2-
ethoxycarEonyl—l—[4-(4—pyridyl)benzoyl]piperazine (514 mg)
“was dissolved, followed by the addition of trifluorocacetic
acid (30 ml) under ice cooling. After stirring at room
temperature for 45 minutes, the residue obtained by dis-
tilling off the solvent was suspended in dichloromethane
(100 ml) under ice.cooling, followed by the addition of di-
isopropylethylamine (1.02 ml) and 6-chloro-2-
naphthylsulfonyl chloride (366 mg). After stirring at room
temperature for one hour, the reaction mixture was purified
as was by chromatography on a silica gel column (1% metha-
nol - dichloromethane). To the resulting fraction,lethano—
lic 1N hydrochloric acid was added to make it weakly
acidic. The solvent was then distilled off. The resulting

colorless solid was washed with ethanol, whereby the title
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compound (308 mg, 43%) was obtained as a colorless solid.
1H-NMR (DMSO-dg) 8: 1.15-1.30(3H,m), 2.60~5.40(9H,m),

7.50(2/3H,d,J=8.3Hz), 7.57(4/3H,d,J=7.8Hz),
7.74(1H4,dd,J=9.0,1.7Hz), 7.83(1H,d,J=8.8Hz),
8.00(2/3H,d,J=7.8Hz), 8.04(4/3H,d,J=8.3Hz),
8.19(1H,d,J=8.8Hz), 8.25-8.35(4H,m), 8.55(1H,s),
8.92(2H,d,J=4.9Hz) . | |
MS (FAB) m/z: 564 [(M+H)*, C1%°], 566 [(M+H)*, C1¥].
Elementary analysis for C,gHagN305C1S-HC1:0.5H0

Calculated: C, 57.15; H, 4.63; N, 6.89;

Cl, 11.63; S, 5.26.
Found: C, 56.95; H, 4.68; N, 6.70;
Cl, 11.36; S, 5.30.

[Example 3]

4—[(6—Chloronaphthalen—2—yl)sulfonyl]~1;[4—(pyridiﬁ—4—
. yl)benzoyl]lpiperazine-2~-carboxylic acid hydrochloride

In a mixed solvent of ethanol (1 ml)} tetrahydrofuran
{1 ml) and water (1 ﬁl), 4~ (6-chloronaphthalen-2-
yl)sulfonyl]-2-ethoxycarbonyl-1-[4-(pyridin-4- |
yl)benzoyllpiperazine hydrochloride (152 mg) obtained in
Example 2 was dissolved under ice cooling, followed by the
dropwise addition of a 1N aqueous solution of sodium hy-
droxide. The reaction mixture was stirred at room tempera-
ture for 90 minutes. After concentration under reduced

pressure, 1N hydrochloric acid was added to the reaction
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mixture to make it weakly acidic. The colorless solid so
precipitated was collected by filtration, followed by dry-
ing, whereby the title compound (62 mg,.42%) was obtained
as a colorless solid.
H-NMR (DMSO-dg) 8: 2.65-5.30(7H,m), 7.49(4/5H,d,J=7.7Hz),
7.56(6/5H,d,J=8.3Hz), 7.74(1H,dd,J=8.8,2.sz),
7.82(1H,d,J=8;3Hz), 7.95-8.05(2H,m), 8.19(1H,d,J=8.3Hz),
8.20-8.35(4H,m), 8.53(1H,s), 8.92(2H,d,J=5.4Hz).
MS (FAB) m/z: 536 [(M+H)*, C1%%], 538 [(M+H)*, C1%7].
Elementary analysis for Cz7H23N30sC1S-0.9HC1-1.2H,0

Calculated: C, 54.92; H, 4.32; N, 7.12;

Cl, 11.41; s, 5.43.
Found: C, 54.94; H, 4.42; N, 6.83;
Cl, 11.31;.5, 5.33.

[Example 4]

1-[(6-Chloronaphthalen-2-~yl)sulfonyl]-4-[4~(pyridin-4-
vl)nicotinyllpiperazine hydrochloride

In dichloromethane (10 ml), 6-(4-pyridyl)nicotinic ac-
id hydrochloride (96 mg) and 1—[(6—chloronapﬁthalen—2—
yl)sulfonyllpiperazine trifluorocacetate (150 mg) were sus-
.pended, followed by the addifion of 1-hydroxybenzotriazole
(48 mg) and N-methylmorpholine (155 pl). After the addi-
tion of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hy-
drochloride (102 mg) under ice cooling, the resulting mix-

ture was stirred at room temperature for 16 hours. Owing
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to the slow reaction, N,N-dimethylformamide (10 ml) was
added to the reaction mixture and the ?eéulting mixture was
stirred for 3 days. After completion of the reaction, the
- solvent was distilled off. The residue was purified by
chromatography on a silica gel column (1% methanol - di-
chloromethane). The solvent was then distilled off. To
the residue, tetrahydrofuran and ethanolic 1N hydrochloric
acid were added and the solid so precipitated was collected
by filtration and dried, whereby the title compound (105
mg, 55%) was obtained as a colorleés solid.
'H-NMR (DMSO-dg) 8: 3.00-3.25(4H,m), 3.46(2H,br s),
3.76(2H,br s}, 7.74(1H,dd,J=8.5,1.7Hz), 7.83(1H,d,J=8.8Hz),
8.07(1H,dd,J=7.8,1.5Hz), 8.19(1H,d,J=8.8Hz), 8.28(1H,s),
8.29(1H,d,J=8.8Hz), 8.42(1H,d,J=8.3Hz), 8.51(1H,s),
8.65(2H,d, J=6.4Hz), 8.80(1H,m), 9.01(2H,d,J=5.9Hz).
MS (FAB) m/z: 493 [(M+H)*, C1%%], 495 [(M+H)*, c1%"].
" Elementary analysis for C25H21N403ClS-HC1-H§O

Calculated: C, 54.85; H, 4.42; N, 10.23;

| Cl, 12.95; S, 5.86.
Found: C, 54.57; H, 4.51; N, 10.06;
| Cl, 13.08:; S, 5.87.

[Example 5] 1-[(6~Chloronaphthalen-2-yl)sulfonyl]-4-(4-
(pyridin-3—yl)benzoyl]piperazine'hydrochloride

In a similar manner to Example 4 except for the use of

4-(3-pyridyl)benzoic acid hydrochloride and 1-[(6-
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chloronaphthalen-2~yl)sulfonyllpiperazine trifluoroacetate
as the raw materials, the reaction was conducted} whereby
the title compound was obtained as a colorless solid.
'H-NMR (DMSO-de¢) 8: 3.00-3.25(4H,m), 3.47(2H,br s),
3.73(2H,br s), 7.51(2H,d,J=8.3Hz), 7.73(1lH,dd,J=8.8,2.0Hz),
7.8-7.9(3H,m), 7.92(1H,dd,J=7.8,5.4Hz), 8.19(1H,d,J=8.8Hz),
8.25-8.30(2H,m), 8.50(1H,s), 8.55-8.65(1H,m), 8.75-
8.85(1H,m), 9.14(1H,d,J=2.0Hz).
MS (FAB) m/z: 492 [ (M+H)*, c1%%], 494 [(M+H)*, C1¥).
Elementary analysis for CzgH22N303ClS-0.85HC1-Hy0

Calculated: C, 57.72; H, 4.63; N, 7.77;

Cl, 12.12; s, 5.93.
Found: C, 57.44; H, 4.62; N, 7.68;
- cl, 11.99; s, 5.83.

[Example 6] 4-[4-[[4~[(6-Chloronaphthalen~2-
_yl)sulfonyl]piperazin—l—yl]carbonyl]phenyl]pyridine N-oxide

In dichloromethane (10 ml), 1—[(6-chioronaphthalen—2—
yl)sulfonyl]-4-[4—(pyridin—4-yl)benzoyl]piperazine (300 mg)
obtained in Example 1 was dissolved, followed by the addi-
tion of 3-chloroperbenzoic aqid (382 g) at -20°C. The re-
sulting mixture was stirred at -20°C for.21 hours. An
agueous solution of sodiﬁm sulfite was added to decompose
an excess peroxide. Dichloromethane and a saturated aque-
ous solution of sodium bicarbonate were added to separate

an organic layer. After drying the organic layer over an-
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hydrous magnesium sulfate, the residue obtained by distill-
ing off the solvent was purifiéd by chromatbgraphy on a
silica gel column (2-5% methanol - dichloromethane). After
the solvent was distilled off, ether was added to the resi-
due to solidify it, followed by collection through filtra-
tion, whereby the title compound (200 mg, 63%) was obtained
as a colorless solid.
'H-NMR (CDCls) 8: 2.90-3.40(4H,m), 3.40-4.20(4H,m),
7.43(2H,d,J=8.3Hz), 7.47(2H,d,J=7.3Hz), 7.55-7.65(3H,m),
7.76(1H,dd,J=8.8,1.5Hz), 7.90-8.00(3H,m), |
8.26(2H,d,J=7.3Hz), 8.31(1H,s).
MS (FAB) m/z: 508 [(M+H)*, c1%*], 510 [(M+H)*, C1%].
Elementary analysis for CagHz2N304C1S-0.8H20

Calculated: C, 59.78; H, 4.55; N, 8.04;

' cl, 6.79; S, 6.14.
Found: C, 59.82; H, 4.45; N, 7.94;
Cl, 6.85; 5, 6.29.

[Example 7] 1-[4—(2—Aminopyridin—5—yi)benzoyl]—4—[(6—
chloronaphthalen-Z—yl)sulfdnyl]piperazine hydrochloride

In a mixed solvent of dichloromethane (1 ml) and etha-
nol (1 ml), 1—[4—[2—tert—butoxycarbonylamino)pyridin—5—
yl)benzoyl]-4-[ (6-chloronaphthalen-2~-yl)sulfonyl]piperazine
(128 mg) was dissolved, followed by the addition of a satu-
rated ethanol hydrochloride solution (10 ml) under.ice

cooling. After stirring at room temperature for 1 minute,
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the solvent was distilled off. Isopropanol was added to
the residue for crystallization.. The crystals so obtained
were collected by filtration and dried, whereby the title
compound (88 mg, 68%) was obtained as a colorless solid.
'4-NMR (DMSO-dg) &: 3.00-3.20(4H,m), 3.30-3.90(4H,m),
7.05(1/2H,d,J=8.8Hz), 7.06(1/2H,d,J=8.8Hz),
7.43(2H,d, J=8.3Hz), 7.67(2H,d,J=8.3Hz), 7.73(1H,d,J=8.3Hz),
7.82(1H,d,J=8.8Hz), 7.90-8.10(2H,br), 8.18(1H,d,J=8.3Hz),
8.25-8.35(4H,m), 8.50(1H,s).
MS (FAB) m/z: 507 [(M+H)*, c1%*], 509 [(M+H)*, C1].
Elémentary analysis for CgpgH3C1N403S+HC1l-1.2H,0-0.8iPrOH

Calculated: C, 55.56; H, 5.52; N, 9.13;

Cl, 11.55; s, 5.22.
Found: C, 55.40; H, 5.24; N, 8.85;
Cl, 11.79; s, 5.50.

[Example 8] 1-[4-(4-Aminophenyl)benzoyl]-4-[ (6-
chloronaphthalen-z—yl)sulfonyl]piperazine'hydrochloride

In a similar manner to Example 7 exgept for the use of
1-[4-[4- (tert-butoxycarbonylamino) phenyl]benzoyl]-4~[ (6-
chloronaphthalen—?—yl)sulfonyl]piperazine as thé raw mate-
rial, the reaction was conducted, whereby the title com-

pound was obtained as a colorless solid.
'H-NMR (DMSO-dg) 5: 2.90-3.20(4H,m), 3.25-3.80(4H,m),
6.68(2H,d,J=8.3Hz), 7.32(2H,d,J=8.3Hz), 7.39(2H,d,J=8.3Hz),

7.54(2H,d,J=8.3Hz), 7.73(1H,dd,J=8.8,2.0Hz),
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7.82(1H,dd,J=8.8,2.0Hz), 8.18(1H,dd,J=8.8Hz), 8,25~
8.40(2H,m), 8.50(1H,br s).
MS (FAB) m/z: 506 [(M+H)*, C13®], 508 ([(M+H)*, c1¥].
_E‘.lem'ent'ary analysis for Cp7H24C1N303S-0.2HC1

Calculated: C, 63.18; H, 4.75; N, 8.19;

Cl, 8.29; S, 6.25.
Found: C, 62.93; H, 4.93; N, 7.91;
Cl, 7.99; s, 6.36.

[Example 9] 1-[4-(2-Aminothiazol-4-yl)benzoyl]-4-[(6-
chloronaphthalen—z—yl)sulfonyl]piperazine hydrochloride

In a similar manner to Example 4 except for the use of
4-(2-aminothiazol-4-yl)benzoic acid and 1-[(6-
chloronaphthalén—Z—yl)sulfonyl]piperazine hydrochioride as
the raw materials, the reaction was conducted, whereby the
title compound was obtained.
'H-NMR (DMSO~-dg) 8: 2.90-3.20(4H,m), 3.30~3.90(4H,m),
7.26(1H,s), 7.41(2H,d,J=8.3Hz), 7.73(1H,dd,J=8.8,2.0Hz),
7.79(2H,d,J=8.3Hzf, 7.82(1H,dd,J=8.8,2.0Hz),
8.18(1H,d,J=8.8Hz), 8.25-8.30(2H,m), 8.50(1H,br s).
MS (FAB) m/z: 513 [(M+H)*, C1%®], 515 [(M+H)*, Cc1¥7].
Elementary analysis for Cy4H21N403C1S2<HC1-0.3H20

Calculated: C, 51.95; H, 4.11; N, 10.10;

| Cl, 12.?8; S, 11.56.
Found: C, 51.99; H, 4.19; N, 10.03;

cl, 12.61; S, 11.45.
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[Example 10] 1-[(6-Chloronaphthalen-2-~yl)sulfonyl]-4-{4-
[imidaiol—4(5)-yl]benzoyl]piperazine hydrochloride

In dichloromethane (5 ml), 1-[(6-chloronaphthalen-2-
yl)sulfonyl]-4-[4-[l-triphenylmethylimidazol-4(5)-
yllbenzoyl]piperazine (303 mg) was dissolved, followed by
the addition of a saturated ethanol hydrochloride solution
(30 ml) under ice cooling. After Stirrihg at room tempera-
ture for 3 hours, the solvent was distilled off. Ether was
added to the residue for érystallization and the resulting
crystals were collectéd by filtration, whereby the title
compound (307 mg, 76%) was obtained as a colorless solid.
H-NMR (DMSO-dg) 8: 2.90-3.20(4H,m), 3.30-3.90(4H,m),
7.47(2H,d,3=8.3Hz), 7.74(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd,J=8.8,2.0Hz), 7.89(2H,d,J=8.3Hz),
8.19(1H,d,J=8.8Hz), 8.22(1H,d,J=1.0Hz), 8.25-8.30(2H,m),
8.50(1H,m), 9.22(1H,d,J=1.0Hz).
MS (FAB) m/z: 481 [(M+H)*, C1%], 483 [ (M+H)*, C1%7].
Elementary analysis for CuHmﬂlNﬂhS;HCl-0.4Hﬁ)

Calculated: C, 54.94; H, 4.38; N, 1b.68;

Cl, 13.52; s, 6.11.
Found: C, 54.98; H, 4.29; N, 10.62;
Cl, 13.56; S, 6.14.

[Example 11] 1-[4-(2-Aminoimidazol-4-yl)benzoyl]-4-[(6-
chloronaphthalen—Z—yl)sulfonyl]piperazine hydrochloride

In a similar manner to Example 4 except for the use of
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4-(2—aminoimidazol-4-yl)benzoic acid hydrochloride and 1-
[ (6-chloronaphthalen-2-yl)sulfonyl]lpiperazine hydrochloride
as the raw materials, the reaction was conducted, whereby
the title compound was dbtained.'
1H-NMR (DMSO—ds)'S: 2.90-3.20(4H,m), 3.30-3.90(4H,m),
7.39(2H,d,J=8.3Hz), 7.47(1H,s), 7.49(2H,br s),
7.67(2H,d,J=8.3Hz), 7.73(1H,dd,J=8.8,2.5Hz),
7.82(1H,dd,J=8.8,2.0Hz), 8.18(1H,d,J=8.8Hz), 8.25-
8.30(2H,m), 8.50(1H,br s).
MS (FAB) m/z: 496 [(M+H)*, C1®], 498 [(M+H)*, C1%7].
Elémentary analysis for C24H22Ns03C1S-HC1

Calculated: C, 54.14; H, 4.35; N, 13.15;

Cl, 13.32; s, 6.02.
Found: C, 53.94; H, 4.39; N, 12.82;
Cl, 13.27; S, 6.07.

[Example 12] 4-[4-[[4-[(6-Chloronaphthalen-2-
yl)sulfonyl]piperazin-l—yl]carbonyl]phenyi]—l-
methylpyridinium iodide

In a mixed solvent of benzene (10 ml) and methanol (10
ml), l-[(6-chloronaphthalen-2-yl)sulfonyl}~4-{4-(pyridin-4-
yl)benzoyl]piperazine (300 mg) obtained in Example 1 was
dissolved at room temperature, followed by the addition of
methyl iodide (1 ml). To the resulting mixture, the same
amount of methyl iodide was added three times at intervals

of 24 hours, followed by heating under reflux for 4 days.
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The reaction mixture was distilled under reduced pressure
and the residue was washed with methanol, collected by fil-
tration and dried, whereby the title compound (229 mg, 58%)
was obtained as a yellow solid.
'H-NMR (DMSO-d¢) &: 3.03(2H,br s), 3.13(2H,br s),
3.43(2H,br s), 3.75(2H,br s), 4.34(3H,s),
7.59(2H,d, J=8.8Hz), 7.74(1H,dd,J=8.8,2.4Hz),
7.85(1H,dd, J=8.8,2.0Hz), 8.08(2H,d,J=8.8Hz),
8.19(1H,d,J=8.8Hz), 8.25—8.30(2H,ﬁ), 8.45-8.55(3H,m),
9.03(2H,d,J=6.8Hz).
Elementary analysis for Caz7H2sN303C1lIS-H,0
Calculated: C, 49.74; H, 4.17; N, 6.45.
Found: C, 49.60; H, 4.09; N, 6.23.
[Example 13] 3—[4—[[4—[(6—chloronaphthalen—2—
yl)sulfonyl]piperazin-l-yl]carbonyl]phenyllpyridine N—oxidé
In a similar manner to Example 6 except for the use of
1—[(6—chlor6naphthalen—2—yl)sulfonyl]—4—[4—(pyridin—3—
y1)benzoyl]piperazine, which had been obtained in Example
6, as the raw material, the reaction was conducted, whereby
the title compound was obtained.
'H-NMR (CDCl3) &: 2.90-3.40(4H,m), 3.40-4.20(4H,m), 7.50-
7.60(1H,m), 7.40-7.45(3H,m), 7.54(2H,d,J=8.3Hz),
7.60(1H,dd,J=8.8,2.0Hz), 7.76(1H,dd,J=8.8,2.0Hz), 7.90-
8.00(3H,m), 8.22(1H,d,J=5.9Hz), 8.31(1H,d,J=2.0Hz),

8.43(1H,br s).
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MS (FAB) m/z: 508 [(M+H)*, c1%], 510 [(M+H)*, C1%].
Elementary analysis for CyeH22N304C1S:H20

Calculated: C, 59.37; H, 4.60; N, 7.99;

Cl, 6.74; S, 6.10.
Found: C, 59.48;_H, 4.69; N, 7.74;
Cl,.6.73; S, 6.07.

[Example 14] 1-[2-Carboxy-4-(pyridin-4-yl)benzoyl]-4-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine

In dichloromethane (50 ml), 1-[2-tert-butoxycarbonyl-
4- (pyridin-4-yl)benzoyl]-4~[(6~chloronaphthalen-2-
ylfsulfonyl]piperazine hydrochloride (250 mg) was dis-
solved, followed by the dropwise addition of trifluoroace-
tic acid (50 ml) under ice cooling.- After stirring ét room
temperature for 5 hours, the solvent was distilled off.
The residue was dissolved in methanol and the resulting so-~
lution was allowed to stand in a refrigefator for one day.
The colorless solid so.precipitated was collected by filj
tration and dried, whereby the title compound (550 mg, 28%)
was obtained as a colorless solid.
1H-NMR (DMSO-dg) &: 2.90-3.40(6H,m), 3.65-3.75(2H,m),
7.41(1H,d,J=7.8Hz), 7.70~-7.75(3H,m),
7.82(1H,dd,J=8.8,2.0Hz), 8.00(1H,dd,J=7.8,1.5Hz), 8.15-
8.30(4H,m), 8.50(1H,br s), 8.67(2H,d,J=5.9Hz), 13.29(1H,br
s). |

MS (FAB) m/z: 536 [(M+H)*, C13%}, 538 [(M+H)*, C1%].
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Elementary analysis for CagH2C1N305S-+0.5H20
Calculated: C, 59.50; H, 4.25; N, 7.71;
Cl, 6.50; s, 5.88.
Found: C, 59.54; H, 4.30; N, 7.37;
Cl, 6.35; S, 5.89.
[Example 15] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[[5-
(pyridin-4-yl) thiophen-2-yl]carbonyl]piperazine hydrochlo-
ride
In a similar manner to Example 4 except for the use of
5-(pyridin-4-yl) thiophene~2-carboxylic acid hydrochloride
obtained in Referential Example 28 and 1-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as
the raw materials, the reaction was conducted, whereby the
title compound was obtained.
'H-NMR (DMSO-dg) &: 3.11(4H,br s), 3.74(4H,br s),
7.52(1H,d,J=3.9Hz), 7.73(1H,dd, J=8.8,2.5Hz),
7.83(1H,dd,J=8.8,2.0Hz), 8.03(1H,d,J=3.9Hz), 8.10-
8.15(2H,m), 8.18(1H,d,J=8.8Hz), 8.25-8.30(2H,m),
8.51(1H,s), B.88(2H,d,J=6.8Hz).
MS (FAB) m/z: 498 [(M+H)*, c1%], 500 [(M+H)*, C1%}.
Elementary analysis for Ca4H20C1N303S2<HC1-H0
Calculated: C, 52.17; H, 4.20; N, 7.61;
cl, 12.83; S, 11.61.
Found: C, 52.04; H, 4.22; N, 7.22;

Cl, 12.74; s, 11.57.
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[Example 16] 1-[(6~-Chloronaphthalen-2-yl)sulfonyl]-4-[[5-
(pyridin—4—yl)furan—2-yl]carbonyl]piperazine-hydrochloride

In a similar manner to Example 4 except for the use of
5- (pyridin-4-yl) furan-2-carboxylic acid hydrochloride ob-
tained in Referential Example 29 and 1-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as
the raw materials, the reaction was conducted, whéreby the
title compound was obtained.
'H-NMR (DMSO-de) 8: 3.13(4H,br s), 3.30-4.00(4H,m),
7.21(1H,d,3=3.9Hz), 7.71(1H,d,J=8.8Hz), 7.75-7.80(1H,m),
7.83(1H,d,J=8.8 Hz), 8.10-8.30(5H,m), 8.51(1H,s), 8.85-
8.90(2H,m).
MS (FBB) m/z: 482 [(M+H)*, c1%%], 484 [(M+H)*, C13].
Elementary analysis for CaqHzoClN3O4S-HCL-H,0

Calculated: C, 53.74; H, 4.32; N, 7.83;

Cl, 13.22; s, 5.98.
Found: C, 53.51; H, 4.36; N, 7.57;
Cl, 13.21; S, 5.97.

[Example 17] 14[(6~Chloronaphthalen—2—yl)sulfonyl]-4—[4—
(pyridin-2-yl)benzoyl)piperazine hydrochloride

In a similar manner to Example 4 except for the use of-
4~ (pyridin-2-yl)benzoic acid Hydrochloride obtained in
Referential Example 30 and 1—[(6-chloronaphthalen—2~
yl)sulfonyllpiperazine hydrochloride as the raw materials,

the reaction was conducted, whereby the title compound was
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obtained.
'H-NMR (DMSO-de) &: 3.07(4H,br), 3.60-4.00(4H,br),
7.46(3H,br), 7.73(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd,J=8.8,2.0Hz), 7.94-8.05(2H,br),
8.08(2H,d,J=8.8Hz), 8.18(1H,d,J=8.8Hz), 8.28(2H,d,J=8.8Hz),
8.50(1H,s), 8.70(1H,br).
MS (FAB) m/z: 492 [(M+H)*, C1%], 494 [(M+H)*, C1%"].
Elementary analysis for CpgH2C1lN303S-0.9HCL1H20

Calculated: C, 57.53; H, 4.62; Cl, 12.41;

N, 7.74; S, 5.91.
Found: C, 57.55; H, 4.52; C1, 12.64;
| N, 7.61; S, 6.03. |

[Example 18] 1-[(E)-4-Chlorostyrylsulfonyl]-4-[4-(pyridin-
2-yl)benzoyl]lpiperazine hydrochloride

In a similar manner to Example 17_excépt for the use
of 4—(2-pyridyl)benzoi¢ acid hydrochloride and 1-[(E)-4-
chlorostyrylsulfbnyl]piperaZine hydrochlofide, which had
been obtained in Referential Example 31, as the raw materi-
als, the reaction was conducted, whereby the title compound

was obtained.

H~NMR (DMSO-dg) 8: 3.19(4H,br), 3.46(2H,br), 3.75(2H,br),
7.36(1H,d,J=15.6ﬁz), 7.44(1H,d,J=15.6H2), 7.50-7.58(1H,br),
7.53(2H,d,J=7.8Hz), 7.57(2H,d,J=7.8Hz), 7.82(2H,d,J=7.8Hz),
8.13(2H,m), 8.15(2H,d,J=7.8Hz), 8.75(1H,d,J=4.9Hz).

MS (FAB) m/z: 468 [(M+H)*, C13%], 470 [(M+H)*, C1%7].
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"Elementary analysis for CzﬂbZClNaogs-HCL-O.3EtOH-0.3H20
Calculated: C, 56.42 H, 4.89; Cl, 13.54;
N, 8.02; 5, 6.12.
Found: C, 56.51 H, 4.83; Cl, 13.46;
N, 8.10; S, 5.99.
-fExample 19] 2—[4—[[4—[(6—Chloronaphthalen42—
yl)sulfonyl]piperazin—l—ylicarbonyl]phenyl]pyridine N-oxide
In a similar manner to Example 6 except for the use of
1-[ {6-chloronaphthalen-2-yl)sulfonyl]-4-[4- (pyridin-2-
yl)benzoyl]piperazine, which had been obtained in Example
17; as thelraw material, the reaction was conducted,
wﬁereby the title compound was obtained.
'H-NMR (CDCl;) 8: 3.11(4H,br), 3;63(2H,br), 3.87(2H,br),
7.27(1H,m), 7.33(1H,t,J=8.8Hz), 7.39-7.41(1H,br),
7.40(2H,d,J=7.8Hi), 7.60(1H,d,J=8.8Hz), 7.77(1H,d,J=8.8Hz),
7.83(2H,d,J=7.8Hz), 7.93(1H,d,J=3.8Hz), 7.94(1H,s),
8.31(1H,s), 8.33(1lH,d,J=5.9Hz). |
MS (FAB) m/z: 508 [(M+H)*, c1%®], 510 [(M+H)*, C1%].
Elementary .analysis for CygHz2C1N304S
Calculated: C, 61.47; H, 4.37; Cl, 6.98;
| N, 8.27; S, 6.31.
Found: C, 61.32; H, 4.46; Cl, 7.21;
N, 8.13; S, 6.02.
[Example 20] 2-[4-([[4~[(6-Chloronaphthalen-2-

yl)sﬁlfonyl]piperazin-l—yl]carbonyl]phenyl]¥1—
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methylpyridinium iodide

In a similar manner to Example 12 except for fhé use
of 1-[(6-chloronaphthalen-2-yl)sulfonyl]-4-[4-(pyridin-2-
yl)benzoyllpiperazine, which had been obtained in Example
17, as the raw material, the reaction was conducted,
whereby the title compound was obtained.

'H-NMR (DMSO-ds) 8: 2.93-3.23(4H,br), 3.54(2H,br),
3.82(2H,br), 4.30(3H,s), 7.50(2H,d,J=8.8Hz), 7.53(1H,m),
7.70(2H,d,J=8.8Hz), 7.70(1H,br), 7.84-7.92(4H,m),
8.15(1H,t,J=6.8Hz), 8.26(1H,s), 8.52(1H,t,J=6.8Hz),
9.29(1H,d,J=5.9Hz) . |
Elementary analysis for CaqHasClIN30s3S-1.6H20

Calculated: C, 48.93; H, 4.29; N, 6.34.

Found: C, 48.81; H, 4.06; N, 6.31.
[Example 21] 1—[(6—Chloronaph£halen—2—yl)sulfony;]—4—[4-
(2,4-diaminopyrimidin-6~yl)benzoyl]piperazine hydrochloride

In a ;imilar manner to Example 4 except for the use of
4—(2,4—diamino—6-pyrimidyl)Benzoic acid hydrochloride ob-
tained in Referential Example 32 and 1-[(6-
chloronaphthalen-2-yl)sulfonyllpiperazine hydrochloride as
the raw materials, the reaction was conducted, whereby the

title compound was obtained.
1H-NMR (DMSO-dg) 8: 3.14(4H,br), 3.45(2H,br s), 3,73(2H,br
s), 6,36(1H,s), 7,54(2H,d,J=7.8Hz),

7.74(1H,dd,J=8.8,2.0Hz), 7.82(1H,d,J=8.8Hz), 7.83{(1H,s),
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7.84(2H,d,J=7.8Hz), 8.18(1H,J=8.8Hz), 8.18-8.35(3H,br},
8.27(1H, s), 8.28(1H;d,j=8.8Hz), 8.50(1H,s), 12.64(1H,br s).
MS (FAB) m/'z.; 523 [(M+H)*, €1%°], 525 [(M+H)*, C1%7).
Elementary analysis for CasHa3ClNgO3S-HCl-1.4H20

Calculated: C, 51.36; H, 4.62; Cl, 12.13;

N, 14.37; S, 5.48.
Found: C, 51.38; H, 4.54; Cl, 12.24;
N, 14.23; S, 5.55.

[Example 22] 1-[(E)-4-Chlorostyrylsulfonyl]-4-[4-(2,4-
diaminopyrimidih—G—yl)benzoyl]piperazine hydrochloride

In a similar manner to Example 21 except for the use
of 4—(2,4—diamino-6—pyrimidyl)benzoic'acid hydrochloride
obtained in Referential Example 33 and 1-[(E)-4-
chlorostyrylsulfonyl)piperazine hydrochloride, which had
‘been obtained in Referentiai Example 31, as the raw materi-
als,.the reaction was conducted, whereby the title compound
was obtained.
'H-NMR (DMSO-de) &: 3.18(4H,br), 3.43(2H,br), 3.76(2H,br),
4.0(2H,br), 6.37(1H,s), 7.84(2H,d,J=15.6Hz),
7.44(1H,J=15.6Hz), 7.53(2H,d,J=8.8Hz), 7.63(2H,d, J=8.8Hz),
7.82(1H,d,J=8.8Hz), 7.88(1H,d,J=8.8Hz), 8.23(1lH,br s),
8.32(1H,br s), 12.58(1H,br s).
MS (FAB) m/z: 499 [(M+H)*, C1%], 501 [(M+H)*, C1%"].
Elementary analysis for Cp3Ha3C1Ng03S-1.2HC1l-1.4H,0

Calculated: C, 48.64; H, 4.79; Cl, 13.73;
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N, 14.80; S, 5.65.
Found: C, 48.46; H, 4.56;-Cl, 13.53;
N, 14.54; s, 5.72.
[Example 23] 2—[4;[[4—(E)—4—
Chlorostyrylsulfonyl]lpiperazin-1-
yl]carbonyllphenyl]lpyridine N-oxide
In a similar manner to Example-l except for the use of
2-[4-[(l-piperazyl)carbonyl]lphenyl]pyridine N-oxide hydro-
chloride obtained in Referential Example 35 and (E)-4-
chlorostyrylsulfonyl chloride as the raw materials, the re-
action was conducted, whereby the title compound was ob-
tained.
'H-NMR (CDCls) 8: 3.10-3.40(4H,br), 3.66(2H,br),
3.89(2H,br), 6.65(1H,d,J=15.6Hz), 7.28(1H,m),
7.34(1H,t,J=7:8Hz), 7.39-7.48(6H,m), 7.50(2H,d,J=7.8Hz),
7.88(2H,d,J=7.8Hz), 8.34(1H,d,J=5.9Hz).
MS (FD) m/z: 483 (M", C1%%), 485 (M*, C1*").
Elementary analysis for Cy4H22C1N3045°0.5H20
Calculated: C, 58.47; H, 4.70; Cl, 7.19;
N, 8.52; S, 6.50.
Found: ~ C, 58.49; H, 4.80; Cl, 7.29;
N, 8.31; S, 6.34.
[Example 24] 1-[(E)-4-Chlorostyrylsulfonyl]-4-[4-(pyridin-
4-yl)benzoyl]lpiperazine hydrochloride

Under ice cooling, piperazine (727 mg) was dissolved
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under in dichloromethane (10 ml), followed by the addition
of (E)—4—cﬁl§rostyrylsulfonyl chloride (500 mg) in por-
tions. After stirring at room temperature for one hour,
the reaction mixture was diluted with dichloromethane (100
ml), washed with a saturated aqueous solution of sodium bi-
carbonate, a 5% aqueous solution of citric acid, water and
saturated éaline and then dried over anhydrous magnesium
sulfate. The residue obtained by distilling off the sol-
vent under reduced pressure was suspended in N,N-
dimethylformamide (10 ml), followed by the addition of 4-
(4-pyridyl)benzoic acid (420 mg) obtained in Referential
Example 2 and N,N-dimethyl;4—aminopyridine (309 mg).  Under
ice cooling, 1-(3—dimethylaminopropyl)—3-ethylcarbodiimide
hydrochloride (405 mg) was added and the resulting mixture
was stirred at room temperéture for 68 hours. After con-
centration, the residue was purified by chromatography on a
silica gel column (dichloromethane : methanol = 70:1). The
colorless solid so obtained was recrystallized from a mixed
solvent of ethyl acetate and hexane, followed by recrystal-
lization from ethyl acetate to obtain colorless needle
‘crystals (185 mg). To the filtrate, on the other hand,
saturated hydrochloric acid - ethanol (4 ml) was added.
After concentration, the residue was recrystallized from
methanol - ethyl acetate, whereby the title compound (200

mg) was obtained as colorless needle crystals.
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'H-NMR (DMSO~de) &: 3.17(2H,br s), 3.23(2H,br s),
3.48(2H,br s), 3.77(2H,br s), 7.36(1H,d,J=15.3Hz),
7.44(1H,d,J=15.3Hz), 7.53(2H,d,J=8.8Hz),7.64(2H,d,J=8.3Hz),
7.82(2H,d,J=8.3Hz), 8.06(2H,d,J=8.8Hz), 8.32(2H,d,J=6.6Hz),
8.95(2H,d, J=6.6Hz) .
MS (FAB) m/z: 468 [(M+H)*, C1%°1, 470 [(M+H)*, C1%].
Elementary analysis for
C24H22C1N303S-HC1-0.2H20+0.22CH3CO,CH,CH5
Calculated: C, 56.66; H, 4.81; Cl, 13.44;
N, 7.97; S, 6.08.
Found: C, 56.68; H, 4.79; Cl, 13.43;
N, 8.04; S, 6.14.
[Example 25] 4-[4—[[4—[(E)—4—.
Chlorostyrylsulfonyl]lpiperazin-l-yl]carbonyl]phenyl]-1-
methylpyridinium iodide
In a similar manner to Example 12 except for the use
of 1—[(E)—4—chlorostyrylsulfonyl]—4—[4—(pyridin—4—
yl)benzoyl]lpiperazine, which had been obtained in Example
24, as the raw material,uthe reaction was conducted,

whereby the title Eompound was obtained.

'H-NMR (DMSO-de) 8: 3.04-3.87(8H,br), 4.35(3H,s),
7.35(1H,d,J=15f6Hz), 7.44(1H,d, Jd=15.6Hz),
7.53(2H,d,J=8.3Hz), 7.67(2H,d,J=8.3Hz), 7.82(2H,d,J=8.8Hz},
8.13(2H,d,J=8.3Hz), 8.53(2H,d,J=6.8Hz), 9.05(2H,d,J=7.3Hz).

Elementary analysis for CazsH2sClIN303S-0.5H20
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Calculated: C, 48.52; H, 4.23; N, 6.79.

Found: C, 48.68; H, 4.13; N, 6.41.
[Example 26] 3—[4—[[4—[(E)—4—
Chlorostyrylsulfonyl]piperazin-1-
yl]carbonyl]phenyl]pyridine N—oxide

After the protective group was removed by the reaction
as in Example 7, the reaction with (E)-4-
chlorostyrylsulfonyl chloride was'effected in a similar
manner to Example 23, whereby the title compound was ob-
tained.
'H-NMR (CDCls) 8: 3.26(4H,br), 3.52-4.00(4H,br),
6.64(1H,d,J=15.6Hz), 7.45-7.52(7H,m), 7.52(2H,d,J=2.0Hz),
7.57(2H,d, J=2.0Hz), 8.22(1H,dt,J=6.3,1.6Hz), |
8.44 (1H,t,J=1.6Hz).
MS (FAB) m/z: 484 [(M+H)*, c1%%], 486 [(M+H)*, Ccl1%1.
Elementary analysis for Cz4H22C1N3035-0.5H20

Calculated: C, 58.47; H, 4.70; Cl, 7.19;

N, 8.52; S, 6.50.
-Found: C, 58.49; H, 4.66; Ci, 7.40;
N, 8.54; S, 6.56.

[Example 27] 1-[(E)-4-Chlorostyrylsulfonyl]-4-[4-(pyridin- -
3-yl)benzoyl]piperazine hydrqéhloride

In a similar manner to Example 17 except for the use,
as the raw materials, of 4-(3-pyridyl)benzoic acid hydro-

chloride obtained in Referential Example 8 and 1-[(E)-4-
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chlorostyrylsulfonyl]piperazine hydrochloride obtained in
Referential Example'3i, the reaction was conducted, whereby
the title compound was obtained.
*H-NMR (DMSO-dg) 8&: 3.08~3.29(4H,5r), 3.42-3.85(4H,br),
7.35(1H,d,J=15.6Hz), 7.43(1H,d, J=15.6Hz),
7.52(2H,d,J=8.3Hz), 7.59(2H,d,J=8.3Hz), 7.80-7.93(5H,m),
8.54(1H,d,J=6.8Hz), 8.78(1H,d,J=4.5Hz), 9.13(1H,d,J=2.0Hz).
MS (FAB) m/z: 468 [(M+H)*, C1%%], 470 [(M+H)*, C1?"].
Elementary analysis for C,gH22C1N303S-HC1l-1.3H0

Calculated: C, 54.61; H, 4.89; N, 7.96;

Cl, 13.43; s, 6.07.
Found: C, 54.82; H, 4.80; N, 7.91;
| Cl, 13.14; s, 6.14. _

[Example 28] 3-{4-[[4-[(6~-Chloronaphthalen-2-~
.yl)sulfonyl]piperazin-l—yl]carbonyl]phenyl]—l—
methylpyridinium iodide

In a similar mannér to Example 12 exéept for the use
of 1-[(6-chloronaphthalen-2~yl)sulfonyl]}-4-[4-(pyridin-3-
yvl)benzoyl]piperazine, which had been obtained in Example
5, as the raw material{ the reaction was conducted, whereby
the title compound was obtained.
'H-NMR (DMSO-ds) &: 2.50-3.80(8H,m), 4.44(3H,s),
7.57(2H,d,J=8.3Hz), 7.74(1H,dd,J=8.8,2.0Hz),
7.84(1H,dd,J=8.8,1.5Hz), 7.94(2H,d,J=8.3Hz), 8.10-

8.30(4H,m), 8.51(1H,s), 8.90(1H,d,J=7.8Hz),
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9.01(1H,d,J=5.9Hz), 9.45(1H,s).
MS (FAB) m/z: 506 [(M+H)*, c1%], 508 [(M+H)*, C1?].
[Example 29] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[2-
hydroxy-4- (pyridin-4-yl)benzoyl]piperazine hydrochloride

In a similar manner to Example 4 except for the use of
2—(hydroky—4—(4—pyridyl)benzoic acid obtained in Referen-
tial Example 38 and 1-[(6-chloronaphthalen-2-
yl)sulfonyllpiperazine hydrochloride as the raw materials,
the reaction was conducted, whereby the title compound was
obtained.
'H-NMR (DMSO-d¢) &: 2.90-3.40(8H,m), 7.25-7.40(3H,m), 7.70-
7.80(1H,m), 7.80-7.90(1H,m), 8.15-8;25(3H,m), 8.25-
8.35(2H,m), 8.50-8.60(1H,m), 8.91(2H,d,J=6.4Hz),
10.41(1H,br s).
MS (FAB) m/z: 535 [(M+H)*, C1%%], 537 [(Mm)*, c13].
Elementary analysis for CagHzzClNsOgS+1.1HCL-1.7Hz0

Calculated: C, 53.96; H, 4.62; N, 7.26;

Cl, 12.86; S, 5.54.
Found: C, 53.62; H, 4.58; N, 7.34;
Cl, 13.10; S, 5.94.

[Example 30] 1-{(6~-Chloronaphthalen-2-yl)sulfonyl]-4-{3-
methoxy-4- (pyridin-4-yl)benzoyl]lpiperazine hydrochloride

In a similar manner to Example 4 except for the use of
3-methoxy-4- (4-pyridyl)benzoic acid obtained in Referential

Example 41 and 1-[(6-chloronaphthalen-2-
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yl)sulfonyl]piperazine hydrochloride as the raw materials,
the feéction was conducted, whereby the title compound was
obtained.
'H-NMR (DMSO-dg) 8: 3.00-4.00(8H,m), 3.81(3H,s),
7.08(1H,d,J=8.8Hz), 7.17(1H,s), 7.55(1H,d,J=8.8Hz),
7.74(1H,dd,J=8.8,2.0Hz), 7.83(1H,d,J=8.3Hz),
8.04(2H,d,J=6.3Hz), 8.19(1H,d,J=8.8Hz), 8.25-8.30(2H,m),
8.52(1H,s), 8.85(2H,d,J=6.3Hz).
MS (FAB) m/z: 522 [ (M+H)*, c13], S24 [(M+H)*, C1%).
Elementafy analysis for Cz7H24C1N304S-0.8HC1l-1.7H30
' Calculated: C, 55.74; H, 4.89; N, 7.22;
Ccl, 10.97; s, 5.51.
Found: C, 55.59; H, 4.90; N, 7.23;
Cl, 10.90; s, 5.52.

[Example.31] l—[(6—Chlorcnéphthalen—2—yl)sulfonylj-4—[3—
hydroxy—4-(Pyridin—4—yl)benzoyl]piperézine hydrochloride

In dichloromethane (1 ml), boron trib;omide (115 pl)
was dissolved, followed by the dropwise addition of a solu-
tion of 1—[(6—ch1oronaphthalen—2—yl)sulfonyl]—4—[3—methoxy-
4- (pyridin-4-yl)benzoyl]piperazine (105 mg), which had been
obtained in Example 30, in dichioromethane (dichlo-
romethane: 4 ml) at an external temperature of about ~78°C.
While heating gradually to room temperature, the resulting
mixture was stirred for 23 hours. After dichloromethane

and water were added to the reaction mixture and the re-
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sulting mixture was stirred for a while, sodium bicarbon-
ate was added to make alkaline the reaction mixture, which
was separated into an organic layer and a water layer.

From the water layer, another organic layer was extracted
with dichloromethane. These'organic layers were combined
together, washed with saturated saline and then dried over
anhydrous sodium sulfate. The residue obtained by distill-
ing off the solvent under reduced pressure was purified by
chromatography on a silica gel éolumn (dichloromethane ~ 3%
methanol - dichloromethane). The crudely purified product
so obtained was dissolved_in tetrahydrofuran. Ethanoi hy-
drochloride was added to the resulting solution to solidify
the same. The resulting solid was collécted by filtration °
and then dissolved in a mixed solvent of water and metha-
nol. After the removal of the insoluble matter by filtra-
tion, the filtrate was distilled under reduced pressure,
whereby the title.compound (36 mg, 30%) was obtained.
'H-NMR (DMSO-dg) &: 3.00-3.80(8H,m), 6.85-6.95(1H,m),
7.01(1H,d,J=1.4Hz), 7.49(1H,d,J=8.8Hz),
7.72(1H,dd,J=8.8,2.0Hz), 7.81(1H,dd,J=8.5,1.7Hz),
7.94(2H,d,J=6.4Hz), 8.19(1H,d,J=8.8Hz), 8.25-8.30(2H,m),
8.51(1H,s), 8.75(2H,d,J=5.9Hz), 10.67(1lH,s).

MS (FAB) m/z: 508 [(M+H)*, C1%®], 510 [(M+H)*, C1%].
[Example 32] 1—[(6—Chloronaphthalen—2—yl)sulfoﬁyl]—Ze

ethoxycarbonyl-4-[4~(pyridin-4-yl)benzoyl]lpiperazine
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In a similar reaction to Example 7 except for the use
of 4-tert-butoxycarbonyl-1-[ (6-chloronaphthalen-2-
yl)sulfonyl]-2-ethoxycarbonylpiperazine as the raw mate-
rial, the protective group was removed; The residue was
then.reacted with 4-(4-pyridyl)benzoic acid hydrochloride
as in Exampie 4, whereby the title compound was obtained.
'H-NMR (CDCls) &: 0.80-1.10(3H,m), 3.00-4.00(8H,m), 4.60-
4.80(1H,m), 7.42(2H,d,J=7.8Hz), 7.47(2H,d,J=5.9Hz), 7.50-
7.60(1H,m), 7.64(2H,d,J=8.3Hz), 7.70-7.80(1H,m), 7.85-
7.95(3H,m), 8.33(1lH,s), 8.69(2H,s).

MS (FAB) m/z: 564 [(M+H)*, C1%®], 566 [(M+H)*, c1¥].
Elementary analysis for Ca9H6C1N30sS-0.3H20
Calculated: C, 60.78} H, 4.70; N, 7.33;
Cl, 6.80; s, 5.60.
Found: C, 60.84; H, 4.84; N, 6.98;
Ccl, 7.03; s, 5.70.
[Example 33] 1-[(6—Chloronaphthalen¥2—yl)sulfonyl]—4-[4—
(pyridin-4-yl)benzoyl]piperazine-2-carboxylic acid

In a similar manner to Example 3 except for the use of
1-[ (6-chloronaphthalen~-2-yl)sulfonyl]-2-ethoxycarbonyl-4-
[4- (pyridin-4-yl)benzoyl]piperazine as the raw material,

the title compound was obtained.
'H-NMR (DMSO-de) &: 2.70-5.00(7H,m), 7.40-7.50(2H,m), 7.65-

7.75(2H,m), 7.85-8.25(8H,m), 8.50-8.60(2H,m), 8.80-

8.95(2H,m).
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MS (FAB) m/z: 536 [(M+H)*, C1%%], 538 [(M+H)*, C1%].
Elementary analysis for Cz;Hz2C1N305S-0.3HC1Hz0
Calculated: C, 57.40; H, 4.34; N, 7.44;
Cl, 8.16; S, 5.68.
Found: C, 57.16; H, 4.35; N, 7.36;
Cl, 7.92; s, 6.08.
[Example 34] 4-[(6-Chloronaphthalen-2-yl)sulfonyl]-2-
ethoxycarbonyl-1-[4-{pyridin-3-yl)benzoyl]piperazine
In a similar manner to Example 2, the reaction was
conducted, whereby the title compound was obtained.
1H-NMR (CDCl3) d: 1.15-1.30(3H,m), 2.60-4.60(8H,m),
5.33(1H,br), 7.40-7.55(3H,m), 7.70-7.85(4H,m), 8.05-
8.10(1H,m), 8.19(1H,d,J=8.8Hz), 8.25-8.30(2H,m), 8.50-
8.65(2H,m), 8.91(1H,s).
MS (FAB) m/z: 564 [(M+H)*, C1%], 566 [(M+ﬁ)+, c1?).
Elementary anaiysié for Cu9H6C1N305S-0.1HC1-0.5H0
Calculated: C, 60.40; H, 4.74; N, 7.29;
Cl, 6.76; s, 5.56.
Found: C, 60.67; H, 4.61; N, 7.30;
Cl, 6.89; S, 5.51.
[Example 35] 2-Carbamoyl-4-[(6-chloronaphthalen-2-
yl)sulfonyl]-1-[4-(pyridin-3-yl)benzoyl]lpiperazine hydro-
chloride
In a similar manner to Example 3, with 4-[(6-

chloronaphthalen-2-yl)sulfonyl]-2-ethoxycarbonyl-1-[4-
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(pyridin-3-yl)benzoyl]piperazine (426 mg) as the raw mate-
rial, a crude product was obtained by the hydrolysis of the
ester, followed by suspension in N,N-dimethylformamide (35
ml). Under ice cooling,.di—tert—butyl dicarbonate (646
mg), pyridine (370 pl) and ammonium bicarbonate (196 mg)
were added to the resultihg suspension. The resulting mix-
ture was stirred at room temperature for 19 hours. The
residue obtained by distilling off the solvent under re-
duced pressure was purified by chromatography on a silica
gel column (4% methanol - dichloromethane) and the eluate
was dissolved in tetrahydrofuran. Ethanol hydroﬁhloride
was added to the resulting solution to solidify the same.
The resulting solid was collected by filtration and dis-
solved in a mixed solvent of water and methanol. The in-
soluble matter was filtered off and the filtrate was dis-
tilled under reduced pressure, whereby the title compound
(302 mg, 65%) was obtained.

'H-NMR (DMSO-ds) 8: 2.30-4.50(6H,m), 5.08(1H,br), 7.40-
7.60(2H,m), 7.65-7.85(3H,m), 7.92(2H,d,J=7.8Hz), 8.00-
8.10(1H,m), 8.20(2H,d,J=8.8Hz), 8.25-8.35(2H,m),
8.49(1H,s), 8.80(1H,d,J=7.8Hz), 8.88(1H,d,J=5.4Hz),
9.25(1H,s).

MS (FAB) m/z: 535 [(M+H)*, €131, 537 [(M+H)*, C1%7].
Elementary analysis for Ciz7H23C1N404S-1.1HC1-1.7H20

Calculated: C, 53.54; H, 4.58; N, 9.25;
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Cl, 12.29; s, 5.29.
Found: C, 53.36; H, 4.71; N, 9.07;
cl, 12.17; s, 5.50.
(Example 36] 2-Carbamoyl-4-{(6-chloronaphthalen-2-
yl)sulfonyl]-l—[4—(pyfidin—4—yl)benzoyl]piperazine
hydrochloride
In a similar manner to'Example'35 except for the use
of 4-[(6~chloronaphthalen-2-yl)sulfonyl]-2-ethoxycarbonyl-
1-[4~(pyridin-4-yl)benzoyl]lpiperazine as the raw material,
the title compound was obtained.
'H-NMR (DMSO-dg) &: 2.30-2.70(2H,m), 3.20-3.80(2H,m), 4.10-
4.50(2H,m), 5.07(1H,br s), 7.40-7.55(2H,m), 7.60-
7.65(1H,m), 7.67(1H,s), 7.72(1H,dd,J=8.8,2.4Hz),
7.78(1H,dd,J=8.8,2.4Hz), 8.04(2H,d,J=8.8Hz),
8.20(1H,d,J=8.8Hz), 8.25-8.35(4H,m), é.49(1H,s),
8.95(2H,d, J=5.4Hz).
MS (éAB) m/z: 535 [(M+H)*, C1®®], 537 [(M+H)*, C1%7].
Elementary analyé_is for Cy7Hp3C1N0,S-HC1-1.8H20
Calculated: C, 53.70; H, 4.61; N, 9.28;
cl, 11.74; s, 5.31.
Found: C, 53.87; H, 4.40; N, 8.89;
Cl, 11.81; S, 5.23.
[Example 37] 4-[4~[[2~Carbamoyl-4~[ (6-chloronaphthalen-2-
yl)sulfonyllpiperazin-l-yl]carbonyl]phenyl]pyridine N—oxide'

In a similar manner to Example 7 except for the use of
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2-carbamoyl-4-[ (6-chloronaphthalen-2-yl)sulfonyl}-1-[4-
pyridin-4-yl)benzoyllpiperazine as the raw material, the
reaction was conducted, whereby the title compound was ob-
tained. |
'H-NMR (DMSO-dg) &: 2.30-4.50(6H,m), 5.04('1H,br,), 7.30-
7.90(10H,m), 8.10-8.30(5H,m), 8.48(1H,s).
MS (FAB) m/z: 551 [(M+#H)*, C1®®], 553 [(M+H)*, C1%"].
Elementary analysis for C27H23C1N4058-0.8H§O

Calculated: C, 57.35; H, 4.39; N, 9.91;

Cl, 6.27; S, 5.67. |
Found: -C, 57.64; H, 4.50; N, 9.48;
Ccl, 6.37; s, 5.71.

[Exampie 381 4—[4-[[4-[(6—Chloronaphthalen;2—yl)sulfonyl]—
2-ethoxycarbonylpiperazin-1l-yl]carbonyl]lphenyl]pyridine N-
oxide |

In a similar manner to Example 37, the reaction was
conducted, whereby the title compound was.obtained.
'H~-NMR (CDCls) &: 1.30-1.40(3H,m), 2.30-4.70(8H,m),
5.47(1H,br s); 7.40-7.80(8H,m), 7.92(1H,s), 7.94(2H,s),
8.26(2H,d,J=6.8Hz), 8.48(1H,s).
MS (FAB) m/z: 580 [(M+H)*, c1%], 582 [(M+H)*, C1%7].
Elementary analysis for CioH26C1N306S-1.3H,0

Calculated: C, 57.72; H, 4.78; N, 6.96;

Cl, 5.87; s, 5.31.
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Found: C, 57.99; H, 4.75; N, 6.56;
Cl, 5.98; S, 5.43. |

[Example 39] 4-[4-[[2-Carboxy-4-[{6-chloronaphthalen-2-
yl)sulfonyl]piperazin-l-yl]carbonyl]phenyl]lpyridine N-oxide

In a similar ménner to Example 3, the reaction was
conducted, whereby the title compound was obtained.
-1H-NMR (CDCls) 8: 2.30-4.50(6H,m), 5.22(1H,br s), 7.35-
7.50(2H,m), 7.70-7.90(6H,m), 8.19(1H,d,J=8.8Hz), 8.25-
8.30(4H,m), 8.53(1H,s), 13.42(1H,br).
Elementary analysis for CzyHsClN30S-0.2HC1-1.7H20

Calculated: C, 54.97; H, 4.37; N, 7.12;

Cl, 7.21; S, 5.44.
Found: C, 55.07; H, 4.40; N, 6.82;
Cl, 7.16; S, 5.47.

[Example 40] 2—Carbamdyl-4—[(E)—4—chlorostyrylsulfonyl]—
[1-[4-(pyridin-4-yl)benzoyl]piperazine hydrochlofide
2—Carbamoyl-4—[[2—(4—chlorophenyl)—2—ethokyethyl]sulfonyl]—
[l-[4—(pyridin—4—yl)benzoyl]piperazine hydrochloride

In a similar manner to Example 2 and 35, the reaction
was conducted, whereby the title compounds were dbtained,
respectively.
2-Carbamoyl-4~-( (E)-4~chlorostyrylsulfonyll-[1-[4- (pyridin-
4-yl)benzoyl]lpiperazine hydrochloride
'H-NMR (CDsOD) 8: 2.80-4.80(6H,m), 5.32(1H,br),

7.04(1H,d,J=15.6Hz), 7.40-7.50(3H,m), 7.60-7.80(4H,m),
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7.95-8.05(2H,m), 8.20(2H,br), 8.81(2H,br).
MS (FAB) m/z: 511 [(M+H)*, c1%], 513 [(M+H)*, C177].
Elementary analysis for CasH23C1N40,S-0.9HC1l-1.8H20
Calculated: C, 52.11; H, 4.81; N, 9.72;
Cl, 11.609.
Found: C, 52.28; H, 4.83; N, 9.44;

Cl, 11.51.
2-Carbamoyl-4-[[2-(4-chlorophenyl)~-2-ethoxyethyl]sulfonyl] -
1-[4~-(pyridin-4-yl)benzoyl]piperazine hydrochloride
'H-NMR (CDsOD) &: 1.10-1.20(3H,m), 2.95-4.70(6H,m),
5.34(1H,br), 7.38(4H,s), 7.65-7.85(2H,m), 8.05-8.15(2H,m),
8.40-8.50(2H,m), 8.91(2H,d,J=5.9Hz).

MS (FAB) m/z: 557 [(M+H)*, C13%], 559 [(M+H)*, C1%].
Elementary analysis for CayHpsClN4OsS+HCL-2.5H,0
Calculated: C, 50.78; H, 5.52; N, 8.77;

Cl, 11.10; 8, 5.02.

Found: Cc, 50.61; H, 5.38; N, s.és;.

Cl, 11.27; s, 5.07.

[Example 41] 1-[trans-4-(Aminomethyl)cyclohexylmethyl]-4-
[ (6~chloronaphthalen-2-yl)sulfonyl]lpiperazine hydrochloride
In a similar manner to Example 7, the reaction was

conducted, whereby the title compound was obtained.
14~NMR (DMSO-dg) 6: 0.80-1.00(4H,m), 1.48(1H,m), 1.60-

1.90(5H,m), 2.60(2H,m), 2.90-3.10(4H,m), 3.14(2H,m),
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3.52(2H,m), 3.77(2H,m), 7.75(1H,dd,J=8.8,2.0Hz2),
7.85(1H,d,J=8.8Hz), 7.99(3H,br),.8.21(1H,d,J=8.8Hz), 8.30-
8.40(2H,m), 8.56(1H,s), 10.46(1H,br).
MS (FAB) m/z: 436 [(M+H)*, C1%], 438 [(M+H)*, Cc177].
Elementary analysis for CsH30C1N30,S-2HCLl-3/4H,0

Calculated: C, 50.58; H, 6.46; N, 8.04;

Cl, 20.36; S, 6.14.
Found: C, 50.74; H, 6.48; N, 7.76;
Cl, 20.09; S, 6.19.

[Example 42] 1-[trans-4-(Aminomethyl)cyclohexylcarbonyl]-
4—{(6—chloronaphthalen—2—yl)sulfonyl]piperazine hydrochlo-
ride |

In a similar manner to Example 7 except for the use of
l1-{trans-4- (N-tert-
butoxycarbonYlaminomethyl)cyclohexylcarbonyl]—4—[(6—
chloronaphthalen-2-yl)sulfonyl]piperazine as the raw mate-
rial, the title compound was obtained.
'H-NMR (DMSO-d¢) &: 0.90-1.00(2H,m), 1.20-1.40(2H,m),
1.48(1H,m), 1.50~1.70(2H,m), 1.70-~1.90(2H,m), 2.4-.4(1H,m),
2.59(2H,m), 2.96(4H,m), 3.55(4H,m), |
7.72(1H,dd,J=8.8,2.0Hz), 7.81(1H,d,J=8.3Hz), 7.90(3H,br),
8.16(1H,d,J=8.8Hz), 8.20-8.30(2H,m), 8,49(1lH,s).
MS (FAB) m/z: 450 [(M+H)*, C1%°], 452 [(M+H)*, Cc1¥].
Elementary analysis for CgH2gC1N303S-0.9HC1l-1.5H,0

Calculated: C, 51.83; H, 6.31; N, 8.24;
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Cl, 13.21; s, 6.29.
Found: C, 51.63; H, 6.22:; N, 7.97;
cl, 13.32; S, 6.17.
[Example 43] 1-[N-[trans-4-
(Aminomethyl)cyclohexylcarbonyl]glycyl]]—4—[(6—
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride
In a similar manner to Example 7 except for the use of
1-[N-{trans-4- (N-tert- |
butoxycarbonylaminomethyl)cyclohexylcarbonyllglycyl]]-4-
[ (6-chloronaphthalen-2-yl)sulfonyllpiperazine as the raw
material, the reaction was conducted, whereby the title
compound was obtained.
'H-NMR (DMSO-dg) 8: 0.80-1.00(2H,m), 1.20-1.40(2H,m),
1.50(1H,m), 1.60-1.80(4H,m), 2.10(1H,m), 2.62(2H,m), 2.90-
3.10(4H,m), 3.40-3.60(4H,m), 3.83(2H,d,J=5.4Hz), 7.70-
7.90(3H,m), 7.93(3H,br), 8.17(1H,d,J=8.3Hz), 8.20-
8.30(2H,m), 8.49(1H,s).
MS (FAB) m/z: 507 [(M+H)*, C1%), 509 [(M+H)*, C1%].
Elementary analysis for Cy4H31C1N404S-HC1
Calculated: C, 53.04; H, 5.93; N, 10.31;
Cl, 13.05; S, 5.90.
Found: C, 52.90; H, 5.98; N, 10.29;
Cl, 12.98; S, 5.91.
[Example 44] 1-[trans-4-(Aminomethyl)cyclohexylcarbonyl]-
4-[ {6-chloronaphthalen-2-yl)sulfonyl]homopiperazine

hydrochloride
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chloride

In a similér ﬁanner to Example 7 except for the use of
l-[trans—4- (N-tert-
butoxycarbonylaminomethyl)cyclohexylcarbonyl]-4-[(6-
chloronaphthalen-2-yl)sulfonyllhomopiperazine as the raw
material, the title compound was obtained.
'H-NMR (DMSO-dg) &: 0.90-1.10(2H,m), 1.30-1.50(2H,m), 1.50-
1.90(7H,m), 2.40-2.80(3H,m), 3.20-3.70(8H,m), 7.60-
7.70(1H,m), 7.80-8.00(4H,m), 8.10-8.20(1H,m), 8.20-
8.30(2H,m), 8.52 and 8.53(lH, each s).
Ms'(fAB) m/z: 464 [(M+H)*, C1%], 466 [(M+H)*, C1%¥].
Elementary analysis for Ca3H3gC1lN303S-HCL

Calculated: C, 55.20; H, 6.24; N, 8.40;

c1, 14.17; S, 6.41.
Found: - C, 55.42; H, 6.18; N, 8.26;
Cl, 14.11; s, 6.53.

[Example 45] 1-[4—(Aminomethyl)benzoyl]—4-[(6—
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride

In a similar manner to Example 7 except for the use of
1-[4-(N-tert-butoxycarbonylaminomethyl)benzoyl]-4~[ (6~
chloronaphthalen-2-yl)sulfonyll]lpiperazine as the raw mate-

rial, the title compound was obtained.
1H-NMR (DMSO-dg) &: 3.00-~3.20(4H,br), 3.30-3.80(4H,br),
4.03(2H,s), 7.37(2H,d,J=7.3Hz), 7.50(2H,d,J=7.3Hz),

7.72(1H,d,J=8.8Hz), 7.82(1H,d,J=8.8Hz), 8.18(1lH,d,J=8.8Hz),
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8.20-8.40(2H,m), 8.43(3H,br), 8,49(1H,s).
MS.(FAB) m/z: 444 [ (M+H)", élssl, 446 [(M+H)*, C1%].
Elementary analysis for CzHz2C1lN303S-HC1:H0
Calculated: C, 53.02; H, 5.06; N, 8.43;
Cl, 14.23; s, 6.43.
Found: C, 53.06; H, 5.30; N, 3.32;
| "Cl, 14.20; S, 6.44.
[Example 46] 1—[3—(Aminomethyl)benzoyl]—4—[(6—
chloronaphthalen-2-yl)sulfonyllpiperazine hydrochloride
In a similar.manner to Example 3 except for the use of
methyl 3-(N-tert-butoxycarbonylaminomethyl)benzoate as the
raw material, the ester was hydrolyzed. The reaction was
then'effected as in Examples 4 and 7, whereby the title
compound Qas obtained.
1'H—NMR-(DMSO—de;) 8: 3.07(4H,br), 3.20-3.80(4H,br),
4.00(2H,s), 7.30-7.60(4H,m), 7.73(1H,d,J=8.8Hz),
7.83(1H,d,J=8.8Hz), 8.10-8.60(7H,m). '
MS (FAB) m/z: 444 [(M+H)*, c135], 446 [(M+H)*, C1*"].
Elementary analysis for C22H22C1N3O3S-HC1'-1/4H20
Calculated: C, 54.49; H, 4.88; N, 8.67;
Cl, 14.62; S, 6.61.
Found: C, 54.64; H, 4.95; N, 8.52;
| Cl, 14.59; s, 6.70..
[Example 47] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[3-

[N-(l-pyrrolin-2-yl)aminomethyl]benzoyl]piperazine hydro-
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chloride

In dimethylformamidé (2 ml), 2-methoxy-l-pyrroline (35
mg) was dissolved, followed by the addition of 1-[3-
(aminomethyl)benzoyl]-4-[ (6~chloronaphthalen-2-
ylsulfonyl]piperazine hydrochloride (0.10 g) and triethyla-
mine (44 pl). The resulting mixture was stirred at room
temperature fof 3 days. 'After the reaction mixture was
concentrated under reduced pressure, the concentrate was
diluted with methanol, followed by the addition of 1N hy-
drochloric acid. The solvent was then distilled off under
reduced pressure. The residue was purified by gel permea-
tion chromatography (“Sephadex LH-20”, & 15 x 300 mm,
methanol), followed by solidification in a mixed solvent of
methanol and ether, whereby a colorless solid'(O.ll g, 91%)
was obtained.
'H-NMR (DMSO-de) &: 2.04(2H,m), 2.81(2H,t,J=7.8Hz),
3.18(4H,br), 3.20-3.80(5H,m), 4.10(1H,br);
4.51(2H,d,J=5.9Hz), 7.30-7.50(4H,m),
7.72(1H,dd,J=8.8,2.0Hz), 7.82(1H,d,J=8.8Hz),
8.18(1H,d,J=8.8Hz), 8.20-8.30(2H,m), 8.50(1H,s),
10.01(1H,t,J=5.9Hz), 10.06(1H,s).
MS (FAB) m/z: 511 [(M+H)*, c1%], 513 [(M+H)*, C1%].
Elementary analysis for CzgH27C1N403S+HC1l-CH30H-4/5H50

Calculated: C, 54.60; H, 5.70; N, 9.43;

Cl, 11.94; s, 5.40.
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Found: C, 54.84; H, 5.47; N, 9.13;
Cl, 11.86; S, 5.48.
[Examﬁle 48] 1-[4-(2-Aminoethyl)benzoyl]-4-[(6-
chloronaphthalen—Z—yl)sulfonyl]piﬁerazine hydrochloride
In a similar manner to Example 7 except for the use of
1-[4—(2—(tert—butoxycarbonylémino)ethyl]benzoyl]—4—[(6-
chloronaphthalen—Z-yl)Sulfonyl]piperazine as the raw mate-
rial, the title compound was obtained.
'H-NMR (DMSO-dg) 8: 2.90-3.20(8H,m), 3.40-3.90(4H,br),
7.28(4H,s), 7.72(1H,dd,J=8.8,2.4Hz),
7.81(1H,dd,J=8.8,2.0Hz), 8.02(3H,br), 8.17(1H,d,J=8,3Hz),
8.20-8.30(2H,m), 8.49(1H,s).
MS (FAB) m/z: 458 [(M+H)*, C1%®1, 460 [(M+H)*, c1%].
Elementary analysis for Caz3H24C1N303S-HC1-1/2CH3OH1/2H,0
Calculated: C, 54.34; H, 5.43; N, 8.09;
Cl, 13.65; é, 6.17.
Found: C, 54.43; H, 5.26; N, 7.92;
Cl, 13.58; s, 6.24.
[Example 49] 1-[[(6RS)-6-Aminomethyl-5,6,7,8-
tetrahydronaphthalen-2-yl]}carbonyl]-4-[ (6-chloronaphthalen~-
2-yl)sulfonyl]lpiperazine hydrochloride
In a similar manner to Example 7 except for the use of

1-[[(6RS)-6- (N-tert-butoxycarbonylaminomethyl)-5,6,7, 8-

tetrahydronaphthalen-2-yl]carbonyl]-4-[ (6~chloronaphthalen-

2-yl)sulfonyl]piperazine as the raw material, the title
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compound was obtained.
'H-NMR (DMSO-dg) &: 1.30-1.50(1H,m), 1.90-2.10(2H,m), 2.40-
2.60(1H,m), 2.60-3.00(5H,m), 3.03(4H,m), 3.40-3.80(4H,Dbr)
7.00-7.10(3H,m), 7.73(1H,dd,J=8.8,2.0Hz),
7.81(1H,dd,J=8.8,1.5Hz), 8.05(3H,br), 8.18(1H,d,J=8.3Hz),
8.20-8.30(2H,m), 8.49(1lH,s).
MS (FAB) m/z: 498 [(M+H)*, C1%®], 500 [(M+H)*, Cc1¥].
Elementary analysis for CzgH2gC1N303S-HCL1-3/2H20

Calculated: C, 55.61; H, 5.74; N, 7.48;

Cl, 12.63; S, 5.71.
Found: C, 55.64; H, 5.53; N, 7.77;
Cl, 12.79; s, 5.76.

[Example 50] 1-[[(6RS)-6-Aminomethyl-5,6,7,8-
tetrahydronaphthalen-2-yl]methyl]-4-[ (6~chloronaphthalen-2-
yl)sulfonyl]lpiperazine hydrochloride |

In a similar manner to Example 7 except for the use of
1—[[(6RS)—6~(N—tert—butoxycarbonylaminomefhyl)—5,6,7,8—
tetrahydronaphthalen-Z-yl]methyl];4—[(6—chloronaphthalen-2—
yl)sulfonyl]lpiperazine as the raw material, the title com-
pound was obtained.,
H-NMR (DMSO-dg) &8: 1.30-1.50(1H,m), 2.00-2.10(2H,m), 2.40-
2.60(1H,m), 2.60-3.00(7H,m), 3.00—3.20(2H,m), 3.30~-
3.50(2H,m), 3.82(2H,m), 4.22(2H,br), 7.00-7.10(1H,m),
7.25(2H,s), 7.73(1H,dd,J=8.8,2.4Hz),

7.81(1H,dd,J=8.8,1.5Hz), 8.00-8.40(6H,m), 8.52(1H,s),
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11.08(1H,br).
MS (FAB) m/z: 484 [ (M+H)*, C1%%], 486 [(M+H)*, C1¥].
Elementary analysis for CzgH3gClN30,S-2HC1
Calculated: C, 56.07; H, 5.79; N, 7.54;
cl, 19.10;'5; 5.76.
Found: C, 56.04; H, 5.79; N, 7.52;
Cl, 18.95; s, 5.80.
[Example 51] 1-[[(2RS)-6-Aminomethyl-1,2,3,4-
tetrahydronaphthalen—Z—yl]methyl]—4—[(6-chloronaphthalen—2—
yl)sulfonyl]piperazine hydrochloride
In a similar manner to Example 7 except for the use of
1-[[ (2RS) -6- (N-tert-butoxycarbonylaminomethyl)-1,2, 3,4~
tetrahydronaphthalen-2-yllmethyl]-4-[ (6-chloronaphthalen-2-
yl)sulfonyl]piperézine as the raw material, the title com-
pound was obtained..
'H-NMR (DMSO-dg¢) &: 1.30-1.50(1H,m), 2.00-2.20(1H,m), 2.20~
2.40(1H,m), 2.40-2.60(1H,m), 2.75(2H,n), 2.90—3.30(7H,m),
3.60-3.70(2H,m), 3.70-4.00(4H,m), 7.04(1H,d,J=7.8Hz), 7.10-
7.30(2H,m), 7.74(1H,m), 7.86(1H,d,J=8.8Hz), 8.20-
8.50(6H,m), 8.56(1H,s), 10.69(1H,br).
MS (FAB) m/z: 484 [(M+H)", ci35], 486 [(M+H)*, C1¥).
Elementary analysis for CizgH3gC1lN30,S-2HC1l-1/2H0
Calculated: C, 55.18; H, 5.88; N, 7.42;
Cl, 18.79; S, 5.66.

Found: C, 55.34; H, 5.70; N, 7.31;
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Cl, 18.76; S, 5.85.
[Example 52] 1-[[(2RS)-6-Aminomethyl-1,2,3,4-
tetrahydronaphthalen-2-yl]carbonyl]-4-[ (6-chloronaphthalen-
2-yl)sulfonyll]lpiperazine hydrochloride -

In a similar manner to Example 7 except for the use of
l—[[(2RS)—6—(N—tert—butoxycarbonylaminomethyl)~1,2,3,4—
tetrahydronaphthalen-2-yl]lcarbonyl]-4-{ (6-chloronaphthalen-
2—yl)sulfonyl]§iperazine as the raw material, the title
compound was obtained.

‘H-NMR (DMSO-de) 8: 1.55(1H,m), 1.80-1.90(1H,m), 2.60-
2.90(4H,m), 2.90-3.10(5H,m), 3.50-3.80(4H,m), 3.90(2H,s),
7.05(1H,d,J=7.8Hz), 7.10-7.20(2H,m), 7.71(1H,d,J=8.8Hz),
7.82(1H,d,J=8.3Hz), 8.10-8.40(6H,m), 8.50(1H,s).
MS (FAB) m/z: 498 [(M+H)*, C1%], 500 [(M+H)*, c1%].
Elementary analysis for CigHzgC1N303S-1.2HC1-0.8H20
Calculated: C, 56.15; H, 5.58; N, 7.55;
Cl, 14.02; s, 5.76.
Found: C, 55.53; H, 5.22; N, 7.37;
Cl, 14.26; S, 5.70.
[Example 53] 1—[(7—Aminomethylnaphthalen—2—yl)carbonyl]—4;
[ (6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride

In a similar manner to Example 7 except for the use of
1—[[7—N-tert—butoxycarbonylaminomethyl)haphthalean—
yljcarbonyl])-4~[ (6~chloronaphthalen-2-

yl)sulfonyl]lpiperazine as the raw material, the title com~
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pound was obtained.
'H-NMR (DMSO-dg¢) &: 3.10(4H,br), 3.30-3.90(4H,br),
4.18(2H,s), 7.46(1H,d,J=8.8Hz), 7.69(1H,d,J=8.8Hz)/
7.73(1H,d,J=8.8Hz), 7.83(1H,d,J=8.8Hz),.7.89(1H,s), 7.90-
8.00(3H,m), 8.19(1H,d,J=8.8Hz), 8.20-8.30(2H,m), 8.50(4H,br
s).- |
MS (FAB) m/z: 494 [(M+H)+', Cc1%], 496 [(M+H)*, C1*¥].
Elementary analysis for CaeH24C1N303S-HC1-3/4H20

Calculated: C, 57.41; H, 4.91; N, 7.72;

Cl, 13.03; s, 5.809.
Found: C, 57.40; H, 4.87; N, 7.71;
Cl, 13.09; S, 5.89.

[Example 54] 1-[(7-Aminomethylnaphthalen-2-yl)methyl]-4-
[ (6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride

In a similar manner to Example 7-exce§t for the use of
1-{[7-N-tert-butoxycarbonylaminomethyl)naphthalen-2-
yl]methyl]—4—[(6—chloronaphthalen—2—yl)suifonyl]piperazine
as the raw material, the title compound -was obtained.
4-NMR (DMSO~dg) 8: 2.92(2H,m), 3.22(2H,m), 3.83(2H,m),
4.20(2H,d,J=5.4Hz), 4.51(2H,br), 7.60-7.90(4H,m), 7.90-
8.40(7H,m), 8.52(1H,s), 8.57(3H,br), 11.52(1H,br).
MS (FAB) m/z: 480 [(M+H)*, c1®®], 482 [(M+H)*, C1%].
Elementary analysis for C,eHz6C1N30,S-2HC1-1/4H30

Calculated: C, 56.02; H, 5.15; N, 7.54;
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Cl, 19.08; s, 5.75.
Found: C, 55.88; H, 5.45;'N; 7.34;
Cl, 18.90; s, 5.69.

[Example 55] 1-[(6-Aminomethylnaphthalen-2-yl]carbonyl]-4-
[ (6~chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride

In a similar manner to Examples 3, 4 and 7 except for
the use of 2-(N-tert-butoxycarbonylaminomethyl) -6-
methoxycarbonylnaphthalene as the raw material, the reac-
tion was conducted, whereby the title compound was ob-
tained.
‘H-NMR (DMSO-ds) &: 3.09(4H,br), 3.40-3.90(4H,br),
4.19(2H,s), 7.47(1H,d,J=8.3Hz), 7.66(1H,d,J=8.3Hz),
7.73(1H,d,J=9.3Hz), 7.83(1H,d,J=8.8Hz), 7.90-8.10(4H,m),
8.19(1H,d,J=8.8Hz), 8.20-8.30(2H,m), 8.40-8.60(4H,m).
MS (FAB) m/z: 494 [(M+H)*, C1%], 496 [(M+H)*, C1%"].
Elementary analysis for C2gH24C1lN303S-HC1l-3/4H0-1/5Et20

Calculated: C, 57.60; H, 5.14; N, 7.52;

Cl, 12.69; s, 5.74.
Found: C, 57.64; H, 5.10; N, 7.12;
Cl, 12.69; S, 5.82.

[Example 56] l—[(G—Chloronaphthalen—Z—yl]sulfonyl]—4—[4-
[[(3S)-pyrrolidin-3-yl]loxylbenzoyl]piperazine hydrochloride

In a similar manner to Example 7 except for the use of
1-[4-[[(3S)-1~-tert-butoxycarbonylpyrrolidin-3-

yl]oxy]benzoyl]—4—[(6-¢hloronaphthalen—2—
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yl)sulfonyl]lpiperazine as the raw material, the title com-
pound was obtained..
'H-NMR (DMSO-dg¢) &: 2.05-2.25(2H,m), 3.00-3.10(4H,m), 3.20-
3.70(8H,m), 5.16(1H,br s), 6.95(2H,d,J=8.8Hz),
7.31(2H,d,J=8.3Hz), 7.70-7.75(1H,m),
7.82(1H,dd,J=8.5,1.7Hz), 8.18(2H,d,J=8.8Hz), 8.20-
8.30(2H,m), 8.50(1H,s).
MS (FAB) m/z: 500 [(M+H)*, C1?°], 502[(M+H)*, C1*"].
{Example 57] 1-[(6-Chloronaphthalen-2-yl]lsulfonyl]-4-[3-
[[(3S)-pyrrolidin-3-ylloxylbenzoyl]piperazine hydrochloride

. In a similar manner to Example 56 except for the use
of 1-[3—[[(3S)—i—tert—butoxycarbonylpyrrolidin—3—
yl]oxy]benzoyl]—4—[(6—chloronaphthalen—2—
yl)sulfonyll]lpiperazine as the raw material, the title com-
'pound was obtained.
'H-NMR (DMSO-dg) &: 2.00-2.20(2H,m), 2.95-3.15(4H,m), 3.20-
3.80(8H,m), 5;11(1H,br s), 6.90—6.95(3H,m5, 7.00-
7.05(1H,m), 7.30-7.35(1H,m), 7.72(1H,dd)J=8.8,2.0Hz),
7.81(1H,dd,J=8:5,1.7Hz), 8.18(2H,d,J=8.8Hz), 8.25-
8.30(2H,m), 8.50(1H,s).
MS (FAB) m/z: 500 [(M+H)*, C1%%], 502 [(M+H)*, C1%"].
Elementary analysis for CasHzeC1lN30,S:HC1-H20

Calcqlated: C, 54.15; H, 5.27; N, 7.58;
~C1, 12.79; S, 5.78.

Found: C, 53.84; H, 5.19; N, 7.33;
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ci, 12.72; S, 5.86.
[Example 58] 1-[(6-Chloronaphthalen-2-yl}sulfonyl]-4-[4-
[[(3R)~pyrrolidin~3-yl]oxylbenzoyl]lpiperazine hydrochloride
In a similar manner to Example 56 except for the use
of 1—[4—[[(3R)—1—tert—butoxycarbonylpyrrolidin¥3—
yl]oxylbenzoyl]-4-[ (6-chloronaphthalen-2-
yl)sulfonyl]piperazine-as the raw material, the title com-
pound was obtained.
1H-NMR (DMSO-dg) &: 2.05-2.25(2H,m), 3;00—3.10(4H,m), 3.20~
3.70(8H,m), 5.16(1H,br s), 6.96(2H,d,J=8.8Hz),
7.31(2H,d,J=8.8Hz), 7.74(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd,J=8.8,1.5Hz), 8.18(1H,d,J=8.8Hz), 8.25-
8.30(2H,m), 8.50(1H,s).
MS (FAB) m/z: 500 [(M+H)*, C1%%}, 502 [(M+H)*, c1%].
Elementary analysis for CasHagClN304S+1.2HCL1l-0.8H0
Calculated: C, 53.80:; H, 5.20;.N, 7.53;
cl, 13.97; s, 5.74. '
Found: C, 53.84; H, 5.05; N; 7.51;
Cl, 13.79; S, 5.74.
[Example 58] 1—[(6—Chloropaphthalen—2—yl]sulfonyl]—4—[3—
[[(3R)—pyrrolidin—B—yl]o#y]benzoyl]piperazine hydrochloride-
In a similar manner to Example 56 except for the use
of 1-[3-[[(3R)-1-tert-butoxycarbonylpyrrolidin-3-
ylloxylbenzoyl]~4-[ (6-chloronaphthalen-2-

vl)sulfonyllpiperazine as the raw material, the title com-
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" pound was obtained.
H-NMR (DMSO-ds) &: 2.00-2.20(2H,m), 2.95-3.15(4H,m), 3.20-
.3.80(8H,m), 5.11(1H,br s), 6.90-6.95(2H,m), 7.00-
7.05(1H,m), 7.30-7.35(1H,m), 7.74(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd,J=8.8,1,5Hz), 8.18(2H,d,J=8.8Hz), 8.25-
8.30(2H,m), 8.50(1H,s).
MS (FAB) m/z: 500 [ (M+H)*, c1%], 502 [ (M+H)*, C1¥].
Elementary analysis for CasHeClN304S-HCL-H0
Calculated: C, 54.15; H, 5.27; N, 7.58;
Cl, 12.79; s, 5.78.
Found: C, 53.91; H, 5.14; N, 7.37;
C1, 12.62} S, 5;67.
[Example 60] 1-[4-(2-Aminopyrimidin-5-yl)benzoyl]-4-[(6-
chloronaphthalen-2-yl]lsulfonyl]piperazine hydrochloride
In a similar manner to Example 4 except for the use.of
4—(2—amino-5-pyrimidyl)benzoic acid and 1-[ (6~
chloronaphthalen—Z-yl]sulfonyl]piperazine.hydréchloride as
the raw materials, the reaction was conducted, whereby the
title compound was obtained.
'H-NMR (DMSO-d¢) 8: 3.06(4H,br), 3.56 and (each 2H,br),
4.70-5.45(3H,br), 7.40(2H,d,J=8.8Hz), 7.67(2H,d,J=8.8Hz),
7.73(1H,dd,J=8.8,2.0Hz), 7.82(1H,d,J=8.8Hz),
8.18k1H,d,J=8.8Hz), 8.27(1H,s), 8.28(1H,d,J=8.8Hz),
8.50(1H,s), 8.72(1H,s). |

MS (FAB) m/z: 508 [(M+H)*, C13%], 510 [(M+H)*, C1%7].



- 302 -

Elementary analysis for CisH22C1Ns03S-1.1HC1-0.7H0
Calculated: C, 53.55; H, 4.40; Cl, 13.28;
N, 12.49; S5, 5.72.
Found: C, 53.59; H, 4.58; Cl, 13.02;
N, 12.58; S, 5.89.
[Example 61] 1—[(6—Chloronaphtﬁalen—2—yl]sulfonyl]—4—
[ (piperidin-4-yl)acetyl]lpiperazine hydrochloride
In a similar manner to Example 7 exéept for the use of
1-[ (1-tert-butoxycarbonylpiperidin—-4-yl)acetyl]-4-[ (6~
chloronaphthalen-2-yl]sulfonyl]piperazine as the raw mate-
rial, the title compound was obtained.
'H-NMR (DMSO-de) 8: 1.25(2H,m), 1.71(2H,m), 1.87(1H,m),
2.20(2H,d,J=6.8Hz), 2.78(2H,br), 2.96(4H,br s), 3.14(2H,m),
3.52(4H,br s}, 4.02(2H,br), 7.73(1H,dd, J=88,2.0Hz),
7.81(1H,d,J=8.8Hz), 8.17(1H,d,J=8.8Hz), 8.28(1H,d,J=8.8Hz);
8.26(1H,s), 8.50(1H,s), 8.54(1H,br), 8.75(1H,br).
MS (FAB) m/z: 436 [(M+H)*, C1%°], 438 [(M+H)*, C1%"].
Elementary analysis for Ca;H2¢C1N303S+1.1HC1l-1.1H0
Calculated: C, 50.86; H, 5.96; Cl, 15.01;
N, 8.47; S, 6.47.
Found: C, 51.07; H, 5.74; Cl, 14.75;
N, 8.36; S, 6.50.
(Example 62] 1-[(6-Chloronaphthalen-2-yl]lsulfonyl]-4-[3-
(piperidin-4-yl)propionyl]lpiperazine hydrochloride

In a similar manner to Example 7 except for the use of
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1-[3-({l-tert-butoxycarbonylpiperidin-4-yl)propionyl]-4-[(6-
chloronaphthalen-2-yl]lsulfonyl]piperazine as the raw mate-
rial, the title compound was obtained.
1H-NMR (CD3OD)&: 1.29(2H,m), 1;50(1H,ﬁ), 1.51(2H,m),
1.89(2H,m), 2.36(2H,m), 2.88(2H;m), 3.08(4H,m), 3.64(4H,m),
4.64(2H,br), 7.58(1H,dd,J=8.8,2.0Hz),
7.82(1H;dd,J=8.8,2.0Hz), 8.05(1H,d,J=8.8Hz), 8.06(1H,s),
8.09(1H,d,J=8.8Hz), 8.42(1H,s).
MS (FAB) m/z: 450 [(M+H)*, C1%), 452 [(M+H)*, c1¥].
Elementary analysis for C,H2gC1N303S-1.8HC1-0.9H20
' Calculated: C, 49.68; H, 5.99; Cl, 18.66;
N, 7.90; S, 6.03.
Found: . C, 49.45; H, 5.70; Cl, 18.63;
N, 7.72; S, 6.04.
[Example'63] 1—[(6—Chloronaphthalen—2-yl]sulfonyl]—4—[iE)—
3—(pyridin—3-yl)propenoyl]piperazine hydiochloride
In a similar manner to Example 4 exéept for.the use of
(E)-3-(3-pyridyl)acrylic acid and 1-[(6-chloronaphthalen-2-
yl)sulfonyl]piperazine hydrochloride as the raw materials

the title compound was obtained.

H-NMR (DMSO—ds) &: 3.03(4H,m), 3.69(2H,br), 3.85(2H,br),
7.51(2H,s), 7.70(1H,dd,J=8.8,2.0Hz),
7.83(1H,dd,J=8.8,2.0Hz), 7.89(1H,dd,J=7.8,5.4Hz),
8.16(1H,d,J=8.8Hz), 8.22(1H,d,J=2.0Hz), 8.26(1H,d,J=8.8Hz),

8.51(1H,s), 8.67(1H,d,J=7.8Hz), 8.77(1H,d,J=5.4Hz),
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9.13(1H,s)}.
MS (FAB) m/z: 442 [(M+H)*, C1%%], 444 [(M+H)*, c13’];
Elementary analysis for CaoHzC1lN303S-HCLl-1/4H0
Calculated: C, 54.72; H, 4.49; N, 8.70;
Cl, 14.68; S, 6.64.
Found: C, 54.81; H, 4.43;.N, 8.54;
Cl, 14.68; s, 6.74.
[Example 64] i—[(6—Chlofonaphthalen—2-yl]sulfonyl]—4—[(E)—
3-(pyridin-4-yl)propenoyl]piperazine hydrochloride
In a similar manner to Example 4 except for the use of
(E5—3-(4—pyridyl)acrylic acid and 1-[(6~chloronaphthalen-2-
yl)sulfonyllpiperazine hydrochloride as the raw materials,
the title compound was obtained.
'H-NMR (DMSO-de¢) 8: 3.03(4H,m), 3.68(2H,br), 3.82(2H,br),
5.76(1H,s), 7.48(1H,d,J=15.iH25, 7.65(1H,d, J=15.1Hz),
7.72(1H,dd, J=8.8,2.0Hz), 7.83(1H,dd,J=8.8,2.0Hz),
' 8.11(2th; s), 8.16(1H,d,J=8.8Hz), 8.24(1ﬁ,s),
8.27(1H,d,J=8.8Hz), 8.52(1H,s), 8.82(2H,d,J=5.9Hz).
MS (FAB) m/z: 442 [(M+H)*, C1%], 444 [(M+H)*, C1¥].
Elementary analysis for CzaHzoClN303S-HC1l:1/5H0
Calculated: C, 54.82; H, 4.48; Cl1l, 14.71;
N, 8172; S, 6.65.
Found: C, 54.77; H, 4.41; C1, 14.71;

N, 8.50; s, 6.77.
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[Example 65] 1—[(6—Chloronaphthalen—2—yl]sulfonyl]—4f
[ (pyridin-4-yl)acetyl]piperazine hydrochloride |

In a similar manner to Example 4 except for the use of
4-pyridylacetic acid hydrochloride and 1-[ (6~
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as
the raw materials,lthe title gompound was obtained.
H~-NMR (DMSO-de) &: 2.99(2H,br), 3.04(2H,br), 3.57(2H,br),
3.62(2H,br), 4.00(2H,s), 7.71(2H,d,J=5.9Hz),
7.74(1H,dd,J=8.8,3.0Hz), 7.83(1H,dd,J=8.8,2.0Hz),
8.18(1H,d,J=8.8Hz), 8.27(1H,s), 8.29(1H,d,J=8.8Hz),
8.53(1H,s), 8.72(2H,d,J=5.9Hz).
MS (FAB) m/z: 430 [(M+H)*, C1%°], 432 [(M+H)*, Cc1%7].
Elementary analysis for Caz;H20C1N303S-HC1l-0.3H0

Calculated: C, 53.46; H, 4.61; Cl, 15.03;

N, 8.91; S,.6.80.
" Found: C, 53.28; H, 4.49; Cl1, 15.18;
N, 8.91; S, 6.75. |

[Examplé 66] 1-[(G—Chloronaphthalen—z—yi]sulfonyl]—4—[4—
[(3RS)—pyirolidin—3—yl)behzoyl]piperazine hydrochloride

In a similar manner to Example 7 except for the use of
1-[4-[(3RS)—1-ter£-butdxycarbonylpyrrolidin-3-yl]benzoyl]—
4-[ (6-chloronaphthalen-2-yl)sulfonyl]piperazine as the raw

materials, the title compound was obtained.
'H-NMR (DMSO-dg) &: 1.85-1.95(1H,m), 2.30-2.40(1H,m), 3.00-

3.90(13H,m), 7.72(1H,dd,J=8.6,2.2Hz),
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7.80(1H,dd,J=8.8,2.0Hz), 7.29(2H,d, J=8.3Hz),
7.35(2H,d,J=8.3Hz), 8;18(iH;d,J=8.8Hz), 8.25-8.30(2H,m),
8.49(1H, s).
MS (FAB) m/z: 484 [(M+H)*, Cc1%], 486 [(M+H)*, C1%}.
Eiementary' analysis for CasHasC1N303S-HC1-3/2H0

Calculated: C, 54.84; H, 5.52; N, 7.67;

Cl, 12.95; S, 5.86.
Found: C, 55.00; H, 5.53; N, 7.48;
Cl, 13.23; s, 5.97.l

[Example 67] 1-[(6-Chloronaphthalen-2-yl]sulfonyl]-4-
[ (isoquinolin-7-yl)carbonyl]piperazine hydrochloride

In 4N hydrochloric acid, methyl 7-
isoquinolinecarboxylate (206 mg) was dissolved, followed by
heating under reflux for 4 hours. 1In a similar manner to
Example 4 except for the use of the residue obﬁained by
distilling off the solvent under reduced pressure and 1-
[(6—chlorohaph£halen—2—yl)sulfonyl]piperaZine hydrochloride
as the raw méterials, the reaction was conducted, whereby
the title compound (298 mg, 62%) was obtained.
'H-NMR (DMSO-dg) &: 2.95-3.25(4H,m), 3.40-3.60(2H,m), 3.70-
3.90(2H,mj, 7.73(1H,dd,J=8.8,2.0Hz), 7.84(1H,d,J=8.8Hz),
8.05(1H,d,J=7.3Hz), 8.20(1H,d,J=8.8Hz), 8.25-8.35(3H,m),
8.41(1H,d,J=6.4Hz), 8.45(1H,s), 8.52(1H,s),
8.71(1H,d,J=6.4Hz), 9.79(1H,s).

MS (FAB) m/z: 465 [(M+H)*, C1%®1, 467 [(M+H)*, C13].
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Elementary analysis for C;4H20C1N303S-HC1l-2.2H20
Calculétéd: C, 53.18; H, 4.72; N, 7.75;
Cl, 13.08; S, 5.92.
Found: ~ C, 53.11; H, 4.70; N, 7.60;
Cl, 13.01; S, 6.16.
[Example 68] 1-[(6-Chloronaphthalen-2-yl]sulfonyl}-4-
[ {(quinolyl-2-yl)carbonyl]piperazine hydrochloride
In a similar manner to Example 4 except for the use of
quinoline-2-carboxylic acid and 1-[ (6-chloronaphthalen-2-
yl)sulfonyl]lpiperazine hydrochloride as the raw materials,
the reaction was conducted, whereby the title ‘compound was
obtained.
'H-NMR (DMSO-d¢) &: 3.05(2H,m), 3.17(2H,m), 3.62(2H,m),
3.83(2H,m), 7.61(1H,d,J=8.3Hz), 7.60-7.80(2H,m), 7.80—
7.90(2H,m), 7.95(1H,d,J=8.3Hz), 8.00(1H,d,J=7.3Hz),
8.18(1ﬁ,d,J=8.8Hz), 8.20-8.40(2H,m), 8.43(1H,d,J=8.3Hz),
8.51(1H,s). '
Elefnentary analysis fér C24H-20C1N3038“
~Calculated: C, 61.87; H, 4.33; N, 9.02;
Cl, 7.61; s, 6.88.
Found: C, 61.76; H, 4.20; N, 8.73;
Cl, 7.65; S, 6.99.
[Example 69] 1—[(6-Chloronaphthalen—2—yl]sulfonyl]—4—[(4—

hydroxyquinolin-2-~yl)carbonyl]lpiperazine hydrochloride
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In a similar manner to Example 4 except for the use of
4-hydroxyquinoline-2-carboxylic acid and 1-[(6-
chloronaphthalen-2-yl)sulfonyl]lpiperazine hydrochloride as
the raw materials, the reaction was conducted, whereby the
title compound was obtained.

'H-NMR (DMSO-dg) 3: 3.00-3.30(4H,br), 3.53(2H,br),
3.77(2H,br), 6.45(1H,s), 7.48(1H,t,J=7.3Hz), 7.70-
7.90(4H,m), 8.10-8.40(4H,m), 8.52(1H,s).
MS (FAB) m/z: 482 [(M+H)*, cl1®1, 484 [(M+H)*, C1%*"].
Elementary analysis for Cz4Hz0C1lN304S-9/10HC1-1/3CH30H-3/2H20
: Calculated: C, 52.90; H, 4.60; N, 7.61;
Cl, 12.19; s, 5.80.
Found: C, 53.17; H, 4.59; N, 7.39;
Cl; 12.31; s, 6.07.
[Example 70] 1-[(6-Chloronaphthalen-2-yllsulfonyl]-4-[ (8-
hydroxyquinolin~7—yl)carbonyl]piperazine hydrochloride
| In a similar manner to Example 4 excépt for the use of
8-hydroxyquinoline-7-carboxylic acid and 1-[(6-
chloronaphthalen—Z—yl)sulfonyl]piperazine hydrochloride as
the raw materials, the reaction was conducted, whereby the
title compound was obtained.
'H-NMR (DMSO-d¢) &: 2.90-3.30(4H,br), 3.35(2H,br),
3.79(2H,br), 7.39(1H,d,J=8.3Hz$, 7.53(1H,d,J=8.3Hz), 7.60-
7.90(3H,m), 8.10-8.40(3H,m), 8.50(1H,s), |

8.60(1H,d,J=7.8Hz), 8.96(1H,d,J=4.4Hz).
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MS (FAB) m/z: 482 [(M+H)*, C1%%], 484 [(M+H)*, C1*]. "
Elementary analysis for Ci4HzoC1lN304S-HC1-CH3OH-1/4H,0
Calculated: C, 54.11; H, 4.63; N, 7.57;
Cl, 12.78; S, 5.78.
Found: C, 54.40; H, 4.84; N, 7.66;
Cl, 13.04; S, 5.99.
[Example 71] 1-[{(Benzimidazol-5-yl)carbonyl]}-4-{(6-
chloronaphthalen-2-yl)sulfonyl]lpiperazine hydrochloride
In a similar manner to Example 3, 4 or 10 except for
the use of methyl N-triphenylmethyl-5-
benzimidazolecarboxylate and 1-[ (6-chloronaphthalen-2-
yl)sulfonyl]piperazine hydrochloride as the raw materials,
the reaction was conducted, whereby the title compound was
obtained.’
'H-NMR (DMSO-dg) 8: 3.08(4H,br), 3.30-4.00(4H,br),
7.48(1H,d,J=8,3Hz), 7.60-7.90(4H,m), 8.10-8.30(3H,m),
8.50(1H,s), 9.51(1H,s). '
- MS (FAB) m/z: 455[(M+H)*, Cc1%], 457 [(M+H)*, Cc1%].
Elementary analysis for CazH39C1N403S-HC1l-5/4H,0
Calculated: C, 51.42; H, 4.41; N, 10.90;
Cl, 13.80; S, 6.24.
Found: C, 51.53 H, 4.40; N, 10.71;
Cl, 13.61; S, 6.40.
[Example 72] 1-[(Benzimidazol-5-yl)carbonyl]-4-[ (6~

chloronaphthalen—Z—yl)sulfonyl]homopiperazine hydrochloride
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In a similar manner to Example 71 except for the use
of methyl N—triphenylmethyl—S—benziﬁidazolecarboxylate and
1-[(6-chloronaphthalen-2-yl)sulfonyl]lhomopiperazine hydro-
chloride as the raw materials, the reaction was conducted,
whereby the title compound was obtained.

'H-NMR (DMSO-dg) &: 1.67(1H,m), 1.93(1H,m), 3.20-
3.90(8H,m), 7.44(1/2H,m), 7.54(1/2H,m), 7.68(1H,m), 7.80-
8.00(3H,m), 8.10-8.30(3H,m), 8.49(1/2H,s), 8.55(1/2H,s),
9.56 and 9.57(1H, each s).
MS (FAB) m/z: 469 [(M+H)*, C1%%], 471 [(M+H)*, C1%].
Elémentary analysis for Caz3H21C1N403S-HC1-0.3CH30H-H0
Calculated: C, 52.50; H, 4.76; N, 10.51;_
Cl, 13.30; s, 6.01.
Found: C, 52.31; H, 4.66; N, 10.50;
Cl, 13.34; s, 6.01.
[Example 73] 1-[(6—Chloronaphthalen—2-yl)sulfonyl]-4-
[(fh;azolo[S,4—c]pyridin—2—yl)carbOnyl]piperazine hydro-
chloride |

In a similar manner to Example 4 except for the use of
sodium thiazolo[5,4-c]lpyridine-2~carboxylate and 1-[(6-
chloronaphthalen-2-yl)sulfonyl]lpiperazine hydrochloride as
the raw materials, the reaction was conducted, whereby the

title compound was obtained.
1H-NMR (DMSO-dg¢) &: 3.10-3.30(4H,m), 3.84(2H,m),

4.32(2H,m), 7.69(1H,dd,J=8.8,2.0Hz),
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7.83(1H,dd,J=8.8,2.0Hz), 8.10-8.30(4H,m), 8.51(1H,s),
8.79(1H,d, J=5.9Hz), 9.62(1H,s).
MS (FAB) m/z: 473 [(M+H)*, C1%]1, 475 [(M+H)*, C1%].
Elementary analysis for Cs;H37C1N4O3S,-HC1 |
Calculated: C, 49.51; H, 3.56; N, 11.00;
Cl, 13.92; s, 12.59.
Found: C, 49.45; H, 3.71; N, 11.20;
Cl, 13.67; S, 12.55.
[Example 74] 1-[(E)-4-Chlorostyrylsulfonyl]-4-
[ (thiazolo[5,4-c]pyridin-2~yl)carbonyl]lpiperazine hydro-
chloride
In a similar manner to Example 4 except for the use of
sodium thiazolo[S,4—c]pyridihe—2-carboxylate and 1-[(E)-4-
chlorostyrylsulfonyl)piperazine hydrochloride as the raw
materials, the reaction was conducted, wheréby the title
compound was obtained. |
1H-NMR (DMSO-dg) 8: 3.30(4H,m), 3.87(2H,m), 4.35(2H,m),
7.35(1H,d,J=15.6Hz), 7.40-7.50(3H,m), 7.79(1H,d,J=8.3Hz),
8.2 (1H,d,J=5.9Hz), 8.77(1H,d,J=5.9Hz), 9.59(1H,s).
MS (FAB) m/z: 449 [(M+H)*, C1%®], 451 [(M+H)*, C1¥].
Elementary analysis for CigH37C1N403S,-1/2HCl
Calculated: C, 48.85; H, 3.78; N, 11.99;
Cl, 1i.38; S, 13.73.
Found: C, 49.18; H, 3.80; N, 12.20;

Cl, 11.05; S, 13.84.
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[Example 75] 1—[(6—Chloronaphthalen—2—yl)sulfonyl—4—
[(4,5,6,7-tetrahydrothieno(3,2-c]pyridin-2-
yl)methyl]piperazine hydrochloride

In a similar manner to Example 7 except for the use of
1-{ (5-tert-butoxycarbonyl-4,5,6, 7-tetrahydrothieno(3, 2-
c]pyridin—z—yl)methyi]—4—[(6—chloronaphthalen—2—
yl)sulfonyll]lpiperazine as the raw material, the title com-
pound was obtained.
'H~NMR (DMSO-de) 8: 2.82-2.88(4H,m), 2.91-2.99(4H,m), 3.28-
3.36(2H,m), 3.47-3.55(4H,m), 4.02(2H,br s), 6.58(1H,s),
7.71(1H,dd,J=8.8,2.0Hz), 7.81(1H,dd,J=8.8,2.0Hz), 7.23-
7.28(3H,m), 8.49(1H,s), 9.42(2H,br s).
MS (FAB) m/z: 462 [(M+H)¥, C1°°], 464 [(M+H), C1%7].
Elementary analysis for CzHaCliN30,5;°2HC1l-1.5H20

Calculated: C, 47.02; H, 5.20; Ci, 18.93;.

N, 7.48; S, 11.41.
Found: C, 47.18; H, 5.41; Cl, 18.59;
N, 7.37; s, 11.33.

[Example 76] 1-[(6-Chloronaphthalen-2-yl)sulfonyl-4-
[trans-3-(4,5, 6, 7-tetrahydrothieno[3,2-c]lpyridin-2-
yl)propenoyl]lpiperazine hydrochloride

In a similar manner to Example 7 except for the use of
1-[trans-3-(5-tert~-butoxycarbonyl-4,5,6,7~-
tetrahydrothieno([3,2-c]lpyridin-2-yl)propenoyl]-4-[(6-

chloronaphthalen-2-yl)sulfonyl]lpiperazine as the raw mate-



- 313 -

rial, the reaction was conducted, whereby the title com-
pound was obtained. |
'H-NMR (DMSO-dg) &: 2.95-3.10(6H,m), 3,32-3.51(3H,m), 3.60-
3.80(3H,m), 4.12(2H,s), 6.75(1H,d,Jd=15.1Hz), 7.19(1H,s),
7.50(1H,d,J=15.1Hz), 7.70(1H,dd,J%8.8,2.4Hz),
7.81(1H,dd,J=8.8,2.0Hz), 8.15(1H,d,J=8.8Hz),
8.22(1H,d,J=2.0Hz), 8.50(1H,s), 9.53(2H,br s).
MS (FAB) m/z: 502 [(M+H)*, C1%%], 504 [(M+H)*, C1%").
Elementary analysis for C,3H24C1N303S,-HCL:0.5H,0

Calculated: C,.52.65;.H{ 4.79; Cl, 12.95;

N, 7.67; S, 11.71.
Found: C, 52.36; H, 4.88; Cl, 12.63;
"N, 8.01; s, 11.309.

[Example 77] 1-[(6-Chloronaphthalen-2-yl)sulfonyll-4-[3-
(4,5,6,7—tetrahydr6thieno[3,2—c]pyridin—2—
yl)propionyl]lpiperazine hydrochloride

In a similar_ﬁanner to Example 7 excépt for the use of
1—[3—(5—tert—butdkycarbonyl—4,5,6,7—tetrahydrothieno[3,2r
clpyridin-2-yl)propionyl}-4-{ (6-chloronaphthalen-2-
yl)sulfonyl]piperazine as the raw material, the reaction

was conducted, whereby the title compound was obtained.
H-NMR (DMSO-dg) &: 2.80-3.60(16H,m), 4.12(2H,br s),
7.11(1H,brx s), 7.74(1H,dd,J=8.8,2.0Hz),
7.83(1H,dd,J=8.8,2.0Hz), 8.20(1H,s), 8.25-8.30(2H,m),

8.53(1H,s), 9.67(2H,br s).
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MS (FAB) m/z: 504 [(M+H)*, C1%®], 506 [(M+H)*, Ccl1%].
Elementary analysis for C24H25C1N30382-1.2HC1-1.3ﬁ20
Calculated: C, 50.46; H, 5.26; Cl, 13.65;
N, 7.36.
Found: C, 50.83; H, 5.26; Cl1l, 13.43;
N, 6.97. |
[Example 78] 1-[ (6-Chloronaphthalen-2-yl)sulfonyl]}-4~[3-
(4,5,6,7—tétrahydrothieno[3,2—c]pyridin-2—
yl)propyllpiperazine hydrochloride
In a similar manner to Example 7 except for the use of
1—[3—(5—tert—butoxycarbonyl—4,5,6,7~tetrahydrothieno[3,2—
clpyridin-2-yl)propyl]-4-[(6-chloronaphthalen-2-
yl)sulfonyl]piperazine as the raw material, the title com-
pound was obtained.
'H-NMR (DMSO-dg) &: 1.90—2.07(2H,m), 2.72-2.80(2H,m), 2.82-
3.21(8H,m), 3.35(2H,br s), 3.51(2H,d,J=11.5Hz),
3.82(2H,d,J=11.5Hz), 4.06(2H,s), 6.66(1H,s),
7.74(1H,dd,J=8.8,1.5Hz), 7.85(1H,dd,J=8.8,1.5Hz),
8.20(1H,d,J=8.8Hz), 8.25-8.39(2H,m), 8.55(1H,s), 9.50(2H,br
s), 11.26(1H,br s).
MS (FAB) m/z: .490 [(M+H)*, c1%], 492 [(M+H)*, C1%"].
Elementary analysis for CaqH2sC1N302S2°2HCLl-1.6H,0
Calculated: C, 48.71; H, 5.65; Cl, 17.97;
N, 7.10; s, 10.84. |

Found: C, 49.01; H, 5.77; C1, 17.62;
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N, 6.96; s, 10.82.

[Example 79] 1—[k6¥Chloronaphthalen—2-yl)sulfonyl]—4—[N—
[(4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl)methyl]carbaﬁoyllpiperazine hydrochloride

In a similar manner to Example 7 except. for the use of
1-[N-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydrothieno[3,2~-
clpyridin-2-yl)methyl]carbamoyl]-4-~[ (6~chloronaphthalen-2-
yl)sulfonyl]piperazine as the raw material, the title com-
pound was obtained.
1H-NMR (DMSO-ds) 8: 2.78-2.86(2H,br s), 2.88-2.94(4H,m),
3.29-3.35(2H,m), 3,37-3.42(4H,m), 4.03(2H,br s),
4.19(2H,d,J=5.4Hz), 6.62(1H,s), 7.25(1H,t,J=5.4Hz),
7.72(1H,dd,J=8.8,2.0Hz), 7.82(1H,dd,J=8.8,2.0Hz),
8.16(1H,d, J=8.8Hz), 8.22-8.26(2H,m), 8.50(1H,s), 9.27(2H,br
s).
Elementary analysis for CzsHasC1N403S2-HC1l-1.3H0

~ Calculated: C, 48.90; H, 5.10; Cl, 12.55; N; 9.92.

Found: c, 49;02; H, 5.20; C1, 12.50; N, 9.76.
[Example 80] 1—[(6—Chloronaphthalén—2-yl)sulfonyl]-4—
[(4,5,6,7-tetrahydrothieno[3,2~c]pyridin-2-
yl)carbonyl]lpiperazine hydrochloride

In a similar manner to Example 7 except for the use of
1-[(5—tert—butoxycarbonyl—4,5,6,7—tetrahydrothieno[3,2—
c]pyridin—Z—yl)cérbonyl]—4-f(G—chloronaphthalen—Z—

yl)sulfonyl]piperazine as the raw material, the title com-
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pound was obtained.
'H-NMR (DMSO-dg) &: 2l99—3.05(2H}m), 3.08 (4H,t,J=4.6Hz),
3.35-3.40(2H,m), 3.7i(4H,t,J=4.6Hz), 4.11(2H.s),
7.17(1H,s), 7.71(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd,J=8.8,2.0Hz), 8.22-8.28(3H,m), 8.50(1H,s),
9.38(2H,br s).
MS (FAB) m/z: 476 [ (M+H)*, Cc13%], 478 [(M+H)*, C1%"].
Elementary analysis for C22H23C1N§O352-HCl-3/2H20

Calculated: C, 48.98; H, 4.86; Cl, 13.14;

N, 7.79; S, 11.89.
Found: C, 48.96; H, 4.67; Cl, 13.21;
N, 7.74; S, 11.93.

[Example 81] 4-][(6~Chloronaphthalen-2-yl)sulfonyl]-2-
ethoxycarbonyl-1-[(4,5,6,7-tetrahydrothieno(3,2-c]lpyridin-
2-yl)carbonyl]piperazine hydrochloride |

In a similar manner to Example 7 except for the use of
1—[(5—tert-butoxycarbonyl;4,5,6,7—tetrahydrothieno[3,2—
clpyridin-2-yl)carbonyl]-4-[ (6-chloronaphthalen-2-
yvl)sulfonyl]-2-ethoxycarbonylpiperazine as - the raw mate-
rial, the reaction was conducted, whereby the title com-

pound was obtained.

H-NMR (DMSO-dg) 8: 1.22(3H,t,J=7.0Hz), 2.38-2.58(1H,m),
2.65-2.72(1H,m), 3.04(2H,br s), 3.29-3.43(3H,m), 3.70(1H,br
s), 4.01-4.30(6H,m), 5.18(1H,br s), 7.27(1H,s), |

7.73(1H,dd, J=8.8,2.0Hz), 7.82(1H,d,J=8.8Hz), 8.26(1H,s),
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8.29(1H,s), 8.54(1H,s), 9.59(2H,br s).
MS (FAB) m/z: 548 [(M+H)*, c1%], 550 [ (M+H)*, cl¥].
Elementary analysis for CasHzgN3ClOsS2+1.2HC1-0.6H20

Calculated: C, 49.83; H, 4.75; Cl, 12.94;

| N, 6.97; S, 10.64.
Found: C, 49.62; H, 4.71; C1, 13.30;
N, 7.19; s, 10.56.

'[Example 82] 2-Carboxy-4-[(6-Chloronaphthalen-2-
yl)sulfonyl]—l—[(4,5,6,7—tetrahydrothieno[3,2—c]pyridin-2—
yl)carbonyllpiperazine hydrochloride

In a similar manner to Example 3 except for the use of
4-[ (6-chloronaphthalen-2-yl)sulfonyl]-2-ethoxycarbonyl-1-
[(4,5,6,7-tetrahydrothieno(3,2~c]lpyridin-2-
yl)carbonyllpiperazine hydrochloride as the raw material,
the reaction was conducted, whereby the title compound was
obtained.
'H~-NMR (DMSO-dg) 8: 2.30-2.53(1H,m), 2.58-2.69(1H,m),
3.04(2H,br s), 3.29-3.83(4H,m), 4.07-4.32(4H,m), 4.90-
5.20(1H,m), 7.03-7.30(1H,m), 7.71(iH,dd,J=8.8,2.4Hz),
7.81(1H,d,J=8.8Hz), 8.81(1H,d,J=8.8Hz), 8.20-8.29(2H,m),
8.52(1H,s), 9.58(2H,br s).
MS (FAB) m/z: 520 [(M+H)*, c1%%], 522 [(M+H)*, C1¥].
Elementary analysis for C23H22N3C10s5S2° 1. 2HC1 - 0. 8H0

Calculated: C, 47.78; H, 4.32; Cl, 13.49;

N, 7.27; S, 11.09.
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Found: Cc, 47.41; H, 4.36; Cl1l, 13.81;
N, 7.14; s, 11.01.

[Example 83] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(5-
aminohydroxyiminomethyl-4,5, 6, 7-tetrahydrothieno[3, 2~
clpyridin-2-yl)carbonyl]piperazine

To methanol (4 ml), a solution of 1-{(6-
chloronaphthalen-2-yl)sulfonyl]-4-{(5-cyano-4,5,6,7-
tetrahydrothieno[3,2-clpyridin-2-yl)carbonyl]piperazine (41
mg) in dichloromethane (dichloromethane: 1 ml) was added,
followed by the addition of hydroxylamine hydrochloride (28
mg) and triethylamine (0.55 ml). The resulting mixture was
stirred at room temperature for 2 hours. The residue ob-
tained by concentrating the reaction mixture under reduced
pressure was purified by chromatography on a silica gel
column (dichloromethane ~ dichloromethane : methanol
=100:3), whereby the title compound (14 mg, 32%) was ob-
tained. |
'H-NMR (DMSO-de) &: 2.74-2.79(2H,m), 3.06(4H,s), 3.35-
3.38(2H,m), 3.71(4H,s), 4.07(24H,s), 5.32(2H,s); 7.08(1H,s),
7.71(1H,dd,J=8.8,1.6Hz), 7.81(1H,dd,J=8.8,1.6Hz),
8.16(1H,s), 8.23-8.25(2H,m), 8.33(1H,br s), 8.49(1H,s).
MS (FAB) m/z: 534 [(M+H)*, C1®®], 536 [(M+H)*, C1¥].
[Example 84] 1-[(6~Chloronaphthalen-2-yl)sulfonyl)-4-[N-
(4,5,6,7-tetrahydrothieno[3,2~clpyridin-2-

yl)carbamoyll]lpiperazine hydrochloride
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In a similar manner to Example 7 except for the use of
1~ [N-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydrothieno(3,2-
clpyridin-2-yl)carbamoyl]-4-[ (6-chloronaphthalen-2-
yl)sulfonyl]piperazine as the raw material, the reaction
was conducted, whereby the title compound was obtained.
1H-NMR (DMSO-de) 8: 2.83(2H,br s), 2.99(4H,br s),
3.30(2H,br s), 3.54(4H,br s), 4.00(2H,s), 6.33(1H,s),
7.70(1H,dd,J=8.8,2.0Hz), 7.82(1H,d,J=8.8Hz),
8.16(1H,d,J=8;8Hz), 8.22(1H,s), 8.26(1H,d,J=8.8Hz),
8.50(1H,s), 9.18(2H,br s), 9.82(1H,s).

MS (FAB) m/z: 491 [(M+H)*, C1%%], 493 [(M+H)*, Cl1¥].
Elementary analysis for CzsH23N4C103S2-HC1-0.3H0
Calculated: C, 49.59; H, 4.65; Cl, 13.31;
. N, 10.51; s, 12.03.
Found: C, 49.32; H, 4.63; Ccl, 13.34;
N, 10.81; S, 12.03.
[Example 85]° 1—[(6—Chloronaphthalen—2—yl)sulfonyl]—4—[N—
methyl-N-(4,5,6,7~-tetrahydrothieno(3, 2-clpyridin-2-
yl)carbamoyl]piperazine hydrochloride

In a similar manner to Example 7 except for the use of
1-[N-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydrothieno[3, 2~
c]lpyridin-2-yl)-N-methylcarbamoyl]-4-[ (6-chloronaphthalen-
2—ylisulfonyl]piperazine as the raw material, the reaction

was conducted, whereby the title compound was obtained.

1H-NMR (DMSO-dg) &: 2.83(2H,t,J=5.4Hz), 2.97(4H,br s),
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3.10(3H,s), 3.28-3.41(6éH,m), 4.00(2H,s), 6.35(1H,s),
7.72(1H,dd,J=8.8,2.0Hz), 7.81(1H,dd,J=8.8,2.0Hz),
8.17(1H,d,J=8.8Hz), 8.23-8.31(2H,m), 8.50(1H,s), 9.28(2H,br
s).
MS (FAB) m/z: 505 [(M+H)*, C1%), 507 [(M+H)*, C1%7].
Elementary analysis for C,3H2sN4C1l03S,+1.1HC1:0.5H,0
Calculated: C, 49.85; H, 4.93; Cl, 13.43;
N, 10.11; S, 11.57.
Found: C, 49.55; H, 4.92; Cl, 13.23:
N, 10.13; S, 11.83.
[Example 86] 1~[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[[5-
(l1-pyrrolin-2-yl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-
yl]carbonyl]pipérazine hydrochloride -

In a similar manner to Example 47 except for the use
of l—[(6—chloronaphthalen—2—yl)su}fonyl]—4—[(4,5,6,7-
tetrahydrothieno[3,2-c]lpyridin-2-yl)carbonyl]piperazine hy-
drochloride as the raw matérial, the title compound was ob-

tained.

'H-NMR (DMSO-dg) &: 2.07—2.18(2H,m), 2.90-3.11(8H,m),
3.62(2H,t,J=6.8Hz), 3.72(4H,br), 3.80(2H,t,J=5.9Hz),
3.99(2H,t,J=5.9Hz), 4.62(1H,br s), 4.73(1H,br s),
7.10(1H,s), 7.50(1H,s), 7.72(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd,J=8.8,2.0Hz), 8.18(1H,d,J=8.8Hz), 8.22-
8.28(2H,m), 8.51(1H,s), 10.37(1H,br s), 10.53(1H,br s).

MS (FAB) m/z: 542 [(M+H)*, C1%)], 544 [(M+H)*, C1¥].
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Elementary analysis for CpgH27C1lN403S,+1.3HC1-0.4H0
Calculated: C, 52.25; H, 4.91;.Ci, 13.64;
N, 9.37; S, 10.73.
Found:  C, 52.34; H, 5.03; Cl, 13.56;
N, 9.36; S, 10.74.
[Example 87] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-
[(4,5,6, T-tetrahydrothiazolo[5, 4-c]pyridin-2-
yl)cérbonyl]piperazine hydrochloride
- In a similar manner to Example 7 except for the use of
1-[ (6-tert-butoxycarbonyl-4,5, 6, 7-tetrahydrothiazolo(5, 4-
clpyridin-2-yl)carbonyl]-4-[ (6~-chloronaphthlen-2-
yl)sulfonyllpiperazine as the raw material, the title com-
pound was obtained.
'H-NMR (DMSO-de) 8: 3.01(2H,t,J=5.9Hz), 3.11(4H,br),
3.44(2H,br ), 3.74(2H,br s), 4.32-4.46 (4H,m),
7.71(1H,dd,J=8.8,2.0Hz), 7.83(1H,dd,J=8.8Hz,2.0Hz),
8.15(1H,d,J=8.8Hz), 8.23(1H,s), 8.26(1H,d,J=8.8Hz),
8.30(1H, s).
MS (FAB) m/z: 477 [(M+H)*, C1%%], 479 [(M+H)*, c1*").
| Elementary analysis for C,31H21C1N403S2-HC1l-0.2H0
Calculated: C, 48.78; H, 4.37; Cl, 13.71;
N, 10.84; S, 12.40.
Found: C, 48;60; H, 4.50; Cl1l, 13.58;
N, 10.62; S, 12.29. . |

[Example 88] 1~[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[ (6~
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aminohydroxyiminomethyl—4,5,6,7-tetrahydrothiazolo[5,4—l
c]pyridin-Z—yl)carbonyl]piperaziné hydrochloride; and
1-[ (6~carbamoyl-4,5, 6, 7-tetrahydrothiazolo[5,4~c]lpyridin-2-
yl)carbonyl]-4-[(6-chloronaphthalen-2-yl)sulfonyl] pipera-
zine

In a similar manner to Referential Example 112 and Ex-
ample 83 except for the use of i—[(6—chlor6naphthalen-2-
yl)sulfonyl]-4-[(4,5,6,7-tetrahydrothiazolo([5,4~-c]lpyridin-
2;yl)carbonyl]piperazine hydrochloride as the raw material,
the reaction was effected, whereby 1-[(6-chloronaphthalen-
2-yl)sulfonyl]-4-{ (6-aminohydroxyiminomethyl-4,5,6, 7~
tetrahydrothiazolo[5,4-c]lpyridin-2-yl]carbonyllpiperazine
hydrochloride and
1-[(6-carbamoyl-4,5,6,7-tetrahydrothiazolo[5, 4~-c]pyridin-2-
yl)carbonyl]-4-{ (6-chloronaphthalen-2-yl)sulfonyl] pipera?
zine were obtained.
1-[ (6-Chloronaphthalen-2-yl)sulfonyl]-4-[ (6~
aminohydroxyiminomethyl-4,5, 6, 7-tetrahydrothiazolo([5,4~-
c]pyridin—24yl)carbonyl]piperazine hydrochloride
H-NMR (DMSO-dg) §: 2.77(2H,br s), 3.09(4H,br),
3.48(2H,t,J=5.4Hz), 3.73(2H,br s), 4.30-4.50(4H,m),

5.61(1H,br.s), 7.71(1H,dd,J=8.8,2.0Hz)(

~J

.82(1H,dd,J=8.8Hz,2.0Hz), 8.15(1H,d, J=8.8Hz),
8.22(1H,d, J=1.5Hz), 8.25(1H,d,J=8.8Hz), 8.50(1H,s),

8.53(1H,br s).
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MS (FAB) m/z: 535 [(M+H)*, C1%%], 537 [(M+H)*, C1*"].
1—[k6;Carbamoyl—4,5,6,7—tetrahydrothiazolo[5,4—c]pyridin—2—
yl)carbonyl]-4-[ (6-chloronaphthalen-2-yl)sulfonyl] pipera-
zine
'H-NMR (DMSO-ds) &: 2.75(2H,br s), 3.09(4H,br),
3.63(2H,t,J=5.9Hz), 3.73(2H,br s), 4.39(2H,br s),
4.59(2H,s), 6.17(2H,s), 7.70(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd,J=8.8Hz,2.0Hz), 8.14(1H,d,J=8.8Hz),
8.21(1H,d,J=i.5Hz), 8.25(1H,d,J=8.8Hz), 8.50(1H,s).
MS (FAB) m/z: 520 [(M+H)*, Cc1%°], 522 [(M+H)*, c1%"].
Elémentary analysis for CgHzsClNs04S2-H0
Calculated: C, 49.11; H, 4.50; N, 13.02.
Found: C, 48.98; H, 4.12; N, 12.83.

[Example 89] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[[6-
(l-pyrrolin-2-yl)-4,5,6,7-tetrahydrothiazolo[5, 4-c]lpyridin-
2-yl]lcarbonyl]lpiperazine hydrochloride

| In a similar manner to Example 47 exéept for the use
of 1-[(6-chloronaphthalen-2-yl)sulfonyl]-4-{(4,5,6,7-
tetrahydrothiazolo[5,4-c]pyridin-2~yl)carbonyl]piperazine
hydrochlofide as the raw material, the title compound was

obtained.

1H-NMR (DMSO-ds) 8:.2.07—2.15(2H}m), 2.94-3.16(8H,m),
3.63(2H,t,J=7.3Hz), 3.75(2H,br s), 3.90(2H,br s),
4.39(2H,br s), 4.93(2H,s), 7.70(1H,dd,J=8.8,2.0Hz),

7.83(1H,dd,J=8.8Hz,2.0Hz), 8.15(1H,d,J=8.8Hz),
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8.22(1H,d,J=2.0Hz), 8.25(1H,d,J=8.8Hz), 8.50(1H,s).
MS (FAB) m/z: 544 [(M+H)*, Cc1%%], 546 [(M+H)*, Cc13].
Elementary analysis for Ca2sHzgC1N503S>-1.4HC1-CH30H

Calculated: C, 49.79; H, 5.05; Cl, 13.57;

N, 11.17; S, 10.23.
Found: . C, 49.44; H, 4.78; Cl, 13.63;
N, 10.83; S, 10.15.

[Example 90] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(6-
formyl—4,5,6,7—tetraﬁydrothiazolo[5,4-c]pyridin—2—
yl)carbonyllpiperazine

In a similar manner to Example 4 except for the use of
1—[(6—chloronaphthalen—2—yl)sulfonyl]—4—[(4,5,6,7—
tetrahydrothiazolo{5,4-c]pyridin-2-yl)carbonyl]lpiperazine
hydrochloride and formic acid as the raw materials, the re-
action was conducted, whereby the title compound was ob-
tained. |
'H-NMR (DMSO-de) &: 2.74-2.88(2H,m), 3.10(4H,br),
3.31(2H,s), 3.66-3.86(4H,m), 4.64-4.73({2H,m),
7.69(1H,dd,J=8.8,2.0Hz), 7.82(1H,dd,J=8.8,2.0Hz),
8.14(1H,d,J=8.8Hz), 8.15-8.22(2H,m), 8.24(1H,d,J=8.8Hz),
8.50(1H, s).
MS (FAB) m/z: 505 [(M+H)*, C1%]), 507 [(M+H)*, c1%7].
Elementary analizsis for Ca2H21C1N404S2-1/5H20

Calculated: C, 51.95; H, 4.24; CL, 6.97;

N, 11.02; S, 12.61.



- 325 -

Found: C, 52.18; H, 4.30; Cl1l, 6.69;
N, 10.71; S, 12.21.
[Example 91] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(6-
methyl-4,5,6,7-tetrahydrothiazolo[5, 4-c]pyridin-2-
yl)carbonyl]lpiperazine hydrochloride
In dichloromethane (10 ml), 1-[(6-chloronaphthalen-2-

yl)sulfonyl]-4-[(4,5,6,7-tetrahydrothiazolo[5,4~-c]pyridin-
2-yl)carbonyl]piperazine hydrochloride (400 mg) was sus-
"pended, fdllowed by the addition of triethylamine (0.22 ml)
and acetic acid {0.05 ml). The resulting mixture was stir-
red at room temperature for 5 minutes. To the reaction
mixture, a 30% aqueous formaldehyde solution (0.08 ml) and
sodium triacetoxyborohydride (264 mg) were added, followed
by stirring at room temperature for 10 minutes. After the
reaction mixture was concentrated under reduced preséure,
the residue was added with ethyl acetate. The resulting
. mixture was washed with water and saturated saline and then
dried over anhydrous sodium sulfate. The solvent was then
distilled off under reduced pressure The residue was dis-
solved in a saturated ethanol hydrochloride solution (1 ml)
and then the resulting solution was concentrated under re-
duced pressure. The residue was crystallized from hexane
and ethyl acetate, wheréby the title compound (298 mg, 71%)

was obtained.

'H-NMR (DMSO-d¢) &: 2.89(3H,s), 3.10(6H,br), 3.32-
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3.81(4H,m), 4.30-4.81(4H,m), 7.71(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd, J=8.8,2.0Hz), 8.15(1H,d,J¥8.8Hz), 8.20-
8.28(2H,m), 8.50(1H,s), 11.28(1H,br s).
MS (FAB) m/z: 491 [(M+H)*, C1%®], 493 [(M+H)*, c1%¥].
Elementary analysis for CzzHz3C1lN403S2-HC1-0.6H20

Calculated: C, 49.09; H, 4.72; Cl, 13.17;

N, 10.41; s, 11.91.
Found: C, 48.88; H, 4.78; Cl, 13.26;
N, 10.42; S, 12.03.

[Example 92] 2-[[4-[(6-Chloronaphthalen-2-
yl)sulfonyl]lpiperazin~1l-yl]lcarbonyl]-6, 6-dimethyl-4,5,6,7-~
tetrahydrothiazolo[5,4-c]lpyridinium iodide |

In-N,N—dimethylformamide (20 ml), 1-[{(6-
chloronaphthalen-2-yl)sulfonyl}-4-[ (6-methyl-4,5,6,7-
tetrahydrothiazolo([5,4~c]pyridin-2-yl)carbonyl]piperazine
hydrochloride (200 mg) was dissolved, followed by the addi-
tion of methyl iodide (0.05 ml) and potassium carbonate.(79
mg). The resulting mixture was stirred overnight at 80°C.
After the reactién mixture was concentrated under reduced
pressure, the residue was added with water and the result-
ing precipitate was collected by filtration. The precipi-
tate was then dissolved in a mixed solvent (1:1) of dichlo-
romethane and methanol, followed by the addition of ethyl
acetate. The resulting precipitate was collected by fil-

tration, whereby the title compound (144 mg, 56%) was ob-:
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tained.
'H-NMR (DMSO-d¢) &: 3.05-3.23(12H,m), 3.77(2H,t,J=5.9Hz),
4.40(2H,br s), 4.79(2H,br s), 7.71(1H,dd,J=8.8,2.0Hz),
7.83(1H,dd,J=8.8,2.0Hz), 8.15(1H,d,J=8.8Hz), 8.20-
8.27(2H,m),, 8.52(1H,s).
MS (FD) m/z: 505 (M*, C1%), 507 (M*, c1®").
Elementary analysis for Ci3Hz6C1IN4O3S3:1/2CH3C02CH,CHs

Calculated: C, 44.35; H, 4.47; N, 8.28.

Found: C, 44.52; H, 4.23; N, 8.01.
[Example 93] 2-[[4-[(6~-Chloronaphthalen-2-
yljsulfonyl]piperazin—l—yl]carbonyl]-6—methyl—4,5,6,7—-
tetrahydrothiazolo[5, 4-c]pyridine N-oxide

In acetone (10 ml), 1-[(6-chloronaphthalen-2-
yl)sulfonyl]-4-[(6-methyl-4,5,6, 7-tetrahydrothiazolo(5, 4~
clpyridin-2-yl)carbonyl]piperazine hydrochloride (400 mg)
was suspended, followed by the addition of a 1N agueous so-
Jution of sodium hydroxide (0.38 ml) and 30% aqueous hydro-
gen peroxide (3.50 ml). The resulting mixture was stirred
at room temperature for 8 days. After the reaction mixture
was concentrated under reduced pressure, the residue was

purified by the chromatography through a synthetic adsorb-
ent (“Diaion HP-20”, water ~ water:acetonitrile = 2:5),
whereby the title compound (84 mg, 39%) was obtained.

14_NMR (DMSO-dg) 6: 2.83-2.90(1H,m), 3.10(5H,br), 3.20-
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3.47(4H,m), 3.61-3.83(3H,m), 4.28-4.50(3H,m), 4.78-
4.85(1H,m), 7.69(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd,J=8.8,2.0Hz), 8.14(1H,d,J=8.8Hz), 8.19-
8.27(2H,m), 8.50(1H, s).
MS (FD) m/z: 506 (M*, C1%%), 508 (M*, C1%).
[Example 94] 2—Carbamoyl—4;[(6-chloronaphthalen—2~
yl)sulfonyl}-1-[(4,5,6,7~-tetrahydrothiazolo[5,4-c]lpyridin-
2-yl)carbonyllpiperazine trifluoroacetate

To trifluorocacetic acid (1 ml), a solution of 1-[(6-
tert-butoxycarbonyl-4,5,6,7-tetrahydrothiazolo(5, 4~
clpyridin-2-yl)carbonyl]-2-carbamoyl-4-[ (6-
chloronaphthalen-2-yl)sulfonyllpiperazine (303 mg) dis-
solved in dichloromethane (1 ml) was added, followed by
concentration under reduced pressure. The resulting pre-
cipitate was collected by filtration and washed with di-
ethyl ether, whereby the title compound (263 mg, 83%) was
obtained.
'H-NMR (DMSO-dg) &: 2.39-2.70(2H,m), 2.92-3.06(2H,m), 3.42-
3.77(4H,m), 4.25—4.50(7/2H,m), 4.97(1/2H,br s), 5.35-
5.44(1/2H,m), 6.14(1/éH,br s), 7.30-7.39(1H,m), 7.66-
7.73(2H,m), 7.77-7.82(1H,m), 8.16(1H,d,J=8.8Hz), 8.21-
8.28(2H,m), 8.49(1H,s), 9.26(2H,br s).
MS (FAB) m/z: 520 [(M+H)*, C1%%], 522 [(M+H)*, C1%).
Elementary analysis for Caz2H22C1lNg04S2-CF3COzH-0.6H20

Calculated: C, 44.29; H, 3.73; Cl, 5.40;
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F, 9.55; N, 10.67; S, 9.77.
Found: C, 44.59; H, 3.79; Cl, 5.26;
F, 9.54; N, 10.28; s, 9.72.

[Example 95] 2-Carbamoyl-4-[(6-chloronaphthalen-2-

yl)sulfonyl]-1-[ (6-methyl-4,5,6, 7-tetrahydrothiazolo[5,4-

clpyridin-2-yl)carbonyl]piperazine hydrochloride

In a similar manner to Example 91 except for the use

of 2-carbamoyl-4-[(6-chloronaphthalen-2-yl)sulfonyl]-1-

[(4,5,6,7-tetrahydrothiazolo[5, 4~c]pyridin-2-

yl)carbonyllpiperazine trifluorocacetate as the raw mate-

rial, the title compound was obtained.
'H-NMR (DMSO-de) &8: 2.37-2.70(2H,m), 2.91(3H,s), 3.00-
3.78(6H,m), 4.28-4.77(7/2H,m), 4.97(1/2H,br s), 5.40-
5.50(1/2H,m), 6.14(1/2H,br s), 7.32-7.40(1H,m), 7.68-
7.75(2H,m), 7.77-7.83(1H,m), 8.15(1H,d,J=8;8Hz), 8.21~-
8.28(2H,m), 8.49(1H,s).
MS (FAB) m/z: 534 ([(M+H)*, c1%], 536 [(M+H)*, C1%].
Elementary analysis for C23H24C1N50482 *HC1-2.5H0

Calculated: C, 44.88; H, 4.91; Cl, 11.52;

N, 11.38; S, 10.42.
Found: C, 44.83; H, 4.89; C1, 11.65;

N, 11.31; s, 10.4e6.

[Example 96] 1-{[(6-Chloronaphthalen-2~yl)sulfonyl]-4-{[6-

(2-hydroxyethyl)-4,5, 6, 7-tetrahydrothiazolo[5,4-c}lpyridin~

2-yl]lcarbonyllpiperazine hydrochloride
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In a similar manner to Example 91 except for the use
of 1-[(6-chloronaphthalen-2-yl)sulfonyl]}-4-[(4,5,6,7-
tetrahydrothiazolo(5,4-c]lpyridin-2~yl)carbonyl]piperazine
hydrochloride (132 mg) and glyoxylic acid hydrate (82 mg)
as the raw materials, the reaction was conducted, whereby a
crude product was obtained. The product was suspended in
tetrahydrofuran (50 ml), followed by the addition of tri-~
ethylamine (0.22 ml) and ethyl chloroformate (0.03 ml) un-
der ice cooling. After stirring at room temperature for 15
minutes, sodium borohydride (50 mg) and water (10 ml) were
added and the resulting mixture was stirred at room tem-
perature for one hour. The reaction mixture was concen-
trated under reduced pressure. Tﬁe concentrate was diluted
with dichloromethane, washed with saturated saline and then
dried over anhyarous sodium sulfate. The residue obtained
by distilling off the solvent under reduced pressure was
purified by chromatography on a silica gel column (dichio—
romethane ~ dichloromethane : methanol = 100:3). The puri-

fied product was dissolved in saturated ethanol hydrochlo-
ride (i ml), followed by concentration under reduced pres-
sure. The concentrate was pulverized and washed in ethyl
acetate, whereby the titlé compound (52 mg, 33%) was ob-

tained.
1H-NMR (DMSO-dg) &: 3.11(4H,br s), 3.20-3.57(6H,m), 3.69-

3.87(4H,m), 4.34-4.82(4H,m), 5.38(1H,br s),



- 331 -

7.71(1H,dd,J=8.8,2.0Hz), 7.82(1H,dd,J=8.8Hz,2.0Hz),
8.15(1H,d,J=8.8Hz), 8.22(1H,s), 8.25(1H;d,J=8.8Hz),
8.50(1H,s), 10.48(1H,br s).

MS (FAB) m/z: 521 [(M+H)*, C€1%%], 523 [(M+H)*, C1%¥].

In a similar manner to Example 91 except for the use
of 1-{(6~-chloronaphthalen-2-yl)sulfonylj-4-{(4,5,6,7~-
tetrahydrothiazolo[5, 4-clpyridin-2-yl}lcarbonyl]piperazine
hydrochloride as the raw material, tﬁe reaction was con-
ducted, whereby the compounds of Examples 97, 98 and 99
were obtained.

[Example 97] 1—[(6—Chloronaphthalen—2—yl)sulfonyl]—4—[[6—
(pyridin-2-yl)methyl-4,5,6,7-tetrahydrothiazolo(5, 4-
clpyridin-2-yllcarbonyl]piperazine hydrochloride
'H-NMR (DMSO-de¢) &: 3.07-3.17(6H,m), 3.63(2H,t,J=6.3Hz),
3.74(2H,br s), 4.39f2H,br s), 4.58(2H,s), 4,61(2H,s), 7.50-
7.64(1H,m), 7.67-7.73(2H,m), 7.82(1H,dd,J=8.8,1.5Hz),
7.97(1H,m), 8.15(1H,d,J=8.8Hz), 8.22(1H,d, J=1.5Hz),
8.25(1H,d,J=8.8Hz), 8.50(1H,s), 8.69(1H,d,J=4.9Hz).
MS (FAB) m/z: 568 [(M+H)*, C1%], 570 [(M+H)*, C1%"].
Elementary analysis for Cz7H26C1N503Sz+2HCLl-0.8H20
Calculated: C, 49.48; H, 4.55; Cl16.23;
N, 10.68; S, 9.78.
Found: C, 49.72; H, 4.48; Cl1, 16.31:
N, 10.86; S, 9.53.

[Example 98] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-([6-
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(pyridin-3-yl)methyl-4,5,6, 7-tetrahydrothiazolo(5, 4-
clpyridin-2-yl]carbonyl]piperazine hydrochloride
1H-NMR (DMSO-dg¢) &: 3.03-3.27(6H,m), 3.40-3.81(4H,m),
3.74(2H,br s), 4.40(2H,br s), 4.50(2H,s), 4,70(2H,s),
7.70(1H,dd, J=8.8,2.4Hz), 7.82(1H,dd,J=8.8),
8.15(1H,d,J=8.8Hz), 8.22(1H,s), 8.25(1H,d,Jd=8.8Hz),
8.50(1H,s), 8.73(1H,d,J=7.8Hz), 8.93(1H,d,J=4.4Hz).
MS (FAB) m/z: 568 [(M+H)*, C1%%], 570 [(M+H)*, C1%].
Elementary analysis for Cz7H6C1Ns03S2+2.9HCLl-4.5H0

Calculated: C, 42.96; H, 5.06; Cl, 18.32;

N, 9.28.
Found: C, 42.97; H, 4.84; Cl, 18.19;
N, 9.23.

[Example 99] 1—[(6—Chloronaphthalen—2—yi)sulfonyl]—4—[[6—
(pyridin—4-yl)methyl—4,5,6,7—tetrahydro£hiazolo[5,4—
c]lpyridin-2-yl]carbonyl]piperazine hydrochloride
‘H-NMR (DMSO-de) §: 3.11(4H,br s), 3.19(2H,br s),
3.64(2H,br s), 3.74(2H,br s), 4.41(2H,br s), 4.49(2H,s),
4.80(2H,s), 7.69(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd,J=8.8,2.0Hz), 8.15(1H,d,J=8.8Hz),
8.21(1H,d,J=2.0Hz), 8.25(1H,d,J=8.8Hz), 8.41(2H,d,J=6.3Hz),
8.50(1H,s), 9.04(2H,d,J=6.3Hz).
MS (FAB) m/z: 568 [(M+H)*, C1®®], 570 [(M+H)*, c1¥].

Elementary analysis for Ciz;H2sC1Ns03S2-2.7HC1:6.0H20
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Calculated: C, 41.86; H, 5.30; Cl, 16.93;
N, 9.04; s, 8.28. |
Found: C, 42.05; H, 4.98; Cl, 16.92;
N, 9.37; S, 8.61.
[Example 100} 1-[(E)-4-Chlorostyrylsulfonyl]-4-{(4,5,6,7-
tetrahydrothiazolo[5,4—c]pyridin—2—yl)carbonyl]pipefazine
hydrochloride
In a similar manner to Example 7 except for the use of
1-[ (6-tert-butoxycarbonyl-4,5, 6, 7-tetrahydrothiazolo[5, 4-
clpyridin-2-yl]lcarbonyl]-4-[(E)-4-
chlorostyrylsulfonyl]lpiperazine as the raw material, the
title compound was obtained.
*H-NMR (Dmso—dg) :8: 3.04(2H,br s), 3.23(4H,br), 3.47(2H,br
s), 3.77(2H,br s}, 4.35-4.50(2H,m), 7.33(1H,d,J=15.6Hz),
7.43(1H,d,J=15.6H£), 7.49(1H,d,J=8.3Hz),
7.79(1H,d,J3=8.3Hz), 9.57(2H,br s).
MS (FAB) m/z: 453 [(M+H)", ci35], 455 [(M+H)*, c1%).
Elementary analysis for C19H21C1N40382-HC1-0;3H20 -
Calculated: C, 46.12; H, 4.60; Cl, 14.33;
N, 11.32; S, 12.96.
Found: C, 46.42; H, 4.66; Cl, 14.38;
N, 11.02; é, 13.02. ”
[Example 101] 1-[(E)-4-Chlorostyrylsulfonyl]-4-( (6¥methy1-
4,5,6,7-tetrahydrothiazolo(5,4~-c]pyridin-2-~

yl)carbonyl]lpiperazine hydrochloride
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In a similar manner to Example 91 except for the use
of[(E)—4—chlorostyrylsulfonyl]—4—[(4,5;6;7—
tetrahydrothiazolo(5,4-c]pyridin-2-yl]lcarbonyl]lpiperazine
‘hydrochloride as fhe raw material, the title compound was
obtained.

H-NMR (DMSO-dg) &: 2.92(3H,s), 3.01-3.32(6H,br), 3.35-
3.88(4H,m), 4.29-4.84(4H,m), 7.33(1H,d,J=15.6Hz),
7.49(1H,d,J=15.6Hz), 7.49(1H,d,J=8.3Hz),
7.79(1H,d,J=8.3Hz), 11.31(1H,br s).
MS (FAB) m/z: 467 [(M+H)*, C1%%], 469 [(M+H)*, C1¥].
Elémentary analysis for CioH23C1N403S2-HC1l-0.2H,0
Calculated: C, 47.37; H, 4.85; Cl1, 13.98;
‘N, 11.05; S, 12.65.
Found: C, 47.30; H, 4.92; Cl1, 14.05;
N; 11.03; s, 12.49.
- [Example 102] (3S8)=-3-[ (6-Chloronaphthalen-2-
yl)sulfonamide]—l—[(4,5,6/7—tetrahydrothién§[3,2—c]pyridin—
2-yl)methyl]pyrrolidine hydrochloride

In a similar manner to Example 7 except for the use of
(35)-1-[ (5-tert~butoxycarbonyl-4,5,6,7-
tetrahydrothieno[B,2—c]pyridin—2-yl)methyl]—3—[(6—
chloronaphthalen-2-yl)sulfonamide]lpyrrolidine as the raw

material, the title compound was obtained.

[@]p=—69.72° (25°C,c=1.00,CH30H).
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'H-NMR (DMSO-ds at 100°C) &: 1.88-1.89(1H,m), 2.10-
2.25(1H,m), 3.02-3.07(2H,m), 3.10-3.50(6H,m), 4.02(1H,s),
4.12(2H,s), 4.45(2H,s), 7.12(1H,s), 7.65(1H,d,J=8.3Hz),
7.91(1H,d,J=8.3Hz), 8.10(1H,d,J=8.3Hz), 8.14(1H,s),
8.16(1H,d,J=8.3Hz), 8.18(1H,br s), 8.48(1H,s), 9.65(2H,br
s).
MS (FD) m/z: 461 (M*, C1®®), 463 (M*, C1%).
Elementary analysis for CgHz4C1N30252¢2.1HC1-Hy0
Calculated: C, 47.47; H, 5.09; Cl1l, 19.74;
N, 7.55; S, 11.52.
Found: C, 47.55; H, 5.13; Cl, 19.85;
N, 7.45; s, 11.48.
[Example 103] (3S)=-3-[(6-Chloronaphthalen-2-
yl)sulfonamide]-1~[(4,5,6,7-tetrahydrothieno[3,2~c]pyridin-
2fyl)carbonyl]pyrr&lidine hydrochloride
In a similar manner to Example 7 except for the use of
(38)—1-[(5—tert—bﬁtoxycarbonyl—4,5,6,7—
tetrahydrothieno[3,2-c]pyridin-2-yl)carbonyl]-3-[ (6-
chloronaphfhalén—Z—yl)sulfonamidé]pyrrolidine as the raw

material, the title compound was obtained.
[a]p==62.70° (25°C,c=1.00,CH30H).
'H-NMR (DMSO-d¢ at 100°C) &: 1.82-1.90(1H,m), 1.96-

2.05(1H,m), 3.05(2H,t,J=6.0Hz), 3.42-3.57(2H,m), 3.60-

3.72(2H,m), 3.84-3.90(1H,m), 4.12(2H,s), 4.45(2H,s),
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7.25(1H,s), 7.64(1H,dd,J=8.3,1.6Hz),
7.90(1H,dd,J=8.3,1.6Hz), 7.97(1H,d,J=5.6Hz),
8.08(1H,d,J=8.7Hz), 8.12(1H,s), 8.14(1H,d,J=8.7Hz),
8.47(1H,s), 9.55(2H,br s).
MS (FAB) m/z: 476 [(M+H)*, C1%], 478 [(M+H)*, c1?].
Elementary analysis for Cz2H22C1N303S2-HCL

Calculated: C, 51.56; H, 4.52; Cl, 13.84;

| N, 8.20; S, 12.51.
Found: C, 51.25; H, 4.61; Cl, 13.68;
N, 7.98; S, 12.36. )

[Ekample 104) (38)-1-[ (6-Chloronaphthalen-2~-yl)sulfonyl] -
3-[[(4,5,6,7-tetrahydrothieno([3,2-c]pyridin-2-
yl)methyllamino]pyrrolidine hydrochloride

In a similar manner to Example 7 except for the use of
(33)—3—[[(5—tert-butoxycarbony1—4,5,6,74'
tetrahydrothieno[B,2—c]§yridin—2—yl)methyl]amino]—1—[(6—_
chloronaphthalen—Z—yl)sulfonyl]pyrrolidiné as the raw mate-
rial, the title compound was obtained.

[o]p=+34.82° (25°C,c=1.00,CHsOH) .

1H-NMR (DMSO-dg) &: 1.98—2.20(2H,mf, 2.99-3.04(2H,m), 3.19-
3.26(1H,m), 3.30-3.50(3H,m), 3.61-3.72(1H,m), 3.52-
3.60(1H,m), 4.13(2H,s), 4.29(2H,s),.7.09(1H,s),
7.71(1H,dd,d=8.8,2.0ﬂz), 7.89(1H,dd, J=8.8,2.0Hz),
8.17(1H,d, J=8.8Hz), 8.25(1H;d,J=2.0Hz), 8.30(1H,s),

8.57(1H,s), 9.55(2H,br s), 9.7-10.0(1H,m).
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MS (FD) m/z: 461 (M", C1%), 463 (M*, C1%).
Elementary analysis for CapH24C1N30,S,-2HC1-0.2H,0
Calculated: C, 49.06; H, 4.94; Cl, 19.75;
N, 7.80; S, 11.91.
Found: C, 48.88; H, 4.97; Cl, 19.65;.
| N, 7.67; S, 11.84.
[Example 105] (35)—3—[(4;5,6,7—tetrahydrothieno[3,2—
clpyridin-2-yl)carbonylamino]-1-[ {6~-chloronaphthalen-2-
yl)sulfonyllpyrrolidine hydrochloride
In a similar manner to Example 7 except for the use of
(3S)—3—[(5;tert—butoxycarbonyl—4,5,6,7—
tetrahydrothieno[3,2-c]pyridin-2-yl)carbonylamino]-1-[ (6~
chloronaphthalen-2-yl)sulfonyl]pyrrolidine as the raw mate-
rial, the title compound was obtained.

[a]D=+33.56° (25°,¢=1.00, CH30H) .

H-NMR (DMSO-dg) &: 1.85-1.95(1H,m), 1.95-2.05(1H,m),
3.04(2H,m), 3.24-3.40(1H,m), 3.41—3.53(3H;m), 4.04-
4.24(3H,m), 7.34(1H,s), 7.67(1H,d,J=8.8Hz),
7.84(1H,d,J=8.§Hz), 8.03(1H,d,J=8.8Hz), 8.17(1H,s),
8.22(1H,d, J=8.8Hz), 8.27(1H,d,J=5.7Hz), 8.50(1H,s),
9.59(1H,br s), 9.71(1H,br s).

MS (FAB) m/z: 476 [(M+H)*, c1%*®], 478 [(M+H)*, C1%].
[Example 106] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-
[(4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-

yl)carbonyl]homopiperazine hydrochloride
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In a similar manner to Example 7 except for the use of
1-[ (5-tert-butoxycarbonyl-4,5, 6, 7-tetrahydrothieno(3, 2-
c]pyridin—Z—yl)carbonyl]—4f[(6—chloronaphthalen—2—
yl)sulfonyllhomopiperazine as the raw material, the title
compound was obtained.
'H-NMR (DMSO-dg) 8: 1.83(2H,br s), 3.04(2H,t,J=5.4Hz),.
3.30-3.59(6H,m), 3.60-3.88(4H,m), 4.14(2H,s), 7.20(1H,br
s), 7.69(1H,dd,J=8.8,2.0Hz), 7.84(1H,d,J=8.8Hz),
8.10(1H,d,J=8.8Hz), 8.17-8.21(2H,m), 8.50(1H,s), 9.57(2H,br
s).
MS (FAB) m/z: 490 [(M+H)*, C1%], 492 [(M+H)*, C1%].
Elementary analysis for Ciy3HzsC1lN303S2+1.1HCL1-0.2H50

Calculated: C, 51.66; H, 4.99; Cl, 13.92; N, 7.86.

Found: C, 51.46; H, 4.61; C1l, 13.55; N, 8.05.
[Example 107] 4—[(6—Chloronaphthalen—2—yl)suifonamido]—l—
[(4,5,6,7—tetrahydrothieno[3,2—c]pyridin-2—
yl)carbonyl]piperidine hydrochloride .

In a similar manner to Example 4 except for the use of
5-tert-butoxycarbonyl-4,5,6,7-tetrahydrothieno(3, 2-

clpyridin-2-carboxylic acid and 4-{[(6-chloronaphthalen-2-

yl)sulfonamido]lpiperidine trifluorocacetate as the raw mate- -

rials, the reaction was conducted, whereby the title com-

pound was obtained.
'H-NMR (DMSO-dg) 8: 1.26-1.38(2H,m), 1.58-1.65(2H,m), 2.93-

3.13(4H,m), 3.29-3.40(3H,m), 3.90-4.05(2H,m), 4.11(2H,s),
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7.16(1H,s), 7.68(1H,dd,J=8.0,2.0Hz),
7.92(1H,dd, J=8.8,2.0Hz), '8.07(1H,d,J=7.3Hz),-
8.13(2H,d,J=8.8Hz), 8.20(1H,d,J=7.3Hz), 8.23(1lH,s),
8.51(1H,s), 9.71(2H,br s).
MS (FAB) m/z: 490 [(M+H)*, c1%®], 492 [(M+H)*, C1%"].
Elementar'y analysis for Ca3Hz5C1N303S2+2.4HC1-3H0

Calculated: .C, 43.67; H, 5.32; Cl, 19.05; N, 6.64.

Found: C, 43.85; H, 5.10; Cl1l, 19.07; N, 6.63.
[Example 108] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[ (6~
aninohydroxyiminomethylbenzofuran-2-yl) carbonyl]piperazine

In a similar manner to Example 83 except for the use
of 1—[(6—chldronaphthalen—2-yl)sulfonyl]-4—[(6—
cyanobenzofuran-2-yl)carbonyl]piperazine as the raw mate-
rial, the title compound was obtained.
1H-NMR (DMSO-dg) &: 3.11(4H,s), 3.83(4H,br), 5.90(2H,br s},
7.34(1H,s), 7.64-7.75(3H,m), 7.83(1H,dd,J=8.8,2.0Hz),
7.89(1H, s), 8.17(1H,d,J=§.8Hz), 8.23(1H,d}J=1.5Hz),
8.26(1H,d,J=8.8Hz), 8.51(1H,s), é.??(lH,s).
MS (fAB) m/z: 513 [(M+H)*, Cc1*®1, 515 [(M+H)*, Ccl?"].
Elementary analysis for CpgHz:C1N4OsS+1/5H20

Calculated: C, 55.80; H, 4.18; Cl, 6.86;

N, 10.70; S, 6.21.
Found: C, 55.65; H, 4.25; Cl, 6.81;
N, 10.70; S, 6.37.

[Example 109] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(5-
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aminohydroxyiminomethylbenzothiophen-2-
yl)carbonyl]lpiperazine

In a similar manner to Example 83 except for the use
of 1-[(6-chloronaphthalen-2-yl)sulfonyl]l-4-(5-
cyanobenzothiophen—nyl)carbonyl]piperazine'as the raw ma-
terial, the title compound was obtained.
H-NMR (DMSO-dg) : 3.11(4H,s), 3:77(4H,s), 5.87(2H,br s),
7.67(1H,s), 7.71(1H,d,J=2.0Hz), 7.75(1H,d,J=8.8Hz),
7.83(1H,dd,J=8.8,2.0Hz), 7.94(1H,d,J=8.8Hz), 8.15(1H,s),
8.17(1H,d,J=8.8Hz), 8.25(1H,d,J=8.8Hz), 8.29(1H,d,J=8,3Hz),
8.50(1H,s), 9.68(1lH,s).
MS (FAB) m/z: 529 [(M+H)*, C1®®], 531 [(M+H)*, C1¥"].
Elementary analysis for CzqH21N4aC1l04S2-0.3H20

Calculated: C, 53.94; H, 4.07; N, 10.48.

Found: C, 54.22; H, 4.17; N, 10.23..
[Example 110] 1-[(6—Chl§ronaphthalen—2—yl)sulfonyl]—4—
[[(1RS)—4—(pygidin—4—yl)—3—cyclohexene]cafbonyl]piperazine
hydrochloride

In a similar manﬁer‘to Example 12 except for the use
of (1RS)-4-(4-pyridyl)-3-cyclohexenecarboxylic acid and 1-
[ (6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride"
as the raw materials, the reaction was conducted, whereby

the title compound was obtained.
'H-NMR (DMSO-dg) &: 1.50-1.60(1H,m), 1.80-1.90(1H,m), 2.25-

2.58(5H,m), 2.80-2.90(1H,m), 2.91-3.10(1H,m), 3.46-
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.3.72(4H,m), 6.94(1H,br s), 7.71(1H,dd,J=8.8,2.0Hz),
7.82(1H,dd, J=8.8,2.0Hz), 7.96(2H,d,J=6.8Hz),-
8.15(1H,J=8.8Hz), 8.24(1H,J=2.0Hz), 8.27(1H,J=8.8Hz),
8.50(1H, s), 8.7612H,d,J=6.8Hz).
MS (FAB) m/z: 496 [(M+H)*, C13}, 498 [(M+H)*, C177].
Elementary analysis for CygH26C1lN303S-HCl-1.3H.0

Calculated: C, 56.18; H, 5.37; Cl1, 12.75;

N, 7.56; S, 5.77.
Found: C, 56.03; H, 5.29; Cl1, 12.67;
N, 7.41; S, 5.77.

[Eéample 111] 1-[(E)-4-Chlorostyrylsulfonyl]-4-[[ (1RS)-4-
(pyridin-4-yl)-3~-cyclohexene]carbonyl]piperazine hydrochlo-
ride

In a similar manner to Referential Example 12 except
for the use of (1RS)—4—(4—pyridyl)—3-cyclohexenecarboxylic
acid and 1-[(E)-4-chlorostyrylsulfonyl)piperazine hydro-
chloride as the raw materials, the reaction was conducted,
~whereby the_title compound was obtained.
'H-NMR (DMSO-dg) &: 1.59-1.70(1H,m), 1.90-1.98(1H,m), 2.31-
2.56(4H,m), 2.90-3.00(1H,m), 3.13(4H,br s), 3.50-
3.63(4H,m), 6.98(1H,br s), 7.35(1H,d,J=15.6Hz),
7.44(1H,d,J=15.6Hz), 7.51(2H,d,J=8.3Hz), 7.80(1H,J=8.3Hz),
7.97(1H,J=6.8Hz), 8.77(1H,J=6.8Hz).
MS (FAB) m/z: 472 [(M+H)*, C1%5], 474 [(M+H)®, C1%"].

Elementary analysis for Cy4H26C1N303S-0.9HCLl-2.3H20
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Calculated: C, 52.77; H, 5.81; C1, 12.33;
N, 7.69; S, 5.87.
Found: C, 52.61; H, 5.80; Cl1, 12.54;
N, 7.44; S; 6.05.
[Example 112] <c¢is-, trans-1-[(6-Chloronaphthalen-2-
yl)sulfonyl]-4-[[4-(pyridin-4-
yl)cyclohexane]carbonyl]piperazine hydrochloride
In a similar manner to Referential Example 12 except
for the use of cis-, trans-4-(4-
pyridyl)cyclohexanecarboxylic acid and 1-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as
the raw materials, the reaction was conducted, whereby the
title compound was obtained.
MS (FAB) m/z: 498 [(M+H)*, C1%*], 500 [(M+H)*, C1"].
Elementary analysis for C,gH2gC1N303S-+1.3HC1- 2H§O
Calculatea: C, 53.71; H, 5.77; Cl, 14.02;
N, 7.23; S, 5.51.
Found: C, 53.70; H, 5.70; C1, 14.21;
N, 7.13; S, 5.72.
(Example 113] cis-, trans-1-[(E)-4-Chlorostyrylsulfonyl]-
4-[[4-(pyridin-4-yl)cyclohexane]carbonyl]piperazine hydro-
chloride |
In a similar manner to Referential Example 12 except
for the use of cis-, trans-4-(4- |

pyridyl)cyclohexanecarboxylic acid and 1-[(E)-4-
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chlorostyrylsulfonyl)piperazine hydrochloride as the raw
materials, the reaction was conductéd, whereby the title
compound was obtained.
MS (FAB) m/z: 474 [(M+H)*, C1%], 476 [(M+H)¥, C1%"].
. Elementary analysis for Cy4HsC1lN303S-1.2HC1-0.8H,0

Calculated: C, 54.17; H, 5.83; Cl, 14.66;

N, 7.80; S, 6.03.
Found: C, 54.21; H, 6.20; Cl1l, 15.03;
N, 7.51; S, 6.18.

[Example 114] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-
-[(i,2,3,4—tetrahydroisoquinolin—6—yl)carbonyl]piperazine
hydrochloride

In a similar manner to Example 7 except for the use of
1-[{(2-tert-butoxycarbonyl-1,2,3,4-tetrahydroisoquinolin-6-
yl)carbonyl]—4—[(6—chloronaphthalen—2—
yl)sulfonyl]lpiperazine as the raw material, the title com-
pound was obtained.
'H-NMR (DMSO-ds) 8: 2.89-3.29(4H,m), 3.20-3.83(8H,m),
4.25(2H,s), 7.10-7.25(3H,m), 7.71(1H,d,J=8.3Hz),
7.81(1H,d,J=8.3Hz), 8.17(1H,d,J=8.8Hz), 8.15-8.25(2H,m), -
8.49(1H,s), 9.54(2H.brs).
Mé (lFAB) m/z: 470 [(M+H)*, C1%], 472 [(M+H)*, C1%7].
Elementary analysis for CpysH34C1N303S-HCLl-2.0H0

Calculated: C, 53.14; H, 5.39; Cl, 13.07;

N, 7.75; S, 5.91.
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Found: C,.53.43; H, 5.43; C1l, 13.15;
N, 8.07; S, 5.55.
[Example 115] 1-{[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(2-
methyl-l,2,3,4—tetrahydroiSoquinolin—G—
yl)carbonyl]piperazine hydrochloride
In a similar manner to Example 91 except for the use
of 1-[({6-chloronaphthalen-2-yl)sulfonyl]-4-[(1,2,3, 4~
tetrahydroisoquinolin-6~yl)carbonyl]piperazine hydrochlo—
ride as the faw material, the reaction was conducted,
whereby the title compound was obtained.
"H-NMR (DMSO-de) 8: 2.88(3H,s), 2.90-3.80(13H,m), 4.12-
4.56(1H,m), 7.19(1H,s), 7.20(2H,d,J=6,8Hz),
7.72(1H,dd,J=8.8,2.0Hz), 7.81(1H,d, J=8.8Hz),
8.17(1H,d,J=8.8Hz), 8.24-8.28(2H,m), 8.49(1lH.s),
10.93(1H,brs). |
MS (FAB) m/z: 484 [(M+H)*, C13%], 486 [(M+H)*, c1¥].
Elementary analysis for CpqHz4C1N303S-HC1-2.3H20
Calculated: C, 53.44; H, 5.67; Cl, l1l2.62;
N, 7.48; S, 5.71.
Found: C, 53.71; H, 5.81; Cl, 12.37;
N, 7.26; S, 5.62.
[Example 116] 6-[[4-[(6-Chloronaphthalen-2-
yl)sulfonyl]piperazin-l~-yl]lcarbonyl]-2,2-dimethyl-1,2,3,4-
tetrahydroisoquinolinium iodide

In a similar manner to Example 92 except for the use
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of 1-[(6-chloronaphthalen-2-yl)sulfonyl]-4-((2-methyl-
1,2,3,4—tetrahydroisoquinolin—6—yl)cérbonyl]piperazine hy-
drochloride as the raw material, the title compound was ob-
tained.
1H-NMR (DMSO-dg) 8: 2.90-3.85(18H,m), 4.61(2H,s),
7.19(1H,d,Jd=7.8Hz), 7.24(1H,d,J=7.8Hz), 7.28(1H,s),
7.72(1H,dd,J=8.8,1.5Hz), 7.81(1lH,d,J=8.8Hz),
8.17(1H,d,J=8.8Hz), 8.20-8.31(2H,m), 8.50(1H.s).
. Elementary analysis fqr C26H26C1IN30O3S » Ho0

Calculated: C, 48.49; H, 4.85; N, 6.53.

Found: C, 48.66; H, 4.96; N, 6.39.
[Example 117] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[4-
(1,2,3,6-tetrahydropyridin-4-yl)benzoyl]lpiperazine hydro-
" chloride

In a similaf manner to Referential Example.7 except
for the use of 1;[4—(l—tert—butoxycarbonyl—l,2,3,6—
tetrahydropyridin—4—yl)benzoyl]—4—[(6—chléronaphthalen—2¥
yl)sulfonyl]piperazine as the raw material, thg title com-
pound was obtained.
'H-NMR (DMSO-d¢) &: 2.67(2H,br s), 3.05(4H,br), 3.30(2H,br
s), 3.35-3.78(6H,m), 6.24(1H,br s), 7.32(2H,d,J=8.3Hz),
7.47(2H,d,J=8.3Hz), 7.71(1H,dd,J=8.8,2.0Hz),
7.81(1H,dd,J=8.8,2.0Hz), 8.17(1H,d,J=8.8Hz), 8.22-
8.28(2H,m), 8.49(1H,s), 9.25(2H,br s).

MS (FAB) m/z: 496 [(M+H)*, C1%%], 498 [(M+H)*, C1%"].
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Elementary analysis for Ca;HzeC1N303S:-HCL1:2/5H,0
Calculated: C, 57.86; H, 5.19; Cl, 13.14;
N, 7.79; 8, 5.94.
Found: C, 57.91; H, 5.19; Cl, 12.91;
N, 7.75; S, 5.78.
[Example 118] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[4-
(piperidin-4-yl)benzoyl]piperazine hydrochloride
In a similar manner to Reférential Example 7 except
for the use of 1—[4-(l—tert—butoxycarbohylpiperidin—4—'
yl)benzoyl]—4—[(6—chloronaphthélen-2—yl)suifonyl]piperazine
as the raw materiél, the title compound was obtained.
*H-NMR (DMSO-dg) &: 1.78-1.94(4H,m), 2.80-3.21(7H,m), 3.30-
3.84(6H,m), 7.23(2H,d,J=8.3Hz), 7.28(2H,d,J=8.3Hz),
7.71(1H,dd,J=8.8,2.0Hz), 7.80(1H,dd,J=8.8,2.0Hz),
8.17(1H,d, J=8.8Hz), 8.22-8.27(2H,m), 8?49(1H,s), 8.78-
9.00(2H,m) .
MS (FAB) m/z: 498 [(M+H)*, C1%], 500 [(M+H)*, C1%"].
Elementary analysis for CagHzgC1lN303S-HCl-3/5H,0
Calculated: C, 57.27; H, 5.58; Cl1, 13.00;
N, 7.71; S, 5.88.
Found: C, 57.23; H, 5.52; Cl, 12.90;
N, 7.60; S, 5.83.
[Example 119] (3RS)-3-[(6-Chloronaphthalen-2-
yl)sulfonamido]-l—[4—(pyridin—4—yl)benzoyl]pyrrolidine hy~

drochloride
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In saturated ethanol hydrochloride, (3RS)-1l-tert-
butoxycarbonyl—B—[(6—chloronéphthalen—2—
yl)sulfonamido]pyrrolidine was dissolved, followed by stir-
ring at room temperature for 8 hours. The solvent was then
distilled off under reduced pressure. In a similar manner
to Example 4 except for the use of the resulting residue
and 4-(4-pyridyl)benzoic acid as the raw materials, the re-
action.was conducted, whereby the title compound was ob-
tained. |
H-NMR (DMSO-dg) &: 1.70-2.10(2H,m), 3.00-3.65(4H,m), 3.75-
3.§O(lH,m), 7.50-8.40(13H,m), 8.95-9.05(2H,m) .
MS (FAB) m/z: 492 [(M+H)*, €1%], 494 [(M+H)*, C1%].
Elementary analysis for CzgH22C1N303S-HCLl-1.8H20

Calculated: C, 55.68; H, 4.78; N, 7.49;

| Cl, 12.64; S, 5.72.
Found: C, 55.62; H, 4.94; N, 7.67;
cl, 12.76; S, 5.79. |

[Example 120] (3RS)-1-[(6-Chloronaphthalen-2-yl)sulfonyl]-
3-[4- (pyridin-4-yl)benzamido]lpyrrolidine hydrochloride

In saturated ethanol hydrochloride, (3RS)-1l-tert-
butoxycafbonyl—B—[4*(4—pyridyl)benzamido]pyrrolidine was
dissolved, followed by stirring at room temperature for 4
hours. The solvent was then distilled off under reduced
pressure. In a similar manner to Referential Example 1 ex-

cept for the use of the resulting residue and 6-chloro-2-
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naphthylsulfonyl chloride as the raw materials, the reac-
tion was conducted, whereby the title compound Qas ob-
~ tained.
"H-NMR (DMSO-de) 8: 1.90-2.10(2H,m), 3.00-3.60(4H,m), 4.15-
4.25(1H,m), 7.57(1H,dd,J=8.8,2.0Hz), 7.73(2H,d,J=8.8Hz),
7.85(1H,dd, J=8.8,2.0Hz), 7.90(2H,d,J=8.8Hz), 7.95-
8.05(2H,m), 8.18(1H,d,J=8.8Hz), 8.30-8.40(3H,m),
.8.50(1H,s), 8.98(2H,d,J=6.4Hz) .
MS (FAB) m/z: 492 [(M+H)®, C1%%]), 494 [(M+H)*, C1¥].
Elementary analysis for CgH22C1N303S-0.8HC1-0.8H,0
. Calculated: C, 58.31;-H, 4.59; N, 7.85;
Cl, 11.92; s, 5.99.
Found: C, 58.27::H, 4.68; N, 7.80;
Cl, 11.94; s, 6.04.

[Example 121] 1—[[(E)—2-(G;Chloropyridin—B—
yl)ethylenelsulfonyl]-4-[4-(pyridin-4-yl)benzoyl]lpiperazine

In a similar manner to Example 7 excépt for the use of
1-tert-butoxycarbonyl-4-[[(E)-2-(6-chloropyridin-3-
yl)ethylene]sulfonyl]piperazine as the raw material, the
tert-butoxycarbonyl group was removed. The residue was
subjecteﬁ to the reaction as in Referéntial Example 116,

whereby the title compound was obtained.
'H-NMR (DMSO-dg) 8: 3.10-3.31(4H,br), 3.40-3.84(4H,br),
7.50(1H,d,J=15.9Hz), 7.52(1H,d,J=15.9Hz),

7.46(3H,d,J=8.3Hz), 8.06(2H,d,J=8.3Hz), 8.28-8.33(3H,m),
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8.79(1H,d,J=2.0Hz), 8.94(2H,d,J=6.4Hz).
MS (FAB) m/z: 469 [(M+H)*, C1%], 471 [(M+H)*, C1¥].
Elementary analysis for Ca3H21C1N4O3S-HC1-0.4H.0
Calculated: C, 53.89; H, 4.48; N, 10.93;
Cl, 13.83; S, 6.26.
Found: C, 53.95; H, 4.47; N, 11.62;
Cl, 13.91; S, 6.39.
[Example 122] 1-[(6-Chloronaphthalen-2-~yl)sulfonyl]-4-[2-
methyl-4- (pyridin-4-yl)benzoyl]piperazine hydrochloride
In a similar manner to Referential Example 7 except
for the use of 1-(4-bromo-2-methylbenzoyl)-4-[(6-
chloronaphthalen-2-yl)sulfonyl]piperazine as the raw mate-
rial, the reaction was conducted, whereby the title com-

pound was obtained.

'H-NMR (DMSO-dg) &: 2.20(3H,s), 2.80-4.00(8H,m),
7.36(1H,d,J=8;3Hz), 7.73(1H,dd,J=8.8,2.4Hz), 7.75-
7.85(2H,m), 7!58(1H,s), 8.18(1H,d, J=8.8Hz), 8.20-
8.30(4H,m), 8.50(1H,br s), 8.90(2H,d,J=6.8Hz).
'MS (FAB) m/z: 506 [(M+H)*, c1*®], 508 [(M+H)*, C1%}.
[Example 123] 4-[4-[[4-[(6-Chloronaphthalen-2-
yl)sulfonyl]piéerazin—l—yl]carbonyl]—3—
methylphenyl]pyridine N-oxide

In a similar manner to Example 6 except for the use of

1—[(6—chloronaphthalen—2—yl)sulfonyl]—4-[2—methyl—4-

(pyridin-4-yl)benzoyl]lpiperazine as the raw material, the
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reaction was conducted, whereby the title compound was ob-
tained. |
'H-NMR (CDCl3)8: 2.27(3H,s), 2.80-4.20(8H,m),
7.16(1H,d, J=8.3Hz), 7.38(1H,J=8.3Hz), 7.41(1H,br s},
7.48(2H,d,J=6.8Hz), 7.61(1H,dd,J=8.8,1.5Hz),
7.75(1H,d,J=8.8Hz), 7.91-7.97(3H,m)}, 8.28(2H,d,J=6.8Hz),
8.31(1H,bxr s).
MS (FAB) m/z: 522 [(M+H)*, C1°®], 524 [(M+H)¥, c135].'
Elementary analysis for Ca7H24C1N30,4S-H20

Calculated: C, 60.05; H, 4.85; Cl, 6.56;

N, 7.78; S, 5.94.
Found: C, 59.98; H, 4.89; Cl, 6.51;
N, 7.48; S, 5.92.

[Example 124] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]}-4-[3-
methyl—4—(pyridin—4—yl)bénzoyl]piperazine hydrochloride

In a similar manner to Example 4 except for the use of
3-methyl-4-(4-pyridyl)benzoic acid hydrochloride as the raw
material, the reaction was conducted, whereby the title
coméound was obtained.
H-NMR (DMSO-dg¢) 8: 2.27(3H,s), 3.08(4H,br), 3.47(2H,br),
3.72(2H,br), 7.26-7.37(3H,m), 7.73(1H,dd,J=8;8,2.0Hz),
7.83(1H,dd,J=8.8,2.0Hz), 7.86(2H,d,J=6.8Hz),
8.18(1H,d,J=8.8Hz), 8.25-8.29(2H,m), 8.50(1H,br s),
8.87(2H,d,J=6.8Hz).

MS (FAB) m/z: 506 [(M+H)*, C13%%], 508 [(M+H)*, C13%].



- 351 -

Elementary analysis for Ca7H24C1N3035-0.9HC1-1.7H;0
Calculated: C, 56.55;.H, 5.01; C1, 11.83;
N, 7.38; S, 5.63.
Found: c, 57.08; H, 5.04; C1, 11.75;
N, 7.37; S, 5.49.
[Example 125] 4-[4-[[4~[(6-Chloronaphthalen-2-
yl)sulfonyl]-piperazin-i-yllcarbonyl]-2-
methylphenyl]pyridine N-oxide
In a similar manner to Example 6 except for the use of
l—[(G—Chloronaphthélen—Z—yl)sulfonyl]—4—[3—methyl—4-
(pyridin-4-yl)benzoyl piperazine as the raw material, the
reaction was conducted, whereby the title compound was ob-
tained.
'H-NMR (CDCls) &: 2.28(3H,s), 3.13(4H,br), 3.63(2H,br),
3.86(2H,br), 7.i5—7.28(5H,m), 7.60(1H,d,J=8.8Hz),
7.76(1H,d, J=8.8Hz), 7:90—7.96(3H,m), 8.26(2H,d,J=6.8Hz)K
8.31(1H, ). '
MS (FAB) m/z: 522 [(M+H)*, C1®], 524 [(M+H)*, cl1%].
- Elementary analysis for Czﬁh4QlN3O4S-H20
Célculated: C, 60.05; H, 4.85; Cl, 6.56;
N, 7.78; S, 5.94.
Found: C, 59.71; H, 4.68; Cl, 6.87;
N, 7.63; S, 5.91.
[Example 126] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[4-

(2-methylpyridin-4-yl)benzoyl]lpiperazine hydrochloride
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In a similar manner to Example 4 except for thg use of
4~ (2-methyl-4-pyridyl)benzoic acid hydrochléride as the raw
material, the reaction was conducted, whereby the title
compound was obtained.

'H-NMR (DMSO-d¢) &: 2.76(3H,s), 3.00-3.90(8H,m),
7.56(2H,d,J=8.3Hz), 7.74(1H,dd,J=8.8,2.4Hz),
7.83(1H,dd,J=8.8,2.0Hz), 8.00(2H,d,J=8.3Hz),
8.14(1H,d,J=6.4Hz), 8.19(1H,d,J=8.8Hz), 8.22-8.29(3H,m),
8.51(1H,br s), 8.80(1H,d,J=6.4Hz). |
MS (FAB) m/z: 506 [(M+H)*, C1%%], 508 [(M+H)*, C1%%].
Elémentary analysis for Cz7H24C1N303S-HC1-2H,0
Calculated: C, 56.06; H, 5.05; Cl, 12.26;
N, 7.26; S5, 5.54.
Found: C, 55.84; H, 5.03; Cl, 12.26;
N, 6.85; S, 5.54.
[Example 127] 4-[4-[[4-[(6~-Chloronaphthalen-2-
yl)sulfonyl]-piperazin—léy;]carbonyl]phenyl]—2—
methylpyridine N-oxide

In a similar manner to Example 6 except for the use of
1—[(6—chloronaphthalen—2—yl)sulfonylj—4—[4—(2—
‘methylpyridin-4-yl)benzoyl]lpiperazine as the raw material,
the reaction was conducted, whereby the title compound was

obtainéd.
1H-NMR (CDCls) §:2.58(3H,s), 3.13(4H,br), 3.65(2H,br),

3.84 (2H,br), 7.34(1H,dd,J=6.8,2.4Hz), 7.41(2H,d,J=8.3Hz),
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7.45(1H,d,J=2.4Hz), 7.56-7.62(3H,m),
7.76(1H,dd,J=8;8;2.0Hz), 7.91-7.96(3H,m), 8.28-8.32(2H,m).
MS (FAB) m/z: 522 [(M+H)*, Cc1%], 524 ((M+H)*, c1l¥].
Elementary analysis for Cz;Hz,C1N304S-H,0-0.05CH,Cl,
Calculated: C, 59.69; H, 4.83; Cl, 7.16;
N, 7.72; S, 5.89.
Found: C, 59.47; H, 4.87; Cl, 6.98;
| N, 7.48; S, 6.10.

[Example 128] 4-[4-[[4-[(6-Chloronaphthalen-2-yl)sulfonyl]—

2-[[2-{morpholin-4~-yl)ethylamino]}carbonyl]lpiperazin-1-

ylJcarbonyl]phenyl]lpyridine N-oxide

In a similar manner to Example 4 except for the use of
4-[4-[[2~carboxy-4-[ (6-chloronaphthalen-2-
yl)sulfonyllpiperazin-l-yl]carbonyllphenyl]pyridine ﬁ—oxide
and 4-(2-aminoethyl)morpholine as the raw materials, the
reaction was conducted, whereby the title compognd was ob-
t;ined. | | .
L4-NMR (CDCls) §: 2.22 (4H,s), 2.35-2.80 (6H,br), 3.20-

3.90(3H,br), 3.74(4H,s), 4.20-4.60(1H,br), 5.25-

5.50(1H,br), 6.80-7.20(1H,br), 7.45-7.70(7H,m),

7.76(1H,d, J=8.8Hz), 7.85-7.95(3H,m), 8.26(2H,d,J=6.9Hz),
8.32(1H,s).

MS (FAB) m/z: 664 [ (M+H)*, c13], 666 [(M+H)*, C1%7].
[Example 129] 4-[4-[[4-][(6-Chloronaphthalen-2-

yl)sulfonyl]—2-[[2-
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(dimethylamino) ethylamino]carbonyl]piperazin-1-
yljcarbonyl]phenyl]pyridine N-oxide o

In a similar manner to Example 4 except for the use of
4-[4~[[2-carboxy~-4-[ (6~chloronaphthalen-2-
yl)sulfonyllpiperazin-1-yl]carbonyl]phenyl]lpyridine N-oxide
and 2-(dimethylamino)ethylamine as the raw materials, the
reaction was conducted, whereby the title compound was ob-
tained.
H-NMR (CDClj) 3: 2;29(6H,s), 2.35-2.75(6H,br), 3.35-
3.90(3H,br), 4.40-4.60(1H,br), 5.25-5.50(1H,br), 7.00-
7.20(1H,br), 7.45-7.65(7H,m), 7.77(1H,dd,J=8.8,1.4Hz),
7.85-7.95(3H,m), 8.26(2H,d,J=7.3Hz), 8.34(1H,s).
MS (FAB) m/z: 622 [(M+H)*, C1%%1, 624 [(M+H)*, c1%7].
Elementary analysis for C3;H3sNs0sS-0.05CH2Clz¢2H,0

Calculated: C, 56.30; H, 5.49; N, 10.57;

Cl, 5.89; S, 4.84.
Found: C, 56.27; H, 5.37; N, 10.39;
cl, 6.01; S, 4.91.

[Example 130] 4—[(6—Chloronaphthalen—2—yl)sulfonyl];2—
methoxycarbonylmefhyl—l-t4—(pyridin—2-yl)benzoyl]piperazine

In a similar manner to Referential Example 116 except
for the use of 1-[(6-chloronaphthalen-2-yl)sulfonyl]-3-
methoxycarbonylmethylpiperazine and 4-(2-pyridyl)benzoic
acid hydrochloride as the raw materials, the reaction was

conducted, whereby the title compound was obtained.
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H-NMR (DMSO-dg) &: 2.30-4.50(11H,m), 5.06(1H,br s), 7.30-
7.50(3H,m), 7.72(1H,dd,J=8.8,2.0Hz), 7.80-7.85(1H,m), 7.85-
7.95(1H,m), 7.98(1H,d,J=7.8Hz), 8.10(2H,d,J=8.3Hz),
8.18(1H;d,J=8.8Hz), 8.25-8.30(2H,m), 8.51(1H,s), 8.65-
8.70(1H,m) .
MS (FAB) m/z: 564 [(M+H)*, C1%], 566 [ (M+H)*, C1%].
Elementary analysis for C,gH2C1N305S-1.1H20

Calculated: C, 59.66; H, 4.87; N, 7.20;

| Cl, 6.07; S, 5.49.
Found: C, 59.53; H, 4.61; N, 7.05;
Cl; 6.33; S, 5.70.

[Example 131] 4-[(6-Chloronaphthalen-2-yl)sulfonyl]}-2-
carboxymethyl-1-[4-(pyridin-2-yl)benzoyl]lpiperazine hydro-
chloride

In a similar manner to Referential Example 3 except
for the use of 4-[(6-chloronaphthalen-2-yl)sulfonyl]-2-
methoxycarbonylmethyl—l—[4—(pyridin—2—yl)benioyl]piperazine
as the raw material, fhe reaction was conducted, whereby |
the title compound was obtained.
'H-NMR (DMSO-ds) 8: 2.30-4.50(8H,m), 5.05(1H,br s), 7.35-
7.40(1H,m), 7.43(2H,d,J=8.8Hz), 7.72(1H,d,J=8.3Hz),
7.81(1H,d,J=8.8Hz), 7.85-7.90(1H,m), 7.97(1H,d,J=7.8Hz),
8.08(2H,d,J¥8.8Hz), 8.17(1H,d,J=8.8Hz), 8.25—8.30(2H,m),
. 8.49(1H,s), 8.65-8.70(1H,m).

MS (FAB) m/z: 550 [(M+H)*, c13%], 552 [(M+H)*, C1%].
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Elementary analysis for C28H24C1N3058-0._4HCl-0.9H20
Calculated: C, 57.90; H, 4.55; N, 7.23;
Cl, 8.55; S8, 5.52.
Found: C, 57.76; H, 4.26; N, 7.02;
Cl, 8.44; s, 5.27.
[Example 132] 2-Carbamoylmethyl-4-[ (6-chloronaphthalen-2-
yl)sulfonyl]}-1-[4~(pyridin-2-yl)benzoyl]lpiperazine hydro-
chloride
In a similar manner to Referential Example 35 except
for the use of 4-[(6-chloronaphthalen-2-yl)sulfonyl]-2-
carboxymethyl-1-[4- (pyridin-2-yl)benzoyl]piperazine as the
‘raw material, the reaction was conducted, whereby the title
compound- was obtained.
'H-NMR (DMSO-dg) &: 2.20-4.50(8H,m), 5.10(1H,br s),
6.96(2H,br-s), 7.45-7.55(3H,m), 7.70—7;85(3H,m), 8.05-
8.35(6H,m), 8.50(1H,s), 8.81(1H,d, J=4.9Hz).
MS (FAB) m/z: 549 [(M+H)*, C1%], 551 [(M+H)*, C1%"].
Elementary analysis for C23H25C1N4_048-1.3HC1-1.5H20
Calculated: C, 53.94; H, 4.74; N, 8.99;
Cl, 13.08; s, 5.14.
Found: C, 53.85; H, 4.87; N, 8.80;

Cl, 13.19; s, 5.27.
[Example 133] 1-{(Z)-4-Chloro-f-(2-hydroxyethan-1-yl)-f-
styrylsulfonyl]-4-[4-{(pyridin-2-yl)benzoyl]piperazine hy-

drochloride
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Under ice cooling, 4-tert-butoxycarbonyl-1-[(Z)-4-
ﬁhloro—B—[2-(methoxymethyloxy)ethyl]—B—'
styrylsulfonyl]lpiperazine (355 mg) was dissolved ih ethanol
(3 ml), followed by the addition of saturated ethanol hy-
drochloride (6 ml). The resulting mixture was stirred at
room temperature for 1 hour. After the reaction mixture
was concentrated under reduced pressure, the residue was
provided for the similar reaction as in Example 4, whereby
the title compound (285 mg, 65%) was obtained.

'H-NMR (DMSO-de) &: 2.58(2H,t,J=6.6Hz), 3.06(4H,br s),
3.i5-3.60(4H,br), 3.68(2H,t,J=6.6Hz), 7.24(1H,s),
7.38(2H,d,J=8.6Hz), 7.40(2H,d,J=8.6Hz), 7.47-7.57(3H,m),
8.02-8.10(2H,m), 8.14(2H,d,J=8.3Hz), 8.74(1H,d, J=4.4Hz).

MS (FAB) m/z: 512 (M+H)".
[Example 134] 1~[(E)-4-chloro-B-(2-hydroxyethan-1~yl)~-f-
styrylsulfonyl]-4-{4-(pyridin-2-yl)benzoyl]piperazine hy-
drochloride

In a similar manner to Example 133 except for the use
of 4-tert-butoxycarbonyl-1-[(E)-4-chloro-pB-[2-
(methoxymethyloxy)ethyl]-Bf-styrylsulfonyl]piperazine as the'
raw material, the title compound was obtained.
'H-NMR (DMSO-de) &: 2.74(2H,t,J=7.3Hz), 3.27(4H,br s),
3.37-3.85(6H,m), 7.45(1H,s), 7.50-7.60(5H,m),

7.68(2H,d,J=8.3Hz), 8.06-8.17(4H,m), 8.75(1H,d,J=4.9Hz).
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MS (FAB) m/z: 512 (M+H)".
E‘.lemen.tary analysis for CzgH2¢C1N30,S-1.1HC1-0.8H50

Calculeted: C, 55.12; H, 5.11; N, 7.42;

Cl,.13.14; S, 5.665
Found: C, 55.22; H, 5.21; N, 7.20;
Cl, 12.97; s, 5.66.

[Test 1] Measurement of Ki value against FXa

In a 96-well microtiter piate, 5 pl of a sample solu-
tion, 5 pl of purified water, 40 npl of a 100 mM tris -
200mM sodium chloride - 0.2% BSA (pH: 7.4) buffer and 10 pl
of 0.05 U/ml human FXa (product of Enzyme Research, dis-
solved in and diluted with a measuring buffer) were poured,
followed by the addition of 40 pl of 52222 (product of
Chromogenix, final concentration: 75, 150, 300 and 600 uM).
An increase in the absorbance at 405 nm was measured at
room temperature for i5 minutes. From a reciprocal of-the
reaction rate and concentration of the inhibitor, four pri-~
mary regression equations (Y= aX + b) were found (Dixon
Plot). .The median of six values available by solving si-
multaneous equations was designated as a Ki value.

The Ki values of the compounds obtained in Examples

91 and 93 against FXa were 6.6 nM and 10.9 nM, respec-
tively.
[Test 2] Measurement of Ki value against thrombin

In a 96-well microtiter plate, 5 pl of a sample solu-
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tion, 5 pl of purified water, 40 pl of a 100 mM tris -
ZdOmM sodium chloride -0.2% BSA (pH: 7.4) buffer and 10 pl
of 5 U/ml human thrombin (product of Sigma Chemical, dis-
solved in and diluted with a measuring buffer) were poured
in portions, followed by the addition of 40 pl of S2226
(product of Chromogenix, final concentration: 50, 100, 200
and 400 pM). An increase in the absorbance at 405 nm was
measured at room temperature for 15 minutes. From a recip-
rocal of the reaction rate and concentration of the inhibi-
tor, four primary regression equations (Y= aX + b) were
found (Dixon Plot). The median of six values available byl
solving simultaneous equations was designated as a Ki
value.
The Ki values of the compounds obtained in Examples

91 and 93 against thrombin were 0.4 pM and 3.3 uM, respec-
tively.
[Test 3] Measurement of FXa inhibitory action (ICsp)
1) Reaction rate method

- In a 96-well microtiter plate, 10 pul of a sample solu-
tion, 40 pl of a 100 mM tris - 200mM sodium chloride -0.2%
BSA (pH: 7.4) buffer and 10 pl of 0.05 U/ml human FXa
(“*Cosmobio-ERL HFXa-1011”, dissolved in and diluted with a
measuring buffer) were poured in portions, followed by the
addition of 40 ml of 82222 (product of Chromogenix). An

increasé (mOD/min) in the absorbance at 405 nm was measured
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at room temperature. From the below-described equation, an
inhibitory ratio % of eéch sample was determined. ©On a
logarithmic pfobability paper, the final concentration of
the sample and inhibitory ratio % were plotted along the
abscissa and the ordinate, respectively, whereby a 50% in-
hibitory concentration (ICsg) was determined.

Inhibitory ratio (%) = (1 - OD of sample + OD of con-
trol) x 100

The compound of Example 92 showed a FXa 50% inhibitory
concentration of 7.8 nM.
2)-End point method

A sample solution (100 pl), 280 pl of a 100 mM tris -
200mM sodium chloride (pH 7.4) buffer and 100 pl of a 1mM
S2222 (Chromogenix Corp.) solution were mixed and heatgd at
37°C. To the resulting mixture, 20 pl of 0.625 U/ml human
FXa (“Cosmobio-ERL HFXa-1011”, dissolved in and diluted
with a measuring buffer) were added, followed by heating at
37°C for 15 minutes. To the.resulting mixture, 100 pl of
1M citric acid were added and then, the absorbance at 405
nm was measured. Thé mixture to which only the diluting
solvent for the sample was added instead of the sample was
used as a blank, while the mixture to which 1M citric acid
was added prior to the addition of FXa was used as a con-

trol. The concentration of the sample {ICsy) at which 50%

of FXa activity was inhibited was determined and it was
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designated as an index of FXa inhibitory action.

| The compounds of Example 6 and 19 exhibited a FXa 50%
inhibitory concentration of 125 nM and 72 nM, respectively.
[Test 4] Measurement of thrombin inhibitory action (ICso)
1) Reaction-rate method

In a 96-well microtiter plate, 10 pl of a sample solu-

tion, 40 pl of a 100 mM tris - 200mM sodium chloride -0.2%
BSA (pH: 7.4) buffer and 10 pl of 4 U/ml human thrombin
(Sigma Chemical, dissolved in and diluted with a measuring
buffer) were poured, followed by the addition of 40 pl of
500 pM S2266 (product of Chromogenix). An increase
(mOD/min) in the absorEance at 405 nm was measured at room
temperature. From the below-described equation, an inhibi-
tory ratio % of each sample was determined. On a logarith-
mic probability paper, the final concentration of the sam-
ple and inhibitory ratio were plotted along the abscissa
and the ordinate, respectively, whereby a 50% inhibitor?

concentration (ICsg) was found.

Inhibitory ratio-(%) = (1 —.OD of sample + OD of con-
trol) x 100

The compound of Example 19 showed a thrombin 50% in-
hibitory conéentration of 1.9 M.
2) End point method

A sample solution (100 pl), 280 pl of a 100 mM tris ~,.

200mM sodium chloride (pH 7.4) buffer and 100 pl of 1mM
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$2238 (Chromogenix) solution were mixed and heated at 37°C.
To the resulting mixture} 20 pl of 1 U/ml human thrombin
(Sigma Chemical, dissolved in and diluted with a measuring
buffer) were added, followed by heating at 37°C for 10 min-
utes. To the resulting mixture, 100 pl of 1M citric acid
were added and then, the absorbénce at 405 nm was measured.
The mixture to which only the diluting solvent was added
instead of the sample was used as a blank, while the mix-
ture to which 1M citric acid was added prior to the addi-
tion of thrombin was used as a control. The sample concen-
tration (ICsp) at which 50% of thrombin activity was inhib-
ited was found and it was designated as an index of throm-
bin inhibitory action.

The compound of Example 92 exhibited a thrombin 50%
inhibitory concentration not less than 200 pM.

[Test 5] Measurement of coagulation extending action
(measurement éf prothrombin time)

Plasma (20 pl) and 20 pl of a sample solution were
mixed. To the resulting mixture, 40 ml of cynplastin (bro—
duct of Organon Teknika) were added and the coagulation
time was measured. The concentration of the sample (CT2)
at which the coagulation time of the plasma was increased
twice was found and it was designated as an index of anti-
coagulant action.

The compound of Example 92 showed CT2 of 0.35 pM.
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[Test 6] Test of oral administration
1) Method

A-sample was dissolved or suspended in a 0.5% (w/v)
methyl cellulose solution and the resulting solution or
suspension was orally administered (10 ml/kg) to a 8 to 11
week~o0ld rat (Wistar male rat (Nippon SLC Co., Ltd.)) which
had been fasted overnight. After administration of the
sample, the blood to which 1/10 part by weight of 3.13%
(w/v)'sodium citrate had been added was collected from the
cervical vein. The rat was awakened except during the
blood collection. Feeding was re-started 6 hours after the
blood collection. From each blood sample, the plasma was
separated by centrifugal separation and anti-FXa activity
in the blood and prothrombin time extending action were
measured.
2) Measuring method
2-1) Measurement of anti-FXa activity in the plasma

In a'96;well pléte, 5 pl of the plasma was poured in
portions, followed by the addition of 55 pl of a 8:1:2 mix-
fure of 100 mM tris - 200 mM sodium chloride - 0.2% BSA (pH
7l4) buffer, wa£er and 0.1 U/ml human Factor Xa soclution
(dissolyed in and diluted with a measuring buffer) and 40
pl of 750 pM S-2222. After stirring for 10 seconds in a
plate mixer, an increase‘(mOD/min) of the absorbance at 405

nm was measured at room temperature. The inhibitory ratio
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was calculated as follows:

An inhibitory ratio (%) = (1 - OD of sample + OD of
control on average relative to blood-collecting time of
sample} x 100
_2—2) Measurement of coagulation extending action in oral
administration (measurement of prothrombin time)

To 20 pl of the plasma, 40 pl of cynplastin (Organon
Teknika/USA) were added and the coagulation time wés meas-
ured. The ratio of the prothrombin time after the admini-
stration of the sample relative to the prothrombin time be-
fore the administration of the sample was designated as an
index of the coagulation extending action.

3) Result

The compound of Example 110 showed an anti-FXa activ-
ity of 70% in the plasma one hour after the administration
of 30 mg/kg of the sample. It extended the prothrombin
time by 1.18 times.

[Test 7] Testing method of anti-thrombus effects in a
tissue thromboplastin—nerived rat DIC model

A rat was anesthetized with halothane. After the col-
1ectidn of the biood (for neasurement of the number of
platelets, anti-FXa activity and TAT) from its cervical
vein by using 1/10 part by weight of 3.13% (w/v) sodium
citrate, the sample was administered orally. At an appro-

priate time after the administration, the rat was intra-
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peritoneally anésthetized (1 mg/kg) with Nembutal (50 mg/ml
pentobarbital sodium, Abott Laboratoriés), followed by in-
travenous drip of 0.2 U/ml of tissue thromboplastin (Throm-
bopla;tin C plus, Dade Diagnostics of P. R. Inc.,) from the
femoral vein for one minute at a rate of 2.5 to 3.0
ml/kg/min. The blood was collected (for measuring the num-
ber of platelets and anti-FXa activity) from the cervical
vein 10 minutes after the intravenous drip and the blood
ﬁas collected (for measuring TAT) from the cervical vein 20
minutes after the blood collection. The number of plate-
lets, anti-FXa activity in the plasma and TAT concentration
- of each blood sample were measured. The number of the
platelets was measured by an automatic cytometer, while the
anti-FXa activity in the'piasma was measured in a similar
manner to that described in Test 7. ° |

For the measurement of TAT (Thrombin-anti Thrombin =
complex), EnzygnostR TAT micro kit (Boering Verke) was eﬁ—
ployed.

As a result of the oral administration of 30 mg/kg of
the combound of Example 95, apparent anti-FXa action in the
plasma was recognized and a decrease in the number of the
platelets and an increase in the TAT concentration were
suppressed (the tissue thromboplastin was administered one

hour after the administration of the sample).
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Capability of Exploitation in Industry

The sulfonyl derivative according to the present in-
vention exhibits anticoagulant action based on excellent
FXa inhibitory action éo that without acting on a platelet,
it can treat orx prevent various diseases caused by a throm-
bus or embolus such as cerebral infarction, cerebral embo-
lism, myocardial infarction, pulmonary infarction, pulmo-
nary eﬁbolism, Buerger’s disease, deep vein.thrombosis,
disseminated intravascular coagulétion syndrome, thrombus
formation after valve replacement, reocclusion after revas-
cularization, formation of a thrombus upon extracorporeal

circulation or coagulation upon blood collection.
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CLAIMS

1. A sulfonyl derivative represented by the following

formula (I):

(x)

[wherein R? represents a hydrdgen atom, a hydroxyl group, a
nitro group, a cyano group, a halogen atom, an alkyl group,
a hydroxyalkyl group, an alkoxyl group, ah alkoxyalkyl
group, a carboxyl group, a carboxyalkyl group, an alkylcar-
boﬁyl group, an alkoxycarbonyl group, an alkoxycarbonylal-
kyl group, an alkylcarbonyloxy group or a group Al—Bl—
. (in which A! represents an amino group which may have one
or two substituents, a satur;ted or qnsaturated 5~ or 6-
membered cyclic hydrocarbon group which may have a sub-
stituent or a saturated or unsaturated 5- or 6-membered .
heterocyclic group which may have a substituent and B' rep-
resents a single bond, a carbonyl group, an alkylene group,
a carbonylalkyl group, a carbonylalkyloxy group or an al-
kylenecarbonyloxy group),

R? and R® each independently represents a hydrogen
atom, a halogen atom, an alkyl group, a hydroxyalkyl group-
or an alkoxyalkyl group or R? or R® may be coupled together |

- with R' to form a Ci-3 alkylene or alkenylene group,

_—

A
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R* and R® each independently represents a hydrogen
atom, a hydroxyl group, a halpgen atom, an alkyl group or
an alkoxyl group (with the proviso that R* and R® do not
represent a hydrogen atom at the same time),

ot represents a saturated or unsaturated 5- or 6-
membered cyclic hydrocarbon group which may have a sub-
stituent, a saturated or unsaturated 5- or 6-membered het-
erocyclic group which may have a substituent or a saturated

or unsaturated bicyclic or tricyclic fused ring group which

may have a substituent,

o? represents a single bond, an oxygen atom, a sulfur
atom, a linear or branched Cj;-¢ alkylene group, a linear or
branched Cs-¢ alkenylené group,:a linear or branched Cs.g al-
kynylene group, a group —N(Rs)—COf (in which R® represents
a hydrogen atom or an-alkyl group), a group -N(R?)-(CHp)m-
(in which R’ represents a hydrogen atom or an alkyl group

and m stands for an integer of 0 to 6) or a group of the

following formula:

+——C

(which represents a divalent, saturated or unsaturated 5-
or 6-membered cyclic hydrocarbon group which may have a
substituent, a divalent saturated or unsaturated 5- or 6-

membered heterocyclic group which may have a substituent or

* c L L] S *
z
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a divalent saturated or unsaturated dicyclic fused ring
group which may have a substituent and «C means the bond-
ing of the carbon atom of this group to Q'),

Q® represents any one of the following groups:'

R? RO
_ : 10 4 0

(in which when the carbon atom to which each of R®, RY, RO,
R, R'?,. R, R and R is bonded is not adjacent to a ni-
trogen atom, R%®, R®, R, R, R!¥?, R!3, RS and R each inde-
pendently represents:

a hydrogen atom,

a hydroxyl group,

anlalkyl group,

an alko#yl group,

an alkoxyalkyl gfoup,

an alkoxyalkyloxy group,

 Tyromyaliut groue, ITTEL R EE .
* 4 L M ) *

a hydroxyalkyloxy group,




)]

V]

o

A T]

an
an
an
an
a

a

a

a
a
an
an
an
an
an
an
an

one or

an

- 370 -

hydroxyalkylsulfonyl'group,
formyl group, |
formylalkyl group,
formylalkylcarbonyl group,
formylalkylsulfonyl group,
élkylcarbonyl group,
alkylsulfonyl group,
alkylcarbonylalkyl group,
alkylsulfonylalkyl group,
carboxyl group,
carboxyalkyl group,
carboxyalkyloxy gr&up,
carboxyalkylcarbonyl group,
carboxyalkylsulfonyl group,
carboxyalkylcarbonylalkyl group,
carboxyalkylsulfonylalkyl group,
alkoxycarbonyl group,
alkoxycarbonylalkyl gfoup,
alkoxycarbonylalkyloxy group,
alkoxycarbonylalkylcarbonyl group,
alkoxycarbonylalkylsulfonyl group,
amino group which may have one or two substituents,
aminoalkyl group in which the amino moiety may have
two substituents,

aminoalkyloxy group in which the amino moiety may

AR RN
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have one or two substituents,
| an aminoalkylcarbonyl group in which the amino moiety

may have one or two substituents, .

an aminoalkylcarbonyloxy group in which the amino moi-
ety may have one or two substituents,

an aminocarbonyl group in which the amino moiety may
have one or two substituents,

an aminocarbonylalkyl group in which the amino moiety
may have one or two substituents,

an aminocarbonylalkyloxy group in which the amino moi-
ety may have one or two substituents or

a group A2-B%- (in which A? represents a saturated or
unsaturated 5- or 6-membered cyclic hydrocarbon group which
may have a substituent or a saturated or unsaturated 5- or
6-membered heterocyclic group which may have a substituent
and B? represents a single bond, a carbonyl group or an al-
kylene group),

when the carbon atom to which each of R®, R%, R, R,
R, R¥, R and R'® is bonded is adjacent to a nitrogen
atom, R®, R®, RY, RY, R?, R, R and R'® each independently
represents:

a hydrogen atom,

an alkyl group,

a hyroxyalkyl group,

a hyroxyalkylcarbonyl group, S
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a hydroxyalkylsulfonyl group,

V)]

formyl group,

y

formylalkyl group,

a formylalkylcarbonyl group,'

a formylalkylsulfonyl group,

an alkylcarbonyl group,

an alkylsulfonyl group,

aﬂ alky;carbonylalkyl group,

an alkylsulfonylalkyl group,

a carboxyl group,

a carboxyalkyl group,

a carboxyalkylcarbonyl group,

a carboxyalkylsulfonyl group,

a. carboxyalkylcarbonylalkyl group,

a cargoxyalkylsulfpnylalkyl group,

an alkoxyalkyl group,

an alkoxycarbonyl group,

an alkoxycarbonylalkyl group,

an alkoxycarbonylalkylcarbonyl group,

an alkoxycarbonylalkylsulfonyl group,

an aminoalkyl group in which the amino moiety may have.
one or two substituents,

an aminoalkylcarbonyl group in which the amino moiety
may have one or two substituents,

an aminocarbonyl group in which the amino moiety may

R
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have one or two substituents,

an aminocérbonylalkyl group in which the amino moiety
may have one or two substituents or

a group A’-B3- (in which A® represents a saturated or
unsaturated 5- or 6-membered cyclic hydrocarbon group which
may have a substituent.or a saturated or unsaturated 5- or
6-membered heterocyclic group which may have a substituent
and B3 represents a single bond, a carbonyl group or an al-
kylene group),

R? and R?, R and R, R and R!®, and R*® and R may
eaéh be coupled together with a carbon atom which consti-
tutes the ring and represent a saturated or unsaturated 5-
to 7-membered cyclic hydrocarbon group which may have a
substituent or a saturated or unsaturated 5- to 7-membered
heterocyclic group which may have a substituent,

R and R each independently represents:

a hydrogen atom,

an alkyl group,

a hydroxyalkyl group,

a hyroxyalkylcarbonyl group,

a hydroxyalkylsulfonyl group,

an alkoxyl group,

an alkoxyalkyl group,

an alkoxyalkylcarbonyl group,

an alkoxyalkylsulfonyl group,

I
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formyl group,

formylalkyl group,

formylalkylcarbonyl group,

formylalkylsulfonyl group,

alkylcarbonyl group,

alkylcarbonylalkyl group,

alkylsulfonyl group, .

alkylsulfonylalkyl group,

carboxyalkyl group,

carboxyalkylcarbonyl group,

carboxyalkylsulfonyl group,
carboxyalkylcarbonylalkyl group,
carboxyalkylsulfonylalkyl group;

alkoxycarbonyl group,

alkoxycarbonylalkyl group,
alkoxycarbonylalkylcarbgnyl group,
alkoxycarbonylalkylsulfonyl group,

amino group which may have one or two substituents,
aminoalkyl group in which the amino moiety may have
two substituénts,

aminoalkyloxy group in which the amino moiety may
e or two substituents,

aminoalkylcarbonyl group in which the amino moiety
e one or two substituents,

aminoalkyloxycarbonyl group in which the amino moi-

e —
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ety may have one or two substituents,

an aminoéarbonyl group in which the amino moiety may
have one or two substituents,

an aminocarbonylalkyl.group in which the amino moiety
may have one or two substituents, and

an aminocarbonyloxyalkyl group.in which the amino moi-
ety may have one or two substituents,

R* and R or R may be coupled together with a carbon
atom constituting a ring and with a nitrogen atom to which_
R* is bonded to form a saturated or unsaturated 5- to 7-
membered heterocyclic group which may have a substituent,

RY and R or R* may be coupled together with a carbon
atom constituting a ring and with a nitrogen atom to which
R' is bonded to form a saturated or unsaturated 5- to 7-
membered hetefocyclic group which may have a substituent,
and

a, b, d, e and g each independently étands for an in-
teger of 0 or 1, ¢ stands for an integer of 0 to 3, £, h
and i each independently represents an integer of 1 to 3,
with the proviso that the sum of a, b and c stands for an
integer of 2 or 3, the sum of d and e stands for an integer’
of 0 or 1 and the sum of £, g and h stands for an integer
of 3 to §5),

Tlrepresents a carbonyl group,

a group -CH(R®)- (in which R!® represents a hydrogen

S
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atom, an alkyl group, a hydroxyalkyl group, an alkoxyalkyl
group, a carboxyalkyl group, an alkoxycarbonylalkyl group,
an aryl group, an aralkyl group, a heteroaryl group, a het-
eroarylalkyl group or an aminoalkyl group in which the ami-
no moiety may have a substituent) or

a group —-C(=NOR')- (in which R*® represents a hydrogen
atom, an alkyl group, a carboxyalkyl group, an alkoxycar-
bonyl group, an aryl group, an araikyl group, a heteroaryl
group, a heteroarylalkyl group or an aminoalkyl group in
which the amino moiety may have a substituent),

X' and X? each independently represents a methine
group or a nitrogen atom]; salt thereof; or solvate
thereof.

2. A sulfonyl derivative according to claim 1, where-
in the following group:

”
R3 —

N1 X2

RS
R2

in the formula (I) is a group of the following formula:

Rt
;:]:::Efzﬁ o
X

or
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R
B2 .

(wherein R?, R*, R®, X' and X® have the same meanings as de-

fined above); salt thereof; or solvate thereof.

3. A sulfonyl derivative according to claim 1 or 2,
wherein R* represents a halogen atom; salt thereof; or sol-
.vate thereof.

4. A sulfonyl derivative according to any one of
claims 1 to 3, wherein Q' represents a phenyl group which
may have a substituent, an imidazolyl group which may have
a substituent, a pyridyl group which may have a substitu-
ent, a pyrimidinyl group which may have a substituent, a
pyrrolidinyl group which may have a substituent, a tetrahy-
- drothienopyridyl group which may have a substituent or a
tetrahydrothiazolopyridyl group which may have a substitu-
ent; salt thereof; or solvate thereof.

5. A sulfonyl derivative according to any one of
claims 1 to 4, wherein Q2 fepresents a single bond, phenyl-
ene group, cyclohexylene Qroup or cyclohexenylene group;
salt thereof; or solvate thereof.

6. A sulfonyl derivative accofding to any one of
claims 1 to 5, wherein Q® represents a group of the follow-

ing formula:

R 0 Y O ¢
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R® gt

(ool

fwherein Ra, R9, a, b and c have the same meanings as de-
fined above]; salt thereof; or solvate thereof.

7. A sulfonyl derivative according to any one of
claims 1 to 6, wherein T! represents a carbonyl group; salt
thereof; or solvate thereof.

8. A medicament comprising as an effective ingredient
a éulfonyl derivative, sélt thereof or solvate thereof as
claimed in any one of claims 1 to 7.

9. An inhibitor for an activated coagulation factor X
which comprises as an effective ingredient a sulfonyl de-
rivative, salt thereof or solvate thereof as claimed.in any
one of claims 1 to 7.

10. A coagulation inhibitor comprising as an effec-
tive ingredient a sulfonyl derivative, salt thereof or sol-
vate thereof as claimed in any one of claims 1 to 7.

11. A preventive and/or remedy for a thrombosis or em-
.bolism which comprises as an effective ingredient a sul-
fonyl derivative, salt thereof or solvate thereof as
claimed in any one of claims 1 to 7.

12. A preventive and/or remedy for cerebral infarc-

tion, cerebral embolism, myocardial infarction, pulmonary

—_—
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infarction, pulmonary embolism, Buerger’s disease, deep
vein thrombosis, disseminated intravascular-céagulation
syndrome, thrombus formation after valve replacement, reoc-
clusion after revascularization, formation of thrombus upon
extracorporeal circulation or coagulation upon blood col-
lection, which comprises as an effective ingredient a sul-
fonyl derivative, salt thereof or solvate thereof as
claimed in any one of cléims 1 to 7.

13. A pharmaceutical composition comprising a sul-
fonyl derivative, salt thereof or solvate thereof as
claimed in any one of claims 1 to 7; and a pharmaceutically
acceptable carrier.

14. Use of a sulfonyl derivative, salt thereof or
solvate thereof as claimed in any one of claims 1.to 7 as a
medicament.

15. Use of a sulfonyl derivative, salt thereof or
solvate thereof as claimed in any one of claims 1 to 7 aé
an inhibitor for an activated coagulation factor X.

16. Use of a sulfonyl deriVative, salt thereof or
solvate thereof as claimed in any'one of claims 1 to 7 as a
coagulation inhibitor.

17. Use of a sulfonyl derivative, salt thereof or
solvate thereof.as claimed in any one of claims 1 to 7 as a
preventive and/or remedy for a thrombosis or embolism.

18. A method for treating a disease caused by a

-
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thrombosis or embolism, which comprises administering, to a
patient suffering from the disease,-a sulfonyl derivative,
salt thereof or solvate thereof as claimed in any one of
claims 1 to 7.

19. A method for treating cerebrai infarction, cere-
bral embolism, myocardial infarction, pulmonary infarction,
pulmonary embolism, Buerger’s disease, deep vein thrombo-
sis, disseminated intravaﬁcular coagulation syndrome,
thrombus formation aftér valve replacement, reocclusion af-
ter revascularization, fofmation of thrombus upon extracor-
poreal circulation or coagulation upon blood collection,
which comprises administering, to a patient therefrom, a
sulfonyl derivative, salt thereof or solvate thereof as

claimed in any one of claims 1 to 7.
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