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(57) Abstract

Phthalazine derivatives represented by general formula () or pharmacologically acceptable salts thereof or hydrates of the same

usable as remedies for erectile dysfunction, wherein R; and R, are the same or different and cach

halogenated alkyl or alkoxy, or cyano,

represents halogeno, optionally

X represents cyano, nilro, halogeno, aptionally substituted hydroxyimine or optionally substituted

heteroaryl; and Y represents heteroaryl, aryl, alkynyl, alkenyl, alky] or cyclic amine.




Abstract

The present invention provides a phthalazine compound as
a therapeutic agent for erectile dysfunction represented by the
following formula, a pharmacologically acceptable salt thereof

or a hydrate thereof:

HN/( 2)1
N

I |
2N
Y

wherein R' and R® are the same as or different from each other
and represent a halogen atom, a Cl to C4 alkyl group which may
be substituted with a halogep atom, a C1 to C4 alkoxy group which
may be substituted with a halogen atom or a cyano group:; X

represents a cyano group, a nitro group, a halogen atom, a

hydroxyimino group which may be substituted or a hetercaryl
group which may be substituted; Y represents a hetercaryl group,
an aryl gréup which may be substituted, an alkynyl group which
may substituted, an alkenyl group, an alkyl group, an optionally
substituted saturated or unsaturated 4- to 8- membered amine
ring, and the cyclic amine compound is a monocyclic compound,
bicyclic compound or a spiro compound; 1 is an integer of 1 to
3; provided that the case where 1 is 1 or 2, X is a cyano group,
a nitro group or a chlorine atom, R' is a chlorine atom, R® is
a methoxy gfoup and ¥ is a 5- or 6-memberred amine ring

substituted with a hydroxyl group is excluded.
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Description

Phthalazine compounds and therapeutic agents for erectile

dysfunction

Field of the Invention

The present invention relates to phthalazine compounds.
More specifically, it relates to prophylactic and therapeutic
agents for male erectile dysfunction, and prophylactic and
therapeutic agents for female sexual dysfunction or

dysmenorrhea.

Prior Art

It is said that the number of latent patients with erectile
dysfunction amounts to about 3,000,000 in Japan. In U.S.A.,
it is reported that the number of patients with erectile
dysfunction reaches 20,000,000 and 15 % of males in thé‘fifties
and about 1/3 of those in the sixties suffer from this disease.
In this aging society, sexual intercourse is regarded as a
pleasant and emotional behavior. With the needs for the
improved quality of life, it is anticipated that erectile
dysfunction will raise not only a medical problem but alsoc a
social problem in future. This disease is classified into
organic impotence caused by disorders in the nerves, blood
vessels or muscles in the penis per se or sexual hormones and

functional (psychic} impotence caused by mental or psychologic




troubles. There are three factors necessary forerection, i.e.,
an increase in the penile arterial blood flow, the regulation
of blood leakage from the penile veins, and the relaxation of
the cavernous tissue. Erectile dysfunction arises when at
least one of these conditions is inhibited.

The urological treatments for erectile dysfunction

‘effected today involve drug therapy and operative penile

prosthesis with the use of penile prosthetic appliances.

As the drug therapy, it is possible tec inject papaverine
hydrochloride or prostaglandin El1 into the penile cavernous
tissue. However, this treatment is scarcely performed today,
since it is not allowed in Japan that a patient gives an injection
to himself and it is impessible in practice to go for a doctor
every time he has coitus. In addition, the injection of
papaverine hyvdrochloride would cause, though exceptionally, a
painful symptom called priapism. Thus, the treatments with the
existing drugs are not practically usable. Accordingly, it has
been urgently desired to develop a drug therapy therefor which
is c¢linically efficacious in practice.

In 1984, Bowman and Drummond reported that a selective
cyclic GMP phosphodiesterase inhibitor M&B22948 (zaprinast)
increased cyclic GMP in the tissue and relaxed the bovine
fetractor penis muscle (Cyclic GMP mediates neurogenic
relaxation in the bovine retractor penis muscle, Br. J.
Pharmacol,, Bl, 665-674, 1984). Subsequently, other workers

have reported one after another the relaxation of the penis




cavernosum by increasing cyclic GMP in the tissue (Int. J.
Impotence Res., 4, 85-93, 1992; J. Urol., 147, 1650-1655, 1992;
and N. Engl. J. Med.,.lzﬁ, 90-94, 1992). However, none of the
compounds employed in these studies can be satisfactorily
employed clinically due to poor efficacy, etc.

Aninhibitorofphosphodiesterasetype\iisalsoeffective
against female sexual dysfunction.

Phthalazine compounds having an inhibitory action on
phosphodiesterase type V are disclosed in W09605176 (JP-A
8-225541), but there is neither disclosure on spiro compounds
containing nitrogen atoms, or bicyclic and 6-memberred
heterocyclic compounds thereof nor description on prevention

and therapy for erectile dysfunction.

Disclosure of the Inveﬁtion

The present inventors have conducted various studies and
conseguently found that phthalazine compounds represented by
the formula (I) show a high selectivity for phosphodiesterase
type V which is an enzyme degrading cyclic GMP, and a potent
inhibitory effect thereon, and exhibit a strong relaxing action
on the penile cavernosum, with the increase in bioavailability
and have high safety, thus completed the present invention.

The present invention relates to phthalazine compounds
not specifically disclosed in JP-A 8-225541, to phthalazine
compounds not suggested therein, and further to a process for

producing some of the compounds.




It relates to a phthalazine compound represented by the
formula (I){ a pharmacolegically acceptable salt thereof or a

hyvdrate thereof:

wherein R' and R? are the same as or different from each other
and represent a halogen atom, a Cl to C4 alkyl group which may
be substituted with a halogen atom, a hydroxyl group, a Cl to
C4 alkoxy group which may be substituted with a halogen atom
Or a cyano group;

X represents a cvano group, a nitro group, a halogen atom,
a thiocarbamoyl group, a hydroxyimino group which may be
substituted with a C1 to C4 alkyl group, an aryl Cl to C4 alkyl
group or a carboxy Cl to C4 alkyl group, or a heteroaryl group
which may be substituted with 1 to 3 substituent groups selected
from the follcowing substituent groups A;

Y represents:

i} & group represented by the formula (II):

R!
I
—N A D —(CHym—Ww (I

wherein ring A represents a 4- to 8-memberred amine ring which

may be substituted with a methyl group and may have a double




bond; D represents a single bond or an oxygen atom; R} represents
a hydrogen atom, a Cl to C4 alkyl group or a halogen atom; m
represents an integer of 0 to 3; W represents an amino group,
a hydroxyl group, a cyano group, a carboxyl group which may be
protected, or a Cl to C4 alkoxy group;
ii) a group represented by the forrﬁula: (III):

(CHp)mOH

N B | . anm

(CH)p—CH
wherein ring B represents a 4- to 8-memberred amine ring which
may have a double bond; and n and p are the same as or different
from each other and represent an integer of 0 to 3;

iii) a group represented by the formula (IV):
E
—N ¢ (1v)

wherein ring G represents a 4- to 8-memberred amine ring which
may have a double bond, E represents a hydroxyl group, a halegen
atom, a Cl to C4 alkyl group or a Cl to C4 alkoxy group, J is
the formula - (CHR*)g-Q (wherein R' represents a hydrogen atom
or a C1 to C4 alkyl group, Q represents a hydroxyl group, a
halogen atom, a carboxyl group whichmay have aprotective group,
a carbamoyl group or an azolyl group not containing a hetercatom
other than a nitrogen atom, ¢ is an integer of 0 or 1 to 4),
or E and J may form a 3- to 6-memberred ring togefher with the

carbon atom to which they are bound, and the ring optionally




having a hetercatom and optionally having a substituent group;

iv) a group represented by the formula (V}:
—NEKEM L}

wherein M represents a single bond or a C1 to C4 alkylene group
which may be substituted with a hydroxyl group, carboxyl group,
a Cl to C4 alkyl group or a Cl1 to C4 alkoxy group, ring K
represents a 5- to 8-memberred amine ring formed together with
M, and ring L represents a 5- to 8-memberred alkyl ring which
may have a substituent group and may have an oxygen atom;

v) a group represented by the formula (VI):
5
N P NOR® 1)

wherein ring P represents a 5- to 7-memberred amine ring, and
R’ represents a hydrogen atom or a C1 to C4 alkyl group which
may be substituted with a halogen atom, a hydroxyl group or a
carboxyl group;

vi) an alkynyl group, an alkenyl group or an alkyl group all
of which may have a substituent Qroup;

vii) a phenyl group which may be substituted with 1 te 3
substituent groups selected from the following substituent
group A; or

viii) a pyridyl group, a pyrimidyl group, a thienyl group, a

thiazolyl group or a furyl group all of which may be substituted




with 1 to 3 substituent groups selected from the following
substituent group A:
{substituent group A) a Cl to C4 alkyl group which may be
substituted with a halogen atom, a cyano group, a nitro group
or a hydroxyl group; a Cl to C4 alkoxy group which may be
substituted with a halogen atom, a cyanc group, a nitro group
or a hydroxyl dgroup; a cyano group; a nitro group; a carboxyl
group which may have a protective group; a hydroxyl group which
may have a protecti%e group; a carbamoyl group which may be
substituted with a lower alkyl group; a halogen atom; and an
amino group which may be substituted with a C1 to C4 acyl group,
a Cl to €4 alkylsulfonyl group or an arylsulfonyl group which
may have a substituent group;

1 is an integer of 1 to 3;

provided that the following cases are excluded:
the case where 1 is 1 or 2, X is a ¢yano group, a nitro group
or a chlorine atom; R' is a chlorine atom, R’ is a methoxy group,
ring A is a 5- or 6-memberred amine ring, D is a single bond,
mis 0, and W is a carboxyl group which may have a protective
group or a Cl to C4 alkoxy group; the case where 1 is 1, R' is
a chlorine atom, R’ is a methoxy group, ring A is a saturated
5- or 6-memberred amine ring, D is.a single bond, and W is a
hydroxyl group; the case where 1 is 1, ring B is a 5- or 6-
memberred amine ring, and both n and p are 0; the case where
1 is 1, E and Q are hydroxyl groups, and q is 0; and the case

where 1 is 1, X is a chlorine atom and Y is a phenyl group




substituted with a methoxy group.

Further, the present inventors have found out that
compounds of the following formula (VII) also exhibit a strong
relaxing action on the penile cavernosum with the increase in
bibavailahility, and have high safety. Thus, they have
completed the present invention.

A therapeutic agent for erectile dysfunction, which
comprises a phthalazine compound represented by the formula
(VII), a pharmacologically acceptable salt or a hydrate therecof

as an active ingredient:

.
- ,(C»Hz);-—@ocas
x! Sy
1
N VI
Yl

wherein 1’ is an integer of 1 to 3; R® represents a halogen atom,
a Cl to C4 alkyl group which may be substituted with a halogen
atom or a cyanoc group;

X' represents a cyanc group, a nitro group or a halogen
atom;

Y' represents:

i) a group represented by formula (VIII):

N Al CHIMI—Z vy

wherein ring Al represents a 5- or 6-memberred amine ring; ml




is an integer of 0 or 1 te 3; and 2 represents an amino group,
a hydroxyl group which may have a protective group, a carboxyl
group which may have a protective group, a Cl to C4 alkoxy group
or a c¢yano group;
ii) a group represented by formula (IX):

{CH)n1—0H

—N B1 )

(CH,)pl—OH
wherein ring Bl represents a 5- or 6-memberred amine ring, nl
and pl are integers of 0 or 1 to 3;
iii) a thiomorpholino group wherein its morpholino group or its
sulfur atom may be oxidized;
iv) a phenyl group which may be substituted with 1 to 3
substituent groups selected from the following substituent
group Al;
v) a heterocaryl group whichis a pyridyl group, apyrimidyl group,
a thienyl group or a furyl group all of which may be substituted
with 1 to 3 substituent groups selvectec'l from the following
substituent group al; or
vi) a group of formula -N(R’) - (CH,);-Het, wherein R’ represents
a lower alkyl group, Het represents a pyridyl group or a
pyrimidyl group all of which may be substituted with 1 to 3
substituent groups selected from the following substituent
group Al, and s is an integer of 0 or 1 to 3;
(substituent group Al) a lower alkyl group substituted with a

halogen atom, a cyano group, a nitro group, or a hydroxyl group,




a lower alkoxy group which may be substituted with a halogen
atom, cyanc group, nitro group, or a hydroxyl group:; a cyano
group; a nitro group; a carboxyl group which may have a
protective group; a hydroxyl group which may have a protective
group; a carbamoyl group which may be substituted with a lower
alkyl group: a halogen atom; and a phenyl group which may be
substituted with an alkyl group, an alkoxy group, a halogen atom
or an amino group.

The present invention provides a process for producing

a compound represented by the formula (XI):

R]
HN,(CHZ).—Q—-RZ
N

2N XD
Y3

{wherein X, ¥', R', R® and 1 have the same meanings as defined
above), which comprises the step of reacting a compound

represented by the formula (X):

R] .
HN” (CHl)’@RZ
-~ N ‘
| 1
~N 109
Hal '

(wherein Hal represents a halogen atom; and R', R*, 1 and X have
the same meanings as defined above) with a compound of the

formula Y'-B(OH), (wherein Y’ represents a phenyl group, a

19




pyridyl group, a pyrimidyl group, a thienyl group or a furyl
group all of which may have a substituent group selected from
the above substituent group Al).

The present invention provides a prophylactic and
therapeutic agent for erectile dysfunction, which comprises the
phthalazine compound represented by thg above formula (I), a
pharmacologically acceptable salt thereof or a hydrate thereof
as an active ingredient. Further, it provides a prophylactie
and therapeutic agent for female sexual dysfunction or
dysmenorrhea, which comprises the phthalazine compound
represented by the above formula (I) or (VII), a
pharmacologically acceptable salt thereof or a hydrate thereof
as an active ingredient.

The present invention provides a pharmaceutical
composition comprising a pharmacologically or clinically
effective amount of the phthalazine compound represented by the
above formula (I) or (XI), a pharmacologically acceptable salt
thereof or a hydrate thereof, and pharmacologically acceptable
carriers.

The present invention provides a method or use for
preventing or treating erectile dysfunction, female sexual
dysfunction or dysmenorrhea, which comprises the step of
administering a pharmacclogically or clinically effective
amount of the phthalazine compound represented by the above
formula (I} or (V1I), a pharmacologically acceptable salt

thereof or a hydrate thereof to a patient suffering from

11




erectile dysfunction, female sexual dysfunction or
dysmenorrhea.

In the definitions set forth in the present invention,
the halogen atoms defined in X, R', R’, R’, R, R®, E, Q,
substituent groups A and Al mean a fluorine atom, a chlorine
atom, a bromine atom and an iodine atom.

3

The Cl to C4 alkyl groups defined in R', R®, R', R', R®, RS,

R’, substituent groups A and Al mean linear or branched alkyl
groups having 1 to 4 carbon atoms, such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, l-methylpropyl and
tert-butyl. The Cl to C4 alkoxy groups defined in R', R? and
substituent groups A and Al mean groups derived from the
above-mentioned C1 to C4 alkyl groups, and such groups include,
for example, a methoxy group, an ethoxy group, a propoxy group
ete,

The protective groups in the carboxyl group which may have
a protective group defined in Q, W, substituent groups A and
A1 mean, for example, lower alkyl groups such as methyl group,
ethyl group and tert-butyl group; lower alkyl groups
substituted with a phenyl group which may have a substituent
group such as p-methoxybenzyl, p-nitrobenzyl, 3,4-
dimethoxybenzyl, diphenylmethyl, trityl and phenethyl;
halogenated lower alkyl groups suchas 2,2, 2-trichloroethyl and
2-iodoethyl; lower alkanoyloxy lower alkyl groups such as
pivaloyloxymethyl, acetoxymethyl, propionyloxymethyl,

butylyloxymethyl, valelyloxymethyl, l-acetoxyethyl, 2-

12




acetoxyethyl, l-pivaloyloxyethyl and 2-pivaloyloxyethyl;
higher alkanoyloxy lower alkyl groups such as palmitoyloxyethyl,
heptadecanoyloxymethyl and l-palmitoyloxyethyl; lower
alkoxycarbonyloxy lower alkyl groups such as
methoxycarbonyloxymethyl, 1-butoxycarbonyloxyethyl and 1-
{isopropoxycarbonyloxy) ethyl; carboxy lower alkyl groups such
as carboxymethyl and 2-carboxyethyl; heteroaryl groups such as
3-phthalidyl; benzoyloxy lower alkyl groups optionally having
a substituent group such as 4~glycy;loxybenzoyloxymethyl;
(substituted dioxolene) lower alkyl groups such as (5-
methyl-2-o0xo0-1,3-dioxolene-4-yl)methyl; cycloalkyl-
substituted lower alkanoyloxy lower alkyl groups such as 1-
cyclohexylacetyloxyethyl; and cycloalkyloxycarbonyloxy lower
alkyl groups such as l-cyclohexyloxycarbonyloxyethyl. In
short, any group which can be degraded by any means in viwvo to
form a carboxylic acid can serve as a protective group for the
carboxyl group.

The protective groups in the hydroxyl group which may have
a protective group defined in substituent groups A and Al mean,
for example, acyl groups such as formyl group, acetyl group and
benzoyl group; and lower alkoxymethyl groups such as 2-
methoxyethoxymethyl group. In short, any group which can be
degraded by any means in vivao to form a hydroxyl group can serve
as a protective group for the hydroxyl group. .

The azolyl group not containing a heteroatom other than

a nitrogen atom defined in Q means groups derived from pyrroele,

13




pyrazole, imidazole, triazole, tetrazole, indazole,
benzimidazole and benzotriazol.

In the formula (IV), a compound produced froma ring formed
by Eand J togéther with the carbon atom to which they are bound
and a ring G is a spiro compound. The ring formed by E and J
together with the carbon atom to which they are bound includes
cyclobutane, cyclopentane, cyclohexane, oxirane,
tetrahydrofuran, tetrahydropyran, butyrolactone and
butyrolactam. Further, a substituent group on these rings
includes a hydroxyl group, the carboxyl group which may have
the above protective group, a Cl to C4 alkyl group which may
be substituted with a hydroxyl group such as a hydroxymethyl
group and hydroxyethyl group, a carbonyl group and a halogen
atom such as fluorine atom and chlorine atom.

In the formula (V), a bicyclo ring which, when M is a C1
to C4 alkylene group, is formed from rings K and L is meant to
be a cross-linked ring. A substituent group on ring L includes
a hydroxyl group, a carboxy group which may have the above
protective group, a Cl to C4 alkyl group which may be substituted
with a hydroxyl group such as a hydroxymethyl group and a
hydroxyethyl group, a Cl to C4 alkyl group carbonyl group which
may be substituted with a carboxyl group such as a carboxymethyl
group and carboxyethyl group, a halogen atom such as a fluorine
atom and a chlorine atom, a vinyl group, etc.

The substituent groups in the alkynyl group, alkenyl group

or alkyl group wherein Y may have a substituent group include

14




Cl to C4 alkyl groups such as methyl group, ethyl group, propyl
group, isop:opyl group, butyl group, isobutyl group, sec-butyl
group and tert-butyi group; groups derived from cycloalkanes
such as cyclopropane, cyclobutane, cyclopentane and
cyclohexane; Cl to C4 alkoxy groups derived from the above C1
to C4 alkyl groups, such as a methoxy group, ethoxy group and
propoxy group etc.; a hydroxyl group; an amino group which may
be substituted with a C1 to C4 alkyl group; cyclic amines which
may be substituted with a hydroxy group, for example, aziridine,
azetidine, pyrrolidine and piperidine; hydroxy Cl to C4 alkyl
groups; hydroxy Cl to C4 alkoxy groups; carboxyalkoxy groups;
and halogen atoms such as fluorine atom and chlorine atom.

In X, the heteroaryl group includes groups derived from
pyvrrole, pyrazole, imidazole, triazole, tetrazole, indazole,
benzimidazole, benzotriazole, thiazole, isothiazole,
thiadiazole, benzothiadiazole, pyridine, pyrimidine, triazine,
guinoline, isoquinoline, naphthylidine, phthalazine, etc.

In the present invention, the pharmacolcgically
acceptable salt includes, for example, inorganic acid salts
such as hydrochloride, sulfate, hydrobromate and phosphate, and
organic acid salts such as formate, acetate, maleate, fumarate,
tartrate, methanesulfonate, benzenesulfonate, and
toluenesulfonate.

It goes without saying that in the case of compounds having
an asymmetric atom in the present invention, their optically

active compounds are included within the scope of the present

15




invention.

Further, compounds which are metabolized in wivo to form
the compounds of the present invention and compounds formed
through metabolism from the compounds of the present invention,
are also included within the scope of the present invention.

Because of being excellent in oral absorbability and
ling-lasting action, these phthalazine compounds,
rharmacologically acceptable salts thereof or hydrates thereof
can be percutanecusly, intravenously or orally administered for
treatmént without resort to injection directly into the penile
cavernosum or the pudenda, which makes them favorable as
prophylactic and therapeutic agents for erectile dysfunction
and as prophylactic and therapeutic agents for female sexual
dysfunction or dysmenorrhea.

Although the administration dose of the compounds of the
present invention is not particularly limited, generally, they
are administered to an adult in a dose of from 5 Mg to 100 mg,
preferahly.from 10 to 1,000 Hg, in the case of intravencus
administration, or in a dose of from 1l to 1,000 my, preferably
from 5 to 100 mg, in the case of oral administration,
Production Process 1

Production processes for producing analogous compounds
of the phthalazine compounds of the present invention or
pharmacologically acceptable salts thereof are described in
W09605176 (JP-A 8-225541), and the phthalazine compounds of the

present invention are produced in the same manner as follows:

18




Bk - l‘\I:I
~N HY2 ~N
Hal ¥2

wherein, Y® is:
3

i) =N A 4+ p—(CHymW
wherein ring &, D, R’, m and W have the same meanings as defined
-above;
(Cﬂz)H_OH
ii) -N-B
cH;)p—OH

wherein ring B, n and p have the same meanings as defined above;

N
iii) -N\(Df
I

wherein ring G, E and J have the same meanings as defined above;

wherein ring K, ring L and M have the same meaninés as defined

above; and
v) -N P FNOR’

wherein ring P and R’ have the same meanings as defined above;

17




Hal is a halogen atom; and R', R’, 1 and X have the same

meanings as defined above.

It is the reaction, in which the compound represented by
the formula (X) is reacted with HY® in a solvent to give the
compound represented by the formula (XII). As the reaction
solvent, N-methyl-2-pyrrolidine is prefgrable, but any solvent
may be used so long as it is the one inert to the reaction.
Preferable results may be obtained by using HY in excessive
amount to the compound (X), or using an organic base such as
diisopropyl ethylamine, or a salt such as potassium carbonate,
sodium carbonate or sodium hydrogen carbonate. The reaction
temperature is in the range of from room temperature to the
boiling point of the solvent, preferably 100 °c or more.

Synthesis of Hanecessary for production of the compound
wherein W is a cyano group, which is not described in WOS605176
{JP-A B-225541), is conducted as follows:

. R?
Pro-N A D-—((IZ'H)m—CONHz

dehydration

R3
i
Pro-N A D —(CH)tr—CN ———=

de-protection

RB
|
D —(CH)n—=CN

i)80C!,
if)NaCN

R3
!
D —(CH)nmm—OH

ig




And, in the case where W defined above is an amino group,
which is not specifically described in the above-mentioned
publication, HY’> wherein an amino group is protected is
synthegsized and then de-protected as follows:

RS

{

D ~—{CH)n—DH

R® 2
PhyP, DEAD I
H_ Pro=N A D —(Cﬂ)m_Np
o ¢

: RrR3 Q
: i
—_— —_—
) A 4D —CEm N
de-protection
o)

In the formula {(I), HY' wherein Y is represented by the
formulae (IV) and (V) can be produced by using a compound
disclosed in W09806720 or by using a process disclosed therein.
1) For example, some of the compounds represented by the formula

(IV} are produced in the following process.

Pré—@O

(a)

] wittig reaction

epoxidation (b) cyclization

19




ca
Pro—l\@(? Pro-l@:o
(®) ¢) \:eduction
imidazole, P‘-‘”‘@O“’

pyrazole, _
triazole ete, | P ryidive =
| o : : o l oxidation
. \ om Pru@{(jﬂ .
' (e)
@ 8 ~

wherein Gl represents a 4- to 8-memberred ring; Q1 represents
a pyrrolyl, apyrazolyl, a imidazolyl, a triazolyl, a tetrazolyl,
a indazolyl, a benzimidazolyl, a benzotriazolyl group or a
fluorine atom; and Pro represents a protective group for the
nitreogen atom.

In a solvent such as toluene, xylene or tetrahydrofuran ,
methyltriphenylsulfonium bromide is treated with a base such
ag tert-butoxide potassium or butyl lithium, and reacted with
the ketone compound represgented by the formula {(a), whereby the
compound represented by the formula (b) can be obtained. The
reaction temperature is preferably -78 °C to room temperature.

The compound (b) is reacted with trichloroacetyl chloride
in a solvent such as diethyl ether, dimethoxyethane or
tetrahydrofuran to give the dichlorocyclobutanone compound (f)
(Alternatively, when it is reacted with diacetyl chloride, a

monochloro-compound is obtained. The monochloro-compound can
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also be obtained by reacting with trichloroacetyl chloride,
followed by treating with acetic acid.), and then the product
is treated with a reducing agent such as zinc dust, whereby the
cyclobutanone compound represented by the formula (g) can be
obtained. The reaction temperature is preferably 10 to 50
°c. When the compound (g} is treated with a peroxide such as
3-chloroperbenzoic acid in the presence of sodium hydrogen
carbonate in a solvent such as dichloromethane, the lactone
compound represented by the formula (h) can be cbtained. The
reaction temperature is preferably in the range of from room
temperature to 40 °c. wWhen the compound (b} is treated with
dichloroketene and diazomethane, a cyclopentanone compound in
the formula {f} is cbtained, and when the compound (g) is treated
with diazomethane, a cyclopentanone compound in formula {(g) is
obtained. When the cyclopentanone corpound is further treated
with diazomethane, a cyclohexanone compound is obtained.
When the compound (b} is treated with a peracid such as
magnesium phthalate monoperacid, the epoxide compound
represented by the formula (c) is obtained. When the epoxide
compound {c) is reacted with a sodium salt of azole containing
nitrogen atoms only as hetero atoms in a solvent such as
dimethylformamide, the corresponding compound represented by
the formula (d) {Qlis al-imidazolyl group, a 1-triazolyl group,
etc.) is obtained. By treatment with potassium hydrogen
fluoride at 100 tc 150 °c in the presence of Bu,N'H,F,, a

fluoromethyl compound as the compound represented by the
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formula (d) wherein Q1 is a fluorine atom is obtained.

Oon therother hand, the fluoro compound represented by the
formula (e} is obtained by treating the compound (c) is treated
with hydrogen fluoride pyridine in a solvent such as methylene
chloride at -10 to 10 °C.

2) Among the compounds represented by tpe formula (V), those
.wherein M is methylene substituted with a hydroxyl group are

produced in, for example, the following process.

0
HaCp

! reduction and acylation

HyCp , HyC-\—L/ ~OAc

. de-methylation and
OAc  protection of NH

!
i
|
ProsNﬁ Pro-Nﬁ\OAc
| !0H de-0-acylation I
pil
|

Propy- Pro~

I défprotection of N
OH

HN? HN?OH

The compound where ring L containsg an oxygen atom can also

be produced in the same manner.
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Production Process 2
Those compounds of the formula (I) wherein Y is an alkynyl
group, an alkenyl group or an alkyl group all of which may have

a substituent group can be produced in the following process.

‘ R! . - R

HNACHQ;—@—R’ : HN/(CHz)n‘G—RZ

>N . ' TN

A -

l ’]:T I /I"J

Lo H=R? .

a
i oam
% W f ,
Rrs

Rl l reduction -

HN/(CHZ)I_Q_RZ ‘ HN,(CH;);—@—R:‘

—_— g ~ N — | \1>T

reduction =N reduction 2N
Xav) XV)

B8 R®

wherein Hal is a halogen atom; R® is an optionally substituted
C1 to C4 alkyl group, or an optionally substituted cycloalkyl

*, 1 and X have the meanings

or cycloalkylalkyl group; and R', R
defined above,

The reaction of the compound of the formula (X) with the
alkyne compound is conducted in the presence of a catalytic
amount of dichlorobistriphenyl phosphine palladium (II),
cuprous iodide and a tertiary amine, at room temperature or

under heating. The solvent used includes dimethylformamide or

l-methylpyrrolidinone. The tertiary amine used includes
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triethylamine, diisopropylethylamine, DBU and dimethylaniline.

The reaction temperature is preferably 0 to 150 c.

The conversion of the alkyne compound represented by the
formula (XIII) into the alkene compound represented by the
formula (XIV) or the alkane compound represented by the formula
(XV) is conducted by catalytic reduction., etc. in the presence
of a Lindlar catalyst or a Pd-C catalyst.

Production Process 3

Further, the phthalazine compounds wherein Y is Y’ that

is an optionally substituted aryl group or a hetercaryl group

are produced as follow:

R! . r!

N (CHz)l—Qjé—'Rz o HN/(CHz)l—Gﬁ
Z Y3-B(OH), N
Hal . : Y
1¢)) . .
(0:9) &VD)

wherein ¥* is a phenyl group, a ﬁyridyl group, a pyrimidyl group,
a thienyl group or a furyl group all of which may have 1 to 3
substituent groups selected from the above substituent group
2; Hal is a halogen atom; and R*, R*, 1 and X have t]';e same meanings
as defined above.
The reaction is conducted by coupling the 1-

halogenoquinazoline compound represented by the formula (X) by
a zero-valent or divalent palladium complex to a bo’ric acid,

dialkoxy borane or trialkyl tin compound having a corresponding
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aryl group or heteroaryl group. Theboricacid, dialkoxy borane
or trialkyl tin compound having an aryl group or a heteroaryl
group, and the palladium complex are dissolved or suspended in
a 2-phase solvent consisting of an organic soclvent and an
agueous solution of sodium carbonate. And the mixture is
reacted at the temperature in the range of from at room
temperature to the boiling point of the selvent for about 1 teo
24 hr in a nitrogen gas stream. As the palladium complex, any
palladium complex which allows the reaction to proceed can be
used, and tetrakis (triphenylphosphine)palladium, etc. are
preferable. As the organic solvent, any solvent which is inert
to theA the reaction can be used, and xylene, toluene,
tetrahydrofuran or a mixed solvent thereof are preferable,
Production Procesé 4

In the formula (I), the compounds shown in the following
reaction scheme can be produced by combining known reactions
by using the compound (XVII) wherein X is a cyano group.

Rl

CH 2
Ny HN/( | 2)1‘@"R

N
N | N
N xvim
Y
" NalN3
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Rl
NC f N
)
~N v
Y
R! ) Rl
2 .
e | e
H,N | \1:]' CHC I '“I}T
N EX) =N XKD
Y Y )

RI . l Rl.
RQ‘N m’(CHz"GRZ HN” (CHZJ‘GRZ
¢ ‘ '
S

0.
|- \]:‘ R9 \Nf I \I'q'
=N ) =N (XX}
Y

wherein R’ is a hydrogen atom, a €1 to C4 alkyl group which may
be substituted with a halogen atom, an aryl Cl to C4 alkyl group

10

or a carboxy Cl1 to C4 alkyl group; R is a Cl to C4 alkyl group;

and R, R*, 1 and Y have the same meanings as defined above.
Production Process 5

Some of compounds of the formula (I} wherein X is a
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heteroaryl group can be produced in the same manner as in

Production Process 3.

: Rl ' - Rl
CH R? CH —@— 2
s z)x—c,}f 1 g~ CHI— R
Hal ; >y Het’ | ‘r;l .
N o T LN V)
Y Het'-SnBu, Y
‘ (k)

wherein Hal is a halogen atom; Het 1 is a heteroaryl group; and
R', R’, 1 and Y have the same meanings as defined above.

The halogen atom is preferably a bromine atom or an i‘odine
atom.

Further, the compounds of formula (I) with an azolyl group
not having a hetercatom other than a nitrogen atom are produced
according to the above-mentioned Production Process 1, after
the cprresponding compound represented by the formula (X) is
previously produced. The corresponding compound of formula
(X) is produced, for example, according to a method disclosed
in WO9605176 after dimethyl 4-fluorophthalate is treated with
azole not containing a heteroatom other than a nitrogen atom
to give dimethyl 4-azolylphthalate and then treated with
hydrazine to give 6-azolyl-2,3-dihydro-1,4-phthalazine dione.
Production process 6

The compound of the formula (I) wherein Y is represented

by the formula (VI) can be produced by converting the compound

represented by the following formula (XXIV) into the oxime in
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a known method:

Rl . Rl
CH R? CH —@—R"

HN’( ) | HN’( A

\N I\N

. 1 . —— L
I =N {XXV) ) LN XXV

s 7

- NH,OR: N

P (h) P.

s] : NOR®

wherein R', R, R®, 1 and X have the same meanings as defined

above,
Hereinafter, the effect of the compounds of the present

invention is described by reference to Experimental Examples.

11 Cas . .
porcine platelets

The inhibitory activity of a test compound on the enzyme
CGMP-PDE prepared from porcine platelets was determined by
adding a solution of the test compound dissolved in DMSO to a
reaction solution, where 1 UM ¢GMP was used as the substrate
in the presence of 1 mM EGTA in accordance with a method of
Tompson et al. The final concentration of DMSO in the reaction
solution was 1 % or less. Preparation of cGMP-PDE was conducted
as follows. Porcine platelets were added to buffer A (20 mM
Tris/HCl, 2 mM magnesium acetate, 10 mM 2-mercaptoethanol, 0.1
mM EGTA;: pH 7.4), and then sonicated. The resulting suspension
was centrifuged at 100,000%g for 60 min, and the resulting

supernatant was subjected te a column (DEAE-Toyopearl 6505
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produced by Tosoh, Tokyo, Japan). After the column was washed
with buffer A, the enzyme wés eluted with a gradient of from
0.075 to 0.25 M NaCl in buffer A to give a cGMP-PDE fraction.
The resulting fraction was dialyzed, concentrated and stored.

Table 1. Inhibitory Action on PDES

test compound PDE 5 IG5y (nM} test compound | PDE 5 1G5, (nM)

1 Production Example 1 0.09 17 Example 12 0.54
2 Production Example 3 0.72 18 Example 25 0.16
3 Production Example 4 0.19 19 Example 36 0.25
4 Production Example 5 0.23 20 Example 43 0.23
5 Production Example 6 0.5 21 Example 50 0.24
6 Production Example 7 0.03 22 Example 52 0.20
7 Production Example 8 0.47 T 23 Example 76 013
8 Production Example 11 0.24 24 Example 77 0.23
9 Example 1 0.78 25 Example 79 0.27
10 Example 2 0.30 26 Example 83 05
1 Example 3 1.1 27 Example 84 0.93
12 Example 4 Q.51 28 Example 85 012
13 Example 5 0.051 29 Example 88 0.88
14 Example 6 0.98 30 Example 105 0.10
15 Example 9 0.54 31 Example 110 0.66
16 Example 11 0.68

2) 2 . ; ¢ the POES inhibj ; laxi
artion of nitroprusside on a penile cavernosum preparation
removed from a rabbit

The penis was removed from a NZW white rabbit {(about 3
kg) killed by intravenous administration of pentobarbital (50
mg/kg). After removal, the cavernosum was exposed by removal
of surrounding tissues such as albuginea to give a preparation
{about 10%1.5%1.5 mm}. This preparation was suspended on a
Magnus tube filled up with 10 ml Krebs-Henseleit's nutritive
solution (118.4 mM NaCl, 4.7 mM KC1, 2.5 mM CaCl,, 1.3 mM MgSQ,,

1.2 mM KH,PO,, 25.0 mM NaHCO,, 11.0 mM glucose, 0.026 mM EDTA
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and0.00lmMindomethacin}at37°c,andagasmixture(SS%oxygen
+ 5% carbon dioxide) was bubbled thereinto. Then, the isometric
tension was recorded under a load of 2 g. To stabilize the
contraction, contraction caused by adding a potassium chloride
solution (final concentration: 100 mM) and washing were
repeated twice, and further, contractign by adding
phenylephrine (final concentration: 10 HM) and washing were
also conducted.

It was filled up again with 10 ml Krebs-Henseleit's
solution, and L-N°-nitroarginine methyl ester (final
concentration: 100 HM) was added to inhibit the formation of
endogencus nitrogen monoxide. Contraction was caused by
adding phenylephrine {(final concentration: 10 HM)}, and a
chemical solution was added thereto at a final concentration
of 3, 30 or 300 nM. Dimethyl sulfoxide was used as the medium
in this reaction. 15 min after the chemical was added,
nitroprusside (final concentration: 300 HM) was added to relax
the preparation. Further, papaverine (final concentration:
100 HM) was added to determine the maximum relaxation.

After the experiment, the tension generated upon adding
papaverine was used as the base line, and the relaxation of the
preparation by adding nitrobrusside was recorded on a chart by

using a DEGIMATIC CALIPER to determine the degree of relaxation.
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Table 2. Augménting action of PDES inhibitor on the relaxation,
by nitroprusside, of the penile cavernosum preparation removed

from a rabbit

Relaxation ratio (%)

test compound ECgy (nM)
3 nM 30 nM 300 nM
Example 9 58.8 77.7 79.6 20
Example 36 350 60,8 54.8 35
Example 37 334 50.1 56.0 293
Example 77 58.8 7 80.6 0.7
Example 83 50.6 67.3 69.9 28
Example 86 50.2 70,2 ns 3.0
Example 88 50.0 67.5 75.0 3.0

Values in the table indicate relaxation ratio (%) after
nitroprusside was added to the preparation pretreated with the
3, 30 and 300 nM compound, and the mean in a duplicate experiment
was recorded. Further, the EC,, value indicates the compound
concentration at which the contraction caused by phenylephrine
is relaxed by 50 %, and this value was calculated by regression
analysis on a relaxation curve in the duplicate experiment.

Nitrogen monoxide formed from nitroprusside activated
guanylate cyclase to promote the formation of cGMP from GTP,
thus relaxing the penile cavernosum. The PDE5 inhibitor
augmented this relaxation action by inhibiting the degradation
of cGMP.

As described above, it was demonstrated that the compounds
of the present invention have an inhibitory action on PDE5 and
augment the relaxation action of nitroprusside on the rabbit

penile cavernosum sample dose-dependently.
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That is, the present invention is useful as a prophylactic
and therapeutic agent for erectile dysfunction.

Production Examples and Examples are given to facilitate
the understanding of the present invention, but as a matter of
course, the present inventionis not limited to these compounds.
Production Example 1
4-(3-Chloro-4-methoxybenzyl)amino-6-cyano-1-[(3R)-3-
hydroxypiperidino)phthalazine hydrochloride

NC =N OMe

=N Hel
N

[;;lqu

A mixture of 1.0 g 1-chloro-4-{3-chloro-4-
methoxybenzyl)amino-6-cyanophthalazine, 1.92 g (R} -(+)-3-
hydroxypiperidine hydrochloride, 1.80 g diisopropyl
ethylamine and 12 ml 1-methyl-2-pyrrolidone was stirred at
170°C for 1 hr and 15 min. After cooling, ethyl acetate was
added to the reaction solution which was then washed with water
and brine. It was dried over anhydrous sodium sulfate, the
solvent was evapcrated, and the resulting residue was purified
by silica gel c¢olumn chromatography. The resulting free
compound was suspended in acetic acid/ethanol/water, 1 N
agueous hydrochloric acid was added thereto, and it was
dissolved by heating. After cooling, the resulting crystals

were collected by filtration togive 860 mg of the title compound
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as a yellow powder.

MASS (ESI): 424.1 (MH)

'H-NMR (400MHz,DMSO-d,) 0; 1.39-1.50{1H,m), 1.65-1.78{(1H,m),
1.75-2.98(2H,m), 2.82-2.91(1H,m), 2.93-3.02(1H,m), 3.33.
3.48(2H,m}, 3.79-3.88(1H,m), 3.85(3H,s), 4.72(2H,br),
7.16(1H,d,J=8.4Hz), 7.47(1H,dd,J=8.4,1r6Hz),
7.62(1H,.d,J=1.6Hz), 8.31(1H,d4,J=8.4Hz}), 8.48(1H,d,J=8.4Hz),
9.38-9.46(1H,m), 10.27(1H,br).

Production Example 2
4-(3-Chloro-4-methoxybenzyl)amino-6-cyano-1-[(38)-3-
hydroxypyrrolidino]phthalazine hydrochloride

NC N OMe

1

N Hol
N

),

HO

The title compound was obtained by using (S5)-3-
hydroxypyrrolidine in place of (R)-(+)-3-hydroxypiperidine
hydrochloride in Production Example 1.
MASS(ESI); 410.0 (MH")
'H-NMR (400MHz,DMSO-d,) §; 1.94-2.10(2H,m), 3.50-3.62(1H,m),
3.42-3.68(1H, m), 3.83(3H,s), 3.93-4.10(2H,m), 4.43-
4.50(1H,m), 4.50-4.64(2H, m}, 5.30(1H,br}, 7.13(1H,d,J=8.4 Hz),
7.34-7.44(1H,m), 7.48-7.56(1H,m), B.38-8.46(1H,m), 8.62-
8.74(1H,m), %.10-5.32(1H,m).

Production Example 3
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4-(3-Chloro-4-methoxybenzyl)amino-6-cyano-1-[(28})-2-

hydroxymethylpyrrolidinolphthalazine hydrochloride

NC. = OMe

=N
N

Q"‘“\OH

The title compound was obtained by using (S)-2-

-HCH

hydroxymethylpyrrolidine in place of (R} -{+)-3-
hydroxypiperidine hydrochloride in Production Example 1.
MASS (ESI); 424.1 (MH')

'H-NMR (400MHz,DMSO-d,) §; 1.60-2.39(4H,m), 3.44-3.53(1H,m),
3.83(3H,s), 3.89-3.99(1H,m), 4.34-4.70(3HE,m), 7.12-
7.16(1H,m), 7.38-7.46(1H,m), 7.52-7.5%(1H,m), B.40-
8.43(1H,m), 8.43-8.60(1H,m), 9.23-9.30(1E,m).

Production Example 4
4-{3-Chloro-4-methoxybenzyl)amino-6-cyano-1-(3-

hydroxymethylpiperidine)phthalazine hydrochloride

l4N,~\[:::I:C|
NC ~N OMe

The title compound was obtained by using 3-
hydroxymethylpiperidine in place of (R)-{+)-3-

hydroxypiperidine hydrochloride in Production Example 1.
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MASS{ESI); 438.2 (MH')
'H-NMR (400MHz,DMS0-d,) 6; 1.13-1.28(1H,m), 1.70-1.86(3H,m),
1>87—1,9§(1H,m), 2.67-2.75{(1B,m), 2.86-2.95(1H,m), 3.33-
3.50(3E,m), 3.51-3.60(1H,m), 3.16(3H,s), 3.85(3H,s8),
4.71(2H,br-8), 7.16(1H,d,J=8.4Hz), 7.44(1H,d4d,J=8.4,0.8Hz),
7.59(1H,d,3=0.8Hz). 8.23(1H,d,J=8.8Hz)!
8.45{(1H,dd,J=8.8,0.4Hz), 9.28-9.35(;H,m), 9.95(1H,br},
14.00(1H,br).
Production Example 5
4-(3-Chloro-4-methoxyphenethyl)amino-6-cyano-1-(3-
hydroxymethylpiperidino)phthalazine hydrochloride
OMe
HN'\/@CI

NC

The title compound was obtained by using 1l-chloro-4-
{3-chloro-4-methoxyphenethyl)amino-6-cyanophthalazine in
place of 1-chloro-4-(3-chloro-4-methoxybenzyl)amino-6-
cyancphthalazine in Prqduction Example 4.

MASS (ESI); 452.3 (MH')

'H-NMR (400MHz ,DMSO-4,) 0; 1.70-1.90(2H,m), 1.90-2.05(2H,m),
2.70(1H,br-t), 2.88(1H,br-t}, 2.95-3.08(2H,m}, 3.25-
3.63(2H,m), 3.78(2H,m), 3.83(3H,s), 7.09(1H,d,J=8.6Hz),

7.29(1H,4,J=8.6Hz), 7.47(1H,s), 8.25(1H,d,J=8.6Hz),
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8.49(1H,d.J=8.6Hz), 9.48(1H,s).
Production Example 6
4-(3-Chloro-4-methoxyphenethyl)amino-6-cyano-1-(4-

hydroxymethylpiperidino)phthalazine

NC " OMe

~N
N

CH

The title compound was obtained by using 4-
hydroxymethylpiperidine in place of 3-hydroxymethylpiperidine
in Production Example 5.

MASS (ESI); 452.3 (MH)

'H-NMR (400MHz,cDCLl,) 0; 1.51-1.65(2H,m), 1.79-1.85(1H,m),
1.93(2H,m), 2.99-3.09(4H,m), 3.56-3.68(4H,m), 3.90(3H,s),
3.85-3.99(2H,m), 4.94(1H,br-t}), 6.88(1H,d,J=8.4Hz),
7.13(1H,d4d4,J=2.2,8.4Hz), 7.28(1H,d4,Jd=2.2Hz)},
7.94(1H,d,J=8.4Hz), 7.98(1H,s), 8.13(1H,d,J=8,4Hz).
Production Example 7
4-(3-Chleoro-4-methoxybenzyl)amino-6-cyano-1- [methyl{(2-

pyridylmethyl)aminolphthalazine dihydrochlcoride
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NG SN N0Me

=N
N -

The title compound was obtained in the same treatment as

Me’

in Production Example 1 except that N-methyl-[(2-
pyridyl)methyl]l amine was used in place of (R)-(+)-3-
hydroxypiperidine hydrochloride.

MASS (ESI); 445.3 (MH")

'H-NMR {400MHz,DMS0-d,) 0; 2.95(3H,s8), 3.85(3H,s), 4.73-
4.79(4H,m), 7.16{1H,d,J=8.4Hz)}, 7.49(1H,dd,J=8.4,2.0Hz),
7.64({1H,d,J=2.0Hz), 7.65-7.72(1H,m), 7.83-7.87(1H,m), 8.18-
8.26(1H,m), 8.52(1H,dd,J=8.4,1.2Hz}), B.60(1E,d,J=-8.4Hz),
8.74(1H,d,J3=4.8Hz), 9.53-9.55(1H,m}, 10.64 (1H br).
Production Example 8
4-(3-Chloro-4-methoxybenzyl)amino-6-cyanc-1-{N-methyl-[2-

(2-pyridyl)ethyllaminoc}phthalazine dihydrochloride

NG SN O OMe

AN
Ne_~ Ny
Me’ \/\E)
L

The title compound was obtained in the same treatment as

-2HCI

in Production Example 7 except that N-methyl-([2-(2-

pyridyl)ethyl)amine was used in place of N-methyl-[(2-
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pyridyl)methyl]lamine.

MASS (ESI); 459.2 (MH')

'H.NMR {400MHz,DMSO-d,) §; 3.00(3H,s), 3.35{2H,t,JT=6.4Hz),
3.76(2H,t,J=6.4Hz), 3.85(3H,s}, 4.73-4.77(2H,m},
7.18{(1H,d,J=8.4Hz), 7.50{(1H,&,J=8.4Hz}, 7.53-7.64(1H,m),
7.65(1H,s), 7.68-7.77(1H,m), 8.10-8.30(1H,m),
8.16(1H,d,J=8.6Hz), 8.44{(1H,d4,J=8.6Hz), 8.55-8.61(1H,m},
9.45-9.51(1H,m), 10.53(1H,br).

Production Example 9
4-(3-Chloro-4-methoxyphenethyl)amino-6-cyano-1- (4-

methoxypiperidino)phthalazine hydrochloride

HN Cl

N HCI
2N

N

NC.

OMe

The title compound was obtained in the same treatment as
in Production Example 5 except that 4-methoxylpiperidine
hydrochloride was used in place of 3-hydroxymethylpiperidine.
MASS {(ESI); 452.2 (MH")

'H-NMR (400MKz,DMSO-d,) §; 1.66-1.76(2H,m), 2.00-2.08(2H,m},
2.91-2.97(2H,m), 2.99-3.07(2H,m), 3.29(3H,s}, 3.37-
3.49(3H,m), 3.70-3.77(2H,m), 3.81(3H,s), 7.07(1H,d,T-8.6Hz),

7.26(1H,dd,J=8.6,2.0Hz), 7.43(1H,d,J=2.0Hz),
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8.24(1H,d,J=8.3Hz), 8.45(1H,dd,J=8.3,1.6Hz),
9.22(1H,d,J=1.6Hz) .

Production Example 10
4-({3-Chloro-4-methoxybenzyl)amino-6-cyano-1- (4-

methoxyphenyl)phthalazine hydrochloride

NG O SN 0Me
=N Hel

J

QOMe

423 mg of tetrakis(triphenylphosphine)palladium (0) was
added to a mixture of 1.0 g 1-chloro-4-(3-chloro-4-
methoxybenzyl)amino-6-cyanophthalazine, 423 mg 4-
methoxyphenylboric acid, 30 ml toluene, 30 ml tetrahydrcfuran,
and 30 ml of 2 M agueous sodium carbonate in a nitrogen atmosphere.
The mixture was stirred at 80 °C for 2 hr, and further at 10
°c for 15.5 hr. The reaction solution was returned to room
temperature and extracted with aquecus ammonium chloride and
ethyl acetate. The organic layer was washed with agueous
ammonia, water and brine, and dried over anhydrous sodium
sulfate. The solvent was evaporated, and the resulting residue
was purified by silica gel column chromatography. The
resulting coupled compound was dissolved in ethyl
acetate/ethanol, 4 N hydrochloric acid/ethyl acetate solution

wag added thereto, and the resulting crystals were collected
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by filtration to give 460 mg of the title compound as a yellow
powder.
MASS (ESI); 431.2 (MH')
'H-NMR (400MHz,DMSO-d,) 0; 3.85(3H,s), 3.87(3H,s), 4.82-
4.85(2H,m), 7.16-7.21(3H,m), 7.49{(1H,dd4,J=8.6,2.2Hz), 7.60-
7.63(3H,m), 8.08(1H,d,J=8.4Hz), 8.45(13,dd,J=8.4,1.4H2),
9.45-9.49(1H,m), 10.39(1H,br).
Production Example 11
4-[{3-Chloro-4-methoxybenzyl)amino] -1-{4-hydroxy-3-
methylpiperidino) -6-phthalazinecarbonitrile hydrochloride
The title compound was obtained in the same treatment as
in Production Example 1 except that 4-hydroxy-3-
methylpiperidine in place of (R)-(+)-3-hydroxypiperidine
hydrochloride.
'H-NMR {400MHz,DMSO-d,) 6; 0.94{3H,t,J=8.0Hz), 1.59-2,03 (34, m),
2.74-3.96(5H,m), 3.83(3H,s), 4.68(2H,d,J=5.2Hz),
7.15(1H,d,J=8.4Hz), 7.43(1H,d,J=8.0Hz), 7.58(1lH,s),
8.23(1H,t,J=8.0Hz), B8.45(1H,d,J=8.4Hz),
9.29(1H,s) .Production Example 12
4-{{3-Chloro-4-methoxybenzyl)amino] -1-(4-hydroxy-3,3,5,5-
tetramethylpiperidine) -6-phthalazinecarbonitrile
hydrochloride
The title compound was obtained in the same treatment as
in Production Example 1 except that 4-hydroxy-3,3,5,5-
tetramethylpiperidine was used in place of (R}-{+}-3-

hydroxypiperidine hydrochloride.
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'H-NMR (400MHz, DMSO-d,) O; 0.51(6H,s), 1.15{6H,s),
2.57(1H,d,J§12.4Hz), 2.95(1H,s), 3.21(2H,d,J=12.0Hz),
3.83(3H,s), 4.47(24,4,J=5.6Hz), 7.14(1H,d,J=8.4Hz),
7.47(1H,d,J-8.8Hz), 7.63(1H,s), 8.29(1H,d,J=8.4Hz),
8.55(1H,d,J=8.4Hz), 9.52(1H,s), 10.63(1H,br-s}.
Intermediate Production Example 1

1-Chloro-4-{[(4 -methoxy-3-trifluoromethyl)benzyl)jamino}-6-

phthalazine carbonitrile

HN CF,
NC \?Tl OMe
~N
Cl

Amixture of 10 g 2-trifluoromethyl phenol, 17 g potassium
carbonate, 150 ml acetone and 7.7 ml icdomethane was heated
under reflux for 2 hr. After cooling, the insoluble matters
were removed by filtration, and the filtrate was evaporated.
The resulting residue was dissolved in ethyl acetate, and washed
with water and brine. It was dried over anhydrous magnesium
sulfate, filtered, and evaporated to give 12.15 g of 2-
trifluoromethyl anisole.

A mixture of 8.5 g 2-trifluoromethyl anisole and 7.0 g
hexamethylene tetramine was stirred at 90 °c for 1.5 hr in 80
ml trifluorcaceticacid. The reaction solutionwas evaporated.
The resulting residue was dissolved in ethyl acetate, and it
was added dropwise into ice-cooled saturated agueous sodium

bicarbonate. The ethyl acetate layer was recovered and washed
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with brine. It was dried over anhydrous magnesium sulfate,
filtered, and evaporated. The resulting residue was purified
by silica gel column chromatography to give 5.8 g of 3-
trifluoromethyl-p-anisaldehyde.

A mixture of 5.8 g 3-trifluoromethyl-p-anisaldehyde, 8.6
ml formamide, and 13.6 ml formic acid was stirred at 130°C for
9hr. Aftercooling, water and ethyl acetate were added thereto.
The ethyl acetate laver was recovered and washed with brine.
It was dried over anhydrcus magnesium sulfate, filtered, and
evaporated. The resulting residue was purified by silica gel
column chromatography to give 3.8 g of N-[4-methoxy-3-
(trifluorcmethyl)benzyl] formamide.

3.8 g of N-[4-methoxy-3-
(trifluorcomethyl)benzyl] formamide was dissolved in 20 ml
ethanel, 2 ml conc. hydrochleoric acid was added thereto, and
the mixture was heated under reflux for 3 hr. After cooling,
diethyl ether was added thereto, and the resulting crystals were
collected by filtration to give 2.5 g of 4¢-methoxy-3-
(trifluoromethyl)benzylamine hydrochloride,
) 3.7 g of DBU was added to a mixture of 2.2 g 1,4-
dichlorophthalazine-6-carbonitrile, ﬁ.S g 4-methoxy-3-
{trifluorcmethyl)benzylamine hydrochloride and 25 ml 1-
methyl-2-pyrrolidinone, and the mixture was stirred at room
temperature for 1.25 hr. Ethyl acetate was added to the
reaction solution which was then washed with water and brine.

It was dried over anhydrous sodium sulfate, filtered and
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evaporated. The resulting residue was purified by silica gel
column chromatography to give 1.66 g of the title compound as
a less polar compound.

'H-NMR(400MHz,DMSO-d,) O; 3.B6(3H,s), 4.74(2H,d,J=5.2Hz),
7.22{1H,4,J=9.6Hz}, 7.67-7.71(2H,m), 8,20(1H,d,J=-8.4Hz)},
8.35(1H,dd,J=8.4,1.4Hz), 8.50(1H,t,J=5;.2Hz),
8.99(1H,d,J=1.4Hz) .

In the same manner, 1l-chloro-4-[{3-iodo-4-
methoxvbenzyl)amino] -6-phthalazine carbonitrile was obtained
from commercial 2-iodoanisole; 4-[(3-bromo-4-
methoxybenzyl)aminol-1l-chloro-6-phthalazine carbonitrile
from 3-bromo-p-anisaldehyde; 1l-chloro-4-[(3-fluoro-4-
methoxybenzyl)amino] -6-phthalazine carbonitrile from 3-
fluoro-p-anisaldehyde; and 1-chloro-4-[{(4-methoxy-3-
methylbenzyl}amino] -6-phthalazine carbonitrile from 3-
methyl-p-anisaldehyde.

Intermediate Production Example 2
1-Chloro-4-[(3-i0do-4-methoxybenzyl)aminol] -6-phthalazine
carbonitrile

'H-NMR (400MHz, DMSO-d,) O 3.80(3H,s), 4.67(2H,d,J=5.2Hz),
6.96{1H,d,J=8.4Hz), 7.42(1H,dd,J=8.4,2.0Hz),
7.83(1H,d,J=2.0Hz), B8.18(1H,d,J=8.4Hz),
8.34{1H,dd,J=8.4,1.2Hz), 8.45(1H,t,Jd=5.2Hz),
8.99({1H,d,J=1.2Hz) .

Intermediate Production Example 3

4-[{3-Bromo-4-methoxybenzyl)amine] -1-chlore-6-phthalazine
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carboni;rile
'{-NMR(400MHz,DMS0-d,) O; 3.82(3H,s), 4.70(2H,d,J=5.2Hz),
7.07(1H,d,J-8.4Hz), 7.41(1H,dd4,J=8.4,2.0Hz),
7.63{1H,d,J=-2.0Hz), 8.20(1H,d,J=8.4Hz),
8.34(1H,dd,J5=8.4,1.2Hz), B.47(1H,t,J=5,2Hz),
8.99(1H,d,J=1.2Hz)} .
Intermediate Production Example 4
1-Chloro-4-[{3-fluoro-4-methoxybenzyl)aminol -6-phthalazine
carbonitrile
'H-NMR (400MHz,DMSO-d,) J; 3.81(3H,s), 4.70(2H,d,JT=5.4Hz),
7.11(1H,t,J=8.8Hz), 7.19(1H,d,J=8.8Hz),
7.26(1H,dd,J3=12.8,2.0Hz), 8.20(1H,d,J=8.4Hz),
8.35(1H,4d4,J=8.4,0.8Hz), 8.46(1H,t,J=5.4Hz),
9.01(1H,d,Jd=0.8Hz} .
Intermediate Production Example 5
1-Chloro-4-[(3-cyanc-4-methoxybenzyl)amino] -6-phthalazine
carbonitrile

A mixture of 20 g 4-methoxybenzyl chloride, 26 g
phthalimide potassium, and 100 ml dimethylformamide was stirred
at 50 °c for 5 hr. hAfter cooling, the reaction solution was
poured into ice water and the resulting precipitates were
collected by filtration. These werewashedwithwater anddried
to give 31 g of N-(4-methoxybenzyl)phthalimide.

18 g of hexamethylene tetramine was added little by little
to a mixture of 31 g N- (4-methoxybenzyl)phthalimide and 100 ml

trifluorvacetic acid, stirred at room temperature for 1 hr, and
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then heatéd under reflux for ¢ hr. The reaction solution was
cooled to Doc, and water was added thereto. Potassiumcarbonate
was added thereto and the resulting crystals were collected by
filtration. The crystals were dried to give 20 g of N-(3-
formyl-4-methoxybenzyl)phthalimide.

5.2 g of hydroxylamine hydrochloride, 12.2 g of sodium
acetate, and 50 ml water were added to a mixture of 20 g N-
(3-formyl-4-methoxybenzyl)phthalimide and 200 ml
tetrahydrofuran, and stirred at room temperature for 1 hr. It
was stirred at 60 °c for 1 hr, and then evaporated. Water was
added to the resulting residue, and the insoluble matters were
collected by filtration. These were washed with diethyl ether
to give 20 g of N-(3-hydroxyimino-4-
methoxybenzyl)phthalimide.

6.7 ml acetic anhydride was added to a mixture of‘20 g
N- {3-hydroxyimino-4-methoxybenzyl)phthalimide and 200 ml
xylene, and the mixture was heated under reflex for 10 hr. It
was returned to room temperature, and the resulting crystals
were collected by filtration and washed with xylene to give 15
g of N-(3-cyanc-4-methoxybenzyl)phthalimide.

5.9 g of hydrazine monohydrate was added to a mixture of
15gN-(3-cyano-4-methoxybenzyl)phthalimide and 200 m1 ethanol,
and themixture was heated under reflux for 3 hr. After cooling,
the insoluble matters were removed by filtration. The filtrate
was evaporated, 1 N aqueous sodium hydroxide was added to the

resulting residue which was then extracted withdichloromethane.
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'The extract was dried over anhydrous magnesium sulfate, and
filtered. The filtrate was evaporated to give B.0 g of 3-
cyano-4-methoxybenyzlamine.

1,4-Dichlorophthalazine-6-carbonitrile and 3-cyano-4-
methoxybenzylamine were stirred at room temperature in 1-
methyl-2-pyrrolidincne in the presence of DBU, whereby 1-
chloro-4-[{3-cyano-4-methoxybenzyl)amino] -6-phthalazine
carbonitrile was obtained as a less polar productf
'H-NMR (400MEz,DMSG-d,) 6; 3.87{3H,s), 4.70(2H,d,J=5.6Hz),
7.20(1H,d,J=8.4Hz), 7.70(1H,dd,J=2.4,8.4Hz),
7.75(1H,d,J=2.4Hz), 8.19{1H,d,J=8.4H=z),
8.34{1H,dd4,J=1,2,8,4Hz), 8.48(1H,t,J=5.6Hz), B8.87(1H,s).
Intermediate Production Example 6
1-Chloro-4-[(3-ethyl-4-methoxybenzyl}amino] -6-phthalazine
carbonitrile

3.99 g of potassium-t-butoxide was added to 80 ml solution
of 12.7 g methyltriphenyl phosphonium bromide in
tetrahydrofuran at 0 °c, 7 g of N-{3-formyl-4-
methoxybenzyi)phthalimide was added thereto, and the mixture
was stirred at room temperature for 1 hr, The reaction solution
was filtered through Ceiite, and then evaporated. The
resulting residue was purified by silica gel column
chromatography to give 2.75 g of N-{4-methoxy-3-
vinylbenzyl)phthalimide.

2.75 g of N-(4-methoxy-3-vinylbenzyl)phthalimide was

dissolved in 50 ml tetrahydrofuran, 0.1 g of 10 % Pd-C was added
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thereto, and the mixture was stirred for 40 min in a hydrogen
atmosphere. The reaction solutionwas filtered through Celite,
and the filtrate was evaporated. The resulting residue was
purified by silica gel column chromatography to give 2.55 g of
N- (3-ethyl-4-methoxybenzyl)phthalimide.

0.84 ml hydrazine monohydrate was .added to a mixture of
2.55 g N-(3-ethyl-4-methoxybenzyl)phthalimide and 60 ml
ethanol, and the mixture was heated under reflex for 1 hr. After
cooling, it was evaporated, and 2 N agueous sodium hydroxide
was added to the resulting residue which was then extracted with
dichloromethane. The extract was dried over anhydrous
magnesium sulfate and filtered. The filtrate was evaporated,
ethyl acetate was added thereto, and then the insoluble matters
were filtered. 4 N hydrochloric acid (solution in ethyl
acetate) was added thereto, and the resulting crystal; were
collected by filtraticn to give 1.75 g of 3-ethyl-4-
methoxybenzylamine hydrochloride.

1,4-Dichlorophthalazine-6-carbonitrile and 3-ethyl-4-
methoxybenzylamine hydrochloride were stirred at room
temperature in 1-methyl-2-pyrrolidinone in the presence of DBU,
whereby 1-chloro-4-[(3-ethyl-4-methoxybenzyl)amino]-6-
phthalazine carbonitrile was obtained as a 1ess polar compound.
‘H-NMR (400MHz,cDCl,) O ; 1.14{3H,t,J=7.5Kz),
2.60(2H,q,J=7.5Hz), 3.81(3H,s), 4.84(2H,s),
6.80(1H,d,J=8.2Hz}, 7.25(1H,d,J=2.0Hz),

7.30(1H,84,J=2.0,8.2Hz), 8.06(1H,4,J=9.0Hz),
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8.27(1H,d,J=9.0Hz), 8.42(1H,m).
Intermediate Production Example 7
1-Chloro-4-[(3-chloro-4-methylbenzyl)amino] -6-phthalazine
carbonitrile

15 ml solution of 2.0 g 3-chloro-4-methylbenzonitrile in
tetrahydrofuran was added dropwise into:40 ml solution of 453
mg lithium aluminum hydride in tetrahydrofuran in a nitrogen
atmosphere, The mixture was heated under reflux for 2 hr and
10 min. The mixture was ice-cocled, and 0.45 ml water, 0,45
ml of 15 % agqueous sodium hydroxide, and 1.35 ml water were added
dropwise thereinto such that the solution was kept at 10 °c or
less. The solution was filtered through Celite, and the
resulting filtrate was dried by adding anhydrous sodium sulfate.
It was filtered through a ¥H-form silica gel, and the filtrate
was evaporated togive 1.74 g of 3-chloro-4-methylbenzylamine.

1,4-Dichlorophthalazine-6-carbonitrile and 3-chloro-
4-methylbenzylamine were stirred at room temperature in 1-
methyl-2-pyrrolidinone in the presence of DBU, whereby the
title compound was obtained as a less polar compound.
'H-NMR (400MHz,DMSO-4,) §; 2.29(3H,s), 4.73(2H,d,J=5.2Hz),
7.28-7.32(2H,m), 7.45(1H,d,J=0.8Hz), 8.20(1H,dd,J=8.4,0.4Hz),
8.34(1H,d4,J=8.4,1.6Hz), B.52(1H,t,J=5.2Hz), 9.00(1H,m).
Intermediate Production Example 8
1-Chloro-4-[(4-chloro-3-methoxybenzyl)amine) -6-phthalazine
carbonitrile

4-Chloro-3-methoxybenzylamine benzylamine hydrochloride
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synthesized according to the method described in W09518097 and
1,4-dichlorophthalazine-6-carbonitrile were stirred at room
temperature in 1-methyl-2-pyrrolidinone in the presence of DBU,
whereby 1l-chloro-4-[{4-chloro-3-methoxybenzyl)amino] -6-
phthalazine carbonitrile was obtained as a less pclar product.
'H-NMR (400MHz,DMSO-d) 0 ; 3.86(3H,s), 4.76(2H,d,J=5.5Hz)},
4.74(1H,d4,J=4.2Hz), 6.99(1H,dd,Jd=1.8,8.1Hz},
7.22(1H,d,Jd=1.8Hz), 7.35(1H,d,J=8.1Hz), 8.21(1H,d,J=8.6Hz),
8.36(1K,d,J=8,6Hz), 8.52(1H,t,J=5.5Hz), 9.03(1H,s).
Intermediate Production Example 9
1-Chloro-4-[{3,4-dichloreobenzyl) amino] -6 -phthalazine
carbonitrile

'H-NMR{400MHz,DMSO-d,) 6 ; 4.76(2H,d,T=5.4Hz),
7.40{1H,dd,J=8.4,1.8E2), 7.58(1H,d,J=8.4Hz),
7.68(1H,d,J-1.8Hz), 8.21(1H,dd,J=8.4,0.4Hz),
8.36(1H,dd4,J=8.4,1.6Hz), B.57(1H,t,J=5.4Hz),

8,99 (1H,d,J=1.6Hz) .

Intermediate Production Example 10

Benzyl 4-fluorco-4-hydroxymethyl-1l-piperidinecarboxylate

Z
N

OH

5t.1 g of methyltoluphenylphosphonium bromide wasg added
to a mixture of 16.1 g tert-butoxy potassium and 500 ml

tetrahydrofuran, and then stirred for 1 hr and 20 min at room
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temperature. 16.1 g of benzyl 4-oxeo-1-piperidinecarboxylate
was added thereto, and the mixture was stirred for 2 hr and 40
min at room temperature. The reaction solution was evaporated,
diethyl ether was added thereto, and then filtered through
Celite. The filtrate was washed with water and brine, dried
over anhydrous magnesium sulfate, and phen filtered. The
filtrate was evaporated, and the resulting residue was
subjected to silica gel coclumn chromatography to give 25.5 g
of benzyl 4-methylene-l-piperidinecarboxylate.

14.7 g of benzyl 4-methylene-1-piperidinecarboxylate was
dissolved in 300 ml methanol, 20.4 g of phthalic acid
monoperacid magnesiumsalt and 13.3 g of sodiumbicarbonate were
added thereto, and the mixture was stirred at room temperature
for 7.5 hr. The reaction solution was evaporated. Ethyl
acetate was added to the resulting residue which was then washed
with water and brine, dried over anhydrous magnesium sulfate,
and then filtered. The filtrate was evaporated, and then
subjected to silica gel column chreomatography to give 11.3 g
of benzyl l-oxa-6-azaspiro(2.5]octane-6-carboxylate.

A mixture of 5 ml hydrogen fluoride pyridine and 20 ml
methylene chloride was cooled, and 10 ml solution of 4.95 g of
benzyl l-oxa-s-azaspiro[z,5]bctane-6-carboxylate in
methylene chloride was added dropwise thereinto over 25 min such
that the bulk temperature was 0 °c or less. The mixture was
stirred for 35 min under ice-cooling. The reaction solution

was poured into a mixture of saturated sodium bicarbonate and
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ice. The organic layer was recovered, dried over anhydrous
magnesium sulfate, and filtered. The filtrate was evaporated,
and then subjected to silica gel column chromategraphy to give
2.84 g of the title compound.

Intermediate Production Example 11

tert-Butyl 4-hydroxy-4-(1H-1-imidazoly}methy1)-1—
piperidinecarboxylate

Boc -

OH
N
¢y
N ‘.

13.5 gof tert-butyl 4-methyvlene-l-piperidinecarboxylate
was dissolved in 300 ml methaneol, and 28.3 g phthalic acid
monoperacid magnesium salt.and 8.62 g sodium bicarbonate were
added thereto, and the mixture was stirred at room temperature
for 1 day. The reaction solution was filtered through Celite,
and the resulting filtrate was evaporated. Ethyl acetate was
added to the resulting residue which was then washed with water
and brine, dried over anhydrous magnesium sulfate, and then
filtered. The filtrate was evaporated, and subjected tosilica
gel column chromatography to give 12.2 g of tert-butyl 1-
oxa-6-azaspiro[2.5]octane-6-carboxylate.

4.25 g of tert-butyl l-oxa-6-azaspiro[2.5)octane-6-
carboxylate was dissolved in 30 ml dimethﬁlformamide. 5.38 g

of sodium imidazole was added thereto, and the mixture was
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stirred at 60 °C for 3 hr and 40 min. After cooling, ethyl
acetate was added to the reaction solution, and it was washed
with water for 3 times and then with brine, dried over anhydrous
magnesium sulfate, and filtered. The filtrate was evaporated
and subjected to silica gel column chromatography to give 4.93
g of tert-butyl 4-hydroxy—4—(1H-l-imid;zolylmethyl)-1»
piperidinecarboxylate.
Intermediate Production Example 12
tert-Butyl 4-hydroxy-4-(1H-1,2,4-triazole-1-ylmethyl)-1-
piperidinecarboxylate

The title compound was obtained by using 1,2,4-triazole
sodium in place of imidazole sodium in Intermediate Production
Example 11.
Intermediate Production Example 13
Benzyl 4-flucromethyl-4-hydroxy-1l-piperidinecarboxylate

3.2 g of potassium hydrogen flucride and 610 mg
tetra-n-butyl ammonium dihydrogen trifluoride were added to 5
g of benzyl 1-oxa-6-azaspiro(2.5]octane-6-carboxylate, and it
was stirred at 120 °C for 7 hr. After cooling, methylene
chloride was added thereto and it was filtered through Celite.
The filtrate was evaporated, and the resulting residue was
subjected to silica gel column chromatography to give 4.7 g of
the title compound.
Intermediate Production Example 14
4 -Hydroxy-4-piperidinecarboxamide hydrochloride

A mixed solution of 18 ml conc. sulfuric acid and 1.8 ml

52




water was coecled to 0 °C, and 5 g of 1-benzyl-4-hydroxy-4-
piperidinec_arbonitrile hydrochloride was added thereto little
by little. A mixed solution of 25 ml con¢, sulfuric acid and
2.5 ml water was added thereto, and stirred at room temperature
for 2 hr. It was left overnight in a freezer. The reaction
solution was poured onto ice, and 47 g oﬁ sodium hydroxide was
added thereto little by little. It was extracted 3 times with
amixed solvent of tetrahydrofuran and ethyl acetate (1:1). The
extract was washed with brine, dried over anhydrous magnesium
sulfate, and then filtered. The filtrate was evaporated and
subjected to silica gel column chromateography to give 3.19 g
of 1-benzyl-4-hydroxy-4-piperidine carboxamide.

3.19 g of 1-benzyl-4-hydroxy-4-piperidine carboxamide
was dissolved in 150 ml methanol, and 1.5 g of 20 % hydrous
palladium hydroxide was added thereto. The mixture was-shaken
for ¢ hr in a hydrogen atmosphere at 4 atmospheric pressure.
The reaction solution was filtered through Celite, and 5 ml of
4 N HCl-dioxane was added to the filtrate which was then
evaporated. The resulting crystalline residue was washed with
diisopropyl ether and cocllected by filtration to give 1.96 g
of the title compound.

Intermediate Production Example 15
N-{3-Chloro-4-methoxybenzyl) -N- [4-chloro-7- (1H-1-

pyrazolyl) -1-phthaladinyl]lamine
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110 ml thionyl chloride was added; dropwise over 30 min
to a mixture of 100 g 4-flucrophthalic anhydride and 1500 ml
methanol. The mixture was heated under reflux for 8 hr and
evaporated. Ice water was added to the resulting residue which
was then extracted with ethyl acetate. The extract was washed
with brine, dried over anhydrous magnesium sulfate, and
filtered. The filtrate was evaporated to give 125 g of dimethyl
4-fluorophthalate.

26 g of oily sodium hydride was added over 40 min to 200
ml solution of 44 g pyrazole in 1-methyl-2-pyrrolidinone. 125
g of dimethyl 4-fluorophthalate was added thereto over 30 min
and stirred at room temperature for 2 hr. The reaction solution
was cooled to 0 'C and added to ice water. It was extracted
with ethyl acetate, and washed with saturated sodium
bicarbonate and brine. It was dried over anhydrous magnesium
sulfate and filtered. The filtrate was evaporated, and diethyl
ether was added to the resulting crystalline residue which was
then collected by filtration tec give 77 g of dimethyl 4-
(1H-1-pyrazolyl)phthalate.

22 ml hydrazine monohydrate was added to & mixture of 77

g dimethyl 4- (1H-1-pyrazolyl)phthalate and 500 ml ethanol, and
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heated under reflux for 6 hr. After cooling, the resulting
precipitates were collected by filtration to give 36 g of
6-(1H-1-pyrazolyl)-1,4-phthalazine dione.

15 ml diisopropyl ethylamine was added to a mixture of
5.0 g 6-{1H-1-pyrazolyl)-1,4-phthalazine dione and 20 ml
phosphorus oxychloride, and the mixturg was stirred at 110
°c for 0.5 hr. The reaction solution was cooled at 0°C, ethyl
acetate was added thereto, and further ice and water were added
thereto little by little. The reaction sclution was stirred
at 0 °c for 0.5 hr, and the insoluble matters were removed by
filtration. The ethyl acetate layer was recovered, washed with
brine, dried ¢ver anhydrous magnesium sulfate, and filtered.
The filtrate was evaporated, and ethyl acetate was added to the
resulting c¢rystalline residue which was then collected by
filtration to give 3.8 g of 1,4-dichloro-6-(1H-1-
pyrazolyl)phthalazine.

14 ml DBU was added to a mixture of 8 g 1,4-dichloro-
6- (1H-1-pyrazolyl)phthalazine, 9.5 g of 3-chloro-4-
methoxybenzylamine hydrochloride and 30 ml 1-methyl-2-
pyrrolidinone, and the mixture was stirred at room temperature
for 1 hr. It was further stirredat 60°C for 3 hr. The reaction
solution was cooled to OQC, ethyl acetate was added thereto,
followed by washing with water and brine. It was dried over
anhydrous magnesium sulfate, filtered, and the filtrate was
evaporated. The resulting residue was purified by silica gel

column chromatography, whereby 2.6 g of the title compound was
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obtained as a less polar compound.
'H-NMR (400MHz,DMSO-d,) 0; 3.80(3H,8), 4.68(2H,d,J=6.0Hz),
6.70(1H,t,J=2.0Hz), 7.09(1H,d,J=8.8Hz},
7.35(1H,dd,J=2.0,8.4Hz), 7.47(1H,d,J=2.0Hz),
7.91(1H,4,J=2.0Hz), 8.18(1H,d,J=9.2Hz), 8.32(1H,t,J=5.6Hz),
8.50(1H,dd,J=2.0,8.8Hz), 8.68(1H,d.J=2. 4Hz),
8.78(1H,d, J=2.0Hz) .
Intermediate Production Example 16
N-{3-Chloro-4-methoxybenzyl)-N-[4-chloro-7-{1H-1,2,3-
triazole-1-yl)-1l-phthalazinyl)amine

The title compound was obtained in the same manner as in
Example 15 except that l,2,3-triaz§1e was used in place of
pyrazole.
'H-NMR (400MHz,CD,0D) 0; 3.82(3H,s), 4.72(2H,s},
6.97(1H,d,J=8.4Hz), 7.34(1H,4d,J=1.6,8.4Hz),
7.44 (1H,d,J=1.6Hz), 7.99(1H,d4,J=1.2Hz), 8.34{(1H,d,J=8.8Hz),
8.52(1H,dd,J=1.6,8.8Hz), 8.72(1H,d,J=1.2Hz},
8.81(1H,d,J=2Hz) .
Intermediate Production Example 17
6-Bromo-1l-chloro-4-{(3-chloro-4-
methoxybenzyl)amino] phthalazine

96.9 ml hydrazine monohydrate was added to a mixture of
20 g 4-bromophthalic anhydride and 400 ml ethancl, and the
mixture was heated under reflex for 8 hr. After cooling, the
resulting precipitates were collected by filtration to give 28

g of 6-bromo-1,4-phthalazinedione.
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15 ml diisopropyl ethylamine was added to a mixture of
6.8 g 6~bromo-1,4-phthalazinedione and 15 ml phosphorus
oxychloride, and the mixture was heated under reflux for 1.5
hr. After cooling, the reaction solution was poured into ice
water, stirred well, and extracted with methylene chloride.
The aqueous layer was extracted with e;hyl acetate. The
combined extract was dried over anhydrous magnesium sulfate,
and filtered. The filtrate was evaporated, and the resulting
residue was subjected to silica gel column chromatography to
give 4.3 g of 6-bromo-1,4-dichlorophthalazine.

5.2 ml DBU was added to a mixture of 3.8 g &-bromo-
1,4-dichlorophthalazine, 3.5 g 3-chloro-4-methoxybenzylamine
hydrochloride and 30 ml l-methyl-2-pyrrolidinone, and the
mixture was stirred at 100 °C for 3 hr. After cooling, water
was added to the reaction soluticn which was then extracted with
ethylacetate; The extract was washed with brine. It wasdried
over anhydrous magnesium sulfate and filtered, and the filtrate
was evaporated. The resulting residue was purified by silica
gel column chromatography to give 1.8 g of the title compound
as a less polar compound.

Intermediate Production Example 18
1-(1,1-Dimethyl-2-propynyl) -4-piperidinol

24 mg cuprous chloride and 15 mg copper powder were added
toamixed solution of 5 ml solution of 7.3 g 4-hydroxypiperidine
in diethyl ether {5 ml) and water (2.5 ml) in a nitrogen

atmosphere. The mixture was ice-cooled, and 2.5 ml solution
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of 2.7 ml 3-chloro-3-methyl-1-butyne in diethyl ether was added
dropwise thereinteo at a bulk temperature of 17 to 22 °c. ‘hen,
it was stirred at room temperature overnight. Water was added
thereto, and the resulting mixture was extracted with diethyl
ether for 5 times, The organic layers were combined, and dried
over potassium carbonate and then over po;assiunmhydroxide, and
filtered. The filtrate was concentrated at normal pressure.
The resulting crystalline residues werecollectedby filtration
by adding ethyl acetate/hexane tﬁereto to give 2.54 g of the
title compound.
Intermediate Production Example 18
1-{1,1-Dimethyl-2-propynyl)pyrrolidine

The title compound was obtained from pyrrolidine and
3-chloro-3-methyl-1-butyne in the same manner as in
Intermediate Production Example 18.
Intermediate Production Example 20
(2R} -1-oxa-B8-azaspiro[4.5)deca-2-yl methancl

105.5 g of (58)-5- (hydroxymethyl) tetrahydro-2-furanone
was dissolved in 1.2 L pyridine, and 380 g of trityl chloride
was added thereto at room temperature, and the mixture waé
stirred at 80 °c overnight. After the reaction was completed,
the mixture was cooled, water was added thereto, extracted with
ethyl acetate, and then washed with brine. The solvent was
removed, and the resulting residue was dissolved in 300 ml
chloroform, and after 600 ml silica gel was added thereto, the

solvent was removed. The resulting residue was purified by
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silica gel column chromatography to give 149.3 g of (58}-5-
[(trityloxy)methyl] tetrahydro-2-furanone.

26.9 g of (58)-5-[{trityloxy)methyl]}tetrahydro-2-
furancne was dissolved in 200 ml THF, 300 ml solution of 1 M
vinylmagnesium bromide in THF was added thereto at room
temperature, and it was stirred for 1.5 hr under heating and
reflux. After the reaction was completed, saturated agqueous
ammonium chloride was added thereto under ice-cooling,
extracted with ethyl acetate, and then washed twice with brine.
The solvent was removed and the resulting residue was purified
by silica gel column chromatography to give 13.0 g of (28) -
1-{trityloxy)-5-vinyl-6-heptene-2,5-diol,

13.0 g of (28)-1-(trityloxy)-5-vinyl-é6-heptene-2,5-diol
and 57.2 g of toluenesulfonyl chloride were dissolved in 200
ml pyridine, and stirred at 80 °c overnight. After the reaction
was completed, water was added thereto, and it was stirred at
room temperature for 10 min. After extracting twice with ethyl
acetate, washed with brine, and dried over magnesium sulfate.
The solvent was removed, and the resulting residue was dissolved
in toluene. After the solvent was removed again, the resulting
residuewas purifiedby silica gel column chromatography to give
5.88 g of (5R)-5-[{trityloxy)methyll-2,2-
divinyltetrahydrofuran.

4.68 g of (5R)-5-((trityloxy)}methyl]-2,2-
divinyltetrahydrofuran, 100 ml of 0.5M 9-BBN and 6.1 g of 9-BBN

dimer were suspended in 100 ml THF, and stirred for 30 hr under
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heating and reflux. After cooling, 50 ml of 30 % hydrogen
peroxide and 50 ml of 3 N sodium hydroxide were added thereto
under ice-¢ooling, and stirred at 50 °C for 20 hr. After the
reaction was completed, the reaction sclution was returned to
room temperature, extracted with ethyl acetate, washed with
brine, and dried over magnesium sulfate. The solvent was
removed, and the resulting residue was purified by silica gel
column chromatography to give 2.68 g of 2-{5R)-2-(2-
hydroxyethyl)-5-[(trityloxy)methyl]tetrahydro-z-furanyl-i-
ethanol.

2.69 g of 2-(5R)-2-(2-hydroxyethyl)-5-
[{trityloxy)methyl]tetrahydre-2-furanyl-1l-ethanol and 12 ml
pyridine were dissolved in 30 ml dichloromethane, and 11.82 g
of toluenesulfonyl chloride was added thereto under ice-cooling
and stirred for 2.5 hr. After the reaction was completed, 30
ml pyridine was added thereto, and then it was concentrated.
After pyridine and water were added thereto again under
ice-cooling, the mixture was stirred for 15 min. It was
extracted with ethyl acetate, washed with brine, and then dried
over magnesium sulfate. The solvent was distilled off, toluene
was added thereto, the solvent was distilled off again, and then
the resulting residue was purified by silica gel column
chromatography to give 4.17 g of 2-(5R)-2-[2-{(4-
methylphenyl) sulfonyl] oxyethyl] -5-

{{trityloxy)}methyl] tetrahydro-2-furanylethyl 4-methyl-1-

benzene sulfonate.
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4.17 g of'2-(5R)-2-[2-E(4-
methylphenyl) sulfonyl]loxyethyl] -5-
[{trityloxy)methyl]tetrahydreo-2-furanylethyl 4-methyl-1-
benzene sulfonate and 5.36 g of benzylamine were dissolved in
80 ml DMF, and stirred at 110 °C for 11.5 hr. After the reaction
was completed, water was added theretoq extracted with ethyl
acetate, and washed twice with brine and saturated agueous
sodium bicarbonate. After it was dried over magnesium sulfate,
the solvent was removed, and the resulting residue was purified
by silica gel column chromatography to give 2.1 g of (2R)-
8-benzyl-2- [{trityloxy)methyl] -l-oxa-8-azaspiro([4.5)decane.

2.10 g of (2R)-8-benzyl-2-[(trityloxy)methyl]-1-oxa-
8-azaspiro(4.5)decane was dissolved in 20 ml THF, 8 ml of 4 N
hydrochloric acid in 1,4-dioxane was added thereto under
ice-cooling, and then it was stirred for 1 hr. Aafter the
reaction was completed, water and saturated agueous sodium
bicarbonate were added thereto, extracted twice with ethyl
acetate, washed with saturated agueous sodium bicarbonate and
brine, and then dried over magnesium sulfate. The solvent was
removed and the resulting residue was purified by silica gel
column chromatography to give 1.03 g of [(2R)-8-benzyl-1-
oxa-8-azaspiro[4.5]deca-2-yllmethanol.

1.03 g of [(2R)-8-benzyl-1-oxa-8-azaspirol[d4.5)deca-2-
vl]lmethanol and 0.45 g of 10 % palladium carbon were suspended
in 30 ml ethanol, and stirred at room temperature for 18 hr in

a hydrogen atmosphere at 1 atmospheric pressure. The insoluble
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matters were removed by filtration, the solvent was removed,
and dried to give 0.76 g of the title compound.
Intermediate Example 21

800 ml solution of 25.0 g tert-butyl 4-oxo-1-
piperidinecarboxylate in diethyl ether was cooled in
ice/methanol, and 138 ml solution of allylmagnesium bromide {1
M in diethyl ether) was added dropwisé thereinto. The reaction
mixture was stirred for 3 hr and 10 min. The reaction solution
was poured into a mixture of saturated agqueous ammonium chloride
and ice. The diethyl ether layer was recovered and washed with
brine. It was dried over anhydrous magnesiumsulfate, and then
filtered. The filtrate was evaporated, and the resulting
residue was purified by silica gel column chromatography to give
15.9 g of tert-butyl 4-allyl-4-hydroxy-1-
piperidinecarboxylate.

9.83 g of tert-butyl 4-allyl-4-hydroxy-1-
piperidinecarboxylate was dissolved in 60 ml
tetrahydrofuran/water ‘(9:1), a sclution (2.5 wt%, 2 ml) of
osmium tetraoxide in tert-butyl alcohol and 6.68 g of N-
methylmorpholine-N-oxide were added thereto, and the mixture
wés stirred at room temperature overniqght. The reaction
solution was evaporated, and the resulting residue was
partitioned into ethyl acetate and water, washed with brine and
dried over magnesium sulfate. After filtration, the solvent
was evaporated, and the resulting residue was purifiedby silica

gel column chromatography (ethyl acetate/methanol) togive 9.11
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g of tert-butyl 4-(2,3-dihydroxypropyl) -4-hydroxy-1-
piperidinecarboxylate.

9.11 g of tert-butyl 4-(2,3-dihydroxypropyl) -4-
hydroxy-1-piperidinecarboxylate was dissolved in 40 ml
pyridine, 10.0 g of chlorotriphenylmethane was added thereto,
andthemixturewasstirredatroomtempe;atureovernight. The
reaction solution was partitioned into ethyl acetate and water,
washed with 2 N hydrochloric acid, water, saturated agueous
sodium bicarbonate and brine, and dried over magnesium sulfate.
After filtration, the solvent was evaporated, and the resulting
residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give 10.3 g of tert-butyl 4-[3-
(tert-butoxy) -2-hydroxypropyl] -4-hydroxy-1-
piperidinecarboxylate.

2.59 g of tert-butyl 4-[3-(tert-butoxy)-2-
hydroxypropyl)] -4-hydroxy-l-piperidinecarboxylate was
dissolved in 10 ml dimethylformamide, 400 mg of sodium hydride
and 823 mg of benzyl chloride were added thereto, and the mixture
was stirred at room temperature for 20 min. The reaction
solution was poured into ice water, extracted with ethyl acetate,
washed with water and brine, and dried over magnesium sulfate.
After filtration, the solvent was evaporated, and the resulting
residue was-purified by silica gel column chromatography
(hexane/ethyl acetate} to give 2.66 g of tert-hutyl 4-[2-
(benzyloxy)-3- (tert-butoxy)propyl]-4-hydroxy-1-

piperidinecarboxylate.
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2.36 g of tert-butyl 4-[2- (benzyloxy)-3-(tert-
butoxy)propyl]-4-hydroxy-l-piperidinecarboxylate was
dissolved in 40 ml acetonitrile, 426 mg of cerium ammonium
nitrate was added thereto, and the mixture was stirred at room
temperature overnight. §Silica gel was added to the reaction
solution, and then it was evaporated, It was purified by
adsorptive silica gel charged in a non-adsorptive silica gel
column with hexane-ethyl acetate to give 547 mg of tert-butyl
4-[2-(benzyloxy) -3-hydroxypropyl] -4 -hydroxy-1-
piperidinecarboxylate.

4.81 g of tert-butyl 4-([2-{benzyloxy}-3-
hydroxypropyl] -4-hydroxy-1-piperidinecarboxylate was
dissolved in 20 ml pyridine, 2.76 g of tosyl chloride was added
thereto, and the mixture was stirred at room temperature for
2 hr. Further, 1.00 g of tosyl chloride was added thereto, and
the mixture was stirred at room temperature for 30 min, and at
50 °Cc for 35 min. The reaction solution was partitioned into
ethyl acetate and water, washed with 1 N hydrochloric acid,
saturated agqueous sodium bicarbonate and brine, and dried over
magnesium sulfate. After filtration, the solvent was
evaporated, and the resulting residue was purified by silica
gel column chromatography (hexane/ethyl acetate) to give 3.72
g of tert-butyl 3-(benzyloxy)-l-oxa-8-azaspiroi4.5]decane-
8-carboxylate.

6.47 g of tert-butyl 3- (benzyloxy)-l-oxa-8-

azaspiro([4.5])decane-8-carboxylate was dissolved in 100 ml
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tetrahydrofuran, 1.3 g palladium carbon was added thereto, and
themixturewas stirred overnight in a hydrogen atmosphere. The
catalyst was filtered off from the reaction solution, 1.3 g of
palladium carbon was added thereto, and the solutionwas stirred
overnight in a hydrogen atmosphere. The catalyst was filtered
off from the reaction solution, 2.6 g of palladium carbon was
added thereto, and the solution was stirred overnight in a
hydrogen atmosphere at 4.2 atmospheric pressure. The catalyst
was filtered off from the reaction solutionr, the solvent was
evaporgted, and the resulting residue was purified by silica
gel column chromatography (ethyl acetate/methanol) togive 4.27
g of tert-butyl 3-hydroxy-l-oxa-8-azaspiro(4.5)decane-8-
carboxylate.
Intermediate Production Example 22
{anti)-3-0xa-9-azabicyclo[3.3.1)nonan-7-0l1 hydrochloride
2.0 g of aluminum lithium hydride was suspended in 200
ml tetrahydrefuran, and & solution of 14.17 g of 2-methyl-
3-o0xa-9-azabicyclo[3.3.1]nonan-7-one dissolved in 20 ml
tetrahydrofuran was added dropwise thereinto under ice-cooling.
After stirred for 35 min, 2.0 ml water, 2.0 ml of 15 % aqueous
sodium hydroxide and 6.0 ml water were added to the reaction
solution sequentially, and the mixture was stirred at room
temperature. The reaction solution was filtered, and the
solvent was evaporated. The resulting residue was dissolved
in ethyl acetate and filtered through alumina. The solvent was

evaporated to give 10.00 g of (anti)-9-methyl-3-oxa-9-
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azabicyclo{3.3.1)nonan-7-0l1 was obtained as a yellow wax.

10.0 g of {(anti)-9-methyl-3-oxa-9-
azabicyclo[3.3.1)nonan-7-0l was dissclved in 100 ml
tetrahydrofuran, 10.7ml triethylamine, 7.2 ml acetic anhydride
and 0.77 g of 4-dimethylaminopyridine were added thereto, and
the mixture was stirred at 50 C overnight. The reaction
solution was evaporated, and the reulsitng residue was
dissolved in ethyl acetate and filtered through alumina. The
filtrate was concentrated and purified by alumina column
chromatography (solvent; n-hexane/ethyl acetate) to give 8.68
g of {anti)-3-oxa-9%-azabicycle[3.3.1}nonane-7-yl acetate as a
pale yvellow oil.

8.68 g of (anti)-3-oxa-9-azabicyclo[3.3.1]lnonan-7-y1
acetate was dissolved in 40 ml 1,2-dichlorcethane, and 7.0 ml
vinyl chloroformate were added thereto. The mixture was
stirred at room temperature for 30 min, and then heated under
reflux for 2 hr and 35 min. The reaction solution was evaporated
and purified by silica gel column chromatography (solvent;
n-hexane/ethyl acetate) to give 8.96 g of (anti)-3-oxa-9-
vinyloxycarbonyl-9-azabicyclo[3.3.1]lnonan-7-yl acetate as a
pale yvellow oil.

8.96 g of (anti)-3-oxa-9-vinyloxycarbonyl-9-
azabicyclo[3.3.1lnonan-7-yl acetate was dissolved in 45 ml
methanol, and 30 ml water and 7.3 g potassium carbonate were
added thereto. The mixture was stirred at room temperature for

1 hr and 30 min, and further stirred at 50 °C for 30 min. The
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reaction solution was evaporated, then brine was added thereto
and it was extracted with ethyl acetate. After dried over
anhydrous magnesium sulfate, the solvent was evaporated,
whereby 7.37 g of {(anti)-3-oxa-9-vinyloxycarbonyl-9-
azabicyclo(3.3.1]lnonan-7-0l was obtained as a pale yellow oil.
17 ml of 4 N hydrogen chloride in:dioxane was added to
7.37 g of (anti)-3-oxa-9-vinyloxycarbonyl-9-
azabicyclo[3.3.1lnonane-7-0l1, and the mixture was stirred at
room temperature for 30 min. 40 ml ethanol was added td the
reaction solution, and the mixture was heated under reflux for
1 hr. The solvent was evaporated, ethyl acetate was added to
the resulting residue, and the resulting precipitates were
coliected by filtration, whereby 5.55 g of the title compound
was obtained as white needles.
Intermediate Production Example 23
'(syn)—3-Azabicyclo[3.2.1]octan—8—ol hydrochloride
The title compound was obtained from 3-methyl-3-
azabicyclo[3.2.1loctan-8-one in the same manner as in
Intermediate Production Example 22.
Intermediate Producticn Example 24
{anti) -3-0xa-7-azabicyclo(3.3.1]lnonan-9-0l hydrochloride
The title compound was obtained from 7-methyl-3-oxa-
7-azabicyclo(3.3.1]nonan-9-one in the same manner as in
Intermediate Production Example 22.
Intermediate Production Example 25

(anti) -9-Azabicyclo[3.3.1lnonan-3-0l hydrochloride
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The title cempound was obtained from 9-methyl-9-
azabicyclo[3.3.1]nonane-3—one in the same manner as in
Intermediate Production Example 22.

Intermediate Production Example 26
(exo) -8-azabicyclo[3.2.1]octane-3-0l1 hydrochloride

The title compound was obtained after acetylation from
{exo) -8-methyl-8-Azabicyclo(3.2.1loctan-3-0l in the same
manner as in Intermediate Production Example 22.
Inpermediate Production Example 27
{endo) -8-Azabicyecle[3.2.1)octan-3-0l hydrochloride

The title qompound was obtained after acetylation from
{(endo) -8-methyl-8-azabicyclo(3.2.1]octan-3-0l1 in the same
manner as in Intermediate Production Example 22.
Intermediate Production Example 28
{anti) -3-Azabicyclo(3.3.1]nonan-9-0l hydrochloride

1.0 g of aluminum lithium hydride was suspended in 100
ml tetrahydrofuran, and a solution of 7.00 g 3-methyl-3-
azabicyclo[3.3.1llnonan-9-one dissolved in 20 ml
tetrahydrofuran was added dropwise thereinto under ice-cooling.
After stirring for 50 min, 1.0 ml water, 1.0 ml of 15 % agueocus
sodium hydroxide and 3.0 ml water were added to the reaction
solution sequéntially. and stirred at room temperature. After
filtering the reaction sclution, the solvent was evaporated,
whereby 7.08 g pale yellow oil was obtained. The cil was
dissclved in 90 ml tetrahydrofuran, 9.55 ml triethylamine was

added thereto, and then the mixture was stirred under ice-
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cooling. 6.46 ml acetic anhydride and 0.56 g 4-
dimethylaminopyridine were addeé thereteo, and the mixture was
stirred at room temperature for 14 hr. About 20 ml methanol
was added thereto, then the reaction solution was evaporated.
An aqueous potassium carbonate was added to the residue which
was then extracted with ethyl acetate. ;The organic layer was
washed with water and brine, and then dried over anhydrous
sodium sulfate. The solvent was evaporated, and the resulting
residue was purified by silica gel column chromatography
(solvent; n-hexane/ethyl acetate) to give 3.33 g of (anti)-
3-methyl-3-azabicyclo[2.3.1]nonan-9-yl acetate (a colorless
0il) as a less polar compound. Further, 2.06 g of (syn)-3-
methyl-3-azabicyclo[3.3.1]nonan-9-yl acetate (a pale orange
0il) was obtained as a more polar compound.

2.06 g of {anti)-3-methyl-3-azabicyclo[3.3.1]jnonan-9-
vl acetate was dissolved in 10 ml 1,2-dichlorcethane, 2.07 ml
vinyl chloroformate was added thereto, and the mixture was
stirred at room temperature for 50 min. Then, it was heated
under reflux for 5 hr and 25 min. The reaction solution was
evaporated, and water was added to the residue which was then
extracted with ethyl acetate. The organic layer was washed with
1 N hydrochloric acid, saturated sodium bicarbonate and brine,
and dried over anhydrous magnesium sulfate. The solvent was
evaporated to give 2.51 g of (anti)-3-vinyloxycarbonyl-3-
azabicyclol[3.3.1]nonan-9-yl acetate as a pale orange oil.

4.02 g of (anti)-3-vinyloxycarbonyl-3-
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azabicyclo[3.3.1lnonan-%-yl acetate was dissolved in 36 ml
ethanol, 18 ml of 1 N agueous sodium hydroxide was added thereto,
and then the mixture was stirred at room temperature for 1 hr
and 50 min. The reaction solution was evaporated, and water
was added to the resulting residue which was then extracted with
ethyl acetate. The organic layer was qashed with water,
saturated aqueous sodium bicarbonate and brine, and dried over
anhydrous magnesium sulfate. The solvent was evaporated, and
then the resulting residue was purified by silica gel column
chromatography {solvent; n-hexane/ethyl acetate) to give 3.09
g of (anti)-3-vinyloxycarbonyl-3-azabicyclo[3.3.1lnonan-9-0l
as a fine yellow oil.

7 ml solution of 4 N hydrogen chloride/dioxane was added
to 3.09 g of {anti)-3-vinyloxycarbonyl-3-
azabicyclo[3.3.1)nonan-9-0l, and the mixture was stirred at
room temperature for 50 min. The reaction solution was
evaporated, and 30 ml ethanol was added to the resulting residue
which was then heated under reflux for 50 min. The solvent was
evaporated, and then ethyl acetate was added to the resulting
residue. The resulting precipitates were collected by
filtration to give 2.41 g of the title compound as a fine milky
white powder.

Intermediate Production Example 2%
{syn)-3-Azabicycle(3.3.1]lnonan-9-0l aéid galt
The title compound was obtained from (syn)-3-methyl-

3-azabicyclof3.3.1lnonan-9-yl acetate in the same manner as in
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Intermediate Production Example 28.
Intermediate Production Example 30
{anti) -2- {3-Azabicyclo[3.3.1)non-%-yl)-1-ethanol
hydrochloride

1.0 g of aluminum lithium hydride was suspended in 30 ml
tetrahydrofuran, and 25 ml suspension of 3.24 g (anti} -methyl
{3-azabicyclo(3.3.1]non-9-yl)acetate in tetrahydrofuran was
added dropwise thereinto under ice-cooling. After stirring
for 35 min, 1.0 ml water, 1.0 ml of 15 % agqueous scdium hydroxide
and 3.0 ml water were added to the reaction sclution
sequentially, and stirred at room temperature. The reaction
solution was filtered by adding Celite and anhydrous sodium
sulfate, and the solvent was evaporated. The residue was
dissolved in ethyl acetate, 5 ml of 4 N hydrogen chloride/ethyl
acetate was added thereto, and the regsulting precipitates were
collected by filtration to give 2.29 g of the title compound
as a white powder.
Intermediate Producticon Example 31
1-Chloro-4- [{4-methoxy-3-methylbenzyl)amino] -6-phthalazine
carbonitrile
‘H-NMR(406MHz,DMS0.d5) 0; 2.10(3H,s), 3.73(3H,s), 4.64(2H,4,J
=5.4Hz), 6.85{1H,d4,J=8.0Hz), 7.17-7.21(2H,m),
8.15(1H,d,J=8.6Hz), B.31(1H,dd4,J=8.6,1.2Hz),
8.35(1H,t,J=5.4Hz)., 9.00(1H,4,J=1.2Hz) .
Example 1

4-(3-Chloro-4-methoxybenzyl)amino-6-cyano-1-(3-
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pyridyl)phthalazine dihydrochloride

S heH
NC O SN OMe .
=N

=
S

-2HCI

|
N

10 ml solution (1.6 M) of n-butyl lithium in hexane was
added drcpwise to 50 ml solution of 2.53 g 3-bromopyridine in
anhydrous diethyl ether at -70 °c or less, and stirred for 30
min. 10 ml solution of 5.21 g of tri-n-butyltin chloride in
anhydrous diethyl ether was added to the resulting mixture. The
reaction solution was returned to room temperature over 1 hr.
The reaction solution was poured into brine, and the organic
layer was washed with brine. It was dried over anhydrous
magnesium sulfate, and then evaporated to give 3-(1,1,1-
tri-n-butylstannyl)pyridine as a yellow oil.

A mixture of 1.80 g l-chloro-4-(3-chloro-4-
methoxybenzyl)amino-6-cyanophthalazine, 579 mg
tetrakis (triphenylphosphine)palladium, 25 ml xylene and 3 ml
1-methyl-2-pyrrolidone was vigorously stirred and heated under
reflux, and 25 ml solution of 3-{(1,1,1-tri-n-
butylstannyl)pyridine obtained above in xylene was added
dropwise thereto over 1 hr. The reaction solution was further
heated under reflux for 15 min. The reaction solution was
returned to room temperature, washed 3 times with water and once

withbrine. Itwaspurifiedbysilicagel column chromategraphy
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to give a coupled product. It was suspended in a mixed solvent
of tetrahyd;ofuran and methanol, then a solution of 4 N
hydrochloric acid/ethyl acetate was added thereto and the
mixture was evaporated. The resulting product was
recrystallized from ethyl acetate/methanol to give 1.80 g of
the title compound as a colorless powdgr.

MASS (ESI); 402.0 (MH")

'H-NMR (400MHz,DMSO-d,) 0; 3.85(3H,s), 4.06(2H,bx),
4.89(2H,br), 7.18(1H,d4,J=8.0Hz), 7.53{1H,dd.J=8.0,1.2Hz),
7.67(1H,d,J=1.2Hz), 7.81-7.90(1H,m), 8.07(1H,dd,J=8.8,0.4Hz),
8.38-8.45(1H,m), 8.46(1H,dd,J=8.8,1.4Hz), 8.90-9.00(2H, m),
9.57(1H,dd,J=1.4,0.4Hz), 10.76(1lH,br).

Example 2

4-(3-Chloro-4-methoxybenzyl)amino-6-cyanoc-1-(2-

pyridyl)phthalazine dihydrochloride

NG s OMe

=N
“ N
- |
The title compound was obtained in the same manner as in

Example 1 except that 2-bromopyridine was used in place of
3-bromopyridine,
MASS(ESI); 402.0 (MH")
'H-NMR (400MHz,DMSO-d,) 6 ; 3.83(3H,s), 4.86-4.50(2H,m),

7.16(1H,d,J=8.6Hz), 7.52{(1H,dd,J=8.6,2.1Hz), 7.63-7.69(2H,m),
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7.97(1H,4,J=8.5Hz), 8.08-8.13(1¥, m), 8.47(1KH,dd,J=8.5,1.4Hz),
8.72-8.83(2H,m), 9.56(1H,d,J=1.4Hz), 10.82-10.92(1H.m).
Example 3

4-(3-Chloro-4-methoxybenzyl)amino-6-cyano-1-{4-

cyanopiperidino)phthalazine hydrochloride

| HN’\QC"’
NC S0 OMe
=N

N -HCI

CN

A mixture of 15 g 4-piperidinecarboxamide, 16.3 g benzyl
chloride, 32.3 g potassium carbonate and 200 ml N,N-
dimethylformamide was stirred at 80 °C for 4 hr. The reaction
solution was returned to room temperature, and agqueous sodium
hydroxide was added thereto, and then it was extracted with
ethyl acetate. The organic layer was washed with brine, dried
over anhydrous sodium sulfate, and then evaporated. The
resulting crystalline residue was washed with hexane/ethyl
acetate and collected by filtration. 12.7 g of 1l-benzyl-4-
piperidine carboxamide was obtained as white flaky crystals.

5 ml N,N-dimethylformamide was added to a mixture of 12.7
g 1l-benzyl-4-piperidine carboxamide and 60 ml phosphorus
oxychloride under ice-cooling, and it was stirred at room
temperature for 1.5 hr. It was evaporated, and the resulting

residue was dissolved in ethyl acetate and washed with agqueous
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sodium hydroxide and brine. After dryingover anhydrous sodium
sulfate, it was evaporated, and the resulting residue was
purified by silica gel column chromatography to give 11.0 g of
l1-benzyl-4-piperidine carbonitrile.

11.0 g of 1-benzyl-4-piperidinecarbonitrile was
dissolved in 100 ml 1,2-dichloroethanea 7.1 ml 1-chloroethyl
chloroformate was added thereto under ice-cooling. The
mixture was stirred at room temperature for 15 min, and then
heated under reflux for 1 hr and 20 min. After evaporating,
50 ml methanol was added thereto and it was heated under reflux
for 1 hr. The reaction sclution was evaporated, and the
crystalline residue was washed with ethyl acetate and collected
by filtration to give 8.0 g of 4-piperidinecarbonitrile
hydrochloride as white crystals.

A mixture of 1.2 g of the resulting 4-
piperidinecarbonitrile hydrochloride, 1.0 g 1-chloro-4-(3-
chloro-4-methoxybenzyl)amino-6-cyanophthalazine, 1.8 ¢
diisopropylethylamine, and 10 ml 1l-methyl-2-pyrrolidone was
stirred at 170 ‘C for 2 hr and 30 min. After cooling, ethyl
acetate was added to the reaction solution which was then washed
with water and brine. After it was dried over anhydrous sodium
sulfate, the solvent was evaporated and the resulting residue
was purified by silica gel column chromatography. The
resulting free compound was dissolved in ethyl acetate, then
a solution of 4 N hydrochloric acid/ethyl acetate was added

theretco, and the resulting crystals were collected by
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filtration to give 880 mg of the title compound as a yellow
powder,

MASS(ESI}; 433.2 (MH)

'H.NMR (400MHz, DMSO-4,) 0 ; 1.98-2.17(4H,m), 3.10-3.33(5H,m),
3.86(3H,s), 4.70-4.7;(2H,m), 7.17(1H,d,J=8.4Hz),
7.45(1H,dd,J=8.4,2.0Hz}, 7.61(1H,d,J=2r0Hz),
8.27(1H,d4,J=8.4H=z), 8.47(1H,dd,J=8.4,0.8Hz), 9.34-9.38({1H, m),
10.28(1H,br}.

Example 4

4-(3-Chloro-4-methoxyphenethyl}amino-6-cyano-1-(4-

cyanopiperidino)phthalazine hydrochloride

| ’\\/I::]:ONM
HN cl

SN HCI

=N
N

Y

CN

NC

The title compound was obtained by using l-chloro-4-
{3-chloro-4-methoxyphenethyl)amino-6-cyanophthalazine in
place of 1-chloxo-4-(3-chloro-4-methoxybenzyl)amino-6-
cyanophthalazine in Example 3.

MASS (EST); 447.1 (MH)
'H-NMR (400MHz,DMSO-d,) 0; 1.97-2.18(4H,m}, 2.94-3.00(2H,m),
3.11-3.23(3H,m), 3.33-3.40(2H.m), 3.,72-3.80{(2H,m),

3.82(3H,s), 7.09(1H,d,J=8.4Hz), 7.27(1H,dd,J=8.4,2.0Hz),
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7.44(1H,d,J=2.0Hz), B8.28(1H,d,J=8.4Hz),
8.47(1H,dd,q=8.4,0.8Hz), 9.23-9.28(1H,m), 9.85(1H,br).
Example 5

1- (4-Aminopiperidine) -4- (3-¢hloro-4-methoxybenzyl)amino-6-

cyanophthalazine dihydrochloride

NG N OMe

=N

-2HCI

NH,

10.0 g of 1-chloro-4-(3-chloro-4-methoxybenzyl)amino-
6 -cyanophthalazine was dissolved in 50 ml 1-methyl-2-
pyrrolidone, then 43.32 g of 4-hydroxypiperidine and 10 ml
diisopropylethylamine were added thereto, and the mixture was
heated at 170 °C for 8 hr. AaAfter cooling, ethyl acetate was
added thereto, and the mixture was washed 3 times with water
and once with brine. After drying over anhydrous magnesium
sulfate, the solvent was evaporated. The resulting residue was
purified by silica gel column chromatography to give 10.1 g of
1- (4-hydroxypiperidino) -4-({3-chloro-4-methoxybenzyl)amino-
6-cyanophthalazine as yellow crystals.

Then, 30 ml solution of 3.48 g diethyl azedicarboxylate
in tetrahydrofuran was added to 100 ml solution of 4.2 g 1-
(4 -hydroxypiperidino) -4- (3-chloro-4-methoxybenzyl)amino-6-

cyanophthalazine, 2,94 g phthalimide, and 5.24 g
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triphenylphosphine in tetrahydrofuran over 30 min under
ice-cooling, and then it was stirred at 4 °c for 24 hr. The
reaction solution was evaporated, water and ethyl acetate were
added thereto, and then the insoluble matters were removed by
filtration. The organic layer was concentrated, and the
resulting residue was purified by sili;a gel column
chromatography to give 4.85 g of 4-(3-chloro-4-
methoxybenzyl)amino-6-cyano-1- (4-
phthalimidopiperidino)phthalazine.

A mixture of 4.85 g of the resulting 4-(3-chloro-4-
methoxybenzyl)amino-6-cyano-1- (4-
phthalimidopiperidinc)phthalazine, 4 ml hydrazine monohydrate
and 40 ml1 ethanol was heated under reflux for 1 hr. The reaction
solution was evaporated, dissolved in ethyl acetate, and 1 N
hydrochloric acid was added thereto to adjust the pH thereof
to 3, and the insoluble matters were removed by filtration. The
aqueous laver in the filtrate was adjusted to pH 11 with 1 N
sodjum hydroxide, and then extracted with ethyl acetate. The
organic layer was washed withbrine, dried over anhydrous scdium
sulfate, evaporated, and then purified by silica gel column
chromatography. The resulting product was suspended in
ethanol/water, then 1 N aqueous hydrechloric acid was added
thereto and dissolved by heating.. After cooling, the resulting
crystals were collected by filtration togive 440 mg of the title
compound as a yellow powder.

MASS (FAB); 423 (MH")
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'H-NMR {400MHz,DMSC-d,) 0 1.78-1.92(2H,m), 2.03-2.11(2H,m),
2.90-3.0(2Hjm),3_20-3.34(1H,m),3.54-3.63(2H,m],3.82(3H,S),
4.70(2H,4,J=5.6Hz), 7.13(1H,d,J=8.4Hz),
7.47(1H,d4d4,J-8.4,2.0Hz), 7.62{1H,d,J=2.0Hz},
8.17(1H,d,J=8.4Hz), 8.35-8.45{2H, m}, 8.47 (1H,dd,J=8.4,1.0Hz),
9.54(1H,d,J=1.0Hz}), 10.63{1H,br),

Example 6
4-{3-Chloro-4-methoxybenzyl)amino-6-cyano-1- [4-hydroxy-4-

(hydroxymethyl)piperidine]lphthalazine hydrochleride

’4N4\1:::1:Cl
NG SN OMe

=N

-HCI

OH
HO

7.9 g of 60 % sodium hydride was washed with hexane,
followed by drying under reduced pressure. 100 ml dimethyl
sulfoxide was added thereto and stirred at 80 to 100 °C for 30
min in a nitrogen atmosphere. It was ice-cooled and 180 ml
tetrahydrofuran was addeﬁ thereto. 150 ml solution of 4.37 g
trimethylsulfonium iodide in dimethyl sulfoxide was added
dropwise thereinte. After the mixture was stirred for 30 min
under ice-cooling, 15 g of 1-benzyl-4-piperidone was added
thereto, stirred for 30 min under ice-cooling, al_ﬁd then stirred
at room temperature for 6 hr. Water was added to the reaction

splution which was then extracted with ethyl acetate. The
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organic layer was washed with brine, and then dried over
anhydrous sodium sulfate. It was purified by silica gel
chromatography to give 6.8 g of 6-benzyl-1-ox0-6-
azaspiro[2.5]octane.

100 ml water and 10 ml perchloric acid were added to 100
ml solution of 6.8 g of this 6-benzyl-1-oxo0-6-
azaspiro[2.5]octane in tetrahydrofuran, and the mixture was
stirred at room temperature for 7 hr. The mixture was  ice-
cooled, and aquecus sodium carbonate was added thereto to adjust
the pH thereof to 7, and then the mixture was evaporated. Ethyl
acetate was added to the residue, and the insoluble mattters
were removed by filtration. The filtrate was evaporated, and
then purified by silica gel column chromatography to give 4 g
of 1-benzyl-4-{hydroxymethyl)-4-piperidinol.

Then, 1.46 g of l-benzyl-4-(hydroxymeth&l)-4-piperidinol
was dissolved in 30 ml methanol, 10 ml acetic acid and 10 % Pd-C
were added thereto, and then hydrogenated at 4 atmospheric
pressure. The reaction solution was filtered through Celite,
and the filtrate was evaporated and dissolved in methanol. 4
N hydrochloric acid/ethyl acetate was added thereto, and then
it was concentrated. The resulting crystals crystallized from
methanol/ethyl acetate were collected by filtration to give 880
mg of 4- (hydroxymethyl) -4-piperidinol hydrochloride.

The resulting 4- (hydroxymethyl) -4-piperidinol
hydrochloride was reacted with 1-chloro-4-(3-chloro-4-

methoxybenzyl)amino-6-cyanophthalazine in the same manner as
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in Example & to give the title compound.

MASS(FAB); 454.2 (MH')

'H-NMR {400MHz,DMS0-d,) 0; 1.46-1.54(2H,m), 1.82-1.94(2H,m),
3.16-3.30(6H,m}, 3.B4(3H,s), 4.68-4,72(2H,m},
7.15(1H,d,J=8.6Hz), 7.44(1H,dd,J=8.6,2.0Hz),
7.59(1H,d,J=2.0Hz), 8.22(1H,d,J=B.6Hz),
8.45(1H,d4d4,J=8.6,1.0Hz), 9.36(1H,d,J=1.0Hz).

Example 7
4-(3-Chloro-4-methoxybenzyl)amino-6-cyano-1-[(28)-2-

{methoxymethyl)pyrrolidinoc]lphthalazine hydrochloride

) I{Néﬁ\[::]:CI
NC = OMe

ZN
-HCI

&""‘\OMe

The title compound was obtained by using (8)-2-
methoxymethylpyrrolidine in place of (R)-{+)-3-
hydroxypiperidine hydroéhloride in Production Example 1.
MASS (ESI); 438.1 (MH"}

'H-NMR (400MHz ,DMSO-d,) O: 1.81-1.89(2H,m), 1.95-2.03{(1H,m),
2.15-2.24(1H,m), 3.16(3H,s), 3.28-3.37{(1H,m}, 3.46-
3.58(2H,m), 3.84(3H,s), 3.87-3.98(1H,m), 4.44-4.57{1H,m),
4.62-4.78(2H,m), 7.15{1H,d,J=8.6Hz), 7.47(1K,dd,J=8.6,0.4Hz),
7.61(1K,d,J=0.4Hz), 8.41-8.51(2H,m), 9.42-9.60(1H, m},
10.50(1H,br), 13.79(1H,br).

Example 8
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4-(3-Chloro-4-methoxybenzyl)amino-6-cyano-1-

phenylphthalazine hydrochloride

The title compound was obtained in the same manner as in
Production Example 10-except £hat phenylboric acid was used in
place of methoxyphenylboric acid.

MASS(ESI); 401.1 (MH")

'H-NMR (400MHz,DMSO-d,) &; 3.84(3H,s), 4.81-4.85(2H,m),
7.15{(1H,d,J=8.6Hz), 7.48(1H,dd,J=8.6,2.1Hz), 7.60-7.66(6H,m},
8.00(1H,d,J=8.6Hz), 8.41(1H,dd,J=8.6,0.9Hz),
9.42(1H,d,3=0.9Hz} .

Example 9
4-[{(3-Chloro-4-methoxybenzyl)amino] -1- (2-hydroxy-7-
azaspiro[3.5)non-7-yl)-6-phthalazinecarbonitrile

hydrochloride

« HC1

OH
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47.2 g of methyltoluphenylphosphonium bromide and 21.9%
g of tert-butyl 4-0x0-1-piperidinecarboxylate were added to a
mixture of 14.8 g tert-butoxy potassium and 300 ml
tetrahydrofuran, and stirred for 40 min at room temperature.
The reaction solution was evaporated, diethyl ether was added
thereto, and then filtered through Cel%te. The filtrate was
washed with water and brine, dried over anhydrous magnesium
sulfate, and then filtered. The filtrate was evaporated, and
the resulting residue was subjected to silica gel column
chromatography to give 20.8 g of tert-butyl 4-methylene-1-
piperidinecarboxylate.

49.3 g of tert-butyl 4-methylene-l-piperidine
carboxylate was added to a mixture of 157.2 g zinc-copper alloy
and 500 ml diethyl ether, and 900 ml solution of 181.8 g
trichloroacetyl chloride in dimethoxyethane was added dropwise
thereinto over 5.5 hours. After stirred for 30 min, the
reaction solution was cooled and saturated aqueous sodium
bicarbonate was added thereto at 0 °C or less. The mixture was
filtered through Celite and evaporated. The resulting residue
was extracted with ethyl acetate. The extract was washed with
brine, dried over anhydrous magnesium sulfate, and filtered.
The filtrate was evaporated, and the resulting residue was
subjected to silica gel column chromatography to give 62.5 g
of tert-butyl 1,1-dichloro-2-oxo-7-azaspirc[3.5]nonane-7-
carboxylate.

106.1 g zinc dust was added to a mixture of 62.5 g
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tert-butyl 1,1-dichlero-2-oxo-7-azaspiro{3.5]nonane-7-
carboxylatgandSOOmlsaturatedammoniumchlorideinmethanol.
The mixture was stirred for 1 hr and 20 min at room témperature
and filtered through Celite. lThe filtrate was evaporated, 1
N hydrochloric acid/ethyl acetate was added thereto, and the
organic layer was recovered. Theextracgwaswashedwithwater,
saturated scdium bicarbonate and brine, dried over anhydrous
magnesium sulfate, and filtered. The filtrate was evaporated,
and the resulting residue was subjected to silica gel column
chromatography to give 38.9 g of tert-butyl 2-oxo-7-
azaspiro{3.5)nonane-7-carboxylate.

300 ml ethanol was ice-cooled, and 6.13 g of sodium
borohydride was dissolved therein. 100 ml solution of 38.9 g
of tert-butyl 2-o0x0-7-azaspiro[3.5]nonane-7-carboxylate in
ethanol was added dropwise thereinto over 25 min. The reaction
solution was treated with saturated agueous ammonium chloride
and evaporated. The resulting residue was partitioned into
ethyl acetate and water, and the ethyl acetate layer was washed
withbrine and dried over magnesium sulfate. After filtration,
the solvent was evaporated, and the resulting residue was
purified by silica gel column chromatography (hexane/ethyl
acetate) to give 36.6 g of tert-butyl 2-hydroxy-7-
azaspiro[3.5]nenane-7-carboxylate.

'H-NMR (400MHz,CcDC1,) O; 1.45(9H,s), 1.43-1.57(4H,m), 1.65-
1.72(2H,m), 3.27-3.35{4H,m), 4.32{1H,quint,J=7.2Hz}.

6.22 g of tert-butyl 2-hydroxy-7-azaspiro(3.5]nonane-
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7-carboxylate was dissolved in 20 ml tetrahydrofurén, and 80
ml solution of 4 N hydrogen chloride/dioxane was added to the
resulting solution, and then stirred at room temperature for
1 hr. The reaction solution was evaporated, and the resulting
residue was dissolved in 20 ml 1-methyl-2-pyrrolidinene, 4.67
g of l-chloro-4-[(3—chloro»4—methoxybepzy1)amino]-6-
phthalazine carbonitrile and 6.72 g of diiscopropylethylamine
were added thereto, and then stirred at 160 °C for 9 hours. The
reaction solution was returned to room temperature and
partitioned into ethyl acetate and water, and the aqueous laver
was extractedwith ethyl acetate. The ethyl acetate layers were
combined, and washed with water (5 times) and with brine
sequentially, and dried over magnesium sulfate. After
filtration, the solvent was evaporated, and the resulting
residue was purified by silica gel column chromatography (ethyl
acetate/methanol), and the resulting crude crystals were
crushed and washed in diethyl ether to give 4.86 g yellow
crystals. The resultingproduct wasdissolved in 150 ml ethanol,
15 ml solution of 4 N hydrogen chloride/dioxane was added
thereto, and the solvent was evaporated. The resulting residue
was dissolved in 150 ml ethanol, heated to BOOC, and seeded
with crystals separately synthesized in hydrous ethanol, and
when crystallization was initiated, heating was terminated.
After cooling as it stands to room temperature, collecting by
filtraticn and washing with ethancl were conducted to give 4.35

g of the title compound.
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'H-NMR (400MHzZ, DMSO-d,} §; 1.58-1.66(2H,m), 1.68-1.75(4H,m),
2.14-2.22(2H,m), 3.05-3.16(4H,m}, 3.83(3H,s),
4.12(1H,t,J=7.2Hz), 4.72(2H,d,J=5.6Hz), 7.14(1H,d,J=8.8Hz),
7.45(1H,d4d4,J=8.8,2.0Hz), 7.60(1H,d,J=2.0Hz),
8.20(1H,d,J=8.4Hz), 8.44(1H,dd,J=8.4,1,2Hz), 9.46(1H,s).
Example 10
4-[{(3-Chloro-4-methoxybenzyl)amine] -1- {4 -pyridyl) -6-
phthalazine carbonitrile

Cl

OMe

The title compound was obtained in the saﬁe manner as in
Example 1.
'H-NMR (400MHz, DMSO-d,) 0 3.80(3H,s), 4.76(2H,d,J=5.5Kz),
7.10{1H,d,J=8.8H=z), 7.38(1H,dd4d,J=8.8,2,4Hz),
7.50{1H,d4,J=2.4Hz), 7.64(2H,d,J=5.6Hz), 7.94(1H,d,J=8.8Hz),
8.20(1H,d,J=8.8Hz), B.52(1H,dd,J;5.5,5.5Hz),
8.73(2H,d,J=5.6Hz), 9.02(1H, 6 s).
Example 11
4-[{3-Chloro-4-methoxybenzyl)amine] -1-{(3-oxo0-2-oxa-8-

azaspiro([4.5]dece-8-yl)-6-phthalazine carbonitrile
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Cl

NC NN OMe

0

567 ml solution of 37.8 g tert-butyl 2-oxo-7-
azaspiro[3.5)nonane-7-carboxylate in methanol was cooled on
ice water, and 43 g of 30 % agqueous hydrogen peroxide was added
dropwise thereinto. 63 ml of 1 N agueous sodium hydroxide was
added dropwise thereto, and the mixture was stirred at room
temperature for 2 hr. 1000 ml ethyl acetate, 600 ml water and
100 ml saturated aqueous sodium thiosulfate pentahydrate were
added thereto, and the organic layer was recovered. The
extracted solution was washed with brine, dried over anhydrous
magnesium sulfate, and then filtered. The filtrate was
evaporated to give 28.4 g of tert-butyl 3-oxe-2-o0xa-8-
azaspiro[4.5]decane-8-carboxylate.

1.16 g of tert-butyl 3-oxo-2-oxa-8-
azaspiro(4.5]decane-8-carboxylate was dissolved in 2.3 ml
methanol, 4.6 ml of 4 N hydrochloric acid/ethyl acetate was
added thereto, and the mixture was stirred at room temperature

for 1 hr. 5 ml ethyl acetate was added thereteo, and the
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resulting crystals were collected by filtration to give 700 mg
of 3-oxo-2-pxa-8-azaspiro[4.Sldecane hydrochloride.

A mixture of 657 mg l-chloro-4-[(3-chloro-4-
methoxybenzyl)amino] -6-phthalazine carbonitrile, 700 mg 3-
oxo-2-oxa-8-azaspiro(4.5])decane hydrochloride, 0.44 ml
diethyl aniline, 137 mg sodium iodide,:and 1.7 ml 1-methyl-
2-pyrrolidinonewasstirredatl30°Cfor15hrand40min. After
cooling, the reaction solution was diluted with 40 ml
tetrahydrofuran, 100 ml ethyl acetate, and 15 ml 1-methyl-
2-pyrreclidinone, and then washed with saturated agueous sodium
bica;bonate and brine. It was dried over anhydrous magnesium
sulfate, and then filtered. The filtrate was evaporated and
the resulting residue was purified by silica gel column
chromatography to give 713 mg of 4-[(3-chloro-4-
methoxybenzyl)amino] -1-{3-0x0-2-0xa-8-azaspiro[4.5] dece-8-
y1l) -6-phthalazinecarbonitrile.

'H.NMR (400MHz,CDCL,) 0; 1.88-2.01(4H,m), 2.53(2H,s), 3.22-
3.40(4H, m), 3.90(3H,s), 4.20(2H, s), 4.77(2H,d,J=5.2Hz),
5.20(1H,t,J=5.2Hz), 6.92(1H,d,J=8.4Hz),
7.32(1H,dd4,J=8.4,2.0Hz), 7.46(1H,d,J=2.0Hz),
7.96(1H,dd,Jd=8.4,2.0Hz), 8.11(1H,d,Jd=8.4Hz2},
8.14(1H,d4,J=0.8Hz) .

Example 12
4-[({3-Chloro-4-methoxybenzyl)amino]-1-(2-0ox0-7-

azaspiro[3.5)non-7-yl)-6-phthalazine carbonitrile
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Cl

NC NN OMe

0

500 mg of 4-[{3-chloro-4-methoxybenzyl)aminol-1-(2-
hydroxy-?-azaspiro[B.S]non-"i-irl) -6-phthalazine carbonitrile
wag suspended in 20 m1 dichloromethane and 10 ml tetrahydrofuran,
then 690 mg of 1,1,1-triacetoxy-1,1-dihydro-1,2-
benziodoxsol-3 (1H) -one was added thereto, and the mixture was
stirred at room temperature for 15 min. Ethyl acetate, 30 ml
saturated aqueous sodium bicarbonate and 2 ml saturated aqueous
sodium thiosulfate 5H,0 were added thereto. The organic layer
was recovered and the agueous layer was extracted with ethyl
acetate. The extracted solutions were combined, washed with
brine, dried over anhydrous magnesium sulfate, and then
filtered. The filtrate was evaporated and the resulting
residue was purified by silica gel column chromatography,
crystalliized from ethanol, and the resulting crystals were
collected filtration by adding hexane thereto to give 420 mg
of 4-[(3-chloro-4-methoxybenzyl)aminol-1-{2-o0x0-7-
azaspiro[3.5)non-7-yl)-6-phthalazine carbonitrile.

'H-NMR (400MHz, DMSO-d,) 0 ; 1.90(4H,m}, 2.86 (4¢H,m}, 3.09(4H, s},
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3.80(3H,s), 4.62(2H,d,J=5.6Hz}, 7.07(1H,d,J=8.5Hz),
7.33(1H,d,J%B.5Hz), 7.44(1H,s), 7.89(1H,t,J=5.6Hz),
8.09(14,d,J=8.0Hz), 8.19(1H,d,J=8.0Hz), B8.88(1H,s) .
Example 13
4-[(3-Chloro-4-methoxybenzyl)amine] -1- [4-hydroxy-4- (1H-1-

imidazolylmethyl)piperidino] -6-phthalazinecarbonitrile

dihydrochloride
HN Cl
NC | “‘I‘:I OMe
~N
N 2HC
OH

N.

<7

N
'H-NMR {400MHz,DMSO-d,) 6 1.49(2H,d,J=12.4Hz), 1.82-
1.93(28,m}, 3.13(2H,t,J=10.8Hz), 3.37(2H,d,J=12.4Hz),
3.82(3H,8), 4.30(2H,s), 4.74(2H,d,F=5.6Hz),
7.13(1H,d4,J=8.8Hz), 7.48(1H,dd,J=2.d,8.4Hz),
7.63(1H,4,J=2.0Hz), 7.66-7.71(2H,m), 8.18(1H,d,J=8.4Hz},
8.48(1H,d,J=8.4Hz), 9.10(1H,s), 9.60(1H,s).
Example 14
4-[(3-Chloro-4-methoxybenzyl)amino] -1- [4-hydroxy-4- (1H-
1,2,4-triazol-1-ylmethyl)piperidine)] -6-

phthalazinecarbonitrile dihydrochloride

S0




NC

‘H-NMR (400MHz , DMSO-d,

1.92(2H,m), 3.15(2H,
3.82(3H,s), 4.29(2H,
7.13(1H,d,Jd=6.4Hz)},

7.62(1H,d,J=2.0KHz)},
8.
10.75(1E,br-s).
Example 15

: 1-[4-[(3-Chloro-4;me

terolazol-5-v1)-1-ph

N-
N N
N
H

45{(1H,dd,J=1.2,8.4Hz},

HN Cl

OMe
=N

N 2HCI

OH
N.
& N
N

) 6; 1.54(2H,4,J=12.8Hz), 1.82-

t,J=11.2Hz), 3.35(2H,d,J=12.8Hz),
s), 4.73(2H,d,J=6.0Hz},
7.48(1H,dd,J=2.0,8.4Hz),
8§.20{1H,d,J=-8.4Hz), 8.21(1H,s),

8.79(1H,s), 9.56(1H.s),

thoxybenzyl)amino] -6- (1H-1,2,3,4-

thalazinyl] -4-piperidinol

/
HN o
=N cl
N
N
OH
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0.55 g sodium azide was added to a mikture of 1.0 g
4-[(3-Chlorp-4-methoxybenzy1)amino}-1-(4-
hydroxypiperidinoe) -6-phthalazine carbonitrile, 1.2 g
triethylamine hydrochloride, and 20 ml 1-methyl-2-
pyrrolidinone, and stirred at 100 °c for 8 hr. The reaction
solution was returned to room temperature, water was added
thereto, and the resulting crystals were collected by
filtration to give 1.0 g of the title compound.

'H-NMR (400MHz,DMSO-d,) §; 1.58-1.7{2H,m), 1.8-1.97(2H,m),
2.8-2.98(2H,m), 3.3-3,43(2H,m), 3,6-3,7(1H,m), 3.79(3H,s),
4.6(2H,s), 7.06(1H,d,J=8Hz), 7.34(1H,d,J=8BHz), 7.45(1H,s},
7.95(1H,d,J=8Hz}, 8.45(1H,d,J=8Hz}, 8.89(1lH,s).

Example 16
1-f4-[(3-Chloro-4-methoxybenzyl)amino]-6- (1-methyl-1H-

1,2,3,4-tetrazol-5-yl) -1-phthalazinyl]-4-piperidinol

N /
N-n HN
. o
;\' SN cl
N
N
OH

0.037 ml methyl iodide was added to a mixture of 0.25 g
1-[4-[{(3-chloro-4-methoxybenzyl)aminol-6-{1H-1,2,3,4-
tetrazole-5-yl)-1-phthalazinyl] -4-piperidinol, 1.2 g

potassium carbonate and 5 ml dimethylformamide, and stirred at

g2




room temperature for 3 hr. Water was added to the reaction
solution, and the precipitated insolublematters were collected
by filtration. Then, purified by silica gel column |
chromatography to give 50 mg of the title compound.

'H-NMR {400MHz,DMSO-4,) 0; 2.6-1.7(2H,m), 1.85-1.95(2H,m),
2.85-2.95(2H,m), 3,25-3,45(2H,m), 3.6-3.7(1H.,m), 3.80(3H,s),
4.48(3H,8), 4.61(2H,d,J=-5.6Hz), 4.73(1H,d,J=4.0Hz),
7.07(1H,d,J=8.4Hz), 7.34(1H,dd,J=2.0,8.4Hz},
7.44(1H,d4,J=2.0Hz), 8,07 (1H,t,J=5.6Hz), 8.10(1H,d,J=8.4Hz),
8.47(1H,d,J=8.8Hz), 9.00(1H,s).

Example 17

4-[(3-Chlorc-4-methoxybenzyl)amino] -1-(4-

hydroxypiperidine) -6-phthalazine carbothiamide

/
S HN 0
=N
N
OH

3.7 ml diethyl dithiophosphate was added to a mixture of
2.0 g 4-[(3-¢chloro-4-methoxybenzyl)amino] -1-
{(hydroxypiperidine) -6-phthalazine carboritrile, 1 ml water
and 2 ml isopropancl, and the mixﬁure was heated under reflux
for 1 hr. After cooling, water was added to the reaction

solution and the resulting crystals were collected by

93




filtration. The filtrate was extracted with ethyl acetate and
washed with brine. It was dried over anhydrous sodium sulfate,
and filtered. The filtrate was evaporated, and the resulting
crystalline residue was combined with the crystals collected
above by filtration, whereby 1.5 g of the title compound was
obtained.

'H-NMR {400MHz,DMSO-d,) O; 1.56-1.7(2H,m), 1.85-2.00(2H,m),
2.90-3.1(2H,m), 3.3-3.5(2H,m), 3.6-3.8(1H,m), 3.81(3H,s8),
4.68(2H,8,J=4Hz), 7.13(1H,4,J=8Hz), 7.40(1H,d,J=8Hz),
7.54(1H,s), B.08(1H,d,J=8Hz}, 8.3-8.4{1H,m), 8.9-59.1(1H,m},
9.88(1H,s), 10.33(1H,s).

Example 18
1-[4-[(3-Bromo-4-methoxybenzyl)amino] -6- (4 -methyl-1,3-

thiazol-2-yl)-1-phthalazinyll4-piperidinol

/
/N HN O
S SN ol
=N
N
OH

1.5 g of 4-[(3-chloro-4-methoxybenzyl)amino] -1- (4-
hydroxypiperidino)-6-phtha1azine carbodiamide was dissolved
in 50 ml dimethylformamide, 1.1 ml chloroacetone was added
thereto, and the mixture was stirred at 100 °c for 4 hr. After

cooling, water was added to the reaction solution and the
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aqueous layer was removed by decantation. The residue was dried
under reduced pressure, and then purified by silica gel
chromatography to give 200 mg of the title compound.
'H-NMR (400MHz ,DMSO-d;) 0; 1.6-1.7{(2H,m), 1.85-1.95(2H,m),
2.47(3H,s), 2.83-2.94{(2H,m), 3.3-3.4(2H,m), 3.6-3.7(1iH,m),
3.80(3H,s), 4.63(2H,d,J=5.6Hz), 4.72(1H,d,J=4.0Hz),
7.07(1H,4,J=8.4Hz), 7.34(1H,d4d,J=2.0,8.4Hz),
7.44(1H,d,J=2.0Hz), 7.48(1H,s), 7.96-8.04 (1H,m},
8.01(1H,d,J=8.4Hz), 8.36(1H,dd,J=1.6,8.4Hz),
8.76(1H,d,Jd=1.6Hz) .

Example 19
1-[4-[(3-Chloro-4-methoxybenzyl)amino] -6- (2-thienyl) -1-

prhthalazinyl] -4-piperidinol hydrochloride

Cl
N
a
S Sy Otte
N
Moo HCI
OH

24 mg of tetrakis(triphenylphosphine)palladium (0) and
1.4 ml 2-(tributylstannyl) thiophene were added to a mixture of
200 mg 1-([6-bromo-4-{{3-bromo-4-methoxybenzyl)amino] -1- "
phthalazinyl] -4 -piperidinol and 2 ml toluene. The mixture was
heated under reflex for 2 hr. After cooling, the reaction

solution was poured into ice water, and extracted with ethyl
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acetate. The extracted sclution was dried over anhydrous
magnesium sulfate, and then filtered. The filtrate was
evaporated, and the residue was purified by silica gel
chromatography. The resulting product was converted by 4 N
hydrochloric acid/ethyl acetate into the hydrochloride to give
73 mg of the title compound.

'H-NMR (400MHz, DMSO-d,) 0 ; 1.67(2H,m), 1.92(2H,m), 3.00(2H,m),
3.45(2H, m), 3.74(1H,m), 3.82(3H,s), 4.73(2H,m),
\7.13(1H,d,J=7.2Hz), 7.27{(1H,s), 7.46(1H,d,J=7.2Hz),
7.61(1H,s), 7.79(1H,d4,J=5.6Hz), 8.03(1H,&,J=5.6Hz),
8.09(1H,d,J=8.8Hz), 8.34(1H,d,J=8.8Hz), 9.20(1H,br-s).
Example 20

4-[(3-Chloro-4-methoxybenzyl)amino]l -1-(4-

hydroxypiperidino) -6-phthalazinecarbaldehyde oxime

hydrochloride
HN Cl
HO\N z >N OMe
N

2
N

Q HCl
OH

10.0 g of 4-[(3-chloro-4-methoxybenzyl)amino] -1- (4-
hydroxypiperidino) -6-phthalazine carbonitrile and 5.3 g of
t-butyldimethylchlorosilane were dissolved in 80 ml

dimethylformamide, and 4.8 g of imidazole was added thereto.
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The mixture was stirred at room temperature overnight. Ethyl
acetate was added to the reaction solution which was then washed
once with water and twice withbrine, The mixture was was dried
over.anhydrous magnesium sulfate and filtrated. The filtrate
was evaporated to give 11.7 g of 1-[4-[[1-(tert-butyl)-1,1-
dimethylsilyl]oxy]piperidino]—4-[(37ch;oro-4—
methoxybenzyl)amino] -6-phthalazine carbonitrile.

11.7 g of 1-[4-[[1-{tert-butyl)-1,1-
dimethylsilyl}oxy]piperidino]—4—[(3-chloro-4-
methoxybenzyl)amine] -6-phthalazine carbonitrile was
dissolved in 150 ml methylene chloride and cooled. 44 ml
solution of 1 M hydrogenated diisobutylaluminum in toluene was

- added thereto at -78 “C. After returned to room temperature,
the mixture was stirred overnight. 100 ml saturated agueous
ammonium chloride was added thereto, and the mixture was stirred
at room temperature for 0.5 hr. After 40 ml of 10 % sulfuric
acid was added thereto, it was extracted with ethyl acetate.
The extracted solution was washed with brine, dried over
anhydrous magnesium sulfate, and then filtered. The filtrate
was evaporated, and the residue was purified by silica gel
column chromatography to give 5.3 g of 1-{4-[{(1-(tert-
butyl)-1,1-dimethylsilyl)oxy]piperidinoe] -4-[{3-chloro-4-
methoxybenzyl)amino} -6-phthalazine carbaldehyde.

1.5 g of 1-[4-[[(L-(tert-butyl)-1,1-
dimethylsilylloxy]lpiperidino]-4-[(3-chloro-4-

methoxybenzyl)amine] -é-phthalazine carbaldehyde and 0.35 g of
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hydroxylamine hydrochloride were dissolved in 50 ml methanol,
andthemixturewasheatedunderrefluxforzhr. After cooling,
water was added thereto which was then extracted with ethyl
acetate. The extracted solution was washed with brine, dried
over anhydrous magnesium sulfate, and then filtered. The
filtrate was evaporated, and the residue was purified by silica
gel column chromatography to give 1.18 g of 1-[4-[{(1-
{tert-butyl)-1,1-dimethylsilyl}oxy]}piperidino)-4-[(3-
chloro-4-methoxybenzyl)amino] -6-phthalazine carbaldehyde
oxime.

A 1 M solution of tetrabutylammonium fluoride in
tetrahydrofuran was added to 30 ml solution of 1.18 g 1-{4-
[{(1-({tert-butyl)-1,1-dimethylsilyl]oxylpiperidino]l -4-[(3-
chloro-4-methoxybenzyl)amino] -6-phthalazine carbaldehye
oxime in tetrahydrofuran. The mixture was stirred at room
temperature overnight. Water was added to the reaction
solution which was then extracted with ethyl acetate. The
extracted solution was washed with brine, dried over anhydrous
magnesium sulfate, and then filtered. The filtrate was
evaporated, and the resulting crystall%ne residue was washed
with ethyl acetate and collected by filtration to give 0.34 g
of the title compound. This product was converted in a usual
manner inte the hydrochloride,

'H-NMR {400MHz ,DMSO-d,) 0; 1.58-1.70(2H,m), 1.86-1.95(2H,m),
2.92-3.02(2H,m), 3.08-3.22(2H,m), 3.64-3.73(1H,m),

3.82(3H,s), 4.61-4.68(2H,m), 4.77-4.79(1H,m),
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7.10{1H,d,J=8Hz), 7.38(1H,d4,Jd=8Hz}, 7.51{1H, s},
8.06(1H,d,Jf8Hz). 8.23(1H,q4,J=8Hz), B8.28(1H,s}, B.65-
8,76 (1H,m) .

Example 21
4-[(3-Chloro-4-methoxybenzyl)amino] -1-[(2R) -2-
(hydroxymethyl)-l-oxa-B-azaspiro[4.5]dgca-8-yl]-6-\

phthalazinecarbonitrile hydrochloride

IiN/A\I:::I:Cl
NC N OMe

HO

N

1.08 g of 1-chloro-4-[(3-chloro-4-
methoxybenzyl)amino] -6-phthalazine carbonitrile and 0.76 g of
(2R) -1-oxa-8-azaspirof4.5)deca-2-vl methanol were dissolved
in 20 ml N-methyl-2-pyrrolidone and stirred at 160 °c for 5 hr.
After the completion of the reaction, the reaction solution was
returned to room temperature, water and saturated agueous
sodium bicarbonate were added thereto, extracted with ethyl
acetate, and washed with brine for three times. After it was
dried over magnesium sulfate, the solvent was removed, and the
residue was purified by silica gel column chromatography to give
0.60 g crystalline compound.

The resulting compound was dissolved in 20 ml ethanol,

9%




1.40 ml of 1 N hydrochloric acid/ethanol was added thereto at
room temperature, and the mixture was stirred for 10 min. After
the solvent was removed, the residue was treated with
diisopropyl ether, and then dried to give 555 mg of the title
compound.

"H-NMR (400MHz,DMSO-d,) 0; 1.67-1.98(8H,m), 3.15-3.40(6H.m),
3.82(3H,s8), 3.90-3.98(1H,m), 4.68-4.77{2H,m),
7.14(1H,d,J=9Hz), 7.46{1H,d4,J=2,9Hz), 7.62(1H,d,J=2Hz),
8.23(1H,d4,J=9Hz), 8.45(1H,d,J=9Hz), 9.50(1H,s). |
Example 22

(anti) -4-[(3-Chloro-4-methoxybenzyl)amino] -1-{7-hydroxy-3-

oxa-9-azabicyclo[3.3.1lnon-9-yl)-6-phthalazinecarbonitrile

}4N4”\T:::I:C|
NC | \II\I OMe

~N

hydrochloride

N HCI
\O bn

1.5 g of 1-chloro-4-[(3-chloro-4-
methoxybenzyl) aminol -6-phthalazine carbonitrile, 1.13 g of
{anti) -3-oxa-9-azabicyclo[3.3.1]nonan-7-0l hydrochloride and
2.16 ml diisopropylethylamine were added to 8 ml N-methyl-
2-pyrrolidone, and the mixture was stirred at 170 °C for 9 hr
and 15 min. Water was added to the reaction solution which was

then extracted with ethyl acetate, and the organic layer was
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washed with water and brine. After the mixture was dried over
anhydrous magnesjum sulfate, the solvent was evaporated. The
residue was purified by silica gel column chromatography
{solvent; dichloromethane/methanol} to give 0.085 g of an
yellow oil.

The resulting oil was dissolved ip ethyl acetate, then
0.05ml of 4 Nhydrogen chloride/ethyl acetate was added thereto,
and the mixture was stirred at room temperature. The resulting
precipitates were collected by filtration to give 0.075 g of
the title compound.

'H-NMR (400MHz ,DMSO-d,) 0; 1.69-1.78(2H,m), 2.46-2.56(2H,m},
3.77-3.84(2H,m), 3.86(3H,s), 3.86-3.95{(3H,m), 4.04-
4.12(2H,m), 4.74(2H,s), 7.17(1H,d,J=8.4Hz),
7.46(1H,dd4,J=2.2,8.4Hz), 7.61{1H,d,J=2.2Hz),
8.13(1H,d,J=8.4Hz), 8.45(1H,d,J=8.4Hz), 9.3%(1H.m).
Example 23

(anti)-4-[{3-Chloro-4-methoxybenzyl)amino] -1-(9-hydroxy-3-

azabicyclo{3.3.1lnon-3-yl)-6-phthalazinecarbonitrile

HN’“\[::]:CI
N SN OMe

hydrochloride

=N

HCI

H

1.5 g of 1-chloro-4-{{(3-chloro-4-
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methoxybenzyl)amino] -6 -phthalazine carbonitrile, 1.12 g of
(anti)-3-azabicyclo[3.3.1]nonan-9~ol hydrochloride and 2.18
ml diisopropylethylamine were added to 8 ml N-methyl-2-
pyrrolidone, and the mixture was stirred at 170 °c for 9 hr.
Water was added to the reaction solution which was then
extracted with ethyl acetate, and the organic layer was washed
with water and brine. It was dried over anhydrous magnesium
sulfate, and then the solvent was evaporated. Dichloromethane
was added thereto and the insoluble matters were collected by
filtration to give 1.23 g pale yellow powder. The resulting
powder was suspended in ethyl acetate, 0.7 ml of 4 N hydrogen
chloride/ethyl acetate was added thereto, and the mixture was
stirred at room temperature. The resulting precipitates were
collected by filtration to give 1.28 g of the title éompound
as a light-colored powder.

'H-NMR (400MHz,DMSO-d;) 0; 1.54(1H,m), 1.66-1.75(2H,m),
1.86-1.93(2H,m), 2.11-2.23(2H,m), 2.38(1H,m), 3.15-
3.24(2H,m}, 3.62-3,70(2H,m), 3.75{(1H,m), 3.85(3H,s),
4.74(2H,s), 7.16(1H,d,J=8.4Hz), 7.47(1H,dd,J=1.8,8.4Hz),
7.62(1H,d,J=1.8Hz), 8.23(1H,4,J=8.4Hz),
8.56(1H,dd,J=1.3,8.4Hz), 9.49(1H,m).

Example 24
(anti)-4-[(3-Chloro-4-methoxybenzyl)amino] -1-[9-(2-
hydroxvethyl) -3-azabicyclo(3.3.1lnon-3-y11-6-

phthalazinecarbonitrile hydrochloride
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HN
N Mo
N

HC1
OH

1.5 g of i-chloro-4-[{3-chloro-4-
methoxybenzyl)amino] -6-phthalazine carbonitrile, 1.29 g of
(anti) -2-(3-azabicyclo[3.3.1)non-9-y1)-1-ethanol
hydrochloride and 2.18 ml diisopropylethylamine were added to
8 ml N-methyl-2-pyrrolidone, and the mixture was stirred at
°c for 8 hr and 40 min. Water was added to the reaction solution
which was then extracted with ethyl acetate, and the organic
layer was washed with water and brine. The reaction solution
was dried over anhydrous magnesium sulfate, and then the solvent
was evaporated. The residue was purified by silica gel column
chromatography (solvent; dichloromethane/methanol) and
crystallized from dichloromethane-ethyl acetate-ether to give
1.12 g pale yellow powder. The resulting powder was suspended
in acetone, 2mlof 4 N hydrogen chloride/ethyl acetate and ethyl
acetate were added thereto, and the mixture was stirred at room
temperature. The resulting precipitates were collected by
filtration togive 0.98 g of the title compound as a pale yellow
powder.

'H.NMR (400MHz ,DMSO-d,} 0 ; 1.61(1H,m}, 1,.66-1.73(2H,m),
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1.73-1.87{%H,m), 1.88-2.00(2H,m), 2.42(1H,m), 3.14-
3.23(2H,m), 3.49(2H,t,J=6.4H=), 3.,67-3.76(2H,m), 3.85(3H,s),
4,73(2H,s), 7.16{(1H,d,J=8.6Hz), 7.47(1H,dd,J=1.6,8.6Hz),
7.62(1H,4,J=1.6Hz}, 8.24(1H,d,J=8.4Hz),
8.55(1H,dd,J=1.3,8.4Hz), 9.46(1H, m}.

Example 25

1-{3-Aminc-3-methyl-1-butynyl)-4-{(3-chloro-4-

methoxybenzyl)amino) -6-phthalazinecarbonitrile

HN/\T::jiCI
NC SN OMe

=N

hydrochloride

NH, -HCI-

0.39 ml triethylamine was added to a mixture of 500 mg
1-chloro-4-{{3-chloro-4-methoxybenzyl}aminc] -6-phthalazine
carbonitrile, 53 mg cuprous iodide, 98 mg
dichlorobis{triphenylphosphine)palladium (II), 347 mg 3-
amino-3-methyl-1-butyne, and 10 ml dimethylformamide, and the
" mixture was stirred at 30°C for 3 hr in a nitrogen atmosphere,.
After cooling, ethyl acetate was added to the reaction solution,
then water and conc. agueous ammonia were added thereto, and
the organic layer was recovered. The organic layer was washed
with dilute agqueous ammonia and brine, and dried over anhydrous

sodiumsulfate. Itwas filteredand the filtrate was evaporated.
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The resultiné residue was purified by NH-form silica gel column
chromatography to give 446 mg of the title compound. The
product was converted in a usual manner into the hydrochloride.
'H-NMR (400MHz,DMSO-d,) 0; 1.75(6H,s), 3.82(3H,s),
4.76(2H,d,J=5.6Hz), 7.10(1H,d4,J=8.4Hz),
7.37(1H,dd,J-8.4,2.2Hz), 7.50(1H,d,J=2,2Hz),
8.31(1H,dd,J=8.4,1.4Hz), 8.35(1H,d,J-8.4Hz),
8.83(1H,t,J=5.6Hz), 8.92-9.05(3H,m), 9.07 (1H,br).

Example 26

4-[(3-Chloro-4-methoxybenzyl)aminol -1-[4-
(methoxyimino)ﬁiperidino]-6—phthalazinecarbonitrile

hydrochloride

A mixture of 1.1% g 4-[{(3-chloxro-4-
methoxybenzyl)amino] -1- [4-oxopiperidino) -6-phthalazine
carpbonitrile, 354 mg methoxyamine hydrochloride, 1.2 g sodium
carbonate, and 10 ml ethanol was heated under reflux for 2 hr.
After cooling, saline was added to the reaction solution which
was then extracted with ethyl acetate. It was dried over
anhydrous sodium sulfate, and filtered. The filtrate was

evaporated, and the resulting residue was purified by silica

105




gel column chromatography to give 620 mg of 4-[(3-chloro-4-
methoxybenzyl)amine] -1- [4- (methoxyimino) piperidino] -6-
phthalazine carbonitrile. This product was dissolved in a
mixed solvent of methanol and ethanol, and recrystallized by
adding 0.35 ml of 4 N hydrochloric acid/ethyl acetate to give
388 mg of 4—[(3—chloro—4—methoxybenzyl)amino]-1-[4-
(methoxyimino)piperidino) -6-phthalazinecarbonitrile
hydrochloride.
'H-NMR (400MHz, DMSO-d,) 0; 2.50-2.55{2H,m), 2.74-2.80(2H,m),
3.29-3.35(4H,m}, 3.77(3H,s), 3.85(3ﬁ,s), 4.72(2H,br),
7.16(1H,d,J=8.4Hz), 7.45(1H,dd,J=8.4,2.0Hz),
7.60(1H,d,J=2.0Hz),  8.33(1H,d,J=8.8Hz},
8.48(1H,dd,J=8.8,0.8Hz), 9.35(1H,d,J=0.8Hz), 10.19(1H,br).
The following compounds were synthesized using their
corresponding starting materials in the same manner as in
Production Examples or Examples.
Example 27
4-[{3-Chloro-4-methylbenzyl)amine] -1- (4-hydroxypiperidino) -

6-phthalazinecarbonitrile hydrochloride

HN Cl
NC
\le Me
N
N HCI
OH
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'H-NMR {400MHz, DMSO-4d,)} 0; 1.62-1.73(2H,m), 1.90-1.99{2H,m},
2.32(3H,s),72.98-3.08(2H,m), 3.42-3.50(2H,m), 3.72-
3.80(1H,m), 4.76(2H,q,J=5.6Hz), 7.36(2H,s), 7.57(1H,s),
8.23(1H,d,J=8.4Hz), 8.47(1H,dd4,J=8.4,1.2Hz),
9.37(1H,d4,J=1.2Hz), 10.21(1H,br).

Example 28

4-[(3-Chloro-4-methoxybenzyl)amino] -1-{5-

hydroxyperhydrocyclopentalc]pyrrol-2-yl) -6-phthalazine

N SN OMe

I 2N
N

carbonitrile

OH
'H-NMR (400MHz,DMSO-d,) §; 1.40-1.49(2H,m), 2.02-2.12(2H,m),
2.55-2.64(2H,m), 3.24(4H,d,J=4.0Hz)}, 3.80(3H,s}, 3.94-
4.04(1H,m), 4.61(2H,d,J=5.2Hz), 4.72(1H,d,J=5.6Hz},
7.07(1H,d,J7=8.4H=z), 7.32(1H,dd,J=2.0,8.4Hz), 7.77-7.83 (1H,m),
8.14-8.23(2H,m}, 8.66{1H,d,J=-0.8Hz).
Example 29
4-[(3-Chloro-4-methoxybenzyl)amino) -1-[4- (2-hydroxyethyl) -

1,2,3,6-tetrahydro-1-pyridinyl]} -6-phthalazine carbonitrile
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=N
N

T

OH

HN«»\][:::[:CI
NN OMe

‘H-NMR (400MHz,DMSO-d,) 0; 2.15-2.22(2H,m), 2.27-2.39(2H,m),

3

4

7

7

.20(2H,t,J=5,6Hz), 3.48-3.60(2H,m), 3.69(2H,s), 3.80(3H,s),

.47 (14, t,J=5,6Hz),
.08(1H,d,J=8.4Hz),

.44(1H,d,3=2.0Hz),

4,.61(2H,d,J=5.6Hz),

5.55(1H,d,J=0.4Hz),

7.33{(1H,dd,J=2.0,8.4Hz),

7.83-7.89(1H,m),

B.04 (1H,d,J=8.4Hz),

8.08(1H,dd,J=1.2,8.4Hz), 8.87(1H,t,J=0.4Hz)}.
Example 30
4-[(3-Chloro-4-methoxybenzyl)amino) -1-[3-

{(hydroxymethyl)tetrahydro-1H-1-pyrrolyl] -6-phthalazine

I\N OMe

2N
N

carbonitrile

HO

'H-NMR (400MHz,DMS0-d,) 0; 1.59-1.70(1H,m), 1.83-2.02(2H.m),

2.31-2.41(1H,m), 3.34-3.60(5H,m), 4.58{2H,J=5,6Hz),

4.67(1H,t,J=5.6Hz), 7.07{1H,d,J=8.4Hz},
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7.32{1H,dd,J=2.0,8.4Hz), 7.43(1HK,d,J=2,0Hz), 7.56-7.62(1H,m},
8.14(1H,dd,g=1.6,8.8Hz), 8.23(1H,d,J-8.8Hz),
8.820(1H,d,d=1.2Hz}.

Example 31
4-[(3-Chloro-4-methoxybenzyl)amino] -1- [4 - (hydroxymethyl) -

1,2,3,6-tetrahydro-1-pyridinyl) -6-phthalazine carbonitrile

HN Cl
NC N OMe
2N
N
Y
OH

'H-NMR (400MHz,DMSCO-d,) 0; 2.28(2H,br-s), 3.19-3.26(2H,m),
3.73(2H,br-s), 3.80(3H,s), 3.8%(2H,d,J=4.4Hz)},
4.62(2H,d,J=5.6Hz), 4.78{1H,t,J=5.6Hz), 5.72(1H,br-s),
7.08(1H,d,3=8.4Hz), 7.33(1H,dd,J=2.0,8.4Hz)},
7.44(1H,d,J=2.0Hz), 7.87(1H,t,J=5.6Hz), 8.05{(1H,d,JTJ=8.4Hz),
8.18{(1H,dd,J=1.2,8.4Hz), 8.87(1H,d,J=1.2Hz}. |

Example 32
2-[1-[4-[(3-Chlorov4-mgthoxybenzyl)amino]-6-cyano-1-

phthalazinyl)] -4-piperidinyl]propionic acid hydrochloride




HN/\@CI
Ne =N OMe

~ N

N HCI

OH
0

'H-NMR (400MHz,DMSO-4,) 0 ; 1.08(3H,d,J=6,8Hz), 1.46-1.64{2H,m},
1.66-1.83(3H,m), 2.22-2.32(1H,m), 2.78-2.90(2H,m), 3.54-
3.64(2H,m), 3.83(3H,s), 4.72(2H,d,Jd=6.0HzZ),
7.14(1H,4,J=8.4Hz), 7.46(1H,dd4,J=2.0,8.4Hz},
7.61(1H,d,J=2.0Hz), 8.22(1H,d,J=8.4Hz),
8.45(1KH,dd,3=1.6,8.4Hz), 9.49(1H,s).

Example 33
2-[1-[4-{(3-chloro-4-methoxybenzylfamino]-6~cyano-1-

phthalazinyll -1,2,3,6-tetrahydro-4-pyridinyllacetic acid

HNzﬂ\I:::I:CI
NG ~N OMe

N
N

hydrochloride

HCI
Z

OH
0

Y.NMR (400MHz,DMSO-d,} 0 ; 2.38-2.44(2H,m), 3.04 (2H,s),

110




3.79;3.83(2H,m), 3.83(3H,s), 4.72(2H,t,J=2.8Hz), 5.63-
5.68(1H,m), 7.15(1H,d,J=8.8Hz), 7.46(1H,dd,J=2.4,8.4Hz),
7.61(1H,d,J=2.4Hz), 8.21(1H,d,J=8.8Hz),

8.46 (1H,dd,J=1.2,8.4Hz}, 9.45(1H,s).

Example 34
2—[1«[4-[(3AChloro-4-methoxybenzyl)amipo]-6-cyano-1-

phthalazinyl] -4-piperidinyl] -2-fluorocacetic acid

HN/\©:C!
NC NN OMe

=N
N

hydrochloride

HC!

OH

0
'H-NMR (400MHz, DMS0-d,) O; 1.60-1.90(4H,m), 2.03-2.20({1H,m),
2.83-2.98(2H,m), 3.58-3.65(2H,m), 3.83(3H,s),
4.73(2H,t,J=2.8Hz), 4.98(1H,dd,J=4.0,48.4Hz)},
7.14(1H,d,J=8.4Hz), 7.46(1H,dd,J=2.0,8.4Hz),
7.61(1H,d,J=2.4Hz), 8.23(1H,d,J=8.4Hz),
8.44(1H,da,J=1.2,8.4Hz), 8.46{1H,s).
Example 35
2-[1-[4-([(3-Chloro-4-methoxybenzyl)amino] -6-cvano-1-

phthalazinyl] -4-piperizyllacetic acid hydrochloride
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HN/N\[::I:CI
NC ~N OMe

|
=N

N._ HCI

OH
0

'H-NMR (400MHz,DMSO-d,) O; 1.44-1.57(2H,m), 1.79-1.84(2H,m),
1.85-1.96(1H,m), 2.25(2H,&,J=6,.8Hz), 2.89(2H,t,J=12.0Hz),
3.55(2H,d,J=12.0Hz), 3.84(3H,s}, 4.70(2H,d,J=6.0Hz),
7.15(1H,d,J=8.8Hz}, 7.44(1H,dd,J=2.0,8.4Hz},
7.94(1H,d,J=2.0Hz), 8.21(1H,d,J=8.4Hz),
B.46(1H,dd,J=1.6,8.8Hz), 9.37(1H,s).

Example 36
4-[(3-Chloro-4-methoxybenzyl)amino) -1-[4- (1-fluorc-2-

hydroxyethyl)piperidino] -6é-phthalazinecarbonitrile

HN,ﬁ\][:::[:CI
NC NN OMe

2N
N

hydrochloride

HCI

n

OH

'H-NMR (400MEz,DMSO-d,) 0, 1.56-1.78(3H,m), 1.83-1.99(2H,m),
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2.80-2.91(2H,m}, 3.51-3.69(4H,m}, 3.83(3H,s), 4.25-
4.31(1/2H,m), 4.37-4.43(1/2H,m), 4.73(2H,d,J=5.6Hz),
7.14(1H,d,Jg=8.4Hz), 7.47(1H4,dd,J=2.0,8.4Hz),
7.62(1H,4,3=2.0Hz), 8.22(1H,d,J=8.4Hz),
8.45(1H,dd,J=1.2,8.4Hz), 9.52(1H,s), 10.58(1H,s).
Example 37
4-[{3-Chloro-4-methoxybenzyl)amino]-1-{4-(2-

hydroxyethoxy)piperidino] -6-phthalazinecarbonitrile

HN/\@C'
NC NN OMe

hydrochloride

=N
N HCi
hl

OH

"H-NMR (400MHz,DMSO-d,) 0 ; 1.68-1.77 (4H,m), 1.98-2.07(2H.m),
2.98-3.07(2H,m), 3.44-3.52{2H,m), 3.56-3.62(3H,m),
3.83(3H,s), 4.74(2H,d,J=5.6Hz), 7.13(1H,d,J=8.4Hz},
7.48{1H,dd4,J=2.0,8.4Hz), 7.627{14,d,J=2.0Hz),
8.23{1H,d,J=-8.4Hz), B8.45(1H,dd,J=1.6,8.4Hz), 9.57(1H,s),
10.68(1H,br-s) .

Example 38
2-[[1-[4-[{3-Chloro-4-methoxybenzyl)amino] -6-cyano-1-

phthalazinyl] -4-piperizyl]loxylacetic acid hydrochloride
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HNaﬂ\I:::I:C
NC NN OMe

0

O;l\OH
'H-NMR (400MHz ,DMSO-d,) 0; 1.69-1.82(2H,m), 1.99-2,10(2H,m},
2.98-3.09(2H,m), 3.60-3.68(1H,m), 3.B3(3H,s), 4.08(2H,s),
4.72(2H,d,J=5.6Hz), 7.14{1H,d,J=8.4Hz),
7.46(1H,dd4,J=2.4,8.4Hz), 7.61(1H,d,J=2.0Hz),
8.24(1H,d4,J=8.4Hz), 8.46{(1H,dd,J=1.2,8.4Hz), 9.46(1H,s),
10.46 (1H,br-s) .
Example 38
4-[(3-Chloro-4-methoxybenzyl)amino]-1-[4-{2-hydroxy-1-

methylethyl)piperidino] -6-phthalazine carbonitrile

| HN/\E:[CI
N NN OMe

OoH
'H-NMR (400MHz, DMSO-4d,) 0 ; 0.85(3H,d,J=6.4Hz), 1.40-1.5% (4H,n},
1.64-1.73(2H,m), 2.68-2.79(2H,m), 3.33-3.47(4H,m),

3.78(3H,m), 4.40(1H,t,J=5.2Hz), 4.60(2H,d,J=5.6Hz),
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7.06(1H,d,J=8.4Hz), 7.31(1H,dd,J=2.0,8.4Hz),
7.42(1H,d,q=2.0HZ), 7.85(1H,t,J=6.0Hz}, 8.03(1H,d,J=8.4Hz),
8.16(1H,dd,J=1.6,8.4Hz), 8.85(1H,d,J=0.8Hz).

Example 40
2-[7-[4-[(3-Chloro-4-methoxybenzyl)amino)] -6-¢cyano-1-

phthalazinyl)] -7-azaspiro[3.5]non-2-yllacetic agid

NC ~N OMe

hydrochloride

OH

0]
'H-NMR (400MHz,DMSO-&,) 0; 1.45-1.53(2H,m), 1.66-1.73(2H.m),
1.77-1.84(2H,m}, 1.96-2.04(2H,m}, 2.34(2H,d4,J=7.6Hz),
3.02{(2H,br-s), 3.11(2H,br-s), 3.82(3H,s), 4.67(2H,s),
7.11(1H,d,J=8.4Hz), 7.40(1H,d4dd4,J-2.0,8.4Hz),
7.54(1H,d,J=2.0Hz), B8.15(1H,d,J=8.8Hz), 8.34(1H,d,J=8.8BHz),
9.24(1H, s).
Example 41
4-{(3-Chloro-4-methoxybenzyl)amino] -1-[2-
{hydroxymethyl)perhydro(l.3]dioxolo[4.5-¢clpyrrol-5-y1]-6-

phthalazinecarbonitrile hydrochloride
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HNaﬁ\I:::I:@
Ne NN OMe

l =N

NS Hal

0.0

{

OH
'H-NMR (400MHz,DMS0-4,) 0; 3.54-3,67(2H,m), 3.80-3.92(2H,m},
4.16(2/3H,br-s), 4.29{4/3H,br-s), 4.54{1H,t,J=5.2Hz), 4.54-
4.62(1E,m), 5.16-5.32(2H,m), 7.11(1H,d,J3=8.4Hz), 7.34-
7.40(18,m}, 7.50(1H,s), 8.37(1H,d4,0=8.4Hz), 8.48-8.58(1H,m),
9.12-9.21(1H,m).
Example 42
4-[(3-Chloro-4-methoxybenzyl}amino]l -1-{4-(1-

hydroxyethyl)piperidino-6-phthalazinecarbonitrile

NC ~N OMe

N HO

hydrochloride

OH

'H-NMR (400MHEz, DMSO-ds) §; 1.07(3H,d,J=6.0Hz), 1.34-1.60(3H,m),
1.65-1.76(2H,m}, 1.B6-1.%4(2H,m), 2.75-2.86{(2H,m}, 3.55-

3.63(2H,m), 3.82{(3H,s), 4.73(2H,d,J=5.6Hz),
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7.13(1H,d,J=8.8Hz), 7.48(1H,dd,J=2.0,8.8Hz),
7.63(1H,d.Jf2.DHz), 8.20(1H,d,J=8.4Hz),
8.45(1H,dd,J=1.2,8.4Hz), 9.56{1H,s}), 10.69(1H,br-s).
Example 43 |
4-[(3-Chloro-4-methoxybenzyl)amino] -1-[4-fluoro-4-

{hydroxymethyl)piperidino] -6-phthalazinecarbonitrile

NC ~N OMe

hydrochloride

OH
‘H-NMR {400MHz,DMSO-d,) §; 1.69-1.77 (2H, m), 1.83-2.08 (2H, m),
3.05-3.16(2H,m}, 3.48(2H.,d,J3=20.0Hz), 3.82(3H,s},
4.74(2H,d4,J=5.6Hz), 7.14(1H,d4,J=8.8Hz),
7.48(1H,dd,J=2.0,8.8Hz), 7.63(1H,d,J=2.0Hz)},
B8.26(1H,d,J=8.4Hz), 8.46(1H,dd4,J=1.2,8.4Hz), 9.57(1H,s),
10.73(1H,br-s).
Example 44
4-[(3-Chloro-4-methoxybenzyl)aminol -1-[4- (hydroxymethyl) -4 -

methoxypiperidino}-6-phthalazinecarbonitrile hydrochloride
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NC NN OMe

=N

N HCI

MeO
OH

'H.NMR (400MHz , DMSO-d,) §; 1.71-1.86(4H,m), 3.04-3.16(2H,m},
3.16{3H.s), 3.41(2H,s), 3.83(3H,s), 4.72(2H,d,J=5.6Hz),
7.14(1H,d4,J=8.4Hz), 7.46(1H,d4d4,J=2.0,8.4Hz),
7.61(1H,d,0=2.0Hz), 8.23(1H.d,J-8.8Hz),
8.44(1H,dd,J=1.2,8.8Hz), 9.48(1H,s), 10.46{(1H,br-s).
Example 45
4-[{3-Chloro-4-methoxybenzyl)amine] -1-{2-hydroxy-6-

azaspirol[3.4)}oct-6-yl})-6-phthalazinecarbonitrile

NC AR OMe

L3
N HC

hydrochloride

OH

'H_NMR (400MHz,DMSO-d,) 0; 1.00-1.08(2H,m), 1.82-2.04 (4H,m),
2.19-2.35(2H,m), 3.32-3.45(2H,m), 3.55-3.60(2H,m),

3.B0(3H,s), 4.04-4.19(1H,m), 4.56(2H,br-s),
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7.10{1H,d,J=8.4Hz), 7.37(iH,br-s), 7.50(1H,br-s)},
8.38(1H,d,Jf8.4Hz), 8.45-8.73(1H, m) .

Example 46
4-[(3-Chloro-4-methoxybenzyl}amino] -1-[3- {hydroxymethyl}) -

2,5-dihydro-1H-1-pyrrolyl] -6 -phthalazinecarbonitrile

NC =N OMe

— HCI
OH

'H-NMR {400MHz,DMSO-d,) &; 3.82(3H,s), 4.12(2H,s), 4.45-

hydrochloride

4.83(6H,m), 5.84(1H,br-8), 7.11(1H,d,J=9H=z), 7.33-7.56(2H,m),
8.45(1H,d,J=9Hz), B.66-9.14(2H,m).

Example 47
4-[(3-Chloro-4-methoxybenzyl)amino]-1-[(3&,45)-3,4—

41 (hydroxymethyl) tetrahydro-1K-1-pyrrolyl]l -6-

phthalazinecarbonitrile hydrochleoride

HN Cl
NC \I}t OMe
=N
N Hel
HO

OH
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'H-NMR (400MHz,DMSO-d,) 0; 2.50-2.57{2H,m), 3.38-3.4%(2H,m),
3.56-3.60(2H,m), 3.76-3.87(4H,m}, 3.81{3H,8), 4.55(2H,br-5s),
7.10{2H,d,J=8.4Hz), 7.36(1H,d,J=7.6Hz}, 7.49(1lH,s8),
8.41(1H,d,J=-8.4Hz), B8.68(1H,d,J=8.4Hz}, 9.13(1H,s).

Example 48
1-[4~[(3-Ch10ro-4-methoxybenzyl)amino];6-cyano-l-

phthalazinyl] -4-hydroxy-4-piperidinecarboxamide

HN/A\I:::I:CI
NC SN OCH,

N

hydrochloride

HC1

HO" "CONH,

'H-NMR (400MHz,DMS0-d,) 6; 1.56-1.64(2H,m), 2.16-2.28(2H,m),
3.12-3,24(2H,m), 3.32-3.48{(2H,m), 3.54(1H,brs), 3.83(3H,s),
4.10j4.30(lH,m), 4.74(2H,s), 7.13(1H,d,J=8.4Hz),
7.15{1H,br-s), 7.31{(1H,br-s}, 7.48(1H,d4,J=8.4Hz), 7.64 (1H, s},
8.26(1H,d,J-8.4Hz), B8.44(1H,d,J=-8.4Hz), 9.52-9.60(1H,m)}.
Example 49

[4- (3-Chloro-4-methoxybenzyl)amino]l -1-[4- (fluoromethyl)-4-

hydroxypiperidino] -6-phthalazinecarbonitrile hydrochloride
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HO

'H-NMR (400MHz,DMS0-d,) §; 1.54-1.64(2H,m), 1.80-1.92(2H,m),
3.18-3.26(2H,m), 3.32-3.44(4H,m), 3.83(3H,s),
4.22(2H,d4,J=7.6Hz}), 4.72(1H,d,J=6.0Hz}, 7.14(1H,d,J=8.4Hz},
7.48(1H,dd,J=8.4,1.6Hz), 7.62(1H,d,J=1.6Hz)},
8.23(1H,d,J=8.4Hz}, 8.45(1H,d,J=8.4Hz), 9.45(1H,br-s).
Example 50

4-[(3-Chloro-4-methoxybenzyl)amino] -1-(4-
hydroxyiminopiperidino) -é6-phthalazinecarbonitrile

hydrochloride

HN
Ne N' OMe
N e
@
NOH

1HVNMRMOOMHZ,DMSO-GS) 6; 2.50-2.52(2H,m), 2.74-2.80(2H,m),
3.26-3.35{4H,m}, 3.85(3H,s), 4.71(24,br}), 7.17(1K,d,J=8.8Hz),

7.45(1H,dd,J=8.8,2.0Hz), 7.60(1H,d,J=2.0Hz),
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8.34 (1H,d,J=8.4Hz), 8.49(1H,dd,J=8.4,0.4Hz),
9.34(1H,d,Jf0.4Hz), 10.53(1H,br).

Exaﬁple 51

{(anti) -2-{3-[4-[(3-Chloro-4-methoxybenzyl)amino) -6-cyano-1-

phthalazinyl}-3-azabicyclo{3.3.1lnon-9-yllacetic acid

hydrochloride
Gt
HN
N
l \T OMe
=N
H
N Cl
\

OzH

'H-NMR (400MHz, DMSO-4&,} §; 1.62(14,m), 1.75-2.00{4H,m),

3.68-

2.12{1H,m),

3.76(2K,m),

2.52(2H,d,J=8.1Hz),

3.16-3.24(2H,m),

3.85(3H, s),

4.74 (2H,s),

7.16 (1H,d, J=8.6Hz),

7.48(1H,dd,J=1.8,8.6Hz),

7.62(18,4,J=1.8Hz},

8.23(1H,d,J=8.4Hz},

8.55(1H,dd,J=1.3,8.4Hz),

9.48(1H,m) .

Example 52
(endo) -4- [ (3-Chloro-4-methoxybenzyl)aminol] -1- (3-hydroxy-8-
azabicyclo[3.2.1]Joct-8-yl) -6-phthalazinecarbonitrile

hydrochloride
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'H-NMR (400MHZz,DMSO-d,) 6; 1.81-1.88(2H,m), 1.90-1.98(2H,m),
2.19-2.30(4H, m}, 3.85(3H,s), 4.04(1H,m), 4.16-4.26(2H,m),
4.71(2H8,s8), 7.16{1H,d,J=8.6Hz), 7.46(1H,d,J=8.GHz),
7.61(1H,s}, 8.29(1H,d,J=8.4Hz), 8.47(1H,dd,J=1.3,8.4Hz),
9.44 (1H,m) .

Example 53

(syn) -4-[{3-Chloro-4-methoxybenzyl)amino)] -1-(9-hydroxy-3-
azabicyclo[3.3.1]non-3-yl)-6-phthalazinecarbonitrile

hydrochloride

N
HCl
OH

'H-NMR (400MHz, DMS0O-d,) 0; 1.53(1H,m), 1.74-1.86(2H,m},
1.87-1.93(2H,m}), 2.05-2.14{2H,m), 2.37(1H,m), 3.28-
3.44{2H,m), 3.41-3.61(2H,m), 3.68(1H,m), 3 .85(3H,s),
4.73(2H,s), 7.15(1H,d,J=8.6Hz), 7.47(1H,d,J=8.6Ez),

7.62(1H,s), 8.22(1H,d4,J-8.6Hz), B.54(1H,d,J=B.6Hz},
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5.48(1H,m) .
Example 54‘
{syn}-4-((3-Chloro-4)amino) -1- (8-hydroxy-3-

azabicyclol[3.2.1)oct-3-yl) -6-phthalazinecarbonitrile

HN/\C[.Cl
N
c ~N OMe

| i OH

hydrochloride

N
HC1

'H-NMR (400MHz,DMSO-4,) §; 1.75-1.96(4H,m), 2.02-2.09(2H,m),
3.06-3.18(2H, m), 3.50-3.60(2H,m), 3.86(3H, s},
3.91(1H,t,J=4.8Hz), 4.73(2H,s), 7.16(1H,d,J=8.6Hz},
7.47(1H,d,J=8.6Hz), 7.61(1H,s), 8.36(1K,d,J=8.6Hz),
8.48(1H,dd,J=1.5,8.6Hz), 9.43(1H,m).

Example 55

(exo) -4-[(3-chloro-4-methoxybenzyl)amino] -1-(3-hydroxy-8-

azabicyclol3.2.1)oct-8-yl)-6-phthalazinecarbonitrile

hydrochloride
Cl
HN
NC
| \l;l OMe
~N
HC1
N OH

'H-NMR (400MHz, DMSO - d,) 0;: 1.68-1.83(2H,m), 1.90-2.02(4H,m),
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3.85(3H,s), 3.97(1H,m), 4.18-4.28(2H,m), 4.70{2H,s),
7.15(1H,d,Jf8.6H2). 7.44{1H,d,J=8.6Hz), 7.59{1H,s),
8.29(1H,d4,J=8.6Hz), 8.45{1H,d,J=8.6Hz), 9.36(1H,m).
Example 56

(anti) -4- [(3-Chloro-4-methoxybenzyl)amino] -1- {9-hydroxy-3-
oxa»?-azabicyclo[B.3.1]non-7-y1)-6-phtbalazinecarbonitrile

hydrochloride

=
I
17—
22 5
o O
=
@

'H NMR (DMSO-4,) d; 1.69-1.76(2H,m), 3.24-3.38(2H,m), 3.73-
3.83(2H,m), 3.85(3H,s) 3.85-3.93(2H,m)}, 4.11-4.20(2H,m),
4.73(2H,s), 7.16(1H,d,J=8.6Hz), 7.47(1H,d,J=8.6Hz),
7.62(1H,s), 8.36(1H,d,J=8.4Hz), 8.52(1H,d,J=8.4Hz),
9.43(1KH,m) .

Example 57
(anti)-4-[(3-Chloro-4-methoxybenzyl)amin&]-1-(3-hydroxy-9-
azabicyclo(3.3.1)non-9-yl) -6-phthalazinecarbonitrile

hydrochloride




'H.NMR (400MHz,DMSO-d,} §; 1.38-1.54(4H,m), 1.59(1H,m),
1.90-2.02(28,m), 2.22-2.45(3H,m), 3.86(3H,s), 3.87 (1H,m),
4.08-4.17(2H,m), 4.69(2H,8), 7.16(1H.d4,JT=8.6Hz),
7.44(1H,d,J=8.6Hz), 7.58(1H,s), 8.07(1H,d,J=B.6Hz),
8.44(1H,d,J=8.6Hz}, 9.25(1H,m).

Example 58

N'- [3-[4-[(3-chloro-4-methoxybenzyl)amine] -6-cyano-1-

phthalazinyl]phenyl] acetamide

Cl

N
H
'K-NMR(400MHz ,DMSO-d,) 0; 2.05(3H,s), 3.81(3H,s),
4.76(2H,d,J=6.0Hz), 7.09(1H,d,J=8.4Hz), 7.24(1H,d4,J=8.0Hz)},
7.38(1H,dd,J=8.0,1.6Hz), 7.45(1H,dd,J-=8.4,8.0Hz),
7.50(1H,d,J=1.6Hz), 7.67(1H,d,J=8.0Hz), 7.86{1H,m),
7.92(1H,d,J=8.4Hz), B8.17(1H,dd,J=8.4,1.6Hz),
8.35(1H,dd,J=6.0,6.0Hz), 9.00(1H,s), 10.09{1H,s).

Example 59

1-{3-Aminophenyl) -4-[(3-chloro-4-methoxybenzyl)amino] -6-

phthalazinecarbonitrile dihydrochloride
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NHa

'4-NMR (400MHz ,DMSO-d,) O; 3.,83(3H,8), 4.89(2H,br-s),
7.16(1H,d,J-8.6Hz), 7.38-7.44(3H,m), 7.53(1HK,4d4,J=8,6,2,0Hz),
7.58-7.62(2H,m), 7.68(1H,d,J=2.0Hz), 8.02(1H,d,J-8.4Hz),
8.45(1H,d,J=8.4Hz), 9.65(1H,s).

Example 60
N-[3-[4-[(3-Chloro-4-methoxybenzyl}aminc] -6-cyano-1-

phthalazinyl])phenyl]lmethanesulfonamide hydrochloride

9
CH
N/S: 3

H ©

'H-NMR (400MHz,DMSO-d,) 0; 3.06(3H,s), 3.84(3H,s},
4.86(2H,d,J=5.6Hz), 7.15(1H,d,J=8.4Hz), 7.35(1H,d,J=7.6Hz),
7.43(1H,d,J=7.6Hz), 7.50(1H,br-s), 7.53(1H,dd,J=8.4,2.0Hz),
7.55(1H,dd,J=7.6,7.6Hz), 7.66(1H,d,J=2.0Hz]),
8.03(1H,d,J-8.85z), 8.44(1H,d,J=8.8Hz), 9.60(1H,br-s),

10.14(1H,br-5) .
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Example 61
4-[(3-Chloro-4-methoxybenzyl)aminol)-1-(4-
{methylsulfinyl)phenyl] -6-phthalazinecarbonitrile

hydrochloride

S(0)CHa

'H-NMR (400MHz,DMS0-d,) 0; 2.84(3H,s), 3.83(3H,s),
4.87(2H,br-s), 7.16(14,d,J=8.4Hz), 7.51(1H,d,J=8.4Hz),
7.66(1H,br-s), 7.83(2H,d,J=8.4Hz), 7.%2(2H,d,J=8.4Hz),
8.00(1H,d,J=8.4Hz}, 8.43(1H,d,J=8.4Hz), 9.52-9.60(1H,m).
Example 62

4-f(3-Chloro-4-methoxybenzyl)amino] -1-[4-
{methylsulfonyl)phenyl] -6-phthalazinecarbonitrile

hydrochloride




'H-NMR {400MHz,DMSO-d,) &; 3.31(3H,s), 3.82(3H,s),
4.80(2H,br-s), 7.12(1H,d,J=8.8Hz), 7.43(1H,dd,J=B.8,2.0Hz),
7.56(1H,d,J=2.0Hz), 7.90(2H,4,J=8.0Hz), 7.93(1H,d,J=8.4Hz),
8.11(2¥,d,J=8.0Hz), 8.28(1H,d,J=8.4Hz), 9.19-9.22{(1H.,m).
Example 63
4-[(3-Chloro-4-methoxybenzy1)amino]-1-}4-formy1phenyl)-6-

phthalazinecarbonitrile hydrochloride

Ci

CHs

CHO
'H-NMR (400MHz,DMS0-d,) §; 3.B4{3H,s), 4.86(2H,br-s),
7.16(1K,d,J=8.4Hz), 7.51(1H,d,J=8.4Hz), 7.66(1H,br-s},
7.86(2H,d,Jd=8.0Hz), 7.99{(1H,d,3=8.8H=z), 8,13(2H,d,J=8.0Hz),
8.42(1H,d,J=8.8Hz), 9.48-3.53(1H,m), 10.15(1H,s).
Example 64
4-[{3-Chloro-4-methoxybenzyl)amino]l-1-[{4-
hydroxymethyl) phenyl] -6-phthalazinecarbonitrile

hydrochloride
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OH

lg-NMR (400MHz, DMSO-d,} 0; 3.84(3H,s), 4.62(2H,s),
4.84(2H,br-s), 7.16(1H,d,J=8.4Hz), 7.49(1H,dd, J=8.4,2.0Hz),
7.55(2H,d,J=a.0Hz)} 7.60(2H,d;J=3.0Hz), 7.65(1H,d,J=2.0Hz),
8.02(1H,d,J=8.4Hz), 8.43(1H,d,J=8.4Hz), 9.50-9.58{1H,m).
Example 65
4-{4-{(3-Chloxo-4-methoxybenzyl)amino] -6-c¢yano-1-

phthalazinyl]lbenzoic acid

CO.H

'H-NMR (400MHz,DMSO-d,) &, 3.84(3H,s), 4.76(2H,d,J=6.0Hz),
7.10(1K,d,J=8.8Hz), 7.38(1H,dd,J=8.8,2.0Hz),
7.50(1H,d,J=2.0Hz), 7.72(2H,d,J=8.4Hz), 7.91(1H,d,J=8.8Hz),
8.08(2H,d4,J=8.4Hz}, 8.19(1H,dd,J=8.4,1.6Hz),

8.44(1H,dd,J=6.0,6.0Hz), 9.01(1H,4,J=1.6Hz) .
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Example 66
4-[(3-Chloro-4-methoxybenzyl)amino] -1-(1,3-thiazol-2-yl)-6-

‘phthalazinecarbonitrile hydrochloride

HN Cl
N N OCH,
) .
HC}
g N

'H-NMR (400MHz,DMSO-d,) 0; 3.BO(3H,s), 4.82(2H,s),
7.13(1H,d4,J=8.4Hz), 7.42(1H,d,J=8.4Hz), 7.57(1H,s),
7.94(1H,d4,J-3.6Hz), 8.11(1H,d,J=3.6Hz), 8.46(1H,d,J=8.4Hz),
9.20-9.26{(1H,m), 9.70(1H,d,J=8.4Hz).

Example 67

4-[{3-Chloro-4-methoxybenzyl)amino]-1- (3-hydroxy-3-methyl-

1-butynyl) -6-phthalazinecarbonitrile hydrochloride

'H-NMR (400MHz,DMS0-d,) 0 ; 1.57(6H,s), 3.84 (3H,s), 4.84 (2H,s),
7.15(14,d4,J=8.8Ez), 7.46{1H,dd,J=8.8,2.0Hz),
7.61(1H,d,J=2.0KEz), 8.34{1H#,d,J-8.4Hz),

' 8.52(1H4,dd,J=8.4,0.4Hz), 9.04(1H,d,J=0.4Hz), 10.36(1H,br).




Example 68
4-[(3-Chloro-4-methoxybenzyl)amine] -1- (3 -hydroxy-1-

propynyl) -6 -phthalazinecarbonitrile hydrochloride

'H-NMR (400MHz ,DMSO-d,) §; 3.B4(3H,s), 4.49(2H,s),
4.81(2H,d,J=4.0Hz), 7.14(1H,&,J=8.4Hz),
7.43(1H,d8d4,J=8.4,2,4Hz), 7.58(1H,d,J=2.4Hz),
B8.35(1H,d,J=8.8Hz), 8.48(1H,d4d,J=8.8,0.8Hz),
©9.28(1H,4,J=0.8Hz), 9.92(1H,br}.

Example 69
4—[{3-Chloro-4-methoxybenzyl)amiﬁo]-1—[3,4-dihydroxy-3-

(hydroxymethyl) -1-butynyl-6-phthalazine carbonitrile

. HN,\-O:EI
NC N Me

N

Il on
HO oH
'H-NMR (400MHz,DMSO-d,) 0; 3.54-3.66(4H,m), 3.82(3H,s),
4.76(2H,4,J=5.2Hz), 4.98(2H,t,J=5.2Hz), 5.62(1H,s),

7.10(1H,d¢,J=8.8Hz), 7.36(1H,dd,J=8.8,2.0H=z),
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7.49(1H,d,J=2.0Hz), 8.29-8.34(1H,m}, 8.51(1H,t,J=5.2Hz),
8.96(1H,s).

Example 70
4-[(3-chloro-4-methoxybenzyl)amino] -1-[3- (dimethylamino) -1-

propynyl]l -6-phthalazinecarbonitrile dihydrochloride

NC N OMe
/N

[ 2nei
NMes

'H-NMR (400MHz,DMSO-4,) 0; 2.91(6H,s), 3.83 (3H,s), 4.52(2H, s},
4.83(2H,d,3=4.8Hz), 7.13{(1H,d,J=8.8Hz),
7.42(1H,dd,J=8.8,2.0Hg), 7.56(1H,d,J=2.0Hz),
8.40(1H,dd,Jd=8.4,1.4Hz), 8.46(1H,d,J=8.4H=z),
9.27(1H,d,J=1.4Hz}, 9.76{1H,br), 11.39(1H,br}.

Example 71
2-[[3-[4-[(3-Chloro-4-methoxybenzyl)amino] -6-cyano-1-
phthalazinyl]-1,1-dimethyl-2-propynyl]oxylacetic acid

hydrochloride
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'H-NMR (400MHz ,DMSO-d,) & 1.62(6H,s), 3.84(3H,s), 4.21-
4.24(2H,m),v4.77¥4.82(2H,br), 7.11-7.15(1H,m), 7.38-
7.42{1H,m), 7.51-7.55(1H.,m}, 8.19-8.24{1H,m), 8.38-
8.42(1H,m), 9.12-%.16(1H,m).

Example 72
4—[(3-Chloro—4-methoxybenzyl)amino]-1-;3-(2-hydroxyethoxy)-

3-methyl-1-butynyl}-é6-phthalazinecarbonitrile hydrochloride
Cl
HN’@
NC
~N OMe
Il HCH

0]
\“/A\OH

'H-NMR {400MHz,DMSO-d,) §; 1.61(6H,s), 3.55(2H,t,J=5.6Hz),
3.65(2H,t,J=5.6Hz), 3.84(3H,s), 4.85(2H,d,J=4.8Hz),
7.14(1H,d,J=8.6Hz), 7.46(1H,dd,J=8.6,2.2Hz),
7.61(1H,d,J=2.2Hz), 8.30(1H,d,J=8.4Hz),
B.48(1H,dd,J=8.4,1.6Hz), 9.42(1H,d4,J=1.6Hz), 10.41(1H,br).
Example 73

4-{({3-Chloro-4-methoxybenzyl)amino] -1-[3- (4-
hyvdroxypiperidino) -3-methyl-1-butynyl]-6-

phthalazinecarbonitrile dihydrochloride
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NC SN OMe

'H-NMR (400MHz,DMSO-d,) §; 1.79-2.04(10H,m), 2.12-2.23 (1H,m),
3.04-3.19(1H,m), 3.26-3.37(2H,m}, 3.54-3.77(1H.m},
3.82{3H,s), 4.83(2H,d,J=5.6Hz), 7.12(1H,d,J=8.4Hz),
7.43{1H,dd,J=8.4,1.2Hz), 7.56(1H,d,J-1.2Hz),
8.38(1H,dd,J=8.4,0.8Hz}, B8.43(1H,d,J=8.4Hz),
9.30{1H,d,J=0.8Hz), 9.91L(1H,br), 11.40-11.66(1H,m).

Example 74
4-[(3-Chloro-4-methoxybenzyl)aminol -1-{(3 -methyl-3-
tetrahydro-1H-1-pyrrolyl-1-butynyl)-6-

phthalazinecarbonitrile dihydrochloride

'H-NMR(400MHz,DMS0-d,) §; 1.85(6H,s), 1.90-2.08(4H,m),
3.30-3.42(2H,m), 3.60-3.72(2H,m), 3.83(3H.s),
4.80(2H,d,J=5.2Hz), 7.11(1H,d,J-8.4Hz),

7.39(1H,dd,J=8.4,2.0Hz), 7.52(1H,d4,J=2.0Hz),
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8.28(1H,d,J=8.4Hz), B8.36(1H,dd,J=8.4,0.8Hz),
9.14(1H,d,Jf0.BHZ), 9.33(1H,br), 11.89{(1H,m).
Example 75

1- (4-Hydroxypiperiding)-4- [[4-methoxy-3-

{trifluoromethyl)benzyl] aminol -6-phthalazinecarbonitrile

NE ~N OMe

_N

hydrochloride

HCi
N

OH

'H-NMR (400MHz,DMS0-d,) &0; 1.62-1.73(2H,m), 1.90-1.99(2H,m),
2.97-3.07(2H,m), 3.40-3.52(2H,m), 3.72-3.80(1H,m),
3.89(3H,s}, 4.80(2H,d,J=5.6Hz), 7.28(1H,d,J=8.4Hz}, 7.81-
7.85(2H,m}, 8.24{1H,d,J=8.4Hz), 8.47(1H,dd,J=8.4,1.2Hz),
9.53(1H,d,J=1.2Hz), 10.29{1H,br}, 14.02(1H,br).

Example 76
1-(4-Hydroxypiperidino)-4-[{3-iodo-4-methoxybenzyl)amino] -

6-phthalazinecarbonitrile hydrochloride
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X
NC SN OMe

OH
'H-NMR (400MHz ,DMSO-4,) &; 1.62-1.73(2H,m), 1.90-2.00(2H,m),
2.98-3.08(2H,m), 3.40-3.50(2H,m), 3.72-3.80(1H,m),
3.82(3H,8), 4.68(2H,d,J=4.8Hz), 7.02(1H,d,J=8.8Hz),
7.50(1H,dd,J=8.8,2.2Hz), 7.93(1%#,d4,J=2.2Hz),
8.24(1H,d,J=8.6Hz), 8.46(1H,d4d4,J-8.6,0.8Hz),
9.32(1H,d,J=0.8Hz), 10.05(1H,br).
Example 77
4-[(3-Bromo-4-methoxybenzyl)amino] -1- (4-hydroxypiperidino) -

6-phthalazinecarbonitrile hydrochloride

‘HCI

GH
'H-NMR (400MHz, DMS0-d,) §; 1.62-1.73(2H,m), 1.90-1.99(2H,m),
2.98-3.07(2H,m), 3.39-3.50(2H,m), 3.72-3.80{1H,m},
3.84(3H,s), 4.71(2H,d,J=4.8Hz),7.13(1H,4,J=8.6Hz),
7.45(1H,dd,J=8.6,2.2Kz), 7.75(1H,d,J=2.2Hz},
8.24(1H,d,J=8.4Hz), 8.46(1H,dd,J-8.4,0.8Hz),

9.34(1n,.d,3=0.84z}, 10.11(1lH,br).
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Example 78
4-[{3-Bromo-4-methoxybenzyl)amino)] -1-[3-
{hydroxymethyl) tetrahydro-1H-1-pyrrolyl] -6-

phthalazinecarbonitrile hydrochloride

Br
HN
NC ‘
| N |:J OMe
~N
HCI
N
OH

'H-NMR (400MHz,DMSO-d,) 0; 1.72-1.86(1H,m), 1.99-2.12(1H,m},
2.39-2.51(1H,m), 3.42(1H,dd,J=7.2,10.8Hz),
3.48(1H,dd4,J3-6.0,10.8Hz), 3.60-3.90(4H,m}, 3.8C(3H,s),
7.06(1H,d,J=8.4Hz), 7.38-7.46{1H,m}), 7.64(1H,s),
8.40(1H,dd4,J=1.6,8.8Hz), B8.65{1H,d4,J=8.0Hz), 9.18(1H,s).
Example 79

4-[(3-Bromo-4-methoxybenzyl}amino] -1-[{38)-3-
(hydroxymethyi)tetrahydro-lH-l-pyrrolyl]-6-

phthalazinecarbonitrile hydrochloride

HN Br
NC

t\w OMe
~N

H
N Cl

S
OH

138




‘H-NMR (400MHz, DMSO-d,) 0§ ; 1.56-1.75(3H,m), 1.92-2.02(2H,m),
2.29-2.42(2ﬂ,m), 3.42-3.60{28,m), 3.78(3H,s8),
4.58(2KH,J=6.0Hz), 4.69(1H,t,J=5.6Hz), 7,03(1H,d,J=8.4Hz),
7.36{1H,dd,J=2.0,8.4Hz), 7.57(1H,d,J=2.0Hz)},
7.59{(1H,d,J=6.0Hz), B8.13(1H,dd,J=1.2,8.8Hz),
8.22(1K,d,J=8.8Hz}, 8.81(1H,d,J=0.BHz)f

Example 80

4-[(3-Bromo-4-methoxybenzyl)aminel -1-[(3R)-3-
{hydroxymethyl) tetrahydro-1H-1-pyrrolyl] -6-

phthalazinecarbonitrile hydrochloride

HN/\©:Br
Ne ~N - OMe

LK

N HCI

-

%~ OH

'H-NMR (400MHz,DMSO-4,) §; 1.72-1.86(1H,m)}, 1.99-2,12(1H,m),
2.39-2.51(1H,m}, 3.42(1H,dd,J=7.2,10.8Hz),
3.48(1H,dd,J=6.0,10.8Hz), 2.60-3,90(4H.m), 3.80(3H,s),
7.06(1H,d,J=8.8Hz), 7.38-7.46(1H,m), 7.65(1H.,s),
8.40{1H,d,J=8.8Hz), 8.59-8.68(1H,m), 9.26(1H,s).

Example 81

4-[(3-Bromo-4-methoxybenzyl)amino] -1-[4-(2-
hydroxyethyl)piperidino] -6-phthalazinecarbonitrile

hydrochloride




Br
HN \[ I
NC =N OMe

1H-NMR(400MHz,DMS0-d,) §; 1.68-1.77(2H,m), 1.56-2.07(2H,m),
;.02(2H,t,J=12.0Hz), 3.38-3.59{(6H,m), 3.80(3H,s), 3.81-
3.99{(3H,m), 4.72{(2H,d,Jd=6.0Hz), 7.10(1H,d,J=8.6Hz2),
7.49(1H,d4,J=8.6Hz), 7.76(1H,s), 8.22(1H,d,J=8.6Hz),
8.45(1H,d,J=8.6Hz), 9.50{1H,s).

Example 82
4-[{(3-Bromo-4-methoxybenzyl)amino) -1- (2-hydroxy-7-

azaspiro([2.5]non-7-yl) -6-phthalazinecarbonitrile

HN/N\[::]:BT
NE N OMe

L&
N

hydrochloride

HCI

OH
'{-NMR (400MHZ , DMSO-d,) 0 ; 1.58-1.66(2H,m), 1.68-1.76{4H,m),
2.14-2.23{2H,m), 3.08(2H,br-s), 3.13(2H,br-s), 4.08-

4.17(1H,m), 4.73(1H,d,J=5.6Hz), 7.10(1H,d,J=8B.4Hz},
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7.52{(1H,d44,3=2.0,8.4Hz), 7.70(1H.4,J=2.0Hz),
B.20(1H,d.q=8.4Hz), 8.44(1H,dd,J=1.6,8.4Hz), 9.55(1H,s}).
Example 83

4-[{3-Bromo-4-methoxybenzyl}amino] -1-[4-£fluorc-4-

(hydroxymethyl)piperidine] -6-phthalazinecarbonitrile

hydrochloride .
, HNxﬂ\[::I:Br
NC SN 0Me
N
N 'HC[
F
OH

Example 84

4-[(3-Bromo-4-methoxybenzyl)amino)-1-[(4-

(hydroxymethyl}piperidine] -6-phthalazinecarbonitrile

HN/\T::]:BT
NC ~N OMe

N
N, Hel

hydrochloride

OH
'H-NMR (400MEz,DMSO-d,) 0; 1.41-1.52(2H,m), 1.58-1.69 (1H,m),
1.79-1.86(2H,m), 2.85-2.94({2H,m), 3.35-3.40{2H,m),
3.59(2H,d,J=-12.8Hz), 3.84(3H,s), 4.71(2H,d,J=5.2Hz),

7.13(1H,d,J=8.4Hz), 7.50(1H,dd,J=8.4,2_0Hz),
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7.76{(1H,d4,J=2.0Hz), 8.22(1H,d,J=8.4Hz),
8.47(1H,dd,J=8.4,0.8Hz), 9.38(1H,br), 10.21(1H,br),
Example 85

{endo) -4- [{3-Bromo-4-methoxybenzyl)aminc] -1-{3-hydroxy-8-

azabicyclo[3.2.1]octo-8-yl) -6-phthalazine carbonitrile

HN /\C[Br

|
=N

)
CH

'H-NMR(400MHz,DMSO-d,) O; 1.70-1.95(4H,m}, 2.14-2.28(4H,m),
3.82(3H,s8), 4.15(1H,m}, 4.09(2E,m), 4.49(1H,d,Jd=2.2HzZ),
4.62(2H,d,J-5.5Hz), 7.05(1H,d,J=8.6Hz),
7.38(1H,4d4,J=2.2,8.6Hz), 7.60(1H,d,J=2.2Hz),
7.72(1H,t,J=5.5Hz), 8.11(1H,d,J=8.6Hz),
8.18({1H,dd,J=1.5,8.6Hz), e.a7(1ﬁ,a,J=1.5Hz).

Example 86

1-(4-Hydroxypiperidino) -4- [(4-methoxy-3-

methylbenzyl)amine] -é6-phthalazinecarbonitrile hydrochloride

o HN/\I::[ME
NG N S oMe
N

Q -HCl
H .
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'H-NMR (400MHz,DMSO-d,} §; 1.62-1.73(2H,m), 1.90-1.99(2H,m),
2.15(3H,S),_2.98-3.07(2H,m), 3.42-3.50(2H,m), 3.72-
3.80(1H,m), 3.78(3H,s), 4.67-4.70{2H,m), 6.94(1H,d,T=8.2Hz),
7.28(1H,d,J=2.0Hz), 7.31(1H,dd,J=8.2,2.0Hz},
8.23(1H,d,J=8.4Hz), B8.47(1H,3d,J-8.4,1,2Hz),
9.45(1H,d4,J=1,2Hz), 10.39(1H,br).
Example B7
1-(2-Hydroxy-7-azaspiro[3.5)non-7-yl)-4- [ (4-methoxy-3-
methylbenzyl)amino] -6-phthalazinecarbonitrile hydrochloride
HNJANI:::I:Me
Ne | S OMe
2N HCl
N

OH
'H-NMR(400MHz,DMS0-d,) 0; 1.57-1.66(2H.m), 1.67-1.8{4H,m),
2.11(3H,s), 2.14-2.23(2H,m), 3.07(2H,br-s), 3.12(2H,br-s),
3.55-3.61(1H,m), 4.07-4.17(1H,m), 4.69(1H,d,Jd=5.2Hz),
6.91(1H,d,J=8.4Ez), 7.29(1H,s), 7.31(1H,d&,6 J=2.0,8.4Hz),
8.19(1H,d,J=8.4Hz), 8.44(1H,dd,J=1.2,8.4Hz), 9.56(1H,s),
10.59(1H,br-s) .
Example 88
1-[4-Fluoro-4-(hydroxymethyl)piperidino]-4-((4-methoxy-3l

methylbenzyl)amino] -6 -phthalazinecarbonitrile hydrochloride
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HN/N\[::I:Me
NC N OMe

N
-HCl

E
OH

‘H-NMR(AOOMHz,DMso-dG) 6; 1.88-2.10(48,m), 2.15(3H,s),
3.08-3.17(2H,m), 3.40-3.50(2H,m), 3.51(2H,d,J=19.6Hz),
3.78(3H,s), 4.68(2H,d,J=5.2Hz), 6.94(1H,d,J=8.0Hz), 7.28-
7.33(2H,m), 8.28(1H,d,J=8.4Hz), 8.47(1K,dd,J=8.4,1.4Hz),
9.42(1H,dd4,J=1.48z), 10.26 (1H,br), 13.96 (1H,br).

Example 89

1-[4- (Hydroxymethyl)piperidino] -4-[(3-methoxy-4-

methylbenzyl)amino] -6-phthalazinecarbonitrile hydrochloride

HNzx\[::I:MO
NC SN OMe

2N
N, HCI

OH
"H-NMR (400MHz,DMSO-d,) 0; 1.41-1.52(2H,m), 1.58-1.68(1H,m),
1.79-1.87(2H,m), 2.15(3H,s), 2.82-2.93(2H,m), 3.30-
3.40(2E, m), 3.58(2H,d,J=12.8Hz), 3.78(3H, s},
4.67(2H,4,J-5.2Hz), 6.94(1H,d,J=8.8Hz), 7.26-7.32(2H,m),
8.22(1K,d,J=8.4Hz), 8.47(1H,dd,J=8.4,0.8Hz), 9.36(1H,br),

10.09(1H,bxr).
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Example 90
(endo)-1-(3;Hydroxy-8-azabicyclo[3.2.1]octo-8-y1)-4-[(4-

methoxy-3-methylbenzyl)amino] -6-phthalazine carbonitrile

HN Me
NC | \w Me
=N ’

hﬁﬁ::x

OH
'H-NMR {400MHz,DMSO-4,) 0; 1.79-1.93(4H,m}, 2.13(3H,s),
2.13-2.27(4H,m), 3.75(3H,s), 4.03(1H,m), 4.08(2H,m),
4.49(1H,d,J=2.2Hz), 4.5%(2H,d,J=5.3Hz), 6.87{1H,d,J=7.9Hz),
7.16-7.22(2H,m), 7.61(1H,t,J=5.3Hz), B8.11(1K,d,J=8.4Hz),
8.17(1H,dd,J=1.5,8.4Hz), 8.90{1K,d,J=1.5Hz). |
'H-NMR (400MHz,DMSO-d,) 0; 1.79-1.93(4H,m), 2.13(3H,s),
2.13-2.27(48B,m), 3.75(3H,s8), 4.03(1H,m), 4.08(2H,m),
4.49(1H,d,J=2.2H4z2), 4.59(2H,d,J=5.3Hz)}, 6.87(1H,d,J=7.9Hz)},
7.16-7.22(2H,m), 7.61(1H,t,J=5.3Hz), 8.11(1H,d,J=8.4Hz),
8.17(1H,dd4,J=1.5,8.4H2), B.%0(1H,d,J=1.5Hz).
Example 91
1-{3- (Hydroxymethyl) tetrahydro-1H-1-pyrrolyl}}-4-[(4-

methoxy-3-methylbenzyl)amino) -6-phthalazine carbonitrile




HN/N\E::j:fW
NG | \v CNe
N

s
N
(;;ZL’OH
'H-NMR (400MHz ,DMSO-d,) 6; 1.67 (1H,m), 2.00 (1H,m), 2.16(3H,s),
2.38{1H,m), 3.36-3.61(6H,m), 3.75(3H4,s), 4.58(2H,d,J=5.5Hz),
4.68(1H,t,J=5.5Hz), 6.86(1H,d,J=8.1Hz), 7.16-7.22(2H,m),
7.50(1H,t,J=5.3Hz), 8.15(1H,dd4,J=1.5,8.6Hz),
8.24(1H,dd,J=8.6 Hz), 8.88(1H,d,J=1.5Hz).
Example 52
4-[(3-Fluoro-4-methoxybenzyl)amino)-1-(4-
hydroxypiperidino) -6-phthalazine carbonitrile
. F .
HN"
NC
\l}i OlMe

=N
N

OH
'H.NMR (400MHz,DMSO-d,) 0 1.60-1.73(2H,m), 1.88-1.97 (2H,m),
2.86-2.94(2H,m), 3.42-3.50(2H,m), 3.64-3.71(1H,m),
3.80(3H,s), 4.62(2H,d,J-5.4Hz), 4.77(1H,d,J=2.0Hz),
7.09(1H,t,J=8.2Hz), 7.18(1H,d4,J=8.2Hz),
7.23{(1H,dd,J=12.0,2.0Hz), 7.84(1H,t,J=5.4Hz),

8.04(1H,d,J=8.4Hz), 8.20(1H,dd,J=8.4,1.2Hz),
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8.89(1H,d,J=1.2Hz} .

Example 937
4-[{4-Chloro-3-methoxybenzyl)amino] -1-(4-
hydroxypiperidino) -6-phthalazine carbonitrilé

HN Me
=N Cl

|
=N

N

NG

CH
‘H-NMR (400MHz, DMSO-d,) 0; 1.60-1.72(2H,m), 1.87-1.96(2H,m),
2.86-2.95(2H,m), 3.31-3.39{2H,m), 3.68{(1H,m), 3.84(3H,s),
4.72{(2H,d,J=5.5Hz), 4.74(1H,d,J=4.2Hz),
6.98{1H,dd,J=1.8,8.1Hz), 7.20(1H,d,J=1.8Hz)},
7.34{1H,d,J3=8.1Hz), 7.92(1H,t,J=5.5Hz}, 8.07(1H,d,J=8.6Hz),
8.21{1H,dd,J=1.5,8.6Hz), 8.92(1H,d,J=1.5Hz).
Example 94
4-[(3-Cyano-4-methoxybenzyl)amino]-l-(4-hydroxfpiperidino)-

6-phthalazinecarbonitrile hydrochloride

/
HN’\\<::?—O
NC Ny

OH

'g-NMR (400MHz, DMS0-4,) 6: 1.6-1.73(2H,m), 1.88-2.0(2H,m),
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2.95.3.08(2H,m), 3.4-3.7(2H,m), 3.7-3.8(1H,m), 3.90(3H,s),
4.74(2H,d,Jf5.6Hz), 7.27(1KH,d,J=9.2Hz),
7.79(1H,dd4,J=2.0,8.8Hz), 7.87(1H,d,J=2.0Hz),
8.24(1H,d,J=8.4Hz), B.47(1H,dd,J=1.2,8.4Hz), 9.38(1H,s).
Example 95
(endo)-4-[(3-Cyano-4-methoxybenzy1)amipo]-1-(3-hydroxy-8-

azabicyclo[3.2.1loct-8-yl) -6-phthalazinecarbonitrile

N N Me

HCl

hydrochloride

'H-NMR (400MHz,DMSO-d4,) 06; 1.9-1.96(4H,m), 2.17-2.29(4H,m),
3.91(3H,8), 4.04(1H,m), 4.15(2H, m), 4.68(2H,s},
7.25(1H,d,J=8.6Hz), 7.74(1H,d,J=8.6Hz), 7.80(1H,s),
8.21(14,d,J=8.6Hz), 8.34(1H,m), 9.07(1H,m}.

Example 96

4-[{(3-Cyano-4-methoxybenzyl)amino] -1-[3-

{hydroxymethyl) tetrahydre-1H-1-pyrrolyl] -6-

phthalazinecarbonitrile hydrochloride

N N Me

LN

N
o
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'H-NMR (400MHz,DMSO-d;} 0; 1.84 (1H,m), 2.09 (1H,m), 2.48 (1H,m),
3.40-3.55(2H,m), 3.64-3.90(4H,m), 3.91(3H,s), 4.59(2H,m),
7.24(1H,d,J=8.8Hz), 7.74(1H,d,J=8.8Hz), 7.79%9(1H,s),
8.42(1H,d,J=9.3Hz), 8.70(1H,m), 9.15(1H,m).

Example 97
4-[(3-Ethyl-4-methoxybenzy1)amino]-1-(Q-hydroxypiperidino)-

6-phthalazinecarbonitrile hydrochloride

'H-NMR {4 00MHz,DMSO-d,) 6; 1.14(3H,t,J=7.5Hz), 1.63-1.74(2H, m),
1.90-2.01(2H,m), 2.57(2H,q,Jd=7.5Kz), 2.97-3.08(2H,m), 3.40-
3.54(2H,m), 3.75(1H,m}, 3.79(3H,s), 4.69(2H,s),
6.95(1H,d,J=8.2Hz), 7.26-7.35(24,m), 8.25(1H,d,J=8.6Hz),
8.48(1H,dd,Jg=1.3,8.6Hz}), 9.44(1H,m).

Example 98
4-[{3-Chloro-4-methoxyphenethyl)amino] -1- (2-hydroxy-7-
azaspiro[3.5]non-7-y1)j6-phthalazinecarbonitrile

hyvdrochloride
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'“\,/E::I:OME
HN “Cl

‘NC

OH
'H-NMR (400MHz ,DMSO-d,} 0 ; 1.58-1.66(2H.m), 1.67-1.78(4H,m),
2.14-2.23(2H,m), 2.92-3.01(2H,m), 3.07(2H,s), 3.11{2H,s),
3.70-3.82(3H,m), 3.80(3H,s}, 4.08-4.18(1H,m},
7.06(1H,d,J=8.4Hz), 7.26{1H,dd,Jd=2.0,8.4Hz)},
7.43(1H,d,J=2.0Hz), 8.19(1H,d,J=8.4Hz),
8.44(1K,dd,J=1.2,8.4Hz), %.55(iH,s), 10.47(1H,br-s),
13.9(1H,br-s) .
Example 99
4-[(3-Chloro-4-methoxyphenethyl)amino] -1- [4-(2-
hydroxyethoxy)piperidino] -6-phthalazinecarbonitrile

hydrochloride

OMe

150




'H-NN;RMOOMHZ,DMSO—dG) d; 1.68-1.77({2H,m), 2.00-2.06(2H,m),
2.76(2H,t,J=8.0Hz), 3.03(2H,t,J=12.0Hz), 3.32(10H,m),
3.75{2H,d,3=8.0Hz), 3.81(3H,s), 7.07(1H,d,J=8.6Hz},
7.25(1H,d,Jd=8.6Hz), 7.43(1H,s), 8.24(1H,d,J=8.6Hz},
8.45{1KH,d4,J=8.6Hz), 9.32(1lH,s).

Example 100

4-[{3-Chloro-4-methoxyphenethyl)amino] -1-[4-fluoro-4-

{hydroxymethyl)piperidino] -6 -phthalazine carbonitrile

HN Cl

NG Y

=2

=

OH
'H-NMR (400MHz,DMSO-d,) 0; 1.82-2.06(4H,m), 2.83-2.94(2H,m),
3.04-3.14(2H,m), 3.24-3.30(1H,m), 3.49(2H,dd,J=10.2,6.0Hz),
3.54-3.60(1H,m), 3.64-3.70(2H,m), 3.80(3H,s},
5.03(1H,dd,J=6.0,6.0Hz), 7.05(1H,4,Jd=12.6Hz).
7.19(1H,dd,J=12.6,2 .0Hz), 7.32(1H,d4,J=2.0Hz), 7.40-
7.45(1H,m), 8.08(1H,d,J=8.4Hz), 8.18(1H,d,J=8.4Hz),
8.82(1H,brs).
Example 101
{endo} -4-[(3-Chloro-4-methoxyphenethyl)amino] -1- (3-hydroxy-

B-azabicyclo[3.2.1]oct-8-yl)-6-phthalazine carbonitrile
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OMea
-HNf“\J/[::I:CI

NG

Nﬁ
OH

'H-NMR {400MHz,DMSO-d,) O; 1.78-1.94{4H,m), 2.14-2.28(4H,m),
2.92(2H,t,J=7.0Hz), 3.67{2H,q,J=7.0Hz), 3.82(3H,s),
4.04(1H,m), 4.09(2H,m), 4.49(1H,d,J=1.8Hz),
7.06(1H,d,J=8.4Hz), 7.20(1H,dd4,J=2.2,8.4Hz), 7.27{1H,m),
7.33(1H,d,J=2.2Hz}), 8.11(1H,d,J=8B.6Hz)},
8.17(1H,dd4,J=1.5,8.6Hz), 8.80(1H,d,J=1.5Hz),

Example 102

4-[(3—Chloro-4-methoxyphenethyl)amino]-1-[3-

(hydroxymethyl) tetrahydro-1H-1-pyrrolyl] -6-phthalazine

HN Cl

carbonitrile

'H-NMR (400MHz,DMSO-4,) 0; 1.68(1H,m), 2.0C({iKE,m), 2.40(:H,m),
2.92(2H,t,J=7.5Hz), 3.37-3.70(BH,m}, 3.82(3H,s),

4.69(1H,d,J=5.3Hz), 7.06(1H,d4,J=8.6Hz), 7.16(1H,m),
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7.20(18,d4d,J=2.0,8.6Hz), 7.33(1H,d,J=2.0Hz},
8.15(1H,dad,J=1.3,8.6Hz), 8.25(1H,d,J=8.6Hz), 8.78(1H,m}.
Example 103
4-[(3,4-Dichlorobenzyl)amino] -1- (4-hydroxypiperidino) -6-

phthalazinecarbonitrile hydrochloride

HN L
NC SN [
N
N
HCI
OH

'H-NMR (400MHz ,DMSO-4d,) 0; 1.61-1.72(2H,m), 1.90-2.00(2H,m),
3.01-3.18(2H,m), 3.40-3.52(2H,m), 3.72-3.80(1H.m),
4.75(2H,d,J=5.2Hz), 7.49%9(1H,dd,J=8.6,2.0Hz),
7.66(1H,d,J=8.6Hz), 7.79(1H,d,J=2.0Hz), 8.25(1H,d,J0=-8.6Hz},
8.47(1H,dd4,J=8.6,1.0Hz), 9.36(1H,d,J=1.0Hz), 10.24({1H,br).
Example 104
1-[6-Bromo-4-[(3-chloro-4-methoxybenzyl)amino] -1-
phthalazinyl] -4-piperidinol hydrochloride

Br SN OMe

=N

[f:] Hcl

OH

'H-NMR (400MHz, DMS0-4d,) 6 ; 1.59-1.6B8{(2H,m), 1.85-1.94(2H,m),
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2.94-3.08(2H,m), 3.45-3.55(2H,m), 3.70-3.76(1H,m),
3.83(3H,s), 4.69(2H,4,J=4.8Hz), 7.14(1H,4,J=8.4Hz),
7.44(1H,d,J=8.4Hz), 7.59(1H,s), 8.01(1E,d,J=8.8Hz),
8.26(1H,d,J-8.8Hz), 9.18(1H,s).

Example 105
1-[4-[(3-Chloro-4-methoxybenzyl)amino];s-(1H-1-pyrazoly1)-

1-phthalazinyl)-4-piperidinol hydrochloride

/
<CiN HN 0
N SN

OH
'H-NMR (400MHz,DMSO-d,) 0; 1.6-1.75(2H,m), 1.85-2.0(2H,m),
2.95-3.1(2H,m}, 3.3-3.55(2H,m), 3.7-3.8(1H,m), 3.82{(3H,s8),
4.68-4.77(2H,m}, 6.72{(1H,m}, 7.14(1H,d,J=8.4Hz),
7.48(1R,d,3=7.6Hz), 7.63(1H,s), 7.93(1H,d,J-1.6Hz),
8.22(1H,d,J=8.8Hz}, B8.61(1H,dd,J=1.6,8.8Hz), 8.97(1H,s},
9.46 (1K, m) .
Example 106
7-{4-[(3-Chloro-4-methoxybenzyl)amino] -6- {(1H-1-pyrazolyl) -

l-phthalazinyl) -7-azaspiro(3.5]nonan-2-o0l1 hydrochloride
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~ HN’“\{C::sf—cY’
N
N'N =N

2N _

N HCI

OH

'H-NMR (400MHz,DMSC-¢,) 0; 1.55-1.68{(2H,m), 1.68-1.80(4H,m),

3.0-3.2(4H,m),

2.14-2.25{(2H,m},

3.82(3H,s),

4.

7

14 (1H, hep,J=7.2HzZ},

4.72(2H,m),

6.72(1H,t,J=2Hz),

.14 (1H,d,J=8.4Hz},

7.47(1H,d,J=8.4Hz),

7.62(1H,s),

7.9%3(1H,d,J=1.6Hz), 8.20(1H,d,J=9.2Hz),

8.60{1H,4d,J=2.0,9.2Hz), 8.94(1H,d,d=2.4Hz), 9.43(1H,s).
Example 107
[1-[4-[(3-Chloro-4-methoxybenzyl)amino) -6- (1H-1-pyrazolyl) -

l-phthalazinyl}-4-fluoro-4-piperidinylimethanol

hydrochloride
Ci
== HN O/
NN
N™ =N
2N
N HCI
F CH

'H-NMR (400MHz, DMSO-d,) ©O; 1.85-2.0(2H,m), 1.95-2.1(2H,m},

3.05-3.2(2H,m), 3.4-3.6(2H,m}, 3.51(2H,d,J=20Hz}, 3.83(3H,s},
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4.74(2H,d,J=5.2Hz), 6.72(1H,t,J=1.6H2z), 7.14(1H,d4,JT=8.8Hz),
7.43(1H.d,Jé8.4Hz), 7.64(1H,s), 7.93(1H,4,J=1.6Hz),
8.25(1H,&,J=9.2Hz), 8.61(1H,dd,J=2.0,9%_.2Hz), 8.95(1H,s),
9.44 (1H,s) .

Example 108
1-[4-[(3-Bromo-4-methoxybenzy1)amino]-§-(1H-1*pyrazolyl)-1-

phthalazinyl] -4-piperidinol hydrochloride

Br
/
NN

N~™ =N
¥
=N

N HCI
OH

'H-NMR (400MEz ,DMSO-d,) 0 ; 1.6-1.74(2H,m)-, 1.87-2.0{2H,m},
2.9-3.1(2E,m), 3.4-3.55(2H,m), 3.7-3.8(1H,m), 3.81(3H,s),
4.65-4.8(2H,m}), 6.72(1H,m), 7.10(1iH,d,J=8.8Hz)},
7.53(1H,d4,J3=8.0Hz), 7.79(1H,s), 7.93(1H,d4,J=1.2Hz),
8.21(1H,d4,J=-8.BHz), 8.61(1H,d4,J=8.8Hz), 9.00(1H,d,J=-2.8Hz),
9.51(1H,s).

Exanple 109
1-[4-[{3-Chloro-4-methoxybenzyl)amino] -6- {1H-1,2,3-triazol-

1-yl)-1-phthalazinyl] -4-piperidinol hydrochloride
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OH

'4-NMR (400MHz,DMSO-d,) 0; 1.62-1.75(2H,m), 1.9-2.0(2H,m),
3.0-3.1(2H,m), 3.3-3.58(2H,m), 3.7-3.8(1H,m), 3.83(3H,s)},
4.73(2H,4,J-5.6Hz), 7.15(1H,d,J=8.8Hz), 7.46(1H,d4,J=8.4H=z),
7.62(1H,s), 8.13(1H,m), 8.32(1H,d,J=8.8Hz),
8.68(1H,d,J=9.2H2), 9.17{1H,s), 9.56{1H,s).

Example 110

4-[{3-Chloro-4-methoxybenzyl)amino) -1-(4-
hydroxypiperidino) -é-phthalazinecarbaldehyde 06-methyloxime

hydrochloride

HN Cl

MeCLN/ N

e

OMe

2
=

HCI

(=

o

H

'H.NMR (400MHz,DMSO-d,) 0; 1.60-1.70{2H,m}, 1.87-1.70(2H,m),
2.96-3.05{2H,m), 3.30-3.50(2H,m), 3.68-3.78(1H,m),
3.83(3H,s), 3.99(3H,s), 4.66-4.73(2H;m), 7.14(1H,d, J=8Hz),
7.42(1H,dd,J=2,8Hz), 7.57(1H,d,J=2Hz), 8.13(1H,d,J=8Hz),

8.28(1H,d,J=BHz), 8.39(1H,s), B.94(1H,br-s).
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Example 111
4-{(3-Chloro-4-methoxybenzyl)amino}-1-(4-
- hydroxypiperidino) -6-phthalazinecarbaldehyde 06-ethyloxime

hydrochloride

HCI

H

‘H.NMR (400MHz,DMSO-d,) 0; 1.28(3H,t,J=6Hz), 1.60-1.73(2H,m),
1.87-1.98(2H,m), 2.94-3.06(2H,m}, 3.39-3.52(2H,m), 3.68-
3.78(1H,m), 3.83(3H,s), 4.25(2H,q,J=6Hz), 4.67-4.74(2H,m),
7.13(1H,d,J=9Hz), 7.42(1H,d,J=9Hz), 7.58(1lH,s),
8.13(1H,d,J=8Hz), 8.30(1H,&,J=8Hz), 8.39(1H,s), 8.97(1H,s).
Example 112

4-[{3-Chloro-4-methoxybenzyl)amine] -1-(4-

hydroxypiperidino) -6-phthalazinecarbaldehyde 06-benzyloxime

hydrochloride
Qay L
0“N" \I}I OMe
2N
N HCl
H

'H.NMR (400MHz,DMSO-d,) 0 ; 1.59-1.71(2H,m), 1.87-1.96(2H,m),
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2.94-3.05(2H,m), 3.37-3.51(2H,m}, 3.68-3.78(1H,m),
3.82(3H,s), 4.67-4.76(2H,m), 5.27(2H,s), 7.13{(1H,d,J=9Hz)},
7.29-7.48(6H,m), 7.59(1H,s), 8.12(1H,d,J=9Hz),
8.29(1H,d,J=9Hz), 8.45(1H,s), 9.04(1H,br-s).

Example 113
4-[(3-Chloro—4—methoxybenzyl)amino]-1-;3-fluoro~3-

{hydroxymethyl) tetrahydro-1H-1-pyrrolyl] -6-

phthalazinecarbonitrile hydrochloride

NC NN OMe

I 2N

N HCI
F OH

1H-NMR(400MHZ,D];4$O-GQ d; 2.09-2.28(2H,m), 3.50-4.05(6H,m),
3.81(3H,s), 4.66{(2H,s), 7.11(1H,d,J=8.0Hz),
7.43(1H,d4,J=-8.0Hz), 7.58(1H,s), 8.43{1H,d,J=8.4Hz),
8.53(1H,s), 9.45(1H,s).

Example 114
4-[({3-Chloro-4-methoxybenzyl)amino]l -1- (3 -hydroxy-1-oxa-8-
azaspiro{4.5)deca-8-yl)-6-phthalazinecarbonitrile

hydrochloride
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HN«A\[:::I:CI
NC ~N OMe

| N

N

HCI

OH
'H.-NMR (400MHz,DMSO-d,) O; 1.65-1.85(3H,m), 1.87-2.01(2H,m),
3.16-3.63(8H,m), 3.82(3H,s), 4.32(1H,s), 4.73(2H.d4,T=4.8Hz),
7.13(1H,d4,J=8.4Bz), 7.48(1H,d,J=8.0Hz), 7.62(1H,s),
8.23(1H,d,J=8.0Hz), B8.44(1H,d,J=8.0HzZ), 9.57(1H,SJ.
10.78B(1H,s}.
Example 115
4-[(3-Chloro-4-methoxybenzyl)amino] -1-[2-(1-

‘hydroxycyclopentyl) -1-ethynyl} -6-phthalazine carbonitrile

. Cl
yRe
NC ~N OiMe

"H-NMR (400MHz,DMSO-d,) §; 1.69-1.86(4H,m), 1.97-2,04 (4H,m),
3.82(3H,s), 4.75(2H,d,J-5.4Hz), 5.60(1H,s),
7.10(1H,d,J=8.8Hz), 7.36(1H,d4,J-8.8,1.2Hz),

7.49(1H,d,J=1.2Hz), 8.19(1H,d,J=8.8Hz),
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B.31(1H,d4d,J-8.8,0.6Hz), 8.52(1H,t,J=5.4Hz),
8.97(1H,d,J=0.6Hz) .

Example 116
4-[(3-Chloro-4-methoxybenzyl)amino)-1-[2-(1-
hydroxycyclopentyl)ethyl] -6-phthalazinecarbonitrile

hydrochloride

690 mg of 4-[(3-chloro-4-methoxybenzyl)amino}-1-[2-
{1-hydroxycyclopentyl)-1-ethynyl) -6-phthalazine
carbonitrile was dissolved in 200 ml tetrahydrofuran, 50 mg of
10% Pd-C was added thereto, and the mixture was stirred for 0.5
hr ina hydrogen atmosphere. The reaction solutionwas filtered
through Celite, and the filtrate was evaporated. The resulitng
residue was purified by silica gel column chromatography to give
400 mg of 4-[(3-chloro-4-methoxybenzyl}amino] -1-[2-{1-
hydroxycyclopentyl) ethyl] -6-phthalazine carbonitrile. This
product was converted in a usual manner into the hydrochloride.
'H-NMR (400MHz,DMSO-&,) §; 1.47-1.78(BH,m), 1.89-1.94(2H,m),
3.24-3.33(2H,m), 3.B4(3H,s), 4.74(2H,qa,J=4,4Hz),
'7.15(1H,d,J=8.4H2). 7.45(1H,dd,J=8.4,2.0Hz),

7.60(1H,d4,J=2.0Hz), 8.46(1H,d,J=8.8Hz),
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8.55{1H,dd,J=8.8,1.2Hz), 9.40(1H,br).

The fo;lowing compounds were cbtained in the same manner.
Example 117
4-[(3-chloro-4-methoxybenzyl)amino] -1- (3-hydroxy-3-

methylbutyl) -6-phthalazinecarbonitrile hydrochloride

'H.NMR (400MHz,DMSC-d,) O ; 1.17{6H,s), 1.73-1.80(2H,m),
3.17-3.24(2H,m), 3.80{(3H,s), 4.78(2H,d,J=4.4Hz),
7.10(1H,4,J=8.4Hz), 7.48{(1H,dd,J=8.4,1.8Hz),
7.62(1H,d,J=1.8Hz), 8.43(1H,d,J=8,6Hz),
8.51(1H,dd,J=8.6,1.2Hz), 9.63(1H,br), 10.30(1H,br).
Example 118

1-(3-Amino-3-methylbutyl)-4-[{3-chloro-4-

methoxybenzyl)amino)l -6-phthalazinecarbonitrile

HN,\@m
NC SN OMe

2HCI

dihydrochloride

NH,

'H-NMR (400MHz,DMSO-d,) §; 1.37{6H,s), 2.00-2.19(2H,m),

3.21-3 .56{2H,m), 3.84(3H,s), 4.78(2H,d,T=4.4Hz},
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7.15(1H,d,J=8.4Hz), 7.46(1H,d4,3=8.4Hz), 7.61(1H,s), 8.15-
B.29(4H,m),78.48(1H,d,J=8.8Hz), 8.56(1H,d,J=8.8Hz),
9.38(1H,br).

Example 119

4-[(3-Chloro-4-methoxybenzyl)amino] -1-[3-
(dimethylamino)propyl]-6-phthalazineca;bonitrile

dihydrochloride

'H-NMR (400MHz ,DMSO-d,) &§; 2.11-2.19(2H,m), 2.74(3H,s),
2.75(3H,s), 3.16-3.29{4H,m), 3.85(3H,s), 4.80(2H,d,J=5.2Hz),
7.16{(1H,d,J=8.4Hz), 7.48(1H,dd,J=8.4,2.0Hz),
7.63(1H,d,J=2.0Hz), 8.49(1H,d,J=8.4Hz),

8.56(14,dd,J=8.4,1.4Hz), 9.47(1H,d,Jd=1.4Hz), 10.56(2H,br).
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Throughout this specificaticn and the <c¢laims which
follcow, wunless the context requires otherwise, the word
"comprise", and variations such as "comprises” and
"comprising”, will be understcod to imply the inclusion of a

5 stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of
integers or steps,

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgment or any

10 form or suggestion that that prier art forms part of the
commen general knowledge in Australia.

A It would be appreciated by a person skilled in the art

veel the numerous variations and/cor modifications may be made to

- the invention as shown the specific embodiments without

15 departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore,

to be ceonsidered in all respects as illustrative and not

restrictive.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Aphthalazine compound represented by the formula (I),
a pharmacolegically acceptable salt thereof or a hydrate

thereof:

wherein R and R are the same as or different from each other
and represent a halogen atom, a C1 to C4 alkyl group which may
be substituted with a halogen atom, a hydroxyl group, a Cl to
C4 alkoxy group which may be substituted with a halogen atom
Or a cyano group;

X represents a cyano group, a nitro group, a halogen atom,
a thiocarbamoyl group, a hydroxyimino group which may be
substifuted with a C1 to €4 alkyl group, an aryl C1 to C4 alkyl
group or a carboxy C; to C4 alkyl group. or a heteroaryl group
which may be substituted with 1 to 3 substituent groups
selected from the following substituent group A;

¥ represents;

i) a group represented by the formula (ITI):
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R3
|
N A D —CHW D

{wherein ring A represents a 4- to 8- membered amine ring which
may be substituted with a methyl group and may have a double
bond, D represents a single bond or an:oxygen atom, R®
represents a hydrogen atom, a Cl to C4 alkyl group or a halogen
atem, m represents an integer of 0 or 1 to 3, W represents an
amino group, a hydroxyl group, a cyano group. a carboxyl group
which may have a protective group or a Cl1 to C4 alkoxy group;
ii) a group represented by the formula (III):

(CH)mOH

N B ) . @

(CH;)p—0OH
wherein ring B represents a 4- to 8- membered amine ring which
may have a double bond, and n and p are the same as or different
from each other and represent an integer of 0 or 1 to 3:

ii1i) a group represented by the formula (IV):

E
—Ng X (1v)

wherein ring G represents a 4- to B- membered amine ring which

mayhaveadoublebond,ErepresentSahydroxylgroup,ahalogen

atom, a Cl to C4 alkyl group or a C1 to C4 alkoxy group, J is
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the formula - (CHR')g-Q (wherein R represents a hydrogen atom
or a C1 to €4 alkyl group, Q represents a hydroxyl group, a
halogen atom, a carboxyl group which may have a protective
group, a carbamoyl group or an azolyl group not containing a
hetercatom other than a nitrogen atom, g is an integer of ¢
cr 1 to 4), or E and J may form a 3- to 6- membered ring together
with the carbon atom to which they are bound, and the ring
optionally having a heteroatom and optionally having a
substituent group;

iv} a group represented by the formula (V):
~NEKM L)} V)

wherein M represents a single bond or a C1 to C4 alkylene group
whichmaybesubstitutedwithahydroxylgroup,carboxylgroup,
a Cl to C4 alkyl group or a Cl to C4 alkoxy group, ring K
represents a 5- to 8- membéred amine ring formed together with M,
and ring L represents a 5-. to 8- membered alkyl ring which may

have a substituent group and may have an oxygen atom;

v) a group represented by the formula (VI)
_ k)
N P NOR’ (VD

wherein ring P represents a 5- to 7- membered amine ring, and
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R® represents a hydrogen atom or a C1 to C4 alkyl group which
may be substituted with a halogen atom, a2 hydroxyl group or
2 carboxyl group;

vi) an alkynyl group, an alkenyl group or an alkyl group all
of which may have a substituent group;

vii) a phenyl group which may be substituted with 1 to 3
substituent groups selected from the followiﬁg substituent
group A; or

viii) a pyridyl group, a pyrimidyl group, a thienyl group, a
thiazolyl group or a furyl group all of which may be substituted
with 1 to 3 substituent groups selected from the following
substituent group A;

{substituent group A} a Cl1 to C4 alkyl group which may be
substituted with a halogen atom, a ¢yano group, a nitre group
or a hydroxyl group; a Cl to C4 alkoxy group which may be
substituted with a halogen atom, a cyano group, a nitro group
or a hydroxyl group; a cyano group; a nitro group; a carboxyl
group which may have a protective group; a hydroxyl group which
may have a protective group; a carbamoyl group which may be
substituted with a lower alkyl group; a halogen atom; and an
amino group which may be substituted with a C1 to C4 acyl group,
a Cl to C4 alkylsulfonyl group or an arylsulfonyl group which
may have a substituent group;

1 is an integer of 1 to 3;
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provided that the following cases are excluded:
the case where 1 is 1 or 2, X is a cyano group, a nitro group
or a chlorine atom, R' is a chlorine atom, R® is a methoxy group,
1ing A is a saturated 5- or 6- membered amine ring, D is a single
bend, m is 0, and W is a carboxyl group which may have a
protective group or a €1 to C4 alkoxy gioup; the case where
1 is 1, R' is a chlorine atom, R® is a methoxy group, ring A
is a saturated 5- or &- membered amine ring, D is a single bond,
and.w is a hydroxyl gfoup; the case whefe 1 is 1, ring B is
2 5~ or 6- membered amine ring, and both n and p are 0; the
case where 1 is 1, E and Q are hydroxyl groups, and q is 0;
and the case where 1 is 1, X is a chlorine atom and ¥ is a phenyl
group substituted with a methoxy group.

2. The phthalazine compound as claimed in Claim 1,
wherein R' is a halogen atom, a C1 to C4 alkyl group which may
be substituted with a halogen atom, or a cyano group, and R?
is a halogen atom, a hydroxyl group or a C1 to C4 alkoxy group,
a pharmacologically acceptable salt thereof or a hydrate
thereof,

3. The phthalazine compound as claimed in Claim 1 or 2,

wherein Y is represented by the formula (I1):

i

RS
|
—N A D —~(CHym—W (L)




wherein ring A, D, B’, W and m have the same meanings as defined
in claim 1, a pharmacolegically acceptable salt thereof or a
hydrate thereof.
4. The phthalazine compound as claimed in Claim 1 or 2,

wherein Y is represented by the formula (III):

(CHy)rOH

~N B - S

(CH,)p—0OH
wherein ring B, n and p have the same meanings as defined in claim
1, a pharmacologically acceptable salt thereof or a hydrate

thereof.

5. The phthalazine compound as claimed in Claim 1 or 2,

wherein Y is represented by the formula (IV):
NG A IV}
wherein ring G, E and J have the same meanings as defined in claim

1, a pharmacologically acceptable salt thereof or a hydrate

therecof.

6. The phthalazine compound as claimed in Claim 1 or 2,

wherein Y is represented by the formula {(V}):

~NKM L V)

169




wherein M, ring K and ring L have the same meanings as defined in
claim 1, a pharmacologically acceptable salt thereof or a hydrate
thereof.

7. The phthalazine compound as claimed in Claim 1 or 2,

wherein Y is represented by the formula {VI):
5
-N P NOR™ VD)

wherein ring P and R® have the same meanings as definéd in claim
1, a pharmacologically acceptable salt thereof or a hydrate
thereof.

8. The phthalazine compound as claimed in Claim lor 2,
wherein Y is an alkynyl groﬁp, an alkenyl group or an alkyl
group all of which may have a substituent group, a
pharmacologically acceptable salt thereof or a hydrate
thereof.

9. The phthalazine compound as claimed in Claim 1 or 2,

a pharmacologically acceptagle salt thereof or a hydrate
thereof, wherein Y is a phenyl group which may be substituted
with the above substituent group A.

10. The phthalazine compound as claimed in Claim 1 or
2, a pharmacologically acceptable salt thereof or a hydrate
thereof, wherein ¥ is a pyridyl group, pyrimidyl group, thienyl

group, thiazolyl group or furyl group all of which may be
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substituted with the above substituent group A.

11. The phthalazine compound as claimed in any one of
Claims 1 to 3, wherein Y is a group represented by the formula
(I1); ring & i1s a 4- to 8- membered amine ring which may have
a double bond; W 1s a hydrexyl group; m is an integer of 0 or
1 to 3; and

i) D is a single bond and R’ is a halogen atom, or

ii)D is an oxygen atom and R’ is a hydrogen atom,

a pharmacologically acceptable salt thereof or a hydrate

thereof.

12. The phthalazine compound as claimed in any one of
Claims 1, 2 and 4, wherein Y is the group represented by the
formula (III), ring B is a 6- membered amine ring, n is 0 or 1
and p is 1, a pharmacoleogically acceptable salt thereof or a
hydrate thereof.

13. The phthalazine cempound as claimed in any cone of
Claims 1, 2 and 5, a pharmacologically acceptable salt thereof
or a hydrate thereof, wherein ¥ is the group represented by
the formula (IV), E and J form a 3- to 6- membered ring which
may have a hetercatom and may have a substituent group
together with the carbon atom to which they are bound, and
ring G is a 4- to 8- mepbered amine ring which may have a

5
double bond.

14. The phthalazine compound as claimed in any one of
Claims 1, 2 and 5, wherein Y is the group represented by the

formula
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(IV), E is a hydroxyl group, a halogen atom, a C1 to C4 alkyl
group or a Cl to C4 alkoxy group, J is represented by the formula
-(CHR')q-0 (wherein R' is a hydrogen atom or a Cl to C4 alkyl
group, Q is a hydroxyl group, a halogen atom, a carboxyl group
which may have a protective group, a carbamoyl group or an
azolyl group not containing a heteroatom other than a nitrogen
atom, g is an integer of 0 or 1 to 4), and ring G is a 4- to
8-memberred amine ring which may have a double bond, a

pharmacoloéically acceptable salt or a hydrate thereof.

15. The phthalazine compound as claimed in any one of
Claims 1, 2 and 6, wherein Y is the group represented by the
formula (V), rings K and L have the same meanings as defined
in Claim 1, and M is a Cl to C4 alkylene group substituted
with a hydroxyl group, a carboxyl group, a hydroxy Cl1 to C4
alkylene group or a Carboxyl Cl to C4 alkylene group, a
pharmacologically acceptable salt or a hydrate thereof.

16. The phthalazine compound as claimed in any one of
Claims 1, 2 and 8, wherein Y is an alkynyl group which may
have a substituent group and which has one triple bond, a

pharmacolegically acceptable salt or a hydrate thereof.

17. The fused phthalazine compound as claimed in Claim
1, wherein the compound is selected from the following group,

a pharmacologically acceptable salt or a hydrate thereof:

1) 1-{4-aminopiperidine)-4-[{3-chloro-4-
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methoxybenzyl)amino] -6-phthalazine carbonitrile;

2) 4-[(3-chloro-4-methoxybenzyl)amino]-1-{{4-hydroxy-4-
hydroxymethyl)piperidino] -6-phthalazine carbonitrile;

3) 4-[(3-chloro;4-methoxybenzyl)amino]-1-(4-
cyanopiperidine) -6-phthalazine carbonitrile;

4) 4-E(3-chloro-4-methoxybenzyl)amino]ll-(4-cyanopheny1)-
6-phthalazine carbonitrile;

5) 4-[4-[{(3-chloro-4-methoxybenzyl)aming] -6-
cyangphthalazin-1-yl]phenylcarboxamide;

6) 4-[{3-chloro-4-methoxyphenethyl)amino]-1-{4-
cyanopiperidino) -6-phthalazine carbonitrile;

7) 4-[{(3-chloro-4-methoxybenzyl)amino]-1- (2-pyridyl)-6-
phthalazine carbonitrile;

8} 4-[(3-chlor§-4-methoxybenzyl)amino]—1-(3-pyridy1)-6-
phthalazine carbonitrile;

9) 4-[{3-chloroc-4-methoxybenzyl)amino] -1- (4-pyridyl)-6-
phthalazine carbonitrile;

10} 4-[{3-chloro-4-methoxyphenethyl)amino]-1-(2-pyridyl) -
6-phthalazine carbonitrile;

11) 4-[{(3-chloro-4-methoxyphenethylamino)}-1-(3-pyridyl) -
6-phthalazine carbonitrile;

12) 4-[(3-chloro-4-methoxyphenethyl)amino]-1-(4-pyridyl) -
6-phthalazine carbonitrile;

13) 4-[(3-chloro-4-methoxybenzyl})aminol -1-{2-hydroxy-7-
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azaspiro([3.5)non-7-yl)-6-phthalazine carbonitrile;

14} 4-{{(3-chloro-4-methoxyphenethyl)amino)-1-(2-hydroxy-7-
azaspiro[3.5]non-7-yl)-6-phthalazine carbonitrile;

15) 4-[(3-bromo-4-methoxybenzyl}amino]-1- (2-hydroxy-7-
azaspiro[3.5)non-7-yl)-6-phthalazine carbonitrile;

16) 4-[(3—chloro—4—methoxybenzyl)aminoj-1—(2—hydroxy—6-
azaspiro[3.4}oct-6-yl)-6-phthalazine carbonitrile;

17) 4-[(3-chloro-4-methoxybenzyl)amino] -1-[4-{1-fluoro-2-
hydroxyethyl) piperidino] -6-phthalazine carbonitrile;

18) 4-[{3-chloro-4-methoxybenzyl)amino]-1-[4-fluoro-4-
(hydroxymethyl)piperidinc] -6-phthalazine carbonitrile;
18) 4-[(3-chloro-4-methoxybenzyl)aminol -1- [4-
(hydroxymethyl) -4 -methoxypiperidino] -6-phthalazine
carbenitrile;

20) 4-[{3-chloro-4-methoxybenzyl)amino]-1-[4-
(hydroxyethoxy)piperidine] -6-phthalazine carbonitrile;
21) 4-[{3-chloro-4-methoxybenzyl}amino] -1-({3-hydroxy-3-
methyl-1l-butynyl) -6-phthalazine carbonitrile;

22) 1-(3-aminc-3-methyl-1l-butynyl)-4-[(3-chloro-4-
methoxybenzyl}amino] -6-phthalazine carbonitrile;

23) 4-[{3-chloro-4-methoxybenzyl)amino}-1-[{3-hydroxy-3-
methylbutyl) -6-phthalazine carbonitrile;

24) 4-[{3-chloro-4-methoxybenzyl}amino] -1-(4-

hydroxyiminopiperidino) -6-phthalazine carbonitrile;
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25) 4-[{3-bromo-4-methoxybenzyl)amino]-1-(4-
hydroxypiperidino) -6-phthalazine carbonitrile;

26) 1-(4-hydroxypiperidino) -4-[({4-methoxy-3-
methylbenzyl)amino] -6-phthalazine carbonitrile;

27) 1-(4-hydroxypiperidino)-4-[[4-methoxy-3-
(trifluoromethyl)benzyl]amino]-6-phthaiazine carbonitrile;
28) 1-(4-hydroxypiperidino)-4-[(3-iodo-4-
methoxybenzyl)amino] -6 -phthalazine carbonitrile;

29) 1-[4-fluoro-4- {(hydroxymethyl}piperidino]-4-[(4-
nethoxy-3-methylbenzyl)amino] -6-phthalazine carbonitrile;
30) 4-[(3-bromo-a-methoxybenzyl)aminoj-1-[4-
{hydroxymethyl)piperidinc] -6-phthalazine carbonitrile;
31} 4-[(3-chloro-4-methoxybenzyl)amino] -1- [4-
{fluoromethyl) -4 -hydroxypiperidino] -6-phthalazine
carbonitrile;

32) 4-[(3-chloro-4-methoxybenzyl)amino) -1-(4-
hyvdroxypiperidino) -6-phthalazinecarbaldehyde 06-methyl
oxime;

33) 1-[4-[(3-chloro-4-methoxybenzyl)amino] -6- (1H-1-
pyrazolyl) -1-phthalazinyl] -4-piperidinol;

34) 4-[(3-cyano-4-methoxybenzyl)amino] -1- (4-
hydroxypiperidino) -6-phthalazine carbonitrile;

35) (endo) -4-[{3-chloro-4-methoxybenzyl)amino]-1-(3-

hydroxy-8-azabicyclo{3.2.1)oct-8-yl) -6-phthalazine
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carbonitrile; and
36) (syn)-4-((3-chloro-4-methoxybenzyl)amino]-1-(9-
hydroxy-3-azabicyclo[3.3.1lnon-3-yl) -6-phthalazine
carbonitrile.

18. The fused phthalazine compound as claimed in Claim
1, wherein the compound is selected from the following group,
a pharmacologically acceptable salt or a hydrate thereof:
1) 4-[(3-chloro-4-methoxybenzyl)amino)-1- (2-pyridyl)-6-
phthalazine carbonitrile;
2) 4-[(3-chloro-4-methoxybenzyl)amino] -1- (3-pyridyl)-6-
phthalazine carbonitrile; .
3) 4-[(3-chloro-4-methoxybenzyl)amino]-1- (4-pyridyl)-§-
phthalazine carbonitrile;
4) 4-[(3-chloro-4-methoxyphenethyl)amine] -1- (2-pyridyl) -6-
phthalazine carbonitrile;
5) 4-[(3-chloro-4-methoxyphenethylamino)]-1-(3-pyridyl)-6-
phthalazine carbonitrile;
6) 4-[(3-chloro-4-methoxyphenethyl)amino] -1- (4-pyridyl)-6-
phthalazine carbonitrile;
7) 4-[{3-chloro-4-methoxybenzyl)amino]-1- (2-hydroxy-7-
azaspiro[3.5]non-7-yl)-6-phthalazine carbonitrile;
8) 4-[(3-chloro-4-methoxyphenethyl)amine] -1- (2-hydroxy-7-
azaspiro[3.5]non-7-yl) -6-phthalazine carbonitrile;

9) 4-[(3-bromo-4-methoxybenzyl)amino] -1- (2-hydroxy-7-
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azaspiro[3.5]non-7-yl) -6-phthalazine carbonitrile;

10} 4-[{3-chloro-4-methoxybenzyl)amino] -1- (2-hydroxy-6-
azaspiro[3.4)oct-6-yl)-6-phthalazine carbonitrile;

11) 4-[{3-chloro-4-methoxybenzyl)amino] -1-{4-(1-fluoro-2-
hydroxyethyl)piperidinol -6-phthalazine carbonitrile:
12) 4-[(3-chloro-4-methoxybenzyl)jamino] -1i- [4-fluoro-4-
{hydroxymethyl)piperidino] -6-phthalazine carbonitrile;
13) 4-[{(3-chloro-4-methoxybenzyl)amino}-1-[4-
(hydroxymethyl) -4 -methoxypiperidine) -6-phthalazine
carbonitrile;

14} 4-((3-chloro-4-methoxybenzyl)amino) -1-(4-
(hydroxyethoxy)piperidino] -6-phthalazine carbonitrile;
15} 4-[(3-chloro-4-methoxybenzyl)amino}-1-(3-hydroxy-3-
methyl-1-butynyl) -é6-phthalazine carbonitrile;

16} 1-(3-amino-3-methyl-1l-butynyl)-4-[((3-chloro-4-
methoxybenzyl)amino] -6-phthalazine carbonitrile;

17) 4-[(3-chloro-4-methoxybenzyl}lamino]l -1-(3-hydroxy-3-
methylbutyl) -6-phthalazine carbonitrile;

18) 4-[{3-chloro-4-methoxybenzyl)amino]-1-(4-
hydroxyiminopiperidino)-6-phthalazine carbonitrile;

19) 4-[{3-bromo-4-methoxybenzyl)amino]l-1-{(4-
hydroxypiperidino) -6-phthalazine carbonitrile;

20) 1-(4-hydrexypiperidino)-4-[{4-methoxy-3-

methylbenzyl)amino] -6-phthalazine carbonitrile;




21) 1-[4-fluoro-4- (hydroxymethyl)piperidino)-4-[(4-
methoxy-3-methylbenzyl)amino] -6-phthalazine carbonitrile;
22) 4-[(3-chloro-4-methoxybenzyl)amino]-1- [4-
(fluoromethyl)-4-hydroxypiperidin6]-6-phtha1azine
carbonitrile;

23) 4-[(3-chloro-4-methoxybenzyl)amino]-1- (4-
hydroxypiperidino) -6-phthalazinecarbaldehyde 06 -methyl
oxime;

24) 1—[4-{(3-chloro-A-methaxybenzyl)amino]-6-(1H-1—
pPyrazolyl) -1-phthalazinyl) -4-piperidinol;

25) 4-[(3-cyano-4-methoxybenzyl)amino}-1- (4-
hydroxypiperidino) -6-phthalazine carbonitrile;

26) (endo)-4-[(3-chloro-4-methoxybenzyljamino]-1-(3-
hydroxy-&-azabicyclo[B.2.1]oct-8-yl)-6-phthalazine
carbonitrile; and

27) (syn)-4-[(3-chloro-4-methoxybenzyl)amino}-1-(9-
hydroxy-3-azabicyclo[3.3.1]non—3-y1)-G-phthalazine
carbonitrile.

19. A prophylac;ic and therapeutic agent for erectile
dysfunction, which comprises the phthalazine compound as
claimed in any one of Claims 1 to 18, a pharmacologically
acceptable salt thereof or a hydrate therecf as an active

ingredient.

20. A therapeutic agent for erectile dysfunction, which
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comprises a phthalazine compound represented by the formula
(VITI), a pharmacologically acceptable salt thereof or a

hydrate thereof as an active ingredient:

HN/(C'Hz)r ~OCH,4
x4 S
, .
Yl .

wherein 1’ represents an integer of 1 to 3; R® represents a
halogen atom, a Cl1 to C4 alkyl group which may be substituted
with a halogen atom or a cyano group;

xt represents a cyano group, a nitro group or a halogen
atom;

y! represents:
i) a group represented by the formula (VIII):

—N A1 cHp)miI—z (vm$

wherein ring Al represents a 5- or 6- membered amine ring; ml

is an integer of 0 or 1 to 3; and Z represents an amino group,
a hydroxyl group which may have a protective group, a carboxyl
group which may have a protective group, a Cl to C4 alkoxy group

Or a CYano group;
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ii) a group represented by the formula (IX):
{CH;n1—0H
~N p1 | ()
(CH,)p1—OH
wherein ring Bl represents a 5- or 6- membered amine ring; and
nl and pl are integers of 0 or 1 to 3:°
iii}) a thiomorpholino group, wherein its morpholine group or
its sulfur atom may be oxidized;
iv] a pheny) group which may be substituted with 1 to 3
substituent groups selected from the following substituent
group Al;
v] a heterocaryl group which is a pyridyl group. a pyrimidyl
group, a thienyl group or a furyl group which may be substituted
with 1 to 3 substituent groups selected from the following
substituent group A}; or
vi) a group of formula -N(R')-(CH,),-Het
wherein R’ represents a C, to C, alkyl group, Het represents
a2 pyridyl group or a pyrimidyl group all of which may be
substituted with 1 to 3 substituent groups selected from the
following substituent group Al, and s is an integer of 0 or
1 to 3;
§
{substituent group A1) a lower alkyl group which may be
substituted with a halogen atom, a cyvano group, a nitro group

or a hydroxyl group; a lower alkoxy group which may be
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substituted with a halagen atom, a cyano group, a nitro group
or a hydroxyl group; a cyano group; a nitro group; a carboxyl
group which may have a protective group; a hydroxyl group which
may have a protective group; a carbamoyl group which may be
substituted with a lower alkyl group; a halogen atom; and a
phenyl group which may be substituted with an alkyl group, an
alkoxy group, a halogen atom or an amino group.

21. A prophylactic and therapeutic agent for erectile
dysfunction, which comprises the phthalazine compound of
formula (VII} as defined in Claim 20, a pharmacologically

acceptable salt thereof or a hydrate thereof as an active

ingredient, wherein Y' is:

i} a group represented by the formula (VIII):

N A HCHm—Z

wherein ring Al, 2 and mi have the same meanings as defined

in Claim 20;

ii) a group represented by the formula (IX):
(CH3)n1—OH
—N B1 _ )

]
(CHy)pl—OH
wherein ring Bl, nl and pl have the same meanings as defined

in Claim 20: or




iii) a thiomorpholino group wherein its sulfur atom may be
oxidized.

22. The prophyléctic or therapeutic agent for erectile
dysfunction as claimed in Claim 20, which comprises the
phthalazine compound, a pharmacologically acceptable salt
thereof or a hydrate thereof as an active ingredient, wherein
¥' is a phenyl group, or a heteroaryl group that ig a pyridyl
group, a pyrimidyl group, a thienyl group or a furyl group,
all of which may be substituted with 1 to 3 substitueﬁt groups

selected from the substituent group Al.

eiee 23. The prophylactic and therapeutic agent for erectile

dysfunction as claimed in Claim 20, which comprises the
phthalazine compound, a pharmacologically acceptable salt

thereof or a hydrate thereof as an active ingredient, wherein

.

- Y!' is the formula ~N(R{) — {CH,)¢s~Het @herein Het represents a
pyridyl group which may be substituted with 1 to 3 substituent
groups selected from the substituent group Al, and R’ and s

g have the same meanings as defined in Claim 20.

24. The therapeutic agent for erectile dysfunction as
claimedinclaimzo,whichcomprisesthephthalazinecompound,
a pharmacologically acceptable salt thereof or a hydrate
thereof as an active ingredient, wherein the compound is
selected from the following group:

1) 4-(3-chloro-47methoxybenzyl)amino-G-cyano-l~(3-
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hydroxymethylpiperidino)phthalazine;

2) 4-{3-chlpro-4-methoxybenzyl)amino-6-cyano-1-(3,4-
dihydroxypiperidino)phthalazine;

3) 4-{4-aminopiperidino)-1-(3-chlcro-4-
methoxybenzyl)amino-6-cyanophthalazine;

4) 4-(3-chlor0-4-methoxybenzyl)amino-sicyano—l-(4-
methoxypiperidine) phthalazine;

5) 4-(3-chloro-4-methoxybenzyl)amino-6-cyano-1-{(4-hydroxy-
4 -hydroxymethylpiperidino)phthalazine;

6} 4-(3-chloro-4-methoxybenzyl)amino-6-cyano-1-{4,4-
dihydroxymethylpiperidino)phthalazine;

7) 4-{3-chlorc-4-methoxybenzyl)amino-6-cyano-1-(4-
cyanopiperidino)phthalazine;

8) 4-(3—chloro-4-methoxybenzyl)amino-s-cyano-l-[(3R)-
hydroxypyrrolidinolphthalazine;

9) 4-(3-chloro-4-methoxybenzyl)amino-6-cyano-1-(3-
hydroxymethylpyrrolidino)phthalazine;

10) 4-(3-chloro-4-methoxybenzyl)amino-6-cyano-1-(3,4-
dihydroxypyrrolidino) phthalazine;

11} 4-(3-chloro-4-methoxybenzyl)amino-6-cyano-1-(2-
methoxymethylpyrrolidino)phthalazine;

12) 4-[4-(3-chlorc-4-methoxybenzylamino) -6-
cyanophthalazin-1-yl) thiomorpholine 1-oxide;

13} 4-(3-chloro-4-methoxybenzyl)amino-é-cyano-1-(4-
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methoxyphenyl)phthalazine;

14) 4-(3-chloro-4-methoxybenzyl)amino-6-cyano-1-(4-
cyanophenyl)phthalazine;

15) 4-[4-({3-chloro-4-methoxybenzylamino) -6-
cyanophthalazin-1-yl]lphenyl-4-carboxamide;

16) 4-(3-chloro-4-metﬁoxybenzyl)amino-f-cyano-l-(2-
pyridylmethyl)aminophthalazine;

17) 4-(3-chloro-4-methoxybenzyl}amine-6-cyanc-1- [N-methyl-
N-{2-pyridylmethyl)amino)phthalazine;

18) 4-{3-chlero-4-methoxyphenethyl)amino-6-cyano-1- (4-
cyanopiperidino)phthalazine;

19) 4-(3-chloro-4-methoxyphenethyl)amino-6-cyano-1-(3-
hydroxymethylpiperidino)phthalazine;

20) 4-(3-chloro-4-methoxyphenethyl)amino-6-cyano-1-(4-
hydroxymethylpiperidino)phthalazine;

21) 4-(3-chloro-4-methoxybenzvl)amino-6-cyano-1-
rhenylphthalazine;

22} 4-(3-chloro-4-methoxybenzyl}-6-cyano-1-{2-
pyridyl)phthalazine; ’

23) 4-{3-chlorc-4-methoxybenzyl)-6-cyano-1-(3-
pyridyl}phthalazine;

24) 4-{3-chloro-4-methoxybenzyl}-6-cyano-1-(4-
pyridyl)phthalazine;

25) 4-(3-chloro-4-methoxyphenethyl) -6-cyano-1-{2-
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pyridyl)phthalazine;
26) 4-{3-chloro-4-methoxyphenethyl)-6-cyano-1-(3-
pyridyl)phthalazine; and
27) 4-(3-chlorc-4-methoxyphenethyl)-6-cyano-1-(4-
pyridyl)phthalazine.

25. A prophylactic and therapeutic agent for female

sexual dysfunction or dysmenorrhea, which comprises the

phthalazine compound as claimed in any one of Claims 1 to 18,
or the phthalazine compound of formula (VII) as defined in
claim 20, a pharmacologically acceptable salt thereof or a

hydrate thereof as an active ingredient.
26, Use of the phthalazine compound as claimed in any
one of Claims 1 to 18, a pharmacologically acceptable salt

thereof or a hydrate thereof for producing a therapeutic agent

for erectile dysfunction.

27. A process for producing a compound of the formula

(XI):
R]
(CH R?
HN/( 2N
SN
| =
=N X1
YB

wherein X, R!, R!® and 1 are as defined in Claim 1 and Y*
represents a phenyl group, a pyridyl group, a pyrimidyl group,
a thienyl group or a furyl group all of which may have a
substituent group selected from the substituent group A as
defined in c¢laim 1 which comprises the step of reacting a

compound of the formula (X):
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wherein Hal represents a halogen atom; and R}, R%, 1 and X have
the same meanings as defined above with a compound of the

formula Y'-B{(OH);, wherein Y’ represents a phenyl grcoup, a

XYY}
- .

pyridyl group, a pyrimidyl group, a thienyl group or a furyl
group all of which may have a substituent group selected from

the above defined substituent group A.

28. A pharmaceutical composition comprising the

pharmacologically or clinically effective dose of the

LN phthalazine compound as claimed in any one of Claims 1 to 18

“eaus® or obtained in the process as claimed in Claim 27, a
pharmacelogically acceptable salt thereof or a hydrate

thereof, and pharmacologically acceptable carriers.

29. A method for preventing and treating erectile
dysfunction, which comprises the step of administering the

rharmacologically or clinically effective dose of the

phthalazine compound as claimed in any one of Claims 1 to 18, a

pharmacologicallyacceptablesaltthereofor;ahydratethereof

to a patient suffering from erectile dysfunction.
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30. A method for preventing and treating female sexual
dysfunction or dysmenorrhea, which comprises the step of
administering the pharmacologically or clinically effective
dose of the phthalazine compound as claimed in any one of
Claims 1 te 18, a pharmacologically acceptable salt thereof or
a hydrate thereof to a patient suffering from female sexual
dysfunction or dysmenorrhea.

31. Use of the phthalazine compound as claimed in any
one of Claims 1 to 18, a pharmacologically acceptable salt
therecf or a hydrate thereof for preventing and treating
erectile dysfunction.

32, Use of the phthalazine compound as claimed in any
one of Claims 1 to 18, a pharmacologically acceptable salt
thereof or a hydrate thereof for preventing and treating
female sexual dysfunction or dysmenorrhea.

33. A method for preventing and treating erectile
dysfunction, which comprises the step of administering the
pharmacologically or clinically effective dose of the
phthalazine compound of formula (VII}) as defined in Claim 20,
a pharmacologically acceptable salt thereof or a hydrate
thereof te a patient suffering from erectile dysfunction.

34. A method for preventing and treating female sexual
dysfunction or dysmenorrhea, which comprises the step of
administering the pharmacologicaily or clinically effective

dose of the phthalazine compound of formula (VII) as defined
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hydrate thereof to a patient suffering from female sexual
dysfunction or dysmenorrhea.

35. Use of the phthalazine compound of formula (VII) as
defined in Claim 20, a pharmacologically acceptable salt
thereof or a hydrate therecf for producing a therapeutic agent
for erectile dysfunction.

36. Use of the phthalazine compound of formula (VII} as
defined in Claim 20, a pharmacologically acceptable salt
thereof or a hydrate thereof for producing a therapeutic agent
for female sexual dysfunction or dysmencrrhea.

37. The phthahalazine compound as claimed in claim 1
substantially as hereinbefore described with reference to the

Examples.

DATED this 9" day of October, 2002
Eisai Co. Ltd.

By DAVIES COLLISON CAVE
Patent Attorneys for the Applicants
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