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Sefiora Directora
DIRECCION DE NUEVAS CREACIONES
Superintendencia de Industria y Comercio
E. S. D.

\

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO o

ISR ARESTINL Tramie : o1
No. 07-053905- -00005-0000 tc

Fecha: 2011-02-07 16:57:37  Dep. 2020 DIR NUEVASCR Actuacion : 444

Tra. 11 PATENTEIYI Eve: 378 FASENACIONALI
Act. 444 RESPUESTAREQUE  Folios: 49

Referencia . Expediente No. 07053905

Asunto :  Solicitud de patente para CLORHIDRATO DIHIDRATO DE
(S)-(-)-1-(4-fFLUOROISOQUINOLIN -5-IL)SULFONIL-2-
METIL-1,4-HOMOPIPERAZINA

Solicitante : KOWA CO,, LTD. AND D. WESTERN THERAPEUTICS
INSTITUTE, INC.

Fecha de Solicitud : 29 de mayo de 2007

1. Yo, Luz Clemencia DE PAEZ, en mi condicién de apoderada de la sociedad solicitante de la
patente de la referencia, de acuerdo con la sustitucidn del poder a mi otorgada por el doctor
Emilio Ferrero, me refiero al oficio No. 14794 notificado por fijacion en lista del 12 de noviembre
de 2010.

2. Mediante oficio No. 14794 se puso en conocimiento del solicitante el informe que contiene la
solicitud hecha por su Despacho para la presente solicitud de patente. Atiendo a las

observaciones de la manera siguiente:

2.1 Presentacién de documentos solicitados

Mediante oficio No. 14794 y de acuerdo con las disposiciones del Articulo 46 de la Decisién 486
su Despacho solicita el siguiente documento en inglés:

211 WO 99/20620 - Isoquinoline derivatives and drug

Con el fin de atender a dicha solicitud, se presenta junto con este memorial copia del
documento mencionado.

3. Puesto que se han atendido a cabalidad las observaciones hechas por su Despacho
sobre la presente solicitud de patente, ateg}g_mjente solicito que se contintie su tramitacion.

NIT. 860.041.367-3
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4, ANEXOS

« Copia en inglés del documento WO 99/20620 — Isoquinoline derivatives and drug.

« Copia auténtica de la sustitucion de poder efectuada a mi favor por el Doctor Emilio
FERRERO.

Sefiora Directora,

VR e acn Oabiles

LUZ CLEMENCIA DE PAEZ
CC. 35.456.344 de Usaquén
T.P.A. No. 23.555

COLC-15843-841-001-5
DVRDVRID-186618\WPC15943
* No. M-2011-186618\DVF
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Sefiores
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
E. S. D.

Poderdante : KOWA CO., LTID.

Poder co@ferido el : 26/07/2065

Yo, EMILIO FERRERQ, obrando como apederado principal.del
poderdanpe arriba mencionado, mediante el presente escrito
sustituyo el poder a mi otorgado a la doctora LUZ CLEMENCIA DE
PAEZ, identificada con cédula de ciudadania No. 35.456.344 vy
Tarjeta Profesional N°23.555, con todas las facultades que me

fueron conferidas.

Hago la anterior sustitucién conforme al articulo 66 del

Coédigo de Procedimiento Civil.

Seriora Jefe,

EMILIC FERRERO

T.P.A. N° '31.929
c.C. ﬁ°~438.019 de Usagquén

Loz CLEMENCIA DE PAEZ

Acepto:

MO AR ST

L HAGD CoNs?, °5l.ﬂcu B
@Q@é‘méﬂ@a é@é/o D& > o gres ’:;L,;sue "E' remno' :

T.P.A. N 23,555 7
C.C. No. 35.456.344 de Usaquen
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E-MAIL: cavelier@cavelier.com BOGCOTA 8, COLOMBIA TELEFAX: (57) (1) 217-9211 {57}(1) 310-4995

Seflores

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
E. S. D.

Poderdante : D. WESTERN
THERAPEUTICS INSTITUTE, INC.

Poder conferido el : 14/05/2007

Yo, EMILIO FERRERO, obrando como apoderado principal del
poderdante arriba mencionado, mediante el presente escrito
sustituyo el poder a mi otorgado a la doctora LUZ CLEMENCIA DE
PAEZ, identificada con cédula de ciudadania No. 35.456.344 y
Tarjeta Profesional N°23.555, con todas las facultades que me

fueron conferidas.

Hago la anterior sustitucién conforme al articulo 66 del

Coédigo de Procedimiento Civil.

Senora Jefe,

EMILIO FERRERO

T.P.A. N° 31.929
C.C. N° 438.019 de Usaquen

Acepto:
. Z' /
Q/@(.SL (& neaa @@Qg 2
LUZ CLEMENCIA DE PAEZ
T.P.A. N°® 23,555
C.C. No. 35.456.344 de Usaquén

NI T 860.041.367-3
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ISOQUINOLINE DERIVATIVE AND MEDICINE

TECHNICAL FIELD

The present invention relates to an isoquinoline
derivative which hés cerebral vasospgsm-inhibitory
activity and blood flow-increasing activity and is of
value as a medicine.

BACKGROUND ART

Cerebrobascular diseases and heart diseases are
nowadays counted as major causes of death in many
developed countries, like cancer is sc.

Cerebrovascular diseases are roughly classified
inte a hemorrhagic group and an ischemic group.
Representative of the ischemic group are subarachnoid
hemorrhage arising f£rom brain aneurismal rupture,
hypertensive cerebral hemorrhadge, and head trauma.
Subafachnoid hemorrhage entails 2 luminal constriction
of the trunk arteries of the brain beginning 4 to 5 da-_;rs
after the bleeding episcde and persisting for about 2
weeks. Thisistheconditionknownascerebral vasospasm.
Much remains to be known as yet about its mechanism of
onset but a variety of physiologically active substances
{such as catecholamines, hemocglobin, peroxylipids,
arachidonic aclid metabolites, peptides, protein kinase

‘¢, etc.) are suspected to be involved and their



interactions are considered to be etiologic factors.
As the vascular stenosis and conseguent ischemia give
rise to neurclogical disorders, not only the functicnal
prognosis but sometimes the vital prognosis is
criticallyaffected. The ischemic group is reprecsented
by cerebral infarction and transient ischemie attack
(TIA). The vascular lesion and neurconal damage caused
by ischemia or hemorrhage lead to numbness, dyskinesia
seuch &8s motor paralysis of the limbs, and
neuropsychiatric disorders in the acute through chronic
stages and even to death through disturbance of
consciousness in gevere cases.

In the treatment of those cerebrovascular diseases,
antithrombotics and nootropic drugs are used. Haowever,
fewdrugs are available wvhichmay inhibit 1ife-threating
cerebral vasospasms and neuronal damages progressivea
to dementia and thus, there has been a standing demand
for effective therapeutic drugs. As a therapeutic drug
£Eox the ¢erehral vasospasm secondary to subarachnoid
hemorrhage, fasudil hydrochloride [hexahydro-1-
{5-isoquinolinylsulfonyl}-1H-1,4-diazepine] is the
oenly remedy inclinical use today [cf. Basic Pharmacology
& Therapeutics, 1932, 20 (suppl. 6}, 1515, among others]
but this compound is not a fully satisfactory drug from

the standpoint of aefficacy and side effect.



On the other hand, angina pectoris is a typical
ischemic heart disease. 1In angina pectoris, ischemia
caused by vascular stenosis induces myoscardial infarc-
tion which may lead to death. The current
rharmacotherapy 1s performed primarily with
vasodilators, but many of the vasodilators
simultaneously have a hypotensive activity. Moreover,
few are effective enough to control vascspasms.

It is known that compounds having an isoquingline
nucleus substituted by a cycloaminosulfonyl group in
the S5-position are of value as circulatory
system-improving drugs (vasodilators, nootropic drugs,
antianginal drugs, prophylactic and therapeutic drugs
for thrombosis in thecerebrovascularandcardisavascecular
systems, antihypertensives, and brain function
improving agents) (Japanese Kokai Tokkyo Koho (bhriefly
KTR) S57-156463, KTK S57-200366, KTK S5B-121278, RTK
558-121279, KTKS59-93054, KTKS60-81168, KTKS561-152658,
and KTK S61-227581). Furthermore, those compounds are
known to be useful as cerebral function-improving drugs
[drugses for prevention, amelioration 6r retardation of
progression of disturbances of the brain tissue function
and status (inclusive of metabolism) and the associated
symptoms and sequelae)l {(Kokai Tokkyo Koho H2-256617) .

The inventors of the present invention discovered



that compounds containing an isoguinoline nucleus
substituted by a cycloaminosulfonyl group in the
5-position and having a substituent in the ¢-position
are superior to said kanown compounds as preophylactic
or therapeutic drugs for cerebrovascular diseases. And
the inventors previously filed a patent application
claiming said compounds (see WO 97/28130). The compound
of the present invention which has fluorine in the
4-position and a hexahydro-4H-1,4-diazepin-1-
ylsulfonyl group in the 5-position of an isoguinoline
nuclens and in which the 2-position of said
hexahydro-4H-1,4-dlazepine moiety has been substituted
by methyl has net been specifically disclosed in the
above application.
DISCLOSURE OF THE INVENTION

The object of the present invention is to provide
a compound which is highly safe and superior te any known
compound as a prophylactic and/or therapeutic drug for
cerebrovascular diseaées. particularly as a cerebral
vasospasm inhibitor and a prophylactic and/or
therapeutic drug for diseases accempanied by ischemic
lesions. |

To accomplish the above object, the inventors of
the present invention synthesized-a large numher of

structurally novel compounds and discovered, in the



course of their sereening, that a compound of the
following formula [I] shows cerebral
vascoespasm-inhibitory activity at a very low dose level
and, in addition, exhibitse an excellent blood
flow-incxeasing activity by dilating the coranary and
cerebral blood vessels without lowering the systemic
blood pressure.

The present inventjon, therefore, is directed to
2 pharmaceutical composition comprising a compound of
the following formula [I] or & pharmaceutically
acceptable salt ﬁhereof as an active ingredient.

HN/j

N

hY
S0,
CHy 1.

i~
=N

L]

In terms of chemical structure, the compound of
the invention is characterized in that the 4-position
of its isoqguinoline nucleus has been substituted by
fluorine and that the 2-position of the hexahydro-
4H-1,4-diazepine ring of the hexahydro-4H-1,4-
diazepin-1-ylsulfonyl group in the 5-position of said
nucleus has been substituted by methyl,

The compound [I] according to the invention has

asymmetric carbon and, as such, may oc¢ccur as optical



isomers. Those respective isomers as well as mixtures
thereof also fall within the scope of the invention.
Among them, the (8) compound is preferrsd.

The "pharmaceutically acceptable salt” includes
salts with inorganic acids such as hydrochloric acid,
sulfuric acid, nitrie acid, phospherie acid,
hydrofluoricacid, hydrobromic acid, etc. and saltas with
organic acids such as acetic acid, tartaric acid, lactic
acid, citric acid, fumaric acid, maleic acid, succinie
acid, methamesulfonic acid, ethanesulfonic acid,
benzenesulfenic acid, toluenesulfonic acid,
naphthalenesulfonic acid, camphorxsulfeonic acid, etc.

The compbund {I] according to the invention can
be produced by the process diasclosed in WO 97/28130 or
the processes described below.

Process 1

2 RALN
S0, F \"'( *sp, F
2 2
CHg CH4
e Lit1d BN
- Removing, of -
protective group
1] [1]

{wherein R*’ represents a protective group; L! represents
hydroxy or a leaving group)

The leaving group L’ includes the residue of a



reactive derivative of sulfonic acid which is describad
hereinafter. The protective group R?' includes acvl
groups such as formyl, acetyl, kenzoyl, etec.,
aralkyloxycarbonyl groups such as benzyloxycarbenyl
etc., alkoxycarbonyl groups suchas tert-butoxycarbonyl
etec., and aralkyl groups such as benzyl.

The amine of the formula [IITI) is reacted with a
aulfonicacidoftheformula[IIiorareactivederivative
in a2 suitable solvant and the protective group is then
removed to give compound [I]. The reaction solvent may
be any solvent that deoes not interfere with the reaction
and includes but is not limited teo ethers such as
tetrahydrofuran (THF), dioxane, diethyl ethex, etc.;
hydrocarbons suchasbenzene, toluene, ete.;: halogenated
hydrocarbons such ag methylene chloride, chloroform,
etc.; aproticvsolvents such as N,N-dimethylfcrmamide,
H,N-dimethylacetamide, etc.: pyridine; acetonitrile;
etc, and mixtures thereof. The reactive derivative of
sulfonic acid includes sulfonyl halides (e.g. sulfonyl
chloxide, sulfonyl bromide, etc.), sulfonic anhydride,
N-sulfonylimidazolide, etc. Particularlypreferredis
a sulfonyl halide.

This reaction is preferably earried out in the
presence of asuitablebase. Thebaseincludes inorganic

bases such as alkali metal hydregencarbonates (e.g.



sodium hydrogencarbonate), alkalimetal carbonates {(e.g.
potasgsium carbopate), and alkali metal hydroxides (e.q.
sodium hydroxide, potassium hydroxide) and organic
tertiary amines such -as triethylamine,
triethylenediamine, etc. Use of a basic solvent such
as pyridine as the reaction solvent is advantageous in
that the use of sald base could bé omitted.

Usually this reaction proceeds at room temperature
but, where necessary, can be conducted under cooling
or heating within a temperature range of =78 to 150C,
preferably 0 to 120C ., when the base is used, the amount
of said amine [TIT)] is preferably 1 to 5 molar egquivalents,
based on said reactive derivative [IX), and more
preferably 1 to 2 molar equivalents on the same basis.
The amount of the base is preferably 1 to 10 molar
egquivalents and more preferably 1 to3 melar eguivalents,
based on said amipne [ITI]. wWhen the base is not used,
the amount of sulfonic acid or its reactive derivative
[IX] is preferably equimolar or less, more preferably
in the range of 0.5 to 0.1 molar equivalent, based on
amine [III). The reaction time, which depends cn the
species of starting compounds, the kind of solvent, the
reaction temperature, etc., is generally 5 minutes to
70 hours. The protective group is then removed by a per

se known procedure. Thus, the protective group may be



removed by such known procedures as acid treatment,
alkali treatment, catalytiec reduction, etc.

The starting compound {II] can be produced in the
same manner as Reference Example 1 which is given
hereinafter.

The starting ¢compound [ITII) can be produced in the
same mannery as Reference Example 2,

Process 2

OH

CH
3

N
L CH
80z F 8 éog F
TRY OH
N X
e R ——
=N Step 1 _
[i1] [iv]

CHy HN/,\
" Ny
S0, F \T:E 50,
HON A~ -NH, q 3 N
—_— —_—
Step 2 ~N  Step 3 ~N
M 01

{wherein R?>! and L® are as defined hereinbefore}
{step 1) 2-Amino-l-propanol is reacted with compound
[II] in the same mannexy as described in Process 1 to
give compound [IV].

{Step 2) fThe hydroxyl group of compound [IV] is
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converted to halogen (e.g. chlorine, bfomine),
sulfonyloxy, or acyloxy (e.g. tosyloxy, methane-
gsulfonyloxy, acetyloxy) and, then, J-amino-1l-propanol
is permitted te react in a suitable solvent either in
the presence or the absence of a base in the same mannar
as described in Process 1 to give compound [V}.

(Step 3) The secondary amino nitrogen atem of compound
[V] is protected by a per se known procedure and, then,
the compound is cyclized in a suitable solvent in the
presence of a base, followed by deprotection to give
compound [(I].

Compoﬁnd [I} can also be produced by treating
compound {V] with triphenylphosphine and a dialkyl
azodicarboxylate tocausean intramolecular dehydrative
condensation.

In the above process, where necessary the amine
group is protected with a conventional protective group
beforehand and after completion of the reaction, the
protective group is removed by a per se known procedure
Buch as acid treatment, alkali treatment, or catalytic
reduction. Theamino-protectinggroupwhichcanbeused
includes but is not limited to benzyl, benzyloxycarbonyl,
and trifluoroacetyl.

The compound [I] of the invention is usually

obtained as a recemic compound. The racemic compound
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as such has pharmacelegical activity but, 1f desired,
canberasolvead intotheragpectivelsomers. Forexample
thisoptical resolutioncanbeachievedbyaknownmethod,
for example by reacting the compound with an optically
active carboxylic acid (e.g. (+)- oxr (-)-tartarie acia,
{(+)- or (-}-malic acid) or an optically active sulfonic
acid compound {e.g, (+)-camphorsulfonic acid) to give
a salt and carxzrying out fractiomnal recrystallization
or by the method using a chiral column. The optical
isomers can also be respectively provided by conducting
the reaction using a chiral compound (S-configured or
R-configured) for starting compound [IITI].

The compound [I] according to the invention can
be converted to said salt by the known technology. For
example, the hydrochloride of compound [I) according
to the invention can be provided by dissolving compound
[T] in a solution of hydrogen chlerxide in an alcohol
or ethyl ether, concentrating the seluticon, and
harvesting the resulting crystals.

The compound of the invention, thus produced, can
be isolated and purified in the form of a free base or
an acid addition salt by per se known procedures such
a8 concentration, pH change, redistributioﬁ, solvent
extraction, erystallization, fractional distillation,

chromatography, and recrystallization,
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The compound of the invention has gcerebral
vasospasm-inhibitory activityandis highly safe so that
ic 48 useful for the prevention and treatment of
cerebrovascular diseases, particularly ¢rganic brain
damages due to cerebral vasoepasms secondary to cerebral
hemorrhage. Moreover, because it has blood
flow-increasing activity, the compound is usesful as =z
prophylacktic or therapeutie drug for lesions associated
with ischemic diseases.

When the compound of the invention is to be
administered as amedicine, the compound is adminigtered
to a mammal inclusive of man, eithex as it is or in the
form of a pharmaceutical compesition comtaining 0.1%
to 29.5%, preferably 0.5% to 90%, of the compound in
a pharmaceutically acceptable, nontoxic and inert
carrier.

As the carrier, at least one kind of solid,
semisolid, or liquid diluent, filler and other auxiliary
formulating agents is used. The pharmaceutical
composgition is freferably administered in unit dosage
forms. The pharmaceutical compositionof the invention
canbeadministéredorally,parenterally(intotissues),
tobically'{e.g.transdermally). or rectally. Of course,
a dosage form suited to each route of administration

should be chosen. Particularly preferred is
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intravenous administration or oral administration.

The dosage ag¢ a drug is preferably adjusted in
consideration of patient factors, such as age and body
wveight, the route of administration, and the nature and
severity of illness but when it is used as a prophylactiec
and/or therapeutic drug for cerebral vascspasm, the
recommended intravenous dosage for an adult human per
day i 0.1 to 100 mg/man, prefexably 1 to 30 mg/man,
as thg active ingredient. In the case of oral
administration, the daily dose may range from 1 to 1,000
mg/man, preferably 10 to30mg/man. When the composition
is to be administered intravenously as a prophvlactic
and/eox therapeutic drug for diseases accompanied by
ischemic lesions, the active ingredient is used in the
daily dose range of 0.1 to 100 mg/man, preferabliy 1 to
30 mg/man. When the oral route is selected, the daily
dose range is 1 to 1,000 mg/man, preferably 10 to 30
mg/man. A higher dogsage may be justified in some cases,
while a lower dosage may suffice in other cases. The
above-menticoned daily dosage can be administered in a
few divided doses.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is now descxibed in further

detail by way of reference examples relating to the

production of repregentative starting compounde,
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examples of production of the compound of the invention,
formulation examples for representative species of the
compound, and test examples usingrthe compound. Those
examples, however, should not be construed as defining
the scope of the invention. Incidentally, the optical
rotation data were generated at 20T .

Raeference Example 1

Synthesis of 5-chlorosulfonyl-4-fluoxoiscoguinoline
(Step 1)

A 300 ml sealed tube was charged with 160 m} of
29% aqueous ammenia, 3 g of copper sulfate (CuS0, "5H,0),
and 49.92 g of 4-bromoisoquinoline and the charge was
stirred at 170C for 16 hours. After cooling, the
reaction mixture was diluted with 40 ml of 2N sedium
hydroxide solution and extracted with 40D ml of benzene
for a totalof 5 times. The organic layer was dehydrated
over anhydrous magnesium sulfate and treated with
activated carbon and the solvent was then distilled off
te provide 29.5 g of 4-aminoiscoguinoline.

(Step 2)

In 100 ml of 42% hydrofluoric aecid was dissolvad
28.8go0of4-aminciscoguinoline. Thissolutionﬁascooled
with dry ice-ether and as it hegan to become solidified,
13.8 g of scdium nitrite was added over 1 hour. This

reaction mixture was filtered and the resulting solid
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(diazopium salt} was quickly washed with ether at low
temperature to remove as much water as possible. This
diazonium salt was poured in xyleme and heated with &
hot air current (ina dryer) under stirring. After gases
began to evelve, the mixture was stirred at room

temperature for 2 hours. The xXylene wasg then separated

from the tarry product by decantation and the xylenic .

solution was extracted with 100 ml of diluted
hydrochloric acid 3 times. fThe HC1l solution layer and
the tarry residue were combined, diluted with 100 ml
of water, made basic with potassium carbonate and
extracted with 400 ml of ether 3 times, The extract was
dehyvdrated over anhydrous magnesiumeulfateandfiltered.
Active charcoal wag added to the filtrate and the mixture
wag filtered with the aid of Celite. The solvent wasg
ther distilled off and the residue was purified by silica
gel column chromatography {chloroform). Firnally the
solvent vas distilled off to recover 14.5 g of
4-flvoroisoquincline.

(S8tep 3)

To 90 ml of sulfuric acid was added 22.05 g of
4-fluoroiscoquinoline. To this mixture under ice
cooling was added a sclution of potassiumnitrate (18.18
g) in sulfuriec acid (20 ml}) dropwise, and the mixture

was atirred at room temperature for 2 hours. This

L4
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reaction mixture was poured onto ice and made basic with
agueous ammonia under cooling. The resulting crystals
were harvested, rinsed with water, and dried to provide
22.16 g of 4-fluoro-5-nitreoisoquinoline.

(Step 4)

In 680 ml of ethandl was suspended 23.04 g of
4-fluoro-5-nitroisoquinoline. To this suspension was
added 144 ml of conc¢entrated hydrochloricacid, and under
ice-copling and stirring, a solution of stannous
chloride dihydrate (90.24 g) in ethanol (144 ml) was
added dropwiese. The mixture was then stirred at room
temperature for 3 hours. This reaction mixture was
concentrated, diluted with 200 ml of iced water, made
basic with 2N sodium hydroxide, and extracted with 500
ml of chloxoform 3 times. The chloroform layer was
dehydrated over anhydrous magnesium sulfate and
concentrated and the residue was purified by silica gel
column chromatography {(chloroform:methancl = 100:1) to
provide 15.05 g of S5-amino-4-flucroisogquinoline.
(Step 5)

In 100 ml of concentrated hydrochloric acid was
suspended 8.1 g of S5-aminco-4-fluocroisoguineline. To
this suspension was added 5.18 g of sodium nitrite in
20 ml of water dropwise at a temperature not over

-5C, and the mixture was stirred at room temperature
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for 30 minuvtes (preparation of Solutiona). Separately,
a solution of cupriec ehloride dihydrate (2.83 g) inwaterx
(12.5 ml) was added to 62.5 ml of acetic acid saturated
with sulfurous acid gas and the mixed solution was added
dropwise to Sclution A. This reaction mixture was
furthex gtirred at room temperature for 1 hour and then
incubated on a water bath at 30C to remeove the unreacted
sulfuzous acid. Thereactionmixture was extractedwith
400 ml of chloroform 3 times and the extract was
neutralized and washed with agqueous sodium
hydrogencarbonate sclubtion and dehydrated. The
solvent was finally distilled off to provide 9.6 g of
S5-chlorosulfonyl-4-fluoreisoguinoline.

Refexence Example 2

Synthesia of (S8)-hexahydro-4-{tert-butoxycarbonyl)
-2-methyl-1H-1,4-diazepine

{8tep 1)

In 150 ml of chloroform was dissolved 15 g of
(S8)-(+)-2-amino-1-propanol, fallowed by addition of
20.21 g of triethylamine. To this mixture waas added a
solution of benzyloxycarbonyl chleride (2Cl) (34.07 g)
in chloroform (50 ml) gradually édropwise under
ice-coo0ling and stirring, and the mixture was further
stirred at room temperatuzre overnight. This reaction

mixture was diluted with 200 ml of water and extracted
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with 200 ml of chloroform 3 times. The organic laver
was washed with 200 ml of saturated aquecus socdium
chloride scluticen twice and dehydrated over anhydrous
magnesium sulfate and the solvent was distilled off.
The c¢rystalline residue was triturxated in 200 ml of
n-hexane and the resulting powders were recovered by
£iltration, rinsed with n-hexane, and dried te provide
37.04 g of ($)-2-benzyloxycarbonylamino-1-propancol.
(Step 2)

In 140 ml of methylene chloride was @issolved 36.52
g of (S)-2-benzyldxycarbanylamino-l-propanol, '
followed by additiomn of 18.67 g of triethylamine. To
thismixture was addeda solutionofmesyl chloride {(21.40
g) inmethylene chloride {60 ml) gradually dropwise under
ice-cooling and stirring, and the mixture was stirred
for 20 minutes. This reaction mixture was diluted with
200 ml of water and extracted with 200 ml of chloroform
3 times. The organic¢c layer was washed with 200 ml of
saturated agueous scdium chloride sclution and
dehydrated over anhydrous magnesium sulfate and the
sclvent waa distilled off to recover 49.53 g of
(S)-2-benzyloxycarbonylamino-1-methanesu1fopyloxypr
opane.
{Step 3)

In 60 ml of tetrahydrofuran (THF) was dissoclved
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70.0gocf3-amlno-1l-propanol. Tothissgolutionwas added
a suspension of (8)-2-benzyloxyvcarbonylamino-
l1-methanesulfonyloxypropane (42.97 g) in THF (140 ml)
at room temperature, and the mixture was refluxed at
80C with stirring overnight, After cooling, the
reaction mixture was diluted with 200 ml of water and
extractedwith 200ml of chloroform3 times. The organic
layer was washed with 200 ml of saturated aqueous sadium
chloride solution twice and dehydrated over anhydrous
magnesium sulfate and the solvent was distilled off to
provide 37.61 ¢ of
{(S)-6-benzyloxycarbonylamino-4-agzaheptan-1i-0l as
light-yellow 0il. This 0il ecrystallized as it was left
standing awhile.

(scap 4)

In 150 ml of THF was dissolved 37.1 g of
(5)-6-benzyIOxycarhonylamino-4-azaﬁeptan-1-01- To
this solution wae added a solution of di-tert-butyl
carbonate (34.7 g) in THY (50 ml) dropwise under
ice-ceooling and stirring, and the mixture was further
gstirred at room temperature overnight. This reacticn
mixture was diluted with 200 ml of water and extracted
with 200 ml of chloroform 3 times. The organic layer
was washed with 200 ml of saturated aguecus sodium

chloride solution twice and dehydrated over anhydrous
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magnesium sulfate and the solvent was distilled ofE.
The residue was purified by silieaz gel column
chromatography (Wako-gel C-200/TM, 1 kg; chlorxoform:
methancl = 100:1—>100:5) to provide 44 42 g of
{8) -6-benzyloxycarbonylamino-4- {tert-butoxycarbonyl
}-4-azaheptan-1-01 as light-yellew oil.
{(Step 5)

In 50 ml of methylene chloride was dissoclved 10.0
g of
(8)-6-benzyloxycarbonylamino-4-(tert-butoxycarbonyl
}J-4-azaheptan-1-0l, followed by addition of 3.0 g of
triethylamine, and the mixture was stirred under
ice-cooling. To this mixture was added 2 solution of
mesyl chloride (3.32 g} in methylene chloride (25 ml),
and the mixture was stirred at roem temperatuxre for 10
minutes. This reaction mixture was diluted with 200 ml
of water and extracted with 100 ml of chloroform 3 times.
The organic layer was washed with 200 ml of saturated
agqueong godium chloride gsoluntion and dehydrated aover
anhydrous magnesium sulfate and the solvent was
distilled off to recover 11.74 ¢ of
(8)-6-benzyloxycarbonylaminoc-4-{(tert-butoxycarbonyl
Y-4-azaheptyl methanesulfonate as light-vellow 611.
(Step 6) "

In dimethyl sulfoxide (DMSO) was dissolved 11.74
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g of‘{S)—G~benzyloxycarbonylamino-4-tert-
butoxycarbonyl)-4-azaheptyl methanesulfonate,
followed by addition of 2.2 g of 6§0% sodium hyvdride,
and the mixture was stirred at room temperature for 30
minutes. This reaction mixture was diluted with water
and ethyl acetate and the organic layer was washed with
water and then with 200 ml of gsaturated agueous sodium
chloride solution 5 times and dehydrated over anhydrous
magnesium sulfate, The sclvent was then distilled off
and the residué was purified by silica gel column
chromatography (Wako-gel €-200, TM, 200 g: eluent:
chloxoform) to provide B8.53 g of {(S)-hexahvdro
-1-benzyloxycarbonyl-4-{tert-butoxycarbonyl)
-2-methyl-1H-1,4-diazepine as light-yellow oil,.

{Step 7}

Using an atmospheric pressure reduction apparatus
of500ml capacity, 8.53g0of (8)- hexahydro -1-benzyloxy-
carbonyl-4-{tert-butoxycarbonyl)-2-methyl-1H-
i1,4-diazepine was dlssolved in 80 ml of methanol and
after addition of 4.0 g of 5% palladium-on-caxbon,
catalytic reduction undex atmospheric pressure was
carried out at room temperature. After 6 hours, the
reaction mixture was filtered with the aid of Celite
and the solvent was distilled off to provide 3.97 g of

{S)-hexahydro-4-(text-butoxycarbonyl)-2-methyl-1H-
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l1,4-dimzepine as light-yellow oil.

In the same manner as ahove, (R)-hexahvdro-4-
(tert-butoxycarbonyl}-2-methyl-1H-1,4-diazepine and
hexahydro-4-(tert-butoxycarbonyvl)-2-methyl-1H-1,4-
diazepine were synthesized.

Example 1
Hexahydro-1-{4-fluocro-5-isoquinolinesulfonyl) -
2-methyl-1H-1,4-diazepine

(1) To a mixed solution of hexahydro-4-(tert-butoxy-
carbonyl)-2-methyl-1H-1,4-diazepine (0.51 g) and
triethylamine (0.30 g) in methylene chloride (10 ml)
was added 0.45 g of S-chlorosulfonyl-4-
fluoroisoquinoline, and the mixture was stirred at room
temperature for 12 hours. This reaction mixture was
concentrated and the residue was dissolved in methylene
chloride., This methylene chloride solution was washed
withwater, dehydratedover anhydrous magnesiumsulfate,
and concentrated. The residue was purified by silica
gelcolumnchrohatography(chloroform/methanol=100/11
to provide 0.51 g of hexahydro-4-(tert-butoxycarbonyl)
-1-(4-flvoxo-5-isoguinolinesulfonyl)-2-methyl-
1H-1,4-dizepine.

{2) In 10 mi1 of methylene chloride was dissolved 0.99
g of the compound cbtained in (1), and 10 ml of

trifluoroacetic acid was added dropwise. The mixture
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was stirred at - room temperature faor 2 hours. Thig

reaction mixture was neutralized with saturated agueous

sodium hvdrogencarbonate solution and extracted with
chleoroform. The chloroform laver was dehydrated over
anhydrous magnesium sulfate and concentrated. The

residue was purifiedbysilicagel column chromatography

(chloroform/methanol = 10/1} to provide 0.24 g of the

objective compound.

NMR spectrum (CDCl;): O (ppm) 0.951 (3H, d)}, 1.68-1.88
(3B, m), 2.47-2.77 (28, m), 3.13-3.36 (3H, m),
3.92-4.10 (2B, m}, 7.73 (1¥, t), 8.22 (i, 44},
8.57 (1H, 4), 8.84 (1H, 4), 9.15 (1H, s&).

Bxample 2

(§)-(-)-Hexahydro-1-(4-fluoro-5-isoguincline-

sulfonyl)-2-methyl-1H-1,4-diazepine hydrochloride

(1) To a mixed sclution of (8)-hexahydre-4-

(tert-butoxycaxbonyl)-2-methyl-1H-1,4-diazepine

{0.549g) and triethylamine (0.38 g) inmethylenechloride

{10 ml) was added 0.62 ¢ of 5-chlorosulfonyl-

4-fluoro-isoguinoline, and the mixture was stirred at

room temperature for 12 hours. This reaction mixture
was concentrated and the residue was disaolved in
methylene chloride. The methylene chloride solution
was washed with water, dehydratad over anhydrous

magnesium sulfate, and concentrated. The residue was
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purified by silica gel column chromatography

{chloroform/methanol = 100/1) to provide 0.9% g of (S) -

hexahydro-4-(tert-butoxycarbonyl})-1-(4-fluoro-5-

isoguinolinesulfonyl)-2-methyl-1H-1,4-dlazepine.

(2) In 10 ml of methylene chlopride was dissolved 0.99

g of the compound obtained in (1), followed by dropwise

addition of trifluorvcacetic acid, and the mixture was

stirred at room temperature for 2 hours. This reaction
mixture was neutralized with saturated aqueous sodium
hydrogencarbonate solution and extracted with
chloroform. The chloroform laver was dehydrated over
anhydroue magnesium sulfate and concentrated. The
residue was purified by silica gel column chromatography

(chloroform/methanocl = 18/1) to provide 0.58 g of

(8) -hexahydzo-1-(4-fluoro-S-isoquinclinesulfonyl) -

2-methyl-1H-1,4-diazepine.

NMR spectrum (CcDCls;): & (ppm) 0.81 (3H, d4), 1.69-1.88
(38, m}, 2.47-2.77 (2H, m)}, 3.13-3,36 (3H, m),
3.92-4.10 (2H, m), 7.73 (1H, t), 8.22 (1, d4d),
8.57 {(1H, d4), 8.84 (lm, d), 9.15 {1H, s}.

{3) In 10 ml of methanol was dissolved 0.58 g of the

compound cbtained in (2), £ollowed by addition of 1.860

ml of 1N-hydrochloric acid, and the mixture was

concentrated toprovide 0.50g of the ocbjective compound.

Elemental analysis (CysH33FN30:8 HCL)
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Caled. (%) c, 50.01; H, 5.32; N, 11.68
Found (%) €, 50.26; K, 5.60; N, 11.44

[@lp = -5.02° tcul.oas, H,0)

Example 3

(R) -{+) -Hexahydro-1-{4-£fluoro-5-iso-

guinolinesulfonyl)-2-methyl-1H-1,4-diazepine

hydrochloride

(1} Using 0.54 g of (R)-hexahydro-4-

(tert-butoxycarbonyl)-2-methyl-1H-1,4-diazepine, the

procedure of Example 2 (1) and {(2) was otherwise repeated

tc provide (R)-{+}-hexahydro-1-(4-Ffluoro-5-iso-
gquinolinesulfonyl)-2-methyl-1H-1,4-diazepine.

NMR spectxum (CDCL,): & {ppm} 0.5%1 (3H, 4), 1.69-1.88
{3, m), 2.47-2.77 (2H, m), 3.13-3.38 (3H, m),
3.92-4.10 (2H, m), 7.73 (1H, t), 8.22 (iH, 44},
8.57 (1H, d), 8.84 (1H, d), 9.15 (1H, s).

{2) Using the compound obtained im (1) above, the

procedure of Example 2 (3) was otherwise repeated to

provide 0.45 g of the objective compound.

Elemental analysis {(C,cHisFWN,0.8 HC1)

Calcd, (%} C, 50.01; H, 5.32; N, 1l1.68
Found (%) ¢, 50.27; H, 5.05; N, 11.82
[@ls = 7.70° (c=1.116, H,0)
Example 4

{8)-(-)-Hexahvdro-1-(4-fluoro-5-iso-
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gquinolinesulfonyl)-2-methyl-1H-1,4-diazepine
hydrochloride {(an alternative process)

(1) In100ml of methylene chloride were dissolved 3.00
g of {(S)-(+)-2-amino-1-propanol and 6.06 g of
triethylamine, followed by addition of 9.82 g of
5-chloresulfonyl-4-fluorciscquinoline, and the
mixture was stirred at room temperature for 12 hours.
Thies reaction mixture was washedlwith water, dehydrated
over anhydrous magnesium sulfate, and concentrated.
The resulting crystal crop was washed with isopropyl
ether toprovide7.956 gof {(8)-4-£fluoro-5-(N-{(1-hydroxy-
propan-z-yllaminosulfonyi]iSOquinoline.

{2} In 30 ml of methylene chleride were dissolved 1.42
g of the compound obtained in (1} and 0.76 (g} of
triethylamine, and 0.62 g of mgthanesulfonyl chloride
was added dropwise under ice-cooling. The mixture was
then stirred at room temperature for 1 hour. This
reaction mixture was washed with water, dehydrated over
anhydrous magnesium sulfate, and concentrated. To the
resjidue was added 20 ml of THF, and 1.88 g of
3-aminopropanol was added dropwise. The mixture was
then stirred at room tamperatﬁre for 12 hours. This
reaction mixture was concentrated and the residue was
purified by silica gel column chromatography (methylene

chloride/methanol/29% agueous ammonia = 90/10/1) to
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provide 1.56 g of (8)-4-fluoro-5-[(N-(l-hydroxy-
4-azaheptan-6-yl)amincsulfonylliscoguinoline.
(3} In 1l5ml of THF were dissolved 1.54 g of the compound
ebtained in {2} arnd 1.77 g of triphenvlphosphine., and
3.41 g of 40% diisopropyl ester of azodicarboxylic
acid/toluene was added dropwise. The mixture was then
stirred at room temperature for 2 hours. This reaction
mixture was concentrated and the residue was diluted
with ethyl acetate and extracted with 1N-hydrcchloric
acid. 7The aqueous layer was made weakly basic with
sodium hydrodgencarbonate and the resulting ecil was
extracted with chloroform. The chlorocform laver was
washed with water, dehydrated over anhydrous magnesium
sulfate, and concentrated. The resgsidue was disscolved
in ethanol and 1N-hydrogen chloride/ether wae added,.
The resulting cxysetals were harvested by Filctration and
rinsed with ethanol teo provide 0.60 g of the objective
compound,
Elemental analysis (Cy;sH;9FN,02,8 HCL)

Calcd. (%) ¢, 50.01; H, 5.32; N, 11.68

Found (%) C, 49.82; H, 5.21; N, 11.43
m.p. 258-2607T
Formulation Example 1
Recipe {in each mil)

Conmnpound of Example 2 3 mg
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Sodium chloride % mg
Water for injection q.8.
l1 ml

Preparation method:

The compound of Example 2 and sodium chloride in
the above ratio are dissolved in water for injection
and the solution is filtered through a membrane filter
(0.22 Zm), £illed into ampoules, and sterilized to
provide an agueous injectable product.

Formulation Example 2
Recipe (in each wvial)
Compound of Example 2 3 mg
Mannitol ' 50 mg
Freparation Method:

The compound of Example 2 and manni.tol in the above
ratio are dissolved in water for injection, filtered
aseptically through a membrane filter (0.22 i4m), and
the filtrate is filled intc vials and lyophillized in
the routine manner to provide an injectable product of
the extemporaneocus reconstitution type.

Formulation Example 3

Recipe (1ln each 180 mg tablet)
Compound of Example 2 10 ng
Lactose 100 mg

Corn starch 55 mg
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Low-substltution-degree

hydroxypropylcellulose 9 mg

Polyvinyl alcochol

{partially hydrolyzed) 5 mg

Magnesium stearate 1 mg
Preparation method:

The above components except for poiyvinyl alcohel
and magnesium stearate are evenly blended in the ahove
ratio and uging an agueous soelution of polyvinyl alcohol
as a blnder, a granulation for compression is prepared
by the wet granulation method. Magnesium stearate isgs
mixed with the above granuvlation and the resulting
composition is compressed with a tablet machine to
provide oral tablets each weighing 180 mg.
Formulation Example 4

Recipe (in each 220 mg capsule)

Compound of Example 2 10 mg
Lactose 187 mg
Microcrystallipne cellulose 20 mg
Magnesium stearate 3 mg

220 mg

Preparation method:
The components in the aboveratioare evenlyblended
and using a capsule filling machine, the composition

(220 mg) is f£illed into hard capsule shells to provide



3o

a hard capsule product.

Formulation ERxample 5

Recipe (in each g of granules)
Compound of RBxample 2 10 nmg
Lactose 880 my

Low-substitution-degree

hydroxypropylcellulose 70 mg
Hydroxypropyleellulose 40 mg
1000 mg

Preparation method:

The components other than hydrexypropyleellulose
in the aboveratioare evenly blended and using an agueous
solution of hydreoxypropylcelluleose as a binder, Lhe
mixture is kneaded and mechanically granulated fo
provide granules,

The following are test examples for a
representative compound of the invention. The compound
of Example 2 was used as the investigational substance,
As reference compounds, hexabhydro-1-(4-fluoro-5-
iscquinolinesulfonyll-1H~1,4—dia£epine hydrochloride
(hereinafter referred to as Compound A), which is
specifically discleosed in WO 97/28130 and resembling
the compound of the invention most closely in chemical
structure, and the commercial product fasundil

hydrochloride were used.
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Test Example 1

Action on the calcium ionophore-induced constriction

of the rat aorta

Rats (8D strain, male, 10 to 14 weeks o0ld) were
bled to death under ether anesthesia and the thoracic
aorta (ca 3 cm} was excised. The fat and connective
tissue were removed and an annular specimen about 3 mm
in width was prepared. The lumen was then abraded to
remove vascular endothelial cells. Thias specimen was
mounted on the isometric transducer of a Magnus tank
filled with an organ bath and a2 static tensile locad of
1l g was applied. The organ bath in the Magnus tank was
maintained at 37C under aeration with a mixed gas (95%
0, + 5% CO;), and with the crgan bath changed at intervals
of about 20 minutes, the gspecimen was allowed to
equilibrate for aboukt an hour. To this specimen was
added calcium ionophore A23187 at a £inal concentration
of 1 4 M, and after the contractile response had steadied,
the test compound was cumulatively administered. The
relaxation response during the period was monitored and
recorded and the 50% inhibitory concentration against
AZ23187-induced vasoconstriction [ICye (/M M)] was
calculated. The ICsq, thus found, of the compound of
Example 2 was 1.7. ©On the other hand, the IC;, values

of reference drugs, 1.e. Compound A and fasudil
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hydrochloride, were 10.6 and 7.4, respectively. The
compesition of the organ bath used in the experiment
was: NaCl 115.9 mM (the same applies below); KCl 5.9;
€aCl; 2.5; MgCl, 1.2; NaH,PO, 1.2; NaHCO, 25.0; glucose
11.5; dissolved in distillation-deionizea water. The
pH of the bath saturated with the mixed gas was 7.4.
The compound of the invention has the property to
relax calcium ionophore-induced vasoconstriction and
the.intensity of this action was significantly great
as compared with the reference drugs, i.e. Compound &
and fasudil hydroechloride.
Test Example 2

Rat middle cerebral arterxrial blood flow-increasing

action

Using rats (SD, male, 11 to 12 weeks old) under
urethane anesthesia, the head of each animal was
immobilized and the buccinatox muscle was peeled off
to expose the cheek bone. Usinga deantal electricdrill,
an orifice about S mm in diameter was drilled in the
cranium immediately over the middle cerebral artery
(MCA) to provide for direct visual access to MCA. fhe
prechbe {dia. 1.0 mm} of a laser Doppler blood flowmeter
was brought clase to the MCA to measure changes in MCA
blood flow. Thetestqompoundwasdissolvedanddiluted

using saline and administered in a dose of 3 mg/kg from
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the fameral vein through a cannula over 5 minutes. The
action of each compound was expressed in terms of the
pexcent increaseinblood flowagainst thebaseline value
prior to administration. aAs a result, the compound of
Example 2 increased the blood fiow by 18.8%. In contrast
Compound & and fasudil hydrochloride, referance drugs,
increased the flowonly by 12.4% and 5.2%, respecktively.
In a further experiment, the test compound was
adminietered over 30 minutes and the increase in blood
flow was similarly measured. As & result, whereas the
campound of Example 2 increased the bhlood flow
significantly, by 5.2% at 1 mg/kg and 9.6% at 3 mg/kgq,
fasudil hydrechloride caused no increase at 3 mg/kg and
a significant increase of §.4% only at 10 mg/kg.

The compound of the invention thus has the property
taoa increase the rat middle cerebral arterial blood flow
and the intensity of this action was significantly great
as compared with the reference drugs, i.e. Compound a
and f£fasudil hydrochloride.

Test Example 3

Cerebral vasospasm-relieving action in the canine model

of subarachnoid hemorrhage

In accordance with the method of Varsos et al. [J.
Neurosurgery 58, 11-17 (1983)], the canine diseaze model

was constructed by two successive injecitons of
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autologous cisternalblood. ¢Ondaylofexperiment, with
the animal under pentobarbital anesthesia, basilax
artery angiography was taken prior to administration.
Then, 4 ml of cerebrospinal fluid was removed from the
cisterna magna and the same amount of autologous blood
was injectedatarateecf2ml/min. After blood injection.
the head was tilted down through 30 degrees for 30 minutes
5¢ as to let the blood be uniformly distributed from
the basilar artery to the Willis' cords. On day 3 of
experiment, 4 ml of autologous blood was injected again
into the cisterna magna. oOn day 7 of experiment,
cerebral angiography was taken under pentobarbital
anesthesia to check inductien of delayed cerebral
vagospaem and the efficacy evaluation was then carried
out. The test compound was administered from the laft
femoral vein over 1 minute. Angiography wes performed
serially. The action of each compound was expressed in
terms of the maximum diametexr at the most comstricted
gite of the basilar artery with the diametex at the game
gite on.day 1 of experiment being taken as 100%.

aAs a result, against vasospasm, the compound of
Example 2 exerted a significant relieving action at 0.3
mg/%Xg and higher dases and a complete ralief of the
vasospasm at 3 mg/kg. The blood pressure did not change

at 0.3 mg/kg but was depressed at 1 mg/kg and higher
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doses. On the other hand, fasudil hydrochloride showed
a significant relieving action only immediately after
drip injection of 10 mg/kg. The blood pressure fell at
3 mg/kg and higher doses.

Thus, assuming that the group treated with 3 mg/kg
of the compound of Exanple 2 is Test Group & (the number
of animals (n}=5), the group treated with 3 mg/kg of
the refexrence drug fasudil hydro¢hloride is Test Group
B {n=4), and the group treated with 10 mg/kg of fasudil
hydrochloxride is Test Group C (n=4), the diameter of
the artery prior to medication on day 7 was 58% in Test
Group &, The values in Test Groups B and C were 58% and
57%, respectively. The compound o¢f Example 2, when
administered intravenocusly, 8ilated the affected blood
vessel to the calibexr prior to blood injection, i.e,
107%. On the other hand, fasudil hydrochloride failed
ta show a2 definite relieving action at 3 mg/kg i.v. and
relieved the vasospasm anly to 92% even at 10 mg/kg i.v.

The compound of the invention, thus, relieved
vasospasm significantly at a very low dose of 0.3 mg/kg
not affecting the systemiec blcod pressure,

Tegt Example 4

Actionon therat cerebral infarction causedby transient

middle cerebral arterial occlusion

Using male SD rats {210-240 g, aged 7 weeka, 12
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animals per group) under halothane anesthesia, the
common narotid artery wae incised and a nylon obturater
was inserted f£rom the incision through the internal
carotidartery totheoriginof themiddle cerebral artery.
After this arrest of middle arterial blood flow, the
anesthesia was stopped. BAfter 2 hours, the nylon
obturator was withdrawn fox reperfusion. After 6 hours
0of reperfusion, the brain was enucleated and the
infarctedregionwas identifiedby T?PC (2,3,5-triphenyl-
tetrazolium chloride) staining. The infarction volune
was measured separately for the cerebral cortex and the
superior brain stem regicn other than the cortex and
Dunnett's test was used for statistical evaluation. The
compound of Example 2, 0.3 and 1 mg/kg, or fasudil
hydrochloride, 3 mg/kyg, was administered by intravenous
drip injection over 30 minutes starting immediately
after the middle cerebral artery occclusion-reperfusion
procedure.

Ag a result, the compound of Example 2 at 1 mg/kg
was found to significantly inhibit the cerebral cortex
infarction following translent middle cerebral arterial
pcclusion from 298.7 mm® to 181.7 mm® (P<0.05). On the
other hand, fasudil hydrochloride at 3 mg/kg showed only
a tendency toward inhibition of the brain infarction.

Test Example 5
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Action on the rat cerebral infarction caused by permanent

middle cerebral) arterial ocelusion

Using male 8D rats {210-240 g, aged 7 weeks, 10
to 11 animals per group) under halothane anesthesia,
a small orifice was drilled in the base region of the
temporal bone and the left middle cerebral artery trunk
was cauterizedby electrocoagulation. At 48 hoursafter
this middle cerebral artery occlusion, the brain was
enucleated and the infarcted region was identified by
T'TC staining. The infarction volume was measured
separately for the cerebral cortex and the striate body
and Dunnett's test was used foxr statistical evaluation,
The compound of Example 2, 0.03, 0.1, 0.3, or 1 ma/kyg,
or fasudil hydrochloride, 1 or 3 mg/kg, was administered
by intravenous drip infusion over 30 minutes starting
immediatelvafter themiddle cerebralarterial ocelusion.
As & result, in the cerebral cortex and striate body,
the compound of Example 2 at 0.3 mg/kg suppressed the
infarction volume significantly (P<0.01) from341.0 mm?®
to 198, 0 mm® and from141.8 mm® to 103 .8 mm?, respectively.
However, fasudil hydrochloride suppressed the
infarctionvolume significantly (P<0.01) only at 3 mg/kg,
from 341.0 mn® to 224.7 mm?® in the cerebral cortex and
from 141.8 mm® te 103.7 mm® in the striate body. Thus,

the compound of Example 2 is more than 10 times as potent
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as fasgudil hydrochloride.
Test Example 6

Action on the rat cerebral infarction due to

photochemically induced thrambus

Using male 8D rats {aged 7 weeks, 8 animals per
group), an orifice was drilled in the skull immediately
superior to the middle cerebral artery for insuring
directvisualaccesstothemiddlecerebralartery. Rose
Bengal was administered intravenously anda light source
for construction of a thrombus model was brought close
tothEmiddlecerebralarteryforexpoguretogreenlight.
Immediately after exposure to green light, the test drug
was administered intzavenously. After 24 hours the
brain was enucleated and a continuous series of coronary
gsections was prepared and stained with TTC solution.
Asaresult, the compound of Example 2 was found to inhibit
cerebral infarction in both the cerebral cortex and the
striate body, with the effect being more remarkable in
the cerebral cortex. Thus, at the doses of 0.3 and 1
mg/kg, the compound suppressed the infarction volume
in the‘carebral cortex significantly from 86.3 mm’® to
64.5 mm’ and 55.6 mm® (P<0.05, P<0.01), respectively.
At 1img/kg, the compound suppressed the infarction volume
in the striate body significantly from 53.2 mm® to 37.3

mm® (P<O.Q5). In contrast, fasudil hydrocchloride
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suppressed the infarction velume in the striate body
significantly from 59.9 mm® to 43.5 mm® and 44.5 mw® only
at the doses of 1 and 3 mg/kg, respectively {(P<0.01).

Thus, the compound of Example 2 was found to be
considerably more effective than fasudil hydrechloride
in relieving cerebral infarction of the thrombus type.
Test Example 7

Action of the compound of Bxample 2 on coi:onary arterial

blood flow in anesthetized open-c¢hest dogs

Protocol

Beagle dogs weighing 12.3-13.4 kg (in groups of
4 animals) were anesthetized with penteoebarbital socdium
(30 mg/kg i.v.) and immobilized in supine position.
Thereafter up till the end of the experiment,
pentobarbital sodium (3-5 mg/kg/hr) was infused
continucusly from a catheter indwelled in the right
cephaile vein. After tracheal intubation and
introduction of supportive respiration with an
artificial respirator (tidal wvolume 15 ml/kg,
respiration frequency 20 beats/min), a left thoracotomy
was performed in the interspace between the 4" ang 5t
riba, the pericardium was ineised, and the heart was
suspended in the manner of a hammock. The probe of an
electromagnetic blood flowmeter was mounted on the

anterior descending branch of the left coronary artery
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and using the electromagnetic flowmeter and a
biocelectric preamplifier, the corcnary arterial blood
flow was measured and recorded on a Recticorder. ©The
compound of Example 2 and fasudil hvdrochloride were
respectively dissolved extemporanecously in saline in
a dose volume of 30 nl pef animal and infused over 230
minutes via the catheter indwelled in the left cephalic
vein. The % change from the baseline value before the
start of infusion wasg caleculated. Measurement of blood
flowwasperformedover 60minutesinclusive of thedosing
time. As a result, in the group treated with saline,
little change was found in coronary arterial blood flow.
The time course of coronary arterial blood flow after
the start of intravenous admimistration of the drug
substance was recorded. After 5 to 15 minutes after the
start of administratioen of the compound of Example 2,
the blood flow was increased significantly by 29.7%,
692.3%, and 86.7% at 0.1, 0.3, and 1 ma/kg, respectively.
On the other hand, with the reference ¢compound fasudil
hydrochloridé,onLyatendencytowardincreasewaafound
at 3 mg/kg and a significant increase of 53.1% only at
10 mg/kg.

It is apparent from Test Examples 1 to 7 that the
compound of the invention showed remarkably superior

cerebral vasospasm-relieving activity and
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blood-flow-increasing activity even compared with the
known compound which is structurally analogous to the
caompound of the invention.

Test Example 8

Acute toxicity

The test was performed in rats in accordance with
the method of Wyle. Using 6-year-old male slc SD rats
{5 animals/group), the test drug was administered from
the tail wvein over 60 seconds and the mortality rate
within 24 hours was investigated. The test drug was used
ag digsolved and diluted with saline. As a result, the
acute toxicity of the compound of Example 2 was found
to be low.

INDUSTRIAL APPLICABILITY

The compound of the invention thus showed a potent
cerebral vasospagm-relieving action at a considerably
lower dose not affecting the blood pressure as compared
with the structurally analogous reference Compound A
and the reference compound fasudil hydrochloride.
Furthermore, the compound of the invention restored the
caliber of the constricted bhloocd vessel completely to
the caliber before blood injection. The findings
suggested that the compound of the invention ies useful
for the prevention and treatment of brain tissue damages

due t¢ cerebrovascular disease, particularly cerebral
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vasospasm secondary to cerebral hemorrhage. In
addition te the above-mentioned cerebral
vasospasm-relieving action, the compound of the
invention hasorgan-selective cerebral andcardiacblood
vessel-dilating activity, blood flow-inecreasing
activity and ischemic neuron-protecting'activity at
doses considerably lower the corresponding doses of the
referéncecompounﬁfasudilhydrochlorideand,therefore.
is of value as a prophvlactic or therapeutic drug for
diseases accompanied by ischemic lesions. 8ince the
compound of the inventieon dilates the cerebral blood
vessgsels and displays cerabral blood flow-increasing and
ischemic nenrom-protecting activities, it ia of value
as a prophylactic or therapeutic drug for seguelae (e.q,
dyskinesia) cf cerebral hemorrhage, cerebral infarction,
transient cerebral ischemic attack, and head trauma.
In addition, because it dilates the ceronary blood
vessels to show a2 potent coronary bleod flow-increasing
action, the ceompound is useful for the prevention and

treatment of myocardial infarction and angina pectoris.
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CLAIMS
1. & compound of the following general formula

[I] or a medicinally acceptable salt thereof.

\)

L1

2. The compound oxr pharmaceutically acceptadble
galt of Claim 1 which has an absolute confiquration of
S.

3. A pharmaceutical composition comprising the
compound or medicinally acceptable salt of Claim 1 as
an active ingredient.

4. The pharmaceutical composition of Claim 3
which is a prophylactic ox therapeutic drug for
cerebrovasculér disease.

5. The pharmaceutical composition of Claim 3
which is a prophylactic or therapeutic drug for diseases
accompanied by ischemic lesions.

6. The pharmaceutical composition of Claim 3
which is8 a cerebral vasospasm inhibitor.

7. The pharmaceutical composition of Claim 3
which is a protectant for ischemic neurcnal death.

8. The pharmaceutical composition of Claim 3
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wherein the disease type of said cerebrovascular disease
is cerebral infarction.

9. The pharmaceutical composition of Claim 3
wherein the disease type of said cerebrovascular disease
is transient cerebral ischemic attack.

10. The pharmaceukical composition of Claim 3
wherein the disease types of said cerebrovasculazxr
disease are cerebral hemorrhage and head trauma.

11, The pharmaceutical composition of Claim 3
which is a preophylactic or therapeutic drug for sequelae
cf cerebral hemorrhage and head trauma.

12. The pharmaceutical composition of Claim 3
which 1is a prephylactic or therapeutic drug for ischemic
heart disease.

12. The pharmaceutical composition of claim 3
which is a myocardial infarction inhibitoer.

14. The pharmaceutical composition of ¢Claim 2

which 15 a therapeutic drug for angina pectoxis.
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ABSTRACT

The invention relates to an isoguinoline
dexrivative of the following general formula [I] or =
medicinally aceceptable salt thereof and to a
pPharmaceutical composition containing any of them as
an active ingredient.

The compound [I])] is useful as a prophylactic or
therapeutic drug for cerebrovascular disease,
particularly as a compound of great value as a cexebral
vasospasminhibitor.l Itisalsouseful asaprophylactic
or therapeutic drug for diseases acconpanied by isehemic

legsions.



