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Re: P1.-PHARMACIA & UPJOHN COMPANY.-Solicitud de
Patente de Invencion Fase Nacional PCT para
“COMPUESTOS PARA EL TRATAMIENTO DE

DESORDENES ADICTIVOS”.-Clase A61K 31/00.-Expediente
namero 03-021.690.-

1. Me refiero a mi memorial de 3 de Abril de 2003.

2. Anexo me pemmito presentar a usted documento parcial de Reporte
de Basqueda Internacional junto con sus an?fxas\ comespondiente a la
soliciiud intemacional nimero PCT/US01/25603, actuaimente en tramite

de Fase Nacional en ese despacho, bajo el nimero de la referencia.

3. Ruego a usted tomar atenta nota de lo anterior y proceder de
conformidad.

Seflor Superintendente,

JOSE ANTONIO LLOREDA
T.P. 10.784
Cédigo 231




. Anexo a Is Forma PCT/ISA/206 Solicitud Internacional No.
COMUNICACION RELACIONADA CON LOS RESULTADOS |PCT/US 01/25603 a
DE LA BUSQUEDA PARCIAL INTERNACIONAL 6o

1. La presente comunicacién es un Anexo a la invitacién a pagar tasas adicionales (Forma PCT/ISA/206).
Muestra los resultados de la bisqueda internacional establecida es las partes de la solicitud internacional que
se refieren a la invencién mencionada primero en las reivindiceciones Nos.:

ver ‘Invitacién a pagar tasas adicionales’
2. Esta comunicacién no es cl reporte de biisqueda internacional que serd establecido de acuerdo con el
Articulo 18 y la Regla 43.

3. Si el solicitante no paga ninguna tasa de busqueda adicional, la informacién que sparece en esta
comunicacién serd considerada como el resultado de la blisqueda internacionel y serd incluida como tal en el
reporte de blisqueda internacional.

4, Si el solicitante paga las tasas adicionales, el reporte de blisqueda internacional contendrd la informacién
que aparece en esta comunicacién y los resultados de 1a bisqueda internacional sobre otras partes de la
solicitud internacional para los que dichas tasas hayan sido pagadas.

C. DOCUMENTOS CONSIDERADOS RELEVANTES

l_c.m. © [ Citacitm de documento, ton indicaciom, donde sca aprogiado, de 108 textos relevanies Ralevante a Ia relvindicacién No.
X US 6 008 233 A (SINAY TERRY G ET AL) 1
28 de Diciembre de 1999 (1999-12-28)
resumen

columna 2, linea 35-columna 3, linea 52

X  |WO 99 24423 A (ELLIOTT MATTHEW JASON; MERCK |1
SHARP & DOHME (GB))

20 de Mayo de 1999 (1999-05-20)
TCSUImen

péigina 8, linca 16-pigina 9, linea 26

X WO 99 10339 A (LOWE JOHN ADAMS III; PFIZER PROD INC| 1
(US))

4 de Marzo de 1999 (1999-03-04)
resumen

pégina 4, linea 19-pdgina 7, linea 35
pégina 9, linca 13-25; reivindicaciones 1-9

X GARNER, K. J. ET AL: “Anilisis de los ligandos Selectivos-del | I-3,
Receptor D2 y D3 en Ratas Entrenadas para Discriminar Cocaina | 16-25
de Sales”

PHARMACOLOGY, BIOCHEMISTRY AND BEHAVIOR
(1999), 64 (2), 373-378,

XP001148424

el documento completo

of—
E En el recuadro C se enumeran mis documentos. E En ¢l anexo rc enumeran miembros de 1a familia de patentes.
* Categorias especiales de documentos citados:
T documento posterior publicado despuds de 1a fecha de presentacién
'A’ documento que define el estado general de Ia téenica el cusl no se intemacional o fecha de prioridad y que no estl en comflicto con ba
congidem de relevancia particular solicitud pero citado pars entender €l principio o teoria que sustentn
Ia invencidn
'E' documento anterior pero publicado en o después de In fecha de
presenfacidn intermacional X' documnento de relevancia particular; la invencidn relvindicada no
puede considernrse nueva o no pucde considerarse que comprende
'L’ documenio que puede arrojar dudas sobre reivindicaciones de un paso inventivo cuando ¢l documento se toma solo
prioridad o que se cita parn esteblecer In fecha de publicacion de otrm
citacitin u otra razdn especial (segim sc especifica) "Y' documento de relevancia particular; la invencién reivindicads no
puede considerarse que comprende un paso inventivo cuando ¢
‘0’ documento que se refiere 3 una revelacidn oml, uso, exhibicidn u documento se combina con uno o mis documenics, siendo dicha
otros medios combinacidn cbvia pars una persona experia en la técnics

P documnento publicado antes de la fecha de presentacidn intermacional ‘&' documento miembro de la misma familia de patentes
de In fecha de prioridad refvindicada

Forma PCT/ISA/206 (Anexo primers haja) (Julio 1992)



Solicitud Internacional No.
' Anexo a la Forma PCT/ISA/206
COMUNICACION RELACIONADA CON LOS RESULTADOS |PCT/US 01/25603 ’:rS
DE LA BUSQUEDA PARCIAL INTERNACIONAL

C. (Continnaciin) DOCUMENTOS CONSIDERADOS RELEVANTES

Categoria ©

Citacitm de documentn, con indicacién, donde sea aprogiado, de ios taxios relovantes

Relevanicala reivind# i so.

X

CAINE S B ET AL: “Prueba in vitro del receptor-D3 predice el
decrecimiento de la auto-administracién de cocaina en ratas”
CHEMABS,

XP002168920

resumen

WO 90 15058 A (UPJOHN CO)

13 de Diciembre de 1990 (1990-12-13)

citado en la solicitud

el documento completo

CALON, F. ET AL: “Disquinesia inducida en levodopa o agonista
D2 en monos MPTP: correlacién con cambios en receptores de
dopamina y GABAA en el complejo estriadopalidal”

BRAIN RESEARCH (1995), 680 (1,2), 43-52,

XP001148341

¢l documento completo

14,
13-25

14,
13-25

Forma PCI/ISA/206 (Anexo hoja de continuacién) (Julio 1992)



Solicitud Internacional No. PCT/US 01/25603

INFORMACION ADICIONAL DE FCT/ISA206

&
073,
Continuacién de la Casilla 3.

Aunque las reivindicaciones 1-4, 13-25 ge relacionan con un método de tratamiento del
cuerpo humano/animal, la bisqueda se ha llevado a cabo segin los supuestos efectos del
compuesto/composicién.

Defecto(s) adicionales segtin el Articulo 17(2)(a):

Continuacién de la Casilla 3.

Las presentes reivindicaciones 1-4, 13-24 se relacionan con un compuesto/uso definido por
referencia a las siguientes expresiones:

sintomas de al menos un desorden seleccionado de los desdrdenes adictivos, desérdenes del
uso de sustancias psicoactivas, desérdenes de intoxicacién, desérdenes de inhalacién, adiceién
al alcohol, adiccién al tabaco y adicién a la nicotina.

Se considera que el uso de estos pardmetros en el presente contexto lleva a una falta de
claridad dentro del significado del Articulo 6 del PCT. Es imposible comparar los parimetros
que el solicitante ha escogido para usarse con lo que se expresa en la técnica anterior. La falta
de claridad es tal que hace que una bisqueda significativa completa sea imposible.

La fase inicial de la bisqueda revelé un gran numero de documentos relevantes para la
emisién de la novedad de la reivindicacién 1. Se recuperaron tantos documentos que es
imposible determinar cuiles partes de la reivindicacién puede decirse que definen la materia
objeto para la cual pueda buscarse proteccién legitimamente (Articulo 6 del PCT).

Por consiguiente, la bisqueda se ha restringido al uso de compuestos de la férmula (I) en
relacién con un desorden seleccionado de desérdenes adictivos, desdrdenes del uso de
sustancias psicoactivas, desérdenes de intoxicacién, desérdenes de inhalacién, adiccién al
alcohol, adiccién al tabaco y adicién a la nicotina.

Se llama 1a atencién del solicitante respecto al hecho de que las reivindicaciones, o partes de
las reivindicaciones, relacionadas con invenciones respecto de las cuales no se ha establecido
un reporte de blsqueda intermacional, no requieren ser el objeto de un examen preliminar
internacional (Regla 66.1(e) PCT). También se le notifica al solicitante que la politica de la
EPO al actuar como Autoridad de Examen Preliminar Intemacional normalmente es no llevar
a cabo un examen preliminar en materias que no se han buscado. Este es el caso
prescindiendo de si las reivindicaciones se enmiendan siguiendo el recibo del reporte de
bisqueda o durante cualquier procedimiento del Capitulo IL.

¢



INVITACION A PAGAR TASAS ADICIONALES

Esta Autoridad de Biisqueda Internacional encontré miltiples (grupos de) invenciones m@%
solicitud internacional, asf: f

1. Reivindicaciones: 1, 13-25 (parcialmente) 24

Uso de una amina heterociclica para la preparacién de un medicamento
para tratar o suprimir los sintomas de al menos un desorden seleccionado
de desdrdenes adictivos, desérdenes del uso de sustancias psicoactivas,
desdrdenes de intoxicacién, desérdenes de inhalacién, adiccién al alcohol,
adiccién al tabaco y adicién a la nicotina.

2. Reivindicaciones: 1, 13-25 (parcialmente) 5-7

Uso de un fenilazacicloalcano para la preparacién de un medicamento para
tratar o suprimir los sintomas de al menos un desorden seleccionado de
desdérdenes adictivos, desdrdenes del uso de sustancias psicoactivas,
desérdenes de intoxicacidn, desdrdenes de inhalacién, adiccidn al alcohol,
adiccién al tabaco y adicién a la nicotina.

3. Reivindicaciones: 1, 13-25 (parcialmente) 8-9

Uso de una cabergolina para la preparacién de un medicamento para tratar
o suprimir los sintomas de al mencs un desorden seleccionado de
desdérdenes adictivos, desdrdenes del uso de sustancias psicoactivas,
desérdenes de intoxicacién, desérdenes de inhalacidn, adiccién al alcohol,
adiccidn al tabaco y adicién a la nicotina.

4. Reivindicaciones: 1, 13-16 (parcialmente) 10-12

Uso de una amina biciclica aromética para la preparacién de un
medicamento para tratar o suprimir los s{ntomas de al menos un desorden
seleccionado de desdérdenes adictivos, desdrdenes del uso de sustanciag
psicoactivas, desdrdenes de intoxicacién, desérdenes de inhalacién,
adiccién al alcohol, adiccién al tabaco y adicidn a la nicotina.

Los problemas que hay que resolver por medio de la presente solicitud son proporcionar para
el tratamiento o supresién de los sintomas de al menos un desorden seleccionado de
desérdenes adictivos, desérdenes del uso de sustancias psicoactivas, desdrdenes de
intoxicacién, desérdenes de inhalacién, adiccién al alcohol, adiccién al tabaco y adicién a la
nicotina.

Las soluciones propuestas son el uso de un agente seleccionado del grupo que consiste en una
amina heterociclica, un fenilazacicloalcano, un cabergolina y una amina biciclica aromitica.

US6008233 revela que (1S, 2S)-1-(4-hidroxifenil)-2-(4-hidroxi-4-fenil piperidin-lilo)-1-
propanol metano sulfonato trihidratado, un fenilazacicloalcano, pueden usarse para tratar
desordenes del sistema nervioso central, tales como adiccién a las drogas o al alcohol,
sintomas de suspensién del uso de drogas y del alcohol. Ver los pasajes citados en el reporte
de blisqueda.

“Forma PCI7ISA/206 (hoja adicional) (Julio 1992)

Solicitud Intermacional No. PCT/US 01/25603| 7) ¢



INVITACION A PAGAR TASAS ADICIONALES

Solicitud Internacional No. PCT/US 01/25603
&

W09924423 revela el uso de
N-(2-Ciclopropoxi-5-tetrazolil-benzil)-2-fenil-piperidina-3-amina, una amina heterociclica y
un derivado de fenilazacicloalcano para tratar desdrdenes relacionados con sustancias que
surjan del uso del alcohol, anfetaminas (o sustancias semejantes a las anfetaminas) cafeina,
cannabis, cocaina, alucinégenos, propulsores inhalantes o en aerosol, nicotina, opiodes,
derivados de fenilglicidina, sedantes, hipnéticos y anxioliticos, desérdenes relacionados con
sustancias que incluyen dependencia y abuso, intoxicacién, suspensién, delirio de
intoxicacion, delirio de suspensién. Ver los pasajes citados en el reporte de blisqueda.

W09910339 revela derivados de 2-Aminopiridina los cuales son aminas bicliclicas aromaticas
y aminas heterociclicas dtiles para tratar el sistema nervioso central y otros desdrdenes,
incluyendo dependencias quimicas y adiccién (v.g., dependencia de las drogas, alcohol y
nicotina). Ver los pasajes citados en el reporte de blisqueda.

Los documentos citados no representan una bilisqueda comprensiva para ninguna de las
invenciones definidas y deben considerarse Unicamente parte de la técnica anterior que
pertencce a la idea general que sustenta la presente solicitud.

De conformidad con el Articulo 3(4)iii) del PCT, una solicitud internacional cumplird con
“los requisitos prescritos de unidad de invencién.” Esto significa, segin se explica en la Regla
13.1 del PCT, que la solicitud se relacionaré con una invencién Gnicamente o con un grupo de
invenciones asf unidas para formar un solo concepto inventivo general.

De los documentos citados anteriormente, parece que el uso de los compuestos de la presente
invencién en relacién con los usos especificados anteriormente y en el tratamiento de las
condiciones especificadas anteriormente se conoce en la técnica anterior y no puede cumplir
el papel de 1a técnica caracteristica especial (concepto inventivo general) en el sentido de la
Regla 13.2 del PCT.

En 1a presente solicitud no se puede distinguir una técnica caracteristica adicional que pueda
considerarse como una “caracteristica técnica especial” comprendida en la relacién técnica
entre las diferentes invenciones.

Por consiguiente, a la presente solicitud le falta unidad de invencién.

Cada invencidn es una invencién diferente, caracterizada por su propia caracteristica técnica
especial, que define la contribucién que cada una de las invenciones reivindicadas,
consideradas como un todo, hace sobre la técnica anterior.

Puesto que la biisqueda del otro objeto hubiera ocasionado un esfuerzo de biisqueda adicional,
unicamente se buscé la primera invencién.

La solicitud se relaciona con una pluralidad de invenciones o grupos de invenciones, en el
sentido de la Regla 13.1 del PCT. Se han dividido segin se define anteriormente. Si el
solicitante paga tasas adicionales para uno (o0 més) grupo(s) de invenciones que no se han
buscado ain, entonces la(s) bisqueda(s) adicional(es) pueden revelar técnicas anteriores
adicionales que proporcionen evidencia de una falta de unidad adicional ‘a posteriori’ dentro
de uno (o més) del grupo(s) que no se han buscado aiin. En dicho caso tinicamente la primera
invencién en este (cada uno de estos) grupo(s) de invenciones, que se considera que le falta
unidad de invencién, serd objeto de blisqueda.

Forma PCT/1SA/206 (hoja adicional) Qullo 1992)



INVITACION A PAGAR TASAS ADICIONALES
Solicitud Internacional No. PCT/US 01/25603
L%

No sc emitird una invitacién adicional a pagar tasas adicionales. Esto se debe a que el Articulo
17(3) (a) del PCT estipula que ISA establecerd el Reporte de Bisqueda Internacional en
aquellag partes de la solicitud internacional que se relacionan con la invencién que se
mencioné en primer término en las reivindicaciones (‘invencién principal’) y para aquellas
partes que se relacionan con las invenciones respecto de las cudles se pagaron tasas
adicionales. Ni el PCT no los lineamientos del PCT proporcionan una base legal para
invitaciones adicionales a pagar tasas de biisqueda adicionales (W17/00, punto 11 y W1/97,
puntos 11-16).

N R

~ Porma PCT/ISA/206 (hoja adicional) (Julio 1992)



Annex to Form PC"I‘IISAROO.

COMMUNICATION RELATING TO THE RESULTS intarnational Application No P
OF THE PARTIAL INTERNATIONAL SEARCH PCT/US 01/25603 %
¢

1.The present communication is an Annex to the invitation 10 pay addhional fees {(Form PCT/ISA/206). It show 3
results of the intemational search éstablished on the parts of the intemational application which relate 1o the Inveitid
first mentioned in claims Nos.:

2 S mmikat 100, 0 Ratnatad] L1onA L. S e hich wil be establisned arcording o Ariicie 18 and Rute 43.

3.1f the applicant does not pay any additional search fees, the information appearing In this communication will be
considered as the result of the imemational search and will be Included as such in the intemational search repon.

4.M the applicant pays ackitional fees, the intemational sgarch repon will contain both the inlormation appearing in this
communication and the resulis of the intermnational search on other parts of the imemational application for which such
fees will have baan paid.

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory * { Caation ol cocumem, with inchcalion. where appropriate. of ihe raisvanl passiges Reiavant 1o clalm No.
X US 6 008 233 A (SINAY TERRY 6 ET AL) 1

28 December 1999 (1999-12-28)

abstract

column 2, Tine 35 -column 3, 1ine 52
X WO 99 24423 A (ELLIOTT MATTHEW JASON 1

:MERCK SHARP & DOHME (GB))
20 May 1999 (1999-05-20)

abstract
page 8, line 16 -page 9, 1ine 26
X W0 99 10339 A (LOWE JOMN ADAMS III :PFIZER 1
PROD INC (US)) 4 March 1999 (1999-03-04)
abstract

page 4, line 19 -page 7, 1ine 35
page 9, 1ine 13-25; claims 1-9

X GARNER, K. J. ET AL: "Analysis of D2 and 1-3,
D3 Receptor-Selective Ligands in Rats 16-25
Trained to Discriminate Cocaine from
Saline”

PHARMACOLOGY, BIOCHEMISTRY AND BEHAVIOR
{1999), 64(2), 373-378 ,

AP001148424
the whole document

m Further documenis are Istod in thecomimumion of box C. IE Palen! Lamily mambars am ated in annex,

Specai calagores of cled dacuments . *T" tier cocument pubkshed aner thamemanonal 1ling data

age . ar pnority data and nol in conflict with | but
A' document definng the | siate of thear winch & not
em-u-nunnu'up.’:“l uarvenerlol mu:nmmmmmnumummm
“E* T”Eﬂ“hﬂmﬂﬂﬂm' themtemsiional *X* document of particuler relevance: Ihe ciaimedinveniion
g cannol be conmdered novel of cannol by consdared to
Lt mmmhu'mlwh:m::lm:r nuoive an nvenive slep when the document is Laken slone
wich o s publcaion "¥Y* documen of pariicular reievencs: tha ciumedivention
ciithon r othér Special reason {as apectmd) CANNCE be conmderad [0 iNvolve &N Mverive sigp whan tha
‘0r docummn retemng 1o an ol declosure, usa. sxhiblson or document & comianed with ons or mone othersuch docu-—
olhar rmaans manis, puch combanalion bemng obwvious o B parson sirilied
*P* documant publishad pror ts the mismatonaling daly but nine sn
ixisr than ihe pnonty date clarmed *3* doament membar of the aame palen lamily

Famn PCTABATROS (Arvww hral wheel) [July 1952)
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Annax 10 Form PCTASA/208
COMMUNICATION RELATING TO THE RESULTS
OF THE PARTIAL INTEANATIONAL SEARCH

inlsmatonal Appiicatlon No

PCT/US 01/25603

4

C.{Centinustisn) DOCUMENTS CONSIDERED TO BE RELEVANT

correlation with changes in dopamine and

GABAA receptors in the striatopallidal

complex.”

BRAIN RESEARCH (1995), 680(1,2), 43-52 ,
XP001148341

the whole document

Calegory " | Gaation of docurnent. with sndecahon, whare approprale, of The relevent passages Rakevant 10 claumn No
X CAINE S B ET AL: "D3-receptor test 1in 1
vitro predicts decreased cocaine
self-administration 1n rats"
CHEMABS,
XP002168920
abstract
A W0 90 15058 A (UPJOHN CO) 1-4,
13 December 1990 (1990~12-13) 13-25
cited in the application
the whole document
A CALON, F. ET AL: "Levodopa or DZ agonist 1-4,
induced dyskinesia in MPTP monkeys: 13-25

Form PCTASA0L (A sortrusien sheet Kuy YWd)

page 2 of 2
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intemational Appiicason No. PCTAS 01 25603

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 206

Continuation of Box 3.

Although claims 1-4,13-25 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the
alleged effects of the compound/composition.

Further defect(s) under Article 17(2)(a):
Continuation of Box 3.

Present claims 1-4,13-24 relate to a compound/use defined by reference to
the following expressions:

symptoms of at least one disorder selected from addictive disorders,
psychoactive substance use disorders, intoxtcation disorders, inhalation
disorders, alcohol addiction, tobacco addiction, and nicotine addiction.

The use of these parameters in the present context 1s considered to lead
to a lack of clarity within the meaning of Article 6 PCT. It is
impossible to compare the parameters the applicant has chosen to employ
with what is set out in the prior art. The lack of clarity 1s such as to
render a meaningful complete search impossible.

The initial phase of the search revealed a very large number of documents
relevant to the issue of novelty of claim 1. So many documents were
retrieved that it 1s impossible to determine which parts of the claim may
be sald to define subject-matter for which protection might legitimately
be sought (Article 6 PCT).

Consequently, the search has been restricted to the use of compounds of
formula (I) in relation to a disorder selected from addictive disorders,
psychoactive substance use disorders, intoxication disorders, inhalation
disorders, alcohol addiction, tobacco addiction, and nicotine addiction.

The applicant's attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority 1is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.




. Inmmational application No.
INVITATION TO PAY ADDITIONAL FEES PCT/US 01/25603 g 3

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1,13-25 (partially) 2-4

Use of a heterocyclic amine for the preparation of a
medicament for treating or suppressing the symptoms of at
least one disorder selected from addictive disorders,
psychoactive substance use disorders, intoxication
disorders, inhalation disorders, alcohol addiction, tobacco
addiction, and nicotine addiction.

2. Claims: 1,13-25 (partially), 5-7

Use of a2 phenylazacycloalkane for the preparation of a
medicament for treating or suppressing the symptoms of at
least one disorder selected from addictive disorders,
psychoactive substance use disorders, intoxication
disorders, inhalation dtsorders, alcohol addiction, tobacco
addiction, and nicotine addiction.

3. Claims: 1,13-25 (partially), 8,9

Use of a cabergoline for the preparation of a medicament for
treating or suppressing the symptoms of at least one
disorder selected from addictive disorders, psychoactive
substance use disorders, intoxication disorders, inhalation
disorders, alcohol addiction, tobacco addiction, and
nicotine addiction.

4. Claims: 1,13-16 (partially), 10-12

Use of a aromatic bicyclic amine for the preparation of a
medicament for treating or suppressing the symptoms of at
least one disorder selected from addictive disorders,
psychoactive substance use disorders, intoxication
disorders, 1nhalation disorders, alcohol addiction, tobacco
addfction, and nicotine addiction.

The problems to be solved by the present application are to provide for
the treatment or suppressing the symptoms of at least one disorder
selected from addictive disorders, psychoactive substance use disorders,
intoxication disorders, inhalation disorders, alcohol addiction, tobacco
addiction, and nicotine addiction.

The proposed solutions are to use an agent selected from the group
consisting of a heterocyclic amine, a phenylazacycloalkane, a
cabergoline and an aromatic bicyclic amine.

US6008233 discloses that (1S,25)-1-(4-hydroxyphenyl)-2-{4~-hydroxy-4-
phenyl piperidin-1-y1)- l-propancl methane sulphonate trihydrate, a
phenylazacycloalkane, may be used to treat disorders of the central
nervous system, a.o. drug and alcohol addiction, drug and alcohol
withdrawal symptoms. See the passages cited in the search report.

Form PCT/ISA7206 (extra sheet) (July 1992} page 1 of 3



Intarnational application No.
INVITATION TO PAY ADDITIONAL FEES PCT/US 01/25603 %' %

W09924423 discloses the use of
N-(2-Cyclopropoxy-5-tetrazolyl-benzyl )-2-phenyl- piperidine-3-amine, a
heterocyclic amine and a phenylazacycloalkane derivative to treat
substance-related disorders arising from the use of alcohol,
amphetamines (or amphetamine-1ike substances) caffeine, cannabis,
cocaine, hallucinogens, inhalants and aerosol propellants. nicotine,
opicids, phenylglycidine derivatives, sedatives, hypnotics, and
anxiolytics, which substance-related disorders include dependence and
abuse, intoxication, withdrawal, intoxication delerium, withdrawal
delerium. See the passages cited tn the search report.

W09910339 discloses 2-Aminopyridine derivatives which are aromatic
bycyclic amines and heterocycliic amines useful to treat central nervous
system and other disorders, including chemical dependencies and
addiction (e.g., dependencies on drugs, alcohol and nicotine). See the
passages cited in the search report.

The documents cited do not represent a comprehensive search for any of
the defined inventions and are to be considered only as part of the
prior art pertaining to the general idea underlying the present
application.

According to Article 3(4)(111) PCT, an international application shall
comply with "the prescribed requirement of unity of invention". This
means, as explained in Rule 13.1 PCT, that the application shall relate
to one invention only or to a group of inventions so linked as to form a
single general inventive concept.

From the above cited documents, 1t appears that the use the compounds of
the present invention in relation to above specified uses and in the
treatment of above specified conditions is known in the prior art and
can not fulfil the role of special technical feature {general inventive
concept) i1n the sense of Rule 13.2 PCT.

In the present application no further technical feature can be
distinguished that can be regarded as a "special technical feature”
involved 1n the technical relationship among the different inventions.

Consequently the present application lacks unity of invention.

Each of the invention 1s a distinct invention, characterised by its own
special technical feature, defining the contribution which each of the
claimed inventions, considered as a whole, makes over the prior art.

As searching the other subject would have caused a major additional
searching effort, only the first invention was searched.

The appiication relates to a plurality of inventions, or groups of
inventions, in the sense of Rule 13.1 PCT. They have been divided as
defined above. If the applicant pays additional fees for one (or more)
not yet searched group(s) of invention(s), then the further search(es)
may reveal further prior art that gives evidence of a further lack of
unity ’a posteriori’ within one (or more) of the not yet searched
group(s). In such a case only the first invention in this (each of

Form PCT/ISA/206 (extra sheet) (July 1992} page 2 of 3
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these) group{s) of inventions, which 1s considered to lack unity of
invention, will be the subject of a search.

No further invitation to pay further additional fees will be issued.
This 1s because Article 17(3)(a) PCT stipulates that the ISA shall
establish the International Search Report on those parts of the
international application which relate to the invention first mentioned
in the claims ('main invention’) and for those parts which relate to
inventions in respect of which the additional fees were paid. Neither
the PCT nor the PCT guidelines provide a 1egal basis for further
invitations to pay further additional search fees (W17/00, point 11 and
W1/97, points 11-16).
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1
(ES2%- - 3-HYDROXYTPHEN Y204
HYDROXNY-L-PHENYLIPIPERINN-1-Y1)-1-
PROPANOLMETHANESULFONATE
TRIHYDRATT

M apphecaton chaims beneht of Provisional Applica-
tion 6P OO2.2W fikal Aug. 11 1998

M~ inveniion relates wo the mevel amd clinically advan-
lapeous trihvdrate of e methanesellonate sah ol (IN28)-
-{4-hydrosyphenyl-2-¢d-hydroxy -4-phenyipiperidia- | -
yh-1-propanal (hereinalier relerred o as “the mesylate sali
tribycdraw™). s mesylale salt ieibydrate, as well as the
correspomsng, anhivdrous mesylale salt aml free buse off
(18281 (d-hvdroaypheny)-2-(d-hvdroxy-4-
phenvipiperidin: LD L-propans] (Iercinatier refemed w,
respecively, ax “the anhigdroes resylae™ and “the Treg
hase™) vxhiba achivity av NMDA {N-methyl-1D-aspaniv
aciv) recephw antapomists aml are useinl m the ireatnent of
epilepay, ansicty, cerebral isclwmia, museular spasams, mul-
tunlarct dlenveniia, irawmatic brain imgory, pan. AIDS related

demeniia, hypoglycenua, migraine, amyotrophic laeral 2

slenmin, drug aml alenlwl adicinn, tdrup amk akenlw]
willnlraws] ~ymptoms, paaelnlic comditione, urmary incon-
tincace and depenerative CNN {eenbral nervons syslem)
disorckers such as sruke, Alzheimer’s diswas, Parkinan’s
tliscase aml [lunteghn’s discas,

The Iree base, the anhydrous mesylate aml melingds of
preparing them ane relermed o, pencrwalls, e LS, Pan No
SRS, w hich issaed on Fel, 9, 13Ty and their use
in trcating vertain of the alewve disorders are referned .
specilivally, in US. Il No, 5272160, which isvet] on
e 21, 13, Their use in treating the atwwee disondees is
relerred 0 in Inlernational Paient Application T 1IN
U5 (NANAL wlvwhs dlesignates the United States amb was liled
on May Ih, I'M8 ‘Their uxe in combinats with a com-
ol capable of enhancing aml thus restoring e balanee
ol exetatory fectlback fnm i veniral Jateral nocleus of e
ihalamms imws 1 cones o real Parkmson’™s disea s
releercd e o Inkernational Pawemt Application 1T 10
05 MK, which desipmates the Unitad States and was lild
un Mas 26, 195, The lorepoing U patenls amd patemt
applicainms are woorporaied herein by relerenee in thwir
calirel s,

NMDA i an eweitatory amaw acul. Tl excitatory amim
acith are an important gamp el neurstransmitters that medi-
atv vawilalony neurstrammission in the comral s sys-
m Glimamic acid amd aspantic acil are o cmbogemws
liganls thal activale cacitatory amime acil (LAA)Y recephos,
Mere are o ivpes ol LAA receplons, ionotropic and
metabestropie, which diller in their masde of sipial transchse-
tion. here ane at leasd thece distieet ismanopic LAA reoep.
sors charavierized by The selective apomist that activales cach
Iy e NMDA, 1the AMPA (Z-amime-3-{5-mcthyl-3-
mivravisasasol-3-ylipropanoiv acid) amd the kainic acid
receplory The ionotropic LAA recepters are hinhed 1o jon
chatm s that are permgable fo wslivm aml, in the case of
NMUA reocpuors, calcium. Metabuteopic peoeploes, linked
i phosplmimeaink: hvdolysis by 2 membrane asawialod
Ci-predeing, are activaied by quisgualic ackl. ibnienic acal.
aml {IN)-1-amieweyehspentane | A -dicadweevlic acid.

T NMDA reveptor is o macromelecwlar vomplex cun-
~sinting of a nwnbee of distioect banding sites thal gate un jon
channcls permwsbike o sandivm aml calciom ions, Hansen ami
Kropspaand-larwm, Al Bino Hesso 10, 55-094 (190900,
There ane bindig siles by glitamic avid, glycine, aml
polvamines, aml a sile invike 1w channel wiwre com-
poumhs such as plicneyelidine (10T oaen Hwir antagonisg
cficas.
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Camctinve. NMDA antagonisis are compomnlds that
Dhwk 1w NMIIA reevptor by interacting with the pintamate
bimbing site. e alwliny ol a particular compownit fe com-
petitevehy buwd 1o the NMDA glotamate receplor may by
delerminedd using o cadindigamd imhng assay, as cheserivwr)
by Muorphy ot al.. Brdsisied, Plhormicid., 95, 932038 (1UKX),
The antagsnists may be distingindeed From il agonists
uning a rat cunival walie asay, os desaribed by Tarriam
andd Simnwlds, Bratish 1, Pharmacrd.. 8B4, W 1=3H (19Rd),
Lxamples of competitive NMDA antagonisis include 1)-2
aminn S-glwwphonopentamoic acid (D-APS). aml 12-amims-
T-phusphonohepranuic acid, Schoepp o al. /. ANenr
Iniem.. K5, 13=143 (199,

Thix invenlion also relates w2 nwetinad treating of
mammals suflering (rom Parkinsm's diwase which cony-
prises administering o said manmmal (1S.28)-1rans-2-
nwrihyl2{4-hydrxy-4-phenyipiperilin:-v)-1-hydnoxy-1 -
(4-hydmxyplhenylethanol necthaesslfinate trilwdrate aml
a componm! capahke ol increasing the excilalony: fecdack
from the veniral lateral noclens ol the thalamus inte the
wuriea., sich that the halamee of 1w excitabey feedback from
the ventead lateral mickeus of the thalamus it the corlex in
said mammal sultering from Parkinsin s discase is reMural.
Intcrnatiomal Patem Application 16T TH 95 (03K, which is
referecl 1o atwswve and incorporated hercin by ecference inits
emirty, relers in the use o The free base ad the anhyunms
mesviale in awnhination with such an excilalon: Jecdback
enhancing apgent o treal Parkinon's discasc.

The mesylate trihwdraie is sulsiantially superis as a
therapentiv agent compared o 1w anhydmus mesylate. 1 is
# mue slshke erystalline Torm than the correspinding: anhy-
droaes salt, has o sabstantially kongee shell Tile aml i Jess
suhjeyt o lvcakdown of the ¢rystal structore due o the
inchusivon of water i the ervwal,

SUMMARY OF ITIL INVENTION

This inventn relates 10 (IS2NY 1-{3-hvdnxypleny])-2-
(4-hydroey-4-phenyipiperidin: | -v1)-1 -propanal metham-
sullomale wrilywrale.

"This irvention also relates (o a phannaceutical compani-
tion fiw the treatment of a disonder selected from degenera-
live NS deonlens such an mroke. Alzbeimer's discase,
Parkinsott's disease amd Lluntimeson's discase; spinal ool
traumia, cpilepny, anxicly. cerchral ischemia, muscular
spasais, isultimfurat denwentia, raumatic hrain injury, pain,
AN nolated denentis, Wypeplyeemia, migraine. amvw-
wophic lateral scleronis, drug amd aloubul addiction. drug
am) akenhol witludrawal symplone, peyeietic conditions axl
urinary invonlinenee in 2 mammal, including a human,
vomyprising an NMIDA antagonizing amount of {15.28)-1-
{d-hwdro sepheayl)-24-hwdraxy-4-phenvipiperidin: 1 -v1)-
l-propannl methanesullimate wihwirate aml a pharmacenti-
cally aweplable camicr.

T invention akae relates W a pharmaceutical compond-
tivn b the treatment of a dimader sehected From degencra-
tive NS dinomders such 3y sroke, Alzbciowee’s discase,
Parkimam™s dliscase amd Humingion™s discase: epilepsy,
anxicty. cenchral ischemia, muscular spasms. nulliinfanct
dementia. iraumatic brain injury. pain. ATDS related
thkememia, hypoglyeemia, migraine. amyatrophic lateral
selenmis, drup and alcobol addiaion. drog amd skl
willwlrawal symploms, pavehotic conditans sl urinary
incontinence in a mammal. inchxling 2 human. comprising
an amwwnt of (18.2N) 1-{4-hvdrmeyplcny])-2-{3-hyndroxy - -
phenylpiperidin-1-x1)-1-propam] mcthamesullfonate 1rihy-
draw that is ¢fective in trcating such disonler, aml a
phormacbtivally accepiable carricr.
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This inveninn also relates oo mcthed of Ireating Table 1
disonder selected Irom teeenertive CNS disonders sich as
sinkc. Aldwimer’s discase, Parkinson’s dewase amd Hn- N-RAY POWDLER DIFFRACTION DATA TOR
tineln s discase: epilepsy, anxicty. cerchral ischemia, mus- THL MESYLATL TRUHIYDRATL
cular apasitis, rlticalsrc dementia, trauntaic hrain fnjury, 4

pain. AIDS eclated dementia, hypoplveemia, mipraine, TAML 1

amxulpophic Tateral selensis, drug amd aleohol chliction,

drup amd aleobnl withdrawal symploms, pryctaic comdi- N-RAY PUWIHK HE-RAS '“"‘ DAL

tioors aml wrinary incnlinence in 3 mammal. including a -

human, comprising  adminiMering o said mammal an e “Iwse Thein vy Mas. Inl.

amonnl of (18,28%)-1 (3-hwlroxyphenyD)-2-(3-hivdmxy - e Wit [ e Ret Imi 170

pllcn_\'lpq-.:rnlmoI-__\'II-_I-lmqn_lml ml.-lha.nu.--hullnnnlu trihy- - m_"‘“. U .

drate that is clective is trealing such disonler. L1 0 an AL
This invention alwy relaies 1o 3 awdland of reating a 14,207 1 T

disenker seleered From depenerative CNS disemdens sich as 16 I':::': i"':"'::: f:‘::

strihe. Alzhcimers discase, Parkiteasn's discase amd Tun- i Siapinr

tington s discase: epilepsy, anxicty, eeechral balwmia nun- 111

Tk

cular spastis. multiinfarat ||L'|1||.ll||a. Iraumativ hrai

pain, AIDS rchailed dementia. hypoglyeemia,  migr . ;'.':‘"
amyuimophic Takeral selernis, drug and alochal adidiction, = EEEY
drug aml aleolnl withdrawal sympioms. pavelatic combi- S gnt
tions amwl wrinary incontinenee in 3 mammal, including a SAw
buman. comprising adminisiering 10 said mammal an ::'_':: Tt
NMDA anlagonizing amount of (15.285)-1-(4- e
hydroxyphenyl)-2 4 3-hydroxy-d-phenvipiperidin-1-v1)-1- 2* N
propanel methanesllonale trihydrale. ANAed
“Mhis inventnm relates b a mcthod of treating Parkinan™s :::::;
iscase in a mammal, inchixling a human, compriving aimin- WA
iscring v said mammal 2 Parkinew™s discase Ircating - Mo
ellective amwunt of a synerpistic combination ol (15,28)-§- oy

. Py Wuln
{A-hydroxyplneny])-2{4-hydroxy -4 -phenyipipe ridin- 1 -¥1)- T

L-propanal methanessllonate trihvdrate aml an agem
capable of restoring the halance of the exeilaiory feedhack
From the ventral Yateral mickeus of 1he thalamus into the

corlea. " Tabl: 2

This invention als relates o 3 metbnsd of creating Par- . . ) . . L
kitvaon's discase in 3 mameal. including & human, compris- -\-“-“‘ |'"W"|-'-“-|’"'|'W.\¢ |'|"|“-| DATA FOR
ing ircating saidl mammal with a Parkimsns discass Incaling ITIL ANHIYDROUS MLSYLATL
eflective ann i

drate of (12 L TANML 2
phenyipiperidin. 1-v1)-1-propanad motl

drate aml an excitawry leedback cnhallum;_ apem sclected

N-HAY IYAWDIEFR DH FRACTION DATA

from the group comsisting of dopamine agonisis, tkepamine - . L M LAY
D1 agonists. dhapumine 12 aponists. dhopamine [-adrenergic P [t Dhapaving Man. bt
revepline apgomss, topamine S-11T1 uptake inhibiner S-ICT-1A Irgieesy hhgren: Iy ey Y Wet Im oty
agonists, dopamine vpaate  agonisis, adreporgseeptor 3§k P adin 1 s
aponisis, e 2-adrencrpiv anlagonist dopamine  agtiHsis, wrx uwin Intiym (TN
wl-adrenergic dopamine D2 agonists, dopamine uptake "‘_'_;"" "-:':.:': '::"
inhitwtors, moswamine oxidase inhibitors, meneamine 1.2 :"I'J,"; :;';_.'
uniduse -l ishibitors, catecholamelbyl, translerases 1>om nin? Trd
(COMT) inhibiiors aml kevadopa, 1Vand nAlm “w
M nInT) R
DLESCRIPTION OF THLE DRAWINGS 1 L] 1217
4714 s
116, 3 depives the X-ray poseher dilfraction spectrum ol o LRl 18
- the musylale trilyvalraie (1aken o a Sicawens 12 50060 diffrac- Lt T 5.0
wsrcter aficr cymwilibeation of the anhyvdmos mesvlate a1 K17 ::r: . —— nn
rclative humidine (“R11I7)) cxpn.-mnl a intensity (CTN) Loxle Yy
vurws diffraction amgle (Iwo-linta degrees). FEL ] M
FIG. 2 depicts the X-ray poweler dillraction ypectrum ol g i ':.:::
the anhyirous mresylate, taken on a Sicmens 13 5000 dil- L1 Sins
fractometer and exprossed os inlensity (CPS) vensus dilflrac- | e
tion angk (Iwo-thela degrees). :J.-'::.l : :n o
Tables | and 2 bebow ithkemtily selectal praks from the g '.',:'::
spectra of FIGS. 1 and 2. respextively, by diffraction angle w2 Sanuw 14.2%
(twa-tincta), d-spacing {d). relative intesily rel. int.) aml LI 137 Tau

maxinmum imeasity (max. int.).
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N-EAY ITWIH K IXEFRAUTHON DALA UYGRORCOMCITY AT AMIILNT
e . il it CONDITIONS O THL ANHYDROUS
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182
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PLTAILLD DLSCRIPTTON OF TIIL
INVENTION

M mewylaie sall ribwdrate is 3 white crysalbine solid
that exhiluis well chelined, narrowed X-ray diflraction peaks
(MG 31w comirast W the anbyilnous aresylate, which
eahibis poor diffraction patiern resalulion. o raised back-
prurnd amd lack of dillraction peaks a1 20»26° (FIG. 2).
Only one crvstalline Torm has been shserced for the |
drake miesylate, This erestallime form has good solwhility in
wialer (25 amd 15 mpml w0 pll X aml 7 aguesus bullenal
sulutions, respectively).

The mesylate sah wrihydraie can Ix preparad by i
Foalhvw my methesl, The Iree base is dissolved in water at X
€ o this saobution iy addial a1 keast | eywivalent of mcthame
sullonw: acid amd i resulting mixiure is wamied 1o pl-nS®
C. Tlwe warm solutaon can I lilesed to render it parcalate
free The sobutmn is comentrated W approximately 306 of
the milial vobume, couled Iehwe 100 C_isalated by fifiration
aml dewed 10 3 waler conlemt (nwcasured  Karl Fischer
ntration) ol approximatels 1537, T resulting crystalline
mesvlate salt tribwidrale can e Turtlwer puriticd Iy reerysiale
hzatum

M anhwdrows mesylate, wiwen eynilibrated in an 814:
RI coviromment, will convert to the nesyvlaite salt tribydraie,

The Tree hase amd anhydrovs mesylaic can v prepared as
descrilwd in UK. Pal. No, 52721000 which is relerned o
abane aml incorporated berein by reference in s ety
The resolstion ol racemic  1-(4-hxtroxyphenyl)-24{d-
by droxy d-phenyipiperalin-F-x1)- F-propamsl 10 Torm the
Irc hawe amd correypomdmg {TR2R) cnamioner s exem-
phicd m Lxampk: 1. An alternaie metlunl ol preparim: the
Irew base s deseribed in Lxamphe 2, wlich abvo exemplilics
the svnlesis of the mesylate ~alt rribyvdrate.

Ihe hyprosaopicity ol the mesylate sall inhiydrale was
studiedd an IF7, 827 aml U8*; conrolled relative humidhines
C(RIES), amd umler ambicot laboraions aomdions (24-27°
C 30647 RIFS). Novweght change was olwerecd a1 833
aml "B RICs or umber ambient amditions, | ona nl waiees
of hydration s abserved a1 (¥ RIL The weight s
ohacrved at 1¥: RID was reversible: the anhydrous lomm
quwkly cyuilibrated 1ot hydrared Form wiwn eXposed (o
higher homidities Wiight s was abes observed in bulh
stability samples soved in polvethylene bags al 3P, N¥;
REL (> 1Y of weight was hnd in 4 muonihs)

Iy conirast, a sabudantial weight pain was vhserved for
the anhivdrons preswlate al ambieml comlilhma as N
Tabke 3 lchww,

SYMIIMAL T

m

L0

TABLL

INGREN VPRI AT AMBIENT § ONIETIONS
[/l

ANIDYDROES MIESY AR Sal

*» Dilterewey

Weipal hm e Dilleremy  Tinwe vimee
o “amph 'y Werphing tovm Inal  [ndid
wwle o - — —

u : (TS [
wpT g LI ) LNt 111
N LA 22 e
[ Ths £ redn LR Y Y
Nk o [EL} 4 s e
(L7 LI ML LR TS
el : L) FN% s
neIn oy P heurs
AT I LLL Y i LN TN
AL g 4512 24h s
[LE 0 LI 4 niy X hyms
nul g F L Y™
lll: 4 due 11 e

Proton amd Carlwny Nuclear Magnetic Resmame (NMIG)
Spectra of the Muesylale Sah Trihydrake

Tiwe proton amd carbon NMR specira of the nnswlaie sat
tribvdrate are deseribed telow. Chemical shill asagnnwnts
in CDLOD (relative i letramethylsilane (TMS) were made
un I hases of "1 Conrelated Spectnmasp (CTISY),
"H-" Deionionkess Lohancement by Polarization “Trans-
fer (DOLP Y. aml '1-"YC Helenmselear ©Chemcal Shilt ¢Cur-
relainm (HLUFCORY iwo-dimenswonal NMR cxperimenis
The wentative prolon amd vafdwn peak assignmcnis ane given
behwe aixl are consistent with the Mructure ol 1he nesylate
salt wrihydbrale.
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o0 T 6™ amd 27 posieos g et chemialiy wquinabont, e avagnnnmis
mas by it ol

120 T 47 amd V7 ity 2w ot chemnalie eyl nheal 1 avsegnnents nny
b mewhongeabh The presiom splitting: pation st | 'S 2o fpam apycn
1en htihlels W o eeguind ow a bagh-hald seirumest 15950 Mifes, bt wnhy
s a il when sogircd sith o ke lwhd 1 Ve AL intrunent Tl s
helieved 10 e din 10 0 salt elleat ansime Tom The mesdaie.

The meavlate salt irihydraie, similar 0 1l anbwvdrous
muesylale and feee Tase, Pt seheetive iIcunprokective
acirvity. hased ypnw it antibchemic activity ad ahility 1o
bhwk cacitory amine acid receptors, e prelerned proiwe-
dure lor cvalvatime 1he acwnpmlective activity of this
compowl is that describsad by Ismail A, Shalaby. ot al.. in
. Pharm. amd Fxperioenned Therapeitios. 260, D25 (1992).
This article is incvrporaied hercin by referenee in its etirety
amb deserilwal Ichm,

Cell enliure. Sevenkeen day Tetal ran (1), Charles River
Bireedhng Labomiories, Inc.. Wilmingion, Mas.) hippocan.
pil vl are cultural an PRIMAREA cultnee pludes {Fakoaon
o L imonan 'ark, N Lor 2 10 3 weks i serum vomtaining
culture medium {minimum essential mecdiom with mme-
sential amims acivs, conlaining 2 mM glntamine, 21 mM
gluevme, penicillin sireplomyein (00 U cach). 10F7 Kzl
Porvine sermm (days F=7) amd 1F: e serum (dayes 1-21).
Celis are ciller plated on 9-welf micnsiter plakes al 2
density of KON cedis per well or on 24-wel) cultune plates
al a demwity ol 250,000 cells per well. Culteres arc gnwen al
AT oo homidibied Cog tissoe culiure incubator vontain-
ing 5% 0C0ON870 air, Proli w ol enpcunmal eells is
contrslled by adling 20 M uridine amd 20 oM S-Tnoro-2-
deuxyuridione: (Sigma Chemical Cos S onis, Mol Trom
days b 10 & ol qubiure. Culture media s exchanged every 2
ke 3 davs with fresh sk,

Glutamaie xicity, The culiures are assessed  [or
plutamate wxicin 2 o Y weeks Tmom nitial plaving. Colinre
avcdia is remmwed and colires rinsed 1w e with a OS5 (in
millomodar.y: Natl 12+ KCL 5.4 Mgt )., B ot 1K
plucense, 15 and  d-(2-hvdroxyelhyel)-1-
pipcrazincethanesoifonic acid. 25 mM (pll 7.4). Coltures ane
then exposed far 18 min (7% C.) 0 variots concemrations
of glotamate. Alwr thin incobation, cullures are rinsaeel M
times with ghetamate-Free CSS and s o with fresh culiure
mudivm without serum. The cultures anc then incubatal for
20w 24 I in scrum-free ewllore nadium. “The compoumd
Iinng tesedd is adkded 2 min Ielee and during the 15-min
cxpinre le glulamatc. In somie experiments, the compouml
i~ acliledd al thilflerent times afier tee glulamake expersure amd
for Hw folbvweing 20 10 24 hr.

Cell viability is rowtineby asawsowd 20010 24 e allicr the
cacitolaxin expunure by mcasueing the activiy ol the <¥e-
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slic eosvme LD LI adivity is determined from the
vuliure medivm ol cach ol the %6 wells ol the miicnsiter
plales. A Sl sample of 1w methia is ackled W an cyual
volume of aulium-phosphate bulier (11 M, pl1 7.4) am-
taining A2 mM aulivtm pyonvate aml 2.9 mM NADIL ‘T
M alwaorhanee of L al reaction mixwee for cach of
the %0 wells is ammitored every 5 sow for 2 min by an
aulomatd  spectrophotometric microliier plite reader
{Mulecular Devives: Menlbo Park. €alill), The rate ol alwor-
banee B amtematically caleulated ising an 1M SO Tsas
program (venvion 1.00 Muodecular Devices) and s used ax
the imbkex ol DI aclivity.

Murphubsgical asassnent of meuronal viability is deler-
mited using piwase contrast micnsaupy, The YWewell cul-
e plates do ol pennil gaexld phase-contras imagery. s
celis culturedt on 2d-well plates are used g Qs purpeose.
Quantitatively, both cubtore platiogs are cqually sensitive 1
plutamate toxicily, amd display 2- 1o 3-lokl increases in 1.0
avtivity 24 lwmues alicr cxponure lo €11 o LY mM glutamate.

Reagenis. 1¥10 van e purchased leom Akirich ¢ hemical
Company (Milwaukee, Win), aml haloperidul  Trom
Rescarch Biochemicals Ine. (Natick. Ma). Spermine can
be punchased from Nigma Chemical Co., (81 Lowis, Mo,).
Tor: and Fetal ewine scrum can e purchased [rom
Nychaw (Ligan, Utah). Collere mediom, glutamine and
peaicillin Mrepromycin can b purchased from CGibon o,
{Ciramd Iatamd, N.Y.).

Data analysis, Neurotoxicily can by quantilivd by nwca-
suring thy activity of LIDI prownt in tiw collure mediom 20
o0 24 howes alter plitamaie exposire, The increased 111
activity in the culture media corrclates with cestruction aml
dupeneration of meerons (Kol and (hod, 1987). Bevause
actual kevels of 1M vary Trom dilferem cultures, data are
rmincly exprossed relative o buller-treated sisier wells of
the samw: culure plate. o odvain an index of LI agtivily
from phitamaic and drog-treated culiores, the LI values
from conpol sultores are subtracted Trom that of il ireat-
mem groups, Data lor drug ircatments is expressed as a
percestage of the increase in LINT induced w 1 mM
ghiamaie (or NMDA) for cach experiment. Coneenleations
ul NMDA sntagnnisis reguired W severns: s ol the LD
increase induced b exeitotoxins (10 ) are calenlated using
lug-probit analysis fom x poolal resalis of thce imbepen-
tdenl expurinenis.

T schedtive scursprotective antibchemic amd excitaiory
amime agiyl bhwkimg activitios of e mesylate salb iribrate
of this invetion rember it asclul in the reatment of dianbors
seleeted Trom chegemnerative (NS disonbers such as sroke,
Alzhcime: s diswcase., Parkimen's discase amd Huntingun’'s
tivease: cpilepsy, anxicty. cerchral ischemia, muscwlar
spasms, inubtiiofara deneentia, traumatic brain injury. pain.
AIDS rhaed denentia. hypeglveemia, migraine. amyu-
trophic Jateral selenwis, drug amd alenbed addiction, drog
and alvndied wilhwdrawal symploms, pavelwdic conditihm amt
urinary incenlineme,

In the systcmivc ircatment of such disorders, 1he disape is
tvpically from about (L02 1 250 mg kg lay (LH-12.8
gday in u ypical buman weighiog S0 kg) in simgke or
divithked dhnas, regandhos of e mute of adminisration. A
mon: peelerred cemape rangx is Trom abuoot Q.05 mg kg day
I about 2500 mp kg day. OF course, depemling wpeon 1
exadt mature of she flmea amd the comditiom ol 1l patienl.
thenes obisitke This range may be preseribed by the atiendimg
phyaician, Tin wral mouie of adminisiration is generally
prefermad, Thawever, if the patent i~ unalc b swalkw, or
oral alnorplion is adherwise impained, the prelerred roule of
adminisration will e parenteral (L. v} or wepical.
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‘e muesylate sabt tribvelraie may e administered in
form ol pharmaceutival compositwons logctber with a phae-
maceuteally acceprable sehicle or diluent. Such compos-
tioen are ponerally Tormulated in o aoventional manner
utilizing sobied or Tgwidd vehicles o dilients as appropriale o
the punk: ol desired adnaisration: for oral administration.
in Uw lorm o 1ahleis, bard or sl gelarin capeatles,
suspensions. grameles, powders aml (e like: Tor paremeral
administralum, i the foem ol injectable solutions or
suspensioms, and the like: and Tor wpical adminsiration, in
the Tormn of solutions, lotions, viptmenis. salves and 1he like,

LXAMPLE 1

Loantivimweric (18.25)- amd {1IR2R)-143-
1 hedruxypheny )-243-hytlrox y3-plenvipiperidin- 1 -
¥1)- 1-prapannls

(+)-lararic acid (MH mg. 2 minul) was dissolved in M)
ml  warm methamd.  Racemic  15°,28° -1 43-hwlnoxy-
phensl)-2{4-hydrixy-d-phenyipiperidin-1-vi)- 1 -propanel
(055 mp. 2 mand) was adiked all at onee, With stirring and
gentle warming o colrless homegencous solulion was
ublaincd. Upun standing at ombiemt temprerature 24 hours,
Mump (0h<) of a Mufly white precipitate was ablained,
This procluct was reerysallizad Trion methanol 1o give 263
mp of the (+)-tanrate salt ol kvarlatory litle product as a
white salid: mp 200.5-207.5° ¢°; [alpha],,=<~36.2°. This salt
(V1S mp) was added 1 50 ml. of satrated Nallcoy,, Libyl
acetale {5 ml.) was added and the mixiure was vigonously
sirred A minules. The agqueous phase was repeatadly
cxtraciced with clbyl acetate, 1w organic lavers were com-
bincd and washed with brine, dricd over caleium sullaie, am)
convenirated. The tan residue was reerystallized Irom cibyl
acelale-hexane to give A2 mg (MP2 ) of white, levortalory
titke prewluct; mp 203-24° (. [alpha], ==50.9°. Anal.
Cale'il. for Cou L NO L CO AT L 730 N 42N, Found:
Co72.060 1L 745N, 420,

The filtraie from the (+)-tartraic salt preparation alwny
wan Ircated with 110 ml. saturated agueous NaflO0), and
exiracicd well with ethyl acetawe. The combinal organic
exiracts were washed with brine, drivd over caleium sulfate
amd concentraled o pive 3N mp of reawerald staning
matcrial (partially resolval). ‘This marerial was trcated with
{=)-1anaric avidd {174 mg) in MY mb, of methanal as abowe,
Alier slandim for 24 hours, liliratam gave 3200 mg (665 ) ol
procduet which was furinr reervstallized Trom nwethamol
proniuce 239 mg of 1 (-)-1anrate aalt of dextronsatory tite
product: mp 26.5-207.5° ¢, [alpha), =+3L%. T latier
was converial v dextrondatory fith: prsluct in the manner
alwwye in 495 vichd; mp XH-205° ¢ [alpha),=+55.4%,
Anal. lvamk: C, 72.4; 1. 7.04: N, 4.24.

LXAMPIL 2

* {15.2%)- 1 {4-hydroxyphenyl)-2{3-hvdroxy-3-
phenvipiperilin-yl)- k-propansl Methanesullinare
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A 50 zalion plass limed reactor was charged with 17.1
galkoms of acciome. X685 Kilograms (kg} (57.7 mol) of
$-hwidmxyprupivphenone, 9.95 kg (72.0 mol) of polasinm
carbenate amd o8 liers () (57.7 mol} ol epzyibromide. The
mixtore was beated o rellux (56% C.) Tor 240 hours, Analysis
of thin Javer chromatugraphy {1147 revealed that the reac-
tioh was eowmtially compkele, The suspemsion was atnw-
spherically concentrated ke a volenwe of 1 gallons amd 17.1
palloms of water were charged. The suspemsion was pranu-
Tated at 25° €. for § bour. The paxloct was lificred on a M8
Lapp amd washed with 4.0 gallons of water Tollowed by a
mixture of 0.9 palhms of hexane amd 2.3 pallons of isopm-
panol. Alicr vacuum drving st 45° C. this viclded 1338 kg
(V6475 ) of the above-dhepicicd procuct,

A secund run was caeried outl with 9.8 kg (525 mul) of
4-hwdroxypropiophenone wsing the prowcedune deeritaed
abuve, After drving 15.1 kg (9637 ) ol the alwve<lepicied
pasduct was ubtainel,

STLP 2

(L'}
et ——-
Mothvicne chkwank:

Umler a pitropen alnuephere, 2 100 gallon plass lined
reactor was charged wilh 75 pallons of methylene chkorite
arel 2K.2 kp (117.5 mol) of the prxduet Trom siep 1. Tie
solution was simed live minuies and then IKK kg of
hromine was charged. The reagtion was stirred for 1.5 hours
at 22° ¢ Analysis of T1£° revealed that the reaction was
enseniially complete, Tir the solution was charged A7 palluns
of water arl the mixture was stied for 15 minuies. The
muthylene chioride was separated and washed with 1.5
palloms of aturated agqueous sdivm bicarhonaie. The meth-
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viene chhoritde was separated, sinnsphericatly conceniraied
I a volumie of 40 gallons amd tfEgablons of isapmpannl was
charged 1T coeeniration wis comtinued winl i o lem-
peratre o KF €, aml linat valime of 30 gallo wers
obaimed. “The suspeasion was amided 10 20° €, amd grann-
Tated bor 1K houres, The produet was filteeed onoa M Lapp
aml washed with 1O gallins of iopropnul. Alter vacuum
drving a1 45 O, this vickkd 200 kg (77.4/7) ol the
abve-tepicied prduct.

NP A

A vy -d-

Umler o pitrogen simospheec, 2 20 pallun glass lined
reacinr was charged with 490 kg (155 i} ol 1he prinduc
from siep 2, 7.0 gallons of cibyl acetate, 2.7 kg {(15.3 ml)
ol dwdmixcy-d-phenylpiperidine aml 1.54 kg of iricihy-
lamine: (15,3 ansl). TTwe sohition was heated o ecllus (777 C)
loe I5 hours The pesirfiang suspension was coolad 10 X° ¢
Analyses by 1T € revealed that the reaction was esswentially
compleic. The byprwdugt (iricthylamime hydndbromide salt)
wan filicred 1 a M Lapp aml washed with 3 gallons of
cibyl acctate. The filiraie was concentratet) nmker vacoum
g volume of 17 Jiters, The concentrale was charped i 48
Dters of hexane aad the resulting suspension granubated for
2 hours a0 20 €T produet was liltend ona 307 Lapp aml
washied with 4 galloms of hexane. Afier vacoum drving al
507 O this viclded 4.9 kg (777) ol the above-depiciad
procduct.

A scoomd en was carricd oul with Lo kg (11 .3 mulof the
prduct From Nep 2 using the provedure teeribud alwve,
Afier drying 4.0 kg (K77 ) of the slwwe-tepicied prsdict
was ihtaiocd
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Under o mitrogen ainwsphiere, 3 KK gallon glass lincd
reactor was changed with 2.0 gallones of 21 cthanol amt 1.7
kg (415.2 mal) of mudivm borehwdrick:. The resulting solution
was sirred at 258% O, amd 24 kg (32.0 anol) of the product
fromm step X was changed. The suspension was stimal lor 1K
hoiirs @t 25-30° . Analysis by T revealed that the
reavtinn was esascrlially complete ot desirend theeo dios-
ercadamer, To il suspension was clarged 7K liees of
waler. The suspuensam was comcemnaled pader vacuem lo a
volume vl S0 pallums. Alter pranuhving For | howr, the
pariuct was Jilicred o a W7 Lapp and wadwd with 2
galboms of 2B cthaml. T wet prasiwe, .4 pallons of
2Nctliamd amd 8.7 palkins of water were changed 10 3 WK
pallon plaw lined reacton, The sispwnsion was stirred at
reflux (78° €°) For 16 ours. Tie sispension was aoked 1o
257 €. likercd on U™ Lapp and wasthed with 7 galhns of
water fullwed by d palkens ol 21 cthanol. Afier air drying
a1 8P € his vickkd .2 kg (8057 ) of the alwwe-thepiciad
prhnl. This material was reery™allized in tie following
manr.

A TIEE eallon plass Vil reactor was changed with 7.9 kg
(159 pwl} of the prwduc) from stiep 3, 20 gallons of 21
cihanol amd 4 gallom of acetone. The suspension was heated
e H® . praslucing 3 solution. The solution was coneen-
irsted atmwespherreally 1o o volugie of 15 galloas. The
sonpension was coled o 25° C, and granulated for 1 hour.
Tw prxluct was Rliered ona MP Lapp. The wet prduct amxd
11.7 palloms of 218 cthanol was charged 1o a 10 galbon glass
linztl reactor, The suspension was heated o reflux (78 ¢C)
Ror 1K oors, The suspension was caded o 25° C, lilicral
wn a MY Lapp ar! washed wilh 2 galbons of 213 cthanal.
Aler air drying a1 $0° O, this viehled 5.0 kg (0.6 ) of the
aboveadepivied prouluct,
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Uder a nitmgen atmosplere, a 50 gallhon glass i
reacior was charged with 825 g of 107, palladivm sm cadwin
(50r< water wet), 5.5 kg (1.2 mol) of 1w prinduct fom sep
4 and 155 palkns of etrahvdreoturan CITY The mixinne
wus hydngenaied heiween J0-50° O, for 2w, Al this
lime, analysis by 110 revealad that the reduction was
cxsentially vompleic. The reaction was lillerad thrmgh a 147
sparkler precoaied with Celite ami wastcd with 8 gallons of
T M liltraie was transferred we x chean 100 galhn glass
lined reacior, vacunm concenirated ko a vulume of 7 palions
amd 21 galloms of ethyl aceiaie were changed. ‘The suspension
was aimwoplerically comeenlraled o a volume el 10 gathon
amb a pol emperature of 72° O The suspemsion was awkal
o 10® L lilered om 2 M Lapp amcd washed with 2 gallons
of cilivl acetate. Alter air drving a1 55° C, ihis vichled a M)
ke (XY ) ol the alwve-depicied prsduct {ie.. the Tree bas),
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A KD galhon plass Jined reactor was changad with 20

palkms of methanol amd 3.7 kp (114 mol) of tine product
Trom sep 8 fic.. e Tree base). ‘The suspension was heanad
o 00" Coand 1.7 kg (A4 mol) of D{(=)-tarlaric acid were
vharped The resubting solution was Icated 1o retlux (p5®) Jor
A huurs alicr which a auspension formual, The suspension
was comled 1o 3% O, filicred on a MF Lapypy aml wasiwal with
I galbkm of mthanul. The wet solids were chatged woa (0
palkon glass lwed reactor with 1 galkuns of methanol, T
suspenxion was stirnad for 18 hours at 25 €. The suspension
wan lllwred on a M7 Lapp and washed with 2 gallons of
mothanul. Afier air drving al ° C, this vickked 2.7 kg
CHIER ) of the above-tepicicd prodiet (i.e.. the tamaric ackl
salt of the Free hase (R +)-cnanativawr)). This nancerial was
puriticd in the [ollvwing manner:

A 100 gallon glass lined neactor was charged with 10.6
galion ol methanol and 2,67 kg (5.0 nul) of the alwwe
tararic rcid sali. The suspension was heated Wy rellux (R0*
) for 18 lours, e suspension was amled 10 MP° (G,
lilwrad on a M Lapp and washed with 4 pallims of
mrcthanol. Alier aie drving at S0° ., this vichdal 205 kp
(76.7% ) of the abwvedepivied prsluct i.e.. The tanaric acid

stll of the Tree base).
STEr 7
s ol <,
\ [1EL
1L
L Faitorn’ And

A S5 liler mafeene Wb was chanied with M) liters of waler
ard LSG g (12.0 mol) of sdium bicaranate at 497 ¢ Cla
tw rowulting ssluion was charged 2.0 kg (4.2 mal) of tix
paxluct from sdep & (i, the tanaric acil salt of e free
hasc), The suspoemsion was sirrad for 3 louns during which
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agreat ckeal foaming ovvorred, Alier the Toamng ceascd. thye
sirpension was libered on a 32 om funnel and wased with
1 gallon ol water Aler air drymg A
kg (U3.57) ol the alewvvadepicied pachnt Gia.. the Tree
hasc)
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A 22 hier Nask was charped with 1277 g (3% nol) of
prociuct from step 7 amd 14 Titees of water, The suspension
was wanmad 0 MP O amb 375 ¢ (L9 o) ol nwthane
sullonie acid were charpal. The rewhing solulon was
warmcd o P ¢ clanlicd by ficrnp through Celie and
washeil with 2 liters ol water, The speck-free lilirate was
cmeentraled umbker vacoum o a volume of 6 lilers, T
sersprension was cooked 10 1=5% C, and pranulaied bor 1 o,
The prnluct was lilcred on a 187 filler Tunnel and washed
with 633 mb ol speck-Iree water. Aler air dryimge a1 25° €
for I8 homrs, this vickded 1646 g (RN°7) of the abene-
depivtel prsdiet (ie.. the messlaie sall rilivdrae).

We claime:

1 (ENIN)-1-td-hydroxyphenyl)-2<(d-hyidroxy-4-
phenvipiperidhn-1-¥13-1-propaml  methanesullonate triby-
drat,

2 A pharmacentival compensition Tor the ircatment of 2
dramder sehevtetd from depencrative CNS disasrders sl as
strobe, Alzhcimer’s discaw. Parkinn’s discase and Hun-
nnpion s discase: epilepay, anxicty, verebral ischemia, mus-
cular spavns, nltiinfarel dementia, truumatic hrain injury.
pam, AIDS relaled deawntia. bypoalyeenia, migraine,
anrvadrophiv lateral selkerosis, drug aml aloobnd addwetivon,
drug aml alkovhnl witlnlrawal symptoms, paveltic comldi-
tivww aind unmary muontinence in 3 mammal, comprivng an
NMDA amagonizing clivctive annim ol the tribwdrate
mesylate sall aceording ke claim 1 and 2 phannacentically
aveeabk: camrwer,

A, A plurmageutical composition for ke freainem of a
drarder seleated from depencrative CNY disamdens such as
stnikie., Alzwimer's discasc, Parkinwon’s discase aml 1un-
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tinglon™s discasc: epilepay. anaicty. cerehral schemia
cular spasms, nuhiinfaret demetia. Icaumane brain injurs.
pan, AIDS related demenia, hypeplyoemis, migraime.
amyiraphic lateral scherosis, drng and akeolod sidictnn,
drug and aleolbol withudrawal symptoms, paychotic vomdi-
Livwis amd urinary icontinence in a mammak, comprising an
aniemm o0 the tribwdrate presvlaie sabl aceonling o clam |
thay is clfective in treatime cach disorder amd a plarmaces-
tically aceeplable varrict. .

4. A mutbeud of ireating a disonder seleeted from degen-
cralive CNS disordens such ay amke. Alzbcimer™s discase,
Parkinaons discase and Tlumington's discase: epilepsy,
anxicty. cerelval ischemia. mosenlar spasms. nuliiindarc
denwentia. Irsnmatic hrain injury, pain, AIDS related
shementia, bypoglyeemia, migraine, amyotmphic laieral
sclenwes, drug amd akeobol aklivtion. drg am! aknhul
willnlrawsl sympioms, prychitic conditers aiml - urinary
incontinenve in a mammal, comprising adminisernng o said
mammal an amwsum ol the tribvdrate mesylaie salt acesrding
to claim T thar is elicetive i ircating such disorcler.

X A nezilsnd of treating a disorher schecied Tnm degen-
vrative (NS divorders sach as Mroke, AlzZlemer™s discasw,
Parkinan™ diwase and Huntinglon's diswcase: epilepay.
anxicty, cerchral ischemia, muscular spasms, multiinfarct
dementia. iraumatic brain injury, pain, AIDN related
denwentia. hypoglveemia. migraie. amyotrophne kiteral
scleromes, drup amd akubol addiction, drag aml alasled
withdrawil symptonee peychotic awditharn aml urinary
incontinence in a mammal. comprising sdminisiering o said
mammal an NMDA antaponizing amwuont ol the ribwyiraie
mesviaie sah acconding 1w claim L.

6. A method ol ircatim: Parkioson™s discase in 2 mammal,
vomprsing sdmigistering g M manmial a Parkinson's
divcase treating clvelive amonnt of 3 syaergisie combing-
tion of e aresylate salt irihydrate aceonlng lo claim 1 of
(IS 28 -1 -(d-hydraxyphenyl)-2-(d-hvdroxy-d-
prenxipiperidin-1-v1)-1-propanol amt an agem capable of
resturing Hwe halanee of the excitatory (ecdback (rm the
veniral lateral macleus of the thalamus isto the conex.,

7. A methond of reating Parkinan’s discase in 2 mammal.
comprising treating saitl mammal with a Farkinens discase
trcatimg clivetive ameun of a symergistic combimainn ol the
mesvlate salt erihvidrate aeconling W clam 1 aml an e
lahory fecilbach Irnm enhanong agenl sclecied T the
group comsisting of dopamme agonisis, dopamine B2
apists, dopamine 132 agonisis, depamine fi-adremerpic
recepior aponiss, thipanune S-11T uptabe inhibsitor S-17T-1A
agonisis, dupamine vpiale  agonisis, adrenoreceplor
apgoninis, o 2-adreocrgiv anlagonist dopanvine aganisis,
ed-alonergic dopamine D2 aponiss. dopamine uplabe
i tors, monuamiine oxilase  inhilvilors, mumanim
axitlase-B inhilvitors, COMT whilvitors aml levindapa,

N, A mciiunt of claim 7 wlwerein said esitatory feedback
cnbanving agenl i kvishipa

9. A nctluad acvording 0 claim 4, whereio e disnder
being treated is Parkinen s discas.

Kb A nrctlnad acoonding 1o claim 4. wherein the disonker
hwing ircated is traumatic brain injury or verchral ischemia,
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PIPERIDINE DERIVATIVES AND THEIR USE AS TACHYKININ ANTAGONISTS

This invention relates to piperidine dertvatives and their use as

o1

tachykinin antagonists, and in particular as neurokinin-1 receptor
antagonists,

We have now found a class of piperidine derivatives which are
potent receplor antagonists of tachykinins. especially of the neurokinin-1
(substance I?) receptor. In addition, the compounds of the present
10 invention exhibit & high level of hepatic stability as measured by, for
example, conventional liver microsome analysis.

International Patent Specification Nos. WO 95/08H4% and W()
9629326 disclose NK-1 receplor antagmists of the peneral structural

formula (A)

15
llt"
(CH.)
N
l\_,r et - '-"Qr,» ...I 1
- l ™ RI
N o
H |
>
R
Rﬁ
N\
wherein
R} is a Cranlkoxy group;
20 B2 s
N {Ii
N
v/ ¢
N—=N

e AL
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R+ is a hydrogen or halogen atom:

R and R* may each independentdy represent a hydrogen or halogen atom,
ar a Crsalkvl, Crialkoxy or trifluoromethyl group;

R~ is a halogen atom, or a Craalkyl, (CHa)wevelopropyl, -S(O)Craalkyl,
phenyl. NRR®, CH2C(O)YCFa or trifluoromethyl group;

" and R* may each independently represent a halogen atom, or a Craalkyl
or acyl group;

X 18 zero or 1;

n is zero, 1 or 2; and

miszeroor 1,

International Patent Specification No. W 96/21661 discloses NIk-)
receptor antagonists of the structural formula (A) wherein R#=-1t%, x. n and
m are essentially as previously defined, and R! is <O-(CH2),Ca zevcloalkyl
(wherein p is zero or 1), -O)-Crzfluoroalkyl. or -Q-(CH=).X (whercin nis 1 or
2). where X is selected from C(OINRTR®, C(OWR*. NR*R®,. SO:NR7R*,
NHSO:R, S(O)RY OChLalkyl. NOz, CQ:L COCraalkyl, CON or. when nis
2. X mayv itlso represent O, SH or NH..

WO 9621661 defines an -O-(ClH2)uCazeveloalky] group as e, for
example, evelopropyloxy. evelopropylmethyloxy. eyvclobutyloxy.
cvelobutylmethyloxy. evelopentvloxy, evelohexyloxy or eveloheptyloxy, A
preferred class of compound in W) 96/216G1 is defined as compounds
wheremn the group R is a cvelopropylmethoxy. evclopentyloxy.
difluoromethyloxy, trifluoromethyloxy. 2.2.2-trilluorocthyloxy or. more
preferably. a fluoromethyloxy group.

From within the peneral class of compound disclosed by the
aforementioned patent xpeciheations, we have now dentified o novel sub-
class of compound wihneh, by virtue of their unique eyelopropyl ether
maiely, possess i high degree of oral bieavailability together with a high
allinity for the human NRK-1 receptor. A further advantage of the

compounds of the present invention is therr enhanced duration of action.
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Preferably. the eompounds of the present invention possess both a hipi) 1 U(a/
degree of oral bioavailability and an enhanced duration of action.

The present invention aceordingly provides the compounds of the
formula (1):

,N-N
]
N, ) i}
N
1
NIl

-t

th

wherein
R! represents a hvdrogen atom or a methyl or trifluoromethyl group:
IR2 represents a hydrogen or halogen atom: and
R* represents a bydrogen or halogen atom:

10 or a pharmaceutically acceptable salt thereol,

Particularly preferred compounds of formula (1) are those wherein
R! reprosents a hydrogen atom ar a triftuoramethyl group. Masi
especially, R! represents a trifluoromethy] group.

Further preferred compounds of formula (1) are those wherein R*

15 represents A hydrogen., fluorine or chlorine atom. Especially preflerred are
those compounds of formula (I) wherein 2 is a hydrogen atom or a
1-fluorine atom. Most especially, R? is a hydrogen atom or a 4-fluorine
atom,

Also preferred are compounds of fTormula (1) wherein R represents a

20 hydropgen, fluorine or chlorine atom. Especially preferred are those

compounds wherein Rt is a hvdrogen or flourine atom. in particular, a

hyvdrogen atom.
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A particularly preferred compound of Lhe present invention is‘flgu}': '

compound of formula (1a)

NN
N, )\(:F_,

N

rd

. (la)

or a salt thereof, especially a pharmaceutically acceptable acid addition
salt therceof. Most aptly the compounds of the formula (1) and {Ia) are the
(2S.35) stercoisomer.

Specific compounds of the present invention melude:

10 N-{[2-exyclopropoxy-ii-(A-trifluoromethylietrazol- 1-y Dphenyl]methyl}-2-
phenylpiperidin-3-amine;
(25.39)-N-{[2-cyclopropoxy-5-(h-trifluoromethyliel razol-1-
vDphenyvljmethyl}-2-phenylpiperidin-3-aminc;
N-{[2-cvclopropoxy-5-(H-triflunromethyltetrazol-1-yl)phenyljmethyl}-2-(4-

15 fluorophenyl)piperidin-3-amince;
or i pharmaceutically aceeptable salt thereof,

In a further aspect of the present invention, the compounds of
formula () may be prepared in the form of a pharmaceutically aceeptable
salt, espoecially an acid addition salt.

20 For use in medicine, the salts of the compounds of formula (1) will be
non-toxic pharmaceutically acceptable salts. Other salts may, however, be
useful in the preparation of the compounds aceording to the invention or of

their non-toxic pharmaceutically aceeptable salts. Suitable
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pharmaceutically aceeptable salts of the compounds of this invention
include acid addition salts which may, for example, be formed by mixing :
solution of the compound aceording to the invention with a solution of a
pharmaceutically acceptable acid such as hvdrochloric acid. fumaric acid.
p-toluenesulphonic acid, maleic acid, succinic acid, acetic acid, citric acid,
tartaric acid, carhonic acid, phosphoric acid or sulphuric acid. Salts of
amine groups may also comprise quaternary ammonium salts in which the
amino nitrogen atom carries a1 suitable organic group such as an alkyl,
alkenvl, alkynyl or aralkyl moiety.

The salts may be formed by conventional means, such as by reacting
the free base form of the product with one or more equivalents of the
appropriate acid in a solvent or medium in which the salt is insoluble, or
in a solvent ruch as water which is removed tn vacuo or by {reeze drying or
Iy exchanging the anions of an existing salt lor another anion on a
suitable ion exchange resin.

The present invention includes within its scope solvates of the
compounds of formula (1) and salts thereol, for example, hydrates.

The compounds according to the invention have al least two
asymmetric centres, and may accordingly exist both as enantiomers and as
dinsterenisomers. It is to be understood that all such isomers and
mixtures thereof are encompassed within the scope of the present
invention. The 25,38 slerevisomer is particularly preferred.

The present invention further provides pharmaceutical
compositions comprising onc or more compounds of formula (I) in
asrociation with a pharmaceutically acceptahle carrier or excipient.

P’referably the compositions according to the invention are in unit
dosage forms such as tablets, pills, capsules, wafers, powders, granules,
solutions or suspensions, or suppositories, for oral, parenteral or rectal
administration, or administration by inhalation or insufflation. Oral
comporitions such as tablots, pills, capsules ar wafers, are particularly

preferred.
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For preparing solid compositions such as tablets, the principal
active ingredient is mixed with a pharmaccutical carrier, c.g. conventional
tableting ingredients such as corn starch, lactose, sucrose, sorbitol. Lale,
stearic acid. magnesium stearate, dicaletum phosphate or gums, and other
pharmaceutical diluents, e.gz. waler, to form a solid preformulation
composition containing a homogeneous mixture of a compound of the
present invention, or a non-toxic pharmaceutically acceptable salt thercof.
When referring to these preformulation compositions as homogeneous, it is
mean! Lhat the active ingredient is dispersed evenly throughout the
composilion so that the composition may be rendily subdivided into
cqually effective unit dosage forms such ak tablets, pills and capsules.
This solid preformulation composition is then subdivided into unit dosage
forms of the type described above containing from 0.1 to about 500 mg of
the active ingredient of the present invention. The tablets or pilis of the
novel composition can be coated or otherwise compounded to provide n
dosage form affording the advantage of prolonged action. For example, the
tablet or pill can comprise an inner dosage and an outer dosage
component, the Jatter bemg in the form of an envelope over the former.
The (wo components can be separated by an enterie layer which serves to
resist disintegration in the stamach and permits the inner component to
pass intact into the duodenum or to be delaved in release. A variety of
materials can be used for such enteric lavers or continps, such materials
including # number of polymeric acids and mixtures of polymeric acids
with such materials as shellae, cetyl aleohol and cellulose acotate.

The liuid forms in which the novel coinpositions of the present
invention may be incorporated for administration orally or by injection
include agueous solutions, suitably flavoured syrups, nqueous or oil
suspensions, and flavoured emulsions with edible oils such as cottmseed
oil, sesame oil, coconut il or peanut oil, as well ax elixirs and sioalar
pharmaceutical vehicles. Suaitable dispersing or suspending agents for

ngueous suspensions include svnthetiec and natural gums such as
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tragacanth. acacia. alginate, dextran, sodium carboxymethylcellulose, Guyﬂ
mathyleellulose. polyvinyl-pyrrolidone or gelatin,

Preferred composilions for administration by injection include those
comprising a compound of formula (1. as the active ingredient. in
association with a surface-active agent (or wetting agent or surfactant) or
in the form of an emulsion (as a water-in-oil or oil-in-water emulsion).

Suitahle surface-active agents include, in particular, non-ionic
agents, such as polvoxyvethylenesorbitans (e.g. Tween™ 20, 40, GO, 80 or
86) and other sorbitans (e.g. Span™ 20, 40, 60, 80 or 85). Compositions
with n rurface-active agent will conveniently comprise between (.05 and
5% surface-active agent, and preferably between 0.1 and 2.5%. It will be
apprecialed that other ingredients may be added, for example mannitol or
other pharmaceutically aceeptable vehicles. if necessary.

Suitable emulsions may be prepared using .t:nmmurciull_\' available
fat emulsions, such as Entralipid™, Liposyn™, Infonutrol™, Lipofundin™
and Lipiphyvsan™. The aclive ingredient may be either dissolved in o proe-
mixed emulsion composition or alfernatively it may be dissolved in an oil
{e.g. sovhean oil, safMlower oil, coltonseed oil. sesame oil, corn oil or almond
vil) and an emulsion formed upon mixing with a phospholipid (e.g. cee
phospholipids, soyhean phospholipids or sovbean leeithind and water. Tt
will be appreciated that other ingredients may be added, for example
glycernl or glucose. to adjust the tonicity of the emulsion. Suitable
emulsions will typically contain up ta 20% oil. for example, between 5 and
20%. The fat emulsion will preferably comprise fat droplets hetween 0.1
and 1.0pm. particularly (1.1 and 0.5um, and have a pH in the range of 5.5
10 8.0,

Particularly preferred emulsion compositions are those prepared hy
mixing a compound of formula (1) with Intralipid™ or the components
thereof (sovbean oil, egye phospholipids, glveerol and water).

Compasitions for inhalation or msuffiation include solutions and

suspensions in pharmaceutically acceptable, agueous or organic solvents,
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or mixtures thereol, and powders. The liquid or solid compositions may
contiin suitable pharmaceutically acceptable excipients as set out above.
Preferably the compaositions are administered by the oral or nasal
respivatory route for locul or systemic effect. Compositions in preferably
sterile pharmaceutically acceptable solvents may be nebulised by use of
inert gases. Nebulised solutions may be breathed directly from the
nebulising device or the nebulising device may be attached o a face mask,
tent or intermittent positive pressure breathing machine. Solution,
suspension or powder compositions may be adminislered, preferably orally
or nasally, from devices which deliver the formulation in an appropriate
manner,

The present invention futher provides a process for the preparation
of a4 pharmaceutical composition comprising a compound of formula (1),
which process comprises bringing a compound of formula (1) into
associntion with a pharmaceutically acceptable carrier or excipient.

The compounds of formula (1) are of value in the treatment of a wide
variety of clinical conditions which are charncterised by the presence of an
excess of Lachykinin, in particular substance P, activity.

Thus, for example. an excess of tachykinin, and in particular
substance PP, activity is implicated in a vaviety of disorders of the central
nervous system. Such disorders include mood disorders, such as
depression or more particularly depressive disorders, for example, single
cpisodic or recurrent major depressive disorders and dysthymic disorders,
or bipular disorders, for example, bipolar I disorder, bipolar 11 disorder and
cvclothymic disorder; anxiety disorders, such as panic disorder with or
without agoraphabia, agoraphoehin withoul history of panic disorder,
specific phobias, for example, specific animal phobias, social phobias,
obhsessive-compulsive disorder, stress disorders including post-traumatic
stress disorder and acute stress disorder, and generalised anxiety
disorders: schizophrenia and other psychotic disorders. for example,

schizophreniform disorders, schizoaffective disorders, delusional disorders,
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hrief prychotic disorders, shared psychotic disorders and psychotic
disorders with delusions or hallucinations; delerium, dementia, and
amnestic and other cognitive or nourodegenerative disorders, such as
Alzheimer's discase, senile dementia, dementia of the Alzheimer's type,
vascular dementia, and other dementias, for example, due to HIV discase,
head trauma, Parkinson's disease, Huntinglon's diseasc, Pick's disease,
Creutzfeldt-Jakol) discase, or due Lo multiple actiologies; Parkinson's
disease and other extra-pyramidal movement disorders such as
medication-induced movement disorders, for example, neuroleptic-induced
parkinsonism. neuroleptic malignant syndrome, neuroleptic-induced acute
dvstonia, neuroleptic-induced acute akathisia. neuroleptic-induced tardive
dyskinesia and medication-induced postural tremour; substance-related
disorders arising from the use of alenhol, nmphetamines (or amphetamine-
like substances) caffeine. cannabis, cocaine, hallucinogens. inhalants and
acrosol propellants. nicotine, opivids, phenylglycidine derivatives,
redatives, hypnotics, and anxiolvtics, which substance-related disorders
include dependence and ahuse, intoxication, withdrawal, intoxication
delerium, withdrawal delerium. persisting dementia, psvchotic disorders,
mood disorders. nnxiety disorders, sexual dysfunction and sleep disorders:
epilepsy; Down's sendrome; demyelinating dikenses such as MS and ALS
and othar neuropathological disorders such as peripheral neuropathy, for
example diabetic and chemotherapy-induced neuropathy. and postherpetic
neuralgia, trigeminal neuralgin, segmental or intercostal neuralgia and
other neuralgias; and cercbral vascular disorders due Lo acute or chronic
cerebrovascular damage such as cerebral infarction, subarachnoid
haemorrhape or cerchral ocdema.

Tachykinin, and in particular substa hee P, activity is also invalved
in nociception and pain. The compounds of the present invention will
therefore he of use in the prevention or treatment of diseases and
conditions in which pain predaminates, including soft. tissue nnd

peripheral damage, such as acute trauma, osteonrthritis. rheumatoid
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arthritis. muxculo-skeletal pain, particularly after trauma, spinal pain,
mvoflaseial pain syndromes, headache, episiotomy pain, and burns: deep
and visceral pain, such as heart pain, muscle pain, eve pain, orofacial
pain. for example, odontalgia, abdominal pain, gvnaecological pain, for
h example, dysmenorrhoea, and labour pain: pain associated with nerve and
root damage, such as pain associated with peripheral nerve disorders, for
example. nerve entrapment and brachial plexus avulsions, amputation,
peripheral neuropathies, tic douloureux, atypical facial pain, nerve root
damage. and arachnoiditis; puin associated with carcinoma, often referred
10 ta ur cancer pain: central nervous system pain, such as pain due Lo spinal
cord or brain stem damage: low back pain; seiatiena: ankyvlosing spondylitis,
goul: and scar pain.
. Tachvkinin, and in particular substance I', antagonists may also be

of use in the treatment of respiratory diseases, particularly those

[y
-
-

arsociated with excess mucus secretion, such as chronic obstructive
mrways dhsease, bronchopneumonia, chronic bronchitis, cystic fibrosis and
asthma, adult respirmory distress syndrome, bronchospasin and cough:
inflammatory diseases such as inflammatory bowel disense, psoriasis,
fibrositis. osteoarthritis, rheumatoid arthritis, praritis and sunburn;

20 allerpgies such as cczema and rhinitis: hypersensitivity disorders such as
poison ivy: ophthalmic diseases such as conjunctivitis, vernal
conjunctivitis, and the like; ophthalmic conditions associated with cell

' proliferation such as proliferative vitreoretinopathy; cutancous dikeases
such ax contact dermatitis. atopic dermatitis, urticaria, and other

25 cczemaloid dermatitis.

Tachykinin. and in particular substance P, antagonists may also be
- of use in the trentment of neoplasms, including: breast tumours,
neuropanglioblastomas and small cell enrcinomas such as small cell lung
cancer.
30 Tachykinin, and in particular subsiance P, antagonists may also he

of use in the treatment of gastrointestinnl (GD disorders, including
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inflammatory disorders and diseases of the GI tract such ns postritis,
gastroduodenal ulcers, pastric earcinomas, gastric lymphomas, disorders
associated with the neuronal ¢ontrol of viscera, ulcerative colitis, Crohn's
disease, irritable bowel kyndrome and emesis, including acute, delayed or
anticipatory emesis such as emesis induced by chemotherapy, radiation,
toxins, viral or bacterial infections, pregnancy, vestibular disorders, for
oxample, motion sickness, vertigo, dizziness and Meniere's discase,
surgery, migraine, variations in intercranial pressure, pastro-oesophapeal
reflux disease, acid indigestion, over indulgence in food or drink, acid
stomach. waterbrash or regurgitation, heartburn, for example, episodic,
nocturnal or meal-induced heartburn, and dvspepsia.

Tachykinin, and in particular substance P, antaponists may also he
of use in the treatment of a variety of other conditions including stress
related somatic disorders: reflex sympathetic dystrophy such as
shoulder/hand syndrome; ndverse immunolegical reactions such as
rejection of trimsplanted tissues and disorders related 1o immune
enhancement or suppression such as systemic Jupus ervihematosus;
pliasma extravasation resulting rom eytokine chemotherapy, disorders of
biadder function such as cvstitis, bladder detrusor hyper-reflexin and
incontinence; fibrosing and collngen discases such as scleroderma and
cosinophilic fasciolinsis: disorders of bload flow caused by vasodilation and
vasospastic diseases such as angina, vascular headache, migraine and
Rovnaud's disease; and pain or nociception attributable to or associated
with any of the foregoing conditions, especially the transmission of pain in
migraine.

The compounds of formula (1) are also of value i the treatment of o
combination of the abave conditions, in paruicular in the treatmoent of
combined post-operative pain and post-operative nauses and vomiting,

The compounds of formula (1) are particularly useful in the
treatment of emesis, including acute, delayved or anticipatory emesis, such

ax emesis induced by chemotherapy, radiation, toxins, pregnancy,
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vestibular disorders, motion, surgery. migraine. and variations in
: : : ro /,
intereranial pressure. Most especially, the compounds of formula (l)‘:n'tr] e

use in the treatment of emesis induced by antineoplastic (cytotoxic)
agents, including those routinely usad in cancer chemotherapy. and emesis
induced by other pharmacological agents, for example, rolipram.

Examples of such chemotherapeutic agents include alkylating
agents, for example, nitrogen mustards, ethylencimine compounds, alkyl
sulphonates and other compounds with an alkvlating action such as
nitrosoureas, cisplatin and dacarbazine; antimetabolites, for example, folic
acid, purine or pyrimidine antagonists; mitotic inhibitors, for example,
vinea alkalvids and derivatives of podophyllotoxin; and eytotoxic
anLibiotick.

Particular examples of chemotherapeutic apents are described, for
instance, by D. J, Stewart in Nausea and Vomiting: Recent Rescarch and
Clinical Aduences, Eds. J. Kucharczyk el al, CRC Press Inc., Boca Raton.
Florida, USA (1991) pages 177-203. especially page 188. Commonly used
chematherapeutic agents include cisplatin, dacarbazine (DTIC),
dactinomycin, mechlorethamine (nitrogen mustard), streplozocin,
cvclophosphamide, carmustine (BCNU), lomustine (CCNU), doxorubicin
(adrinmycin), daunorubicin, procarbazine, mitomyein, cytarabine,
ctoposide, methotrexate, H-fluorouracil, vinblastine, vineristine, bleomvein
and chlorambucil {R. J. Gralla et af in Cancer Treatment Reports (1984)
GH(1). 163-172).

The compounds of formula (1) are also of use in the treatment of
emesis induced by radiation including radiation therapy such as in the
treatmunt of cancer, or radiation sickness; and in the treatment of post-
operative nausea and vomiting.

It will be appreciated that the compounds of formula (1) may be
presented togeLther with another therapeutic agent. as a combined

preparation for simultancous. separate or sequential use for the relief of
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emexris, Such combined preparations may be, for example, in the form of a
twin pack.

A further aspect of the present invention comprises the compounds
of formula (T} in combination with a H-HTh antagonist, such as
ondansctron, granisetron or tropisetron, or ather anti-emetic
medicaments, for example, a dopamine antagonist such as metoclopramide
or dlomperidone or GABAR receptor agonisik such as baclofen.
Additionally, a compound of formula (1), either alone or in combination
with one or more other anti-emetic therapeutic agents, may bhe
administered in combination with an anti-inflnmmatory corticosteroid,
such as dexamethasone, betamethasone, trinmeinolone, triameinolone
acetonide. flunisolide, budesonide, or others such as those disclosed in US
patent nos. 2,789,118, 2,980,401, 3,048.50K81, 3.126.375., 3.4924.7G8,
3,946,359, 3.928,326 and 3.749.712. Doexamethasone (Deceadron™) is
particularly preferred. Furthermore, o compound of formula (1) may be
administered in combination with o chemntherapoeutie agent such as an
alkvlating agent, antimetabolite, mitotie inhibitor or eviotoxic antibiotic,
as deseribed above, In peneral. the currently availalide dosage forms of e
known therapeutic agents for use in such combinations will be suitable.

When tested in the ferret madel of cisplatin-induced emesis
deseribed by F. D. Tauersall ef al, in Eur. J. Pharmacol., (1993) 200, -
RG. the compounds of the present invention were found to attenuate the
retching and vomiting induced by cisplatin,

The compounds of formula (D) are also particularly useful in the
treatment of pain or nociception and/or inflammation and disorders
assacinted therewith such as. for example, nouropathy, such ax diabetic
and chemntherapy-indueced nearopathy, postherpetic nnd other neuralgins,
asthma., asteroarthritis. rheumatoid arthrius and headache. including
migraine. acute or chronie tension headache, cluster headache,

temporomandibular pain. and maxillary sinus pain.
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The compounds of formula (1) are also particularly useful in the
treatment of depression including depressive disorders, for example, single
episadic or recurrent major depressive disorders. and dyvsthyvmic disorders,
depressive neuarosis, and neurotic depression: melancholic depression
including anorexin, weight loss, insomnin and early morning waking, and
psvchomotor retardation: atypical depression (or reactive depression)
including inereased appetite, hypersomnia, psychomotor agitation or
irritability, anxicty and phobias; seasonal affective dizorder; or depression.

The present invention further provides a compound of formula (I)
for usc in therapy.

According to a further or alternntive aspuect, the present invention
provides a compound of formuln (1) for use in the manufacture of a
medicament for the treatment of physiological disorders associated with
an excess of tnchykinins, especially substance P,

The present invention also provides n method for the treatment or
prevention of physivlogical disorders associated with an excess of
tachyvkinins, especinlly substance I', which method comprises
administration to a patient in need thereol of a tachykinin reducing
amount of a compound of formula {I) or a composition comprising a
compound of formula (1).

According 1o a further aspect of the present invention, it may be
desirable to treat any of the aforementioned cunditions with a combination
of a compound according to the present invention and one or more other
pharmacologically active agents suitable for the treatment of the specific
condition. The compound of formula (1) and Lhe other pharmacologically
active agent(s) mayv he administered 1o a patient simultaneously,
sequoentially or in combination.

Thus. for example. for the treatment of respiratory discases such as
asthma, a compound of formula (1) may be used in conjunction with a
bronchodilatar, such as a By-adrenergic receptor agonist or tachykinin

antagonist which acts a1 NK-2 receptors. The compound of formula (1) and
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the bronchodilator may be administered to a patient. simultaneously, /
sequentially or in combination. )

Likewise, n compound of the present invention may be emploved
with i leukolriene antagonists, such as a Jeukotriene Dy antagonist such
as u compound selected from those disclosed in European patent
specification nos. 0 480 717 and O 604 114 and in US patent nos. 4,859,692
and H,270,324. Thixs combination is particularly useful in the treatment of
respiratory diseases such as asthma. chronic bronchitis and cough.

The present invention accordingly provides a method for the
treatment of a respiratory disease, such as asthma, which method
comprises administration to a patient in need thereof of an effective
amount of a compound of formula (1) and an effective nmount. of a4
hronchaodilator.

The present invention also provides a composition comprising a
compound of formula (1), n bronchodilator, und a pharmaceutically
acceptable carrier.

It will he appreciated that for the trentment or prevention of
migraine. a compound of the present invention may he used in conjunction
with other anti-migraine agens, such as ergoiamines or H-HT) agonists,
expecially sumatriptan, naratriptan, zolmatriptan or rizatriptan.

Likewise, fo.r the treatment of hehavioural hyperalgesia, a
campound of the present invention may be used in conjunction with an
antagonist of N-methy} 1)-aspartate (NMDA), such as dizocilpine.

For the treatment or prevention of inflummatory conditions in the
lower urinary tract, especially cystitis, a compound of the present
invention may be used in conjunction with an anti-inflammatory agent
such as a bradykinin receptor antagonist.

The present invention also provides n composition comprising o
compound of formula (1), a bronchodilator, and o pharmaceutieally

acceplable carner.
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It will be appreciated that for the treatment. or prevention of puGIQJ/
nociceplion, a compound of the present invention may he used in
conjunction with other analgesics. such ax acetaminophen (paracetamol),
aspirin and other NSAIDs and. in porticular, opioid analgesics. espeaially

H) morphine. Specific anti-inflammatory agents include diclofenac,

ibuprofen, indomethacin, ketoprofen, naproxen, piroxicam and sulindac.
Suitable opioid analgesics of use in conjunction with a compound of the
present invention include morphine, codeine, dihydrocodeine,
diacetylmorphine, hydrocodone. hydromorphone, levorphanol,

10 oxymorphone, allentanil, buprenorphine, butorphanol. fentanyl,
sufentanyl, meperidine, methadone, nalbuphine, propoxyphene and
pentazocing; or a phnrmncm'n.icnlly acceplable salt thereof. Preferred salis

’ of these opioid analgesics include morphine sulphate, morphine
hydrochloride. morphine tartrate, codeine phosphate, codeine sulphate,

15 dihvdrocodeine bitartrate. dincetylmorphine hydrochloride, hydrocodone
bitartrate, hyvdromorphone hydrochloride, levorphanol tartrate,
oxyvmorphone hyvdrochloride, alfentanil hvdrochloride. huprenorphine
hydrochloride, hutorphanal tartrate, fentanyl citrate, meperidine
hydrachloride. methadone hyvdrochloride, nalbuphine hyvdrochloride,

20 prapoxyphence hydrochloride, propoxyphene napsylate
(2-naphthalencsulphonic acid (1:1) monvhydrate). and pentazocine
hydrochloride.

. Therefore, in a further aspect of the present invention, there is

provided a pharmaceutical composition comprising 8 compound of the
25 present invention and an analgesic, together with at least one
pharmaccutically acceptable earrier or exeipient.

- In a further or alternative aspect of the pregent invention. thore is

provided a product comprising o compound of the present invention and an
analgesic as o combined preparation for simultancous, separate or

30 requential use i the treatment or prevention of pain or nociception.
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anxiely, a compound of Lhe present invention may be used in conjunction

1t will be appreciated that for the treatment of depression or

with other anti-depressant or anti-anxictly agents.
Suitable classes of anti-depressant agent include norepinephrine

H  reuptake inhibitors, selective serolonin reuptake inhibitors (SSRIs),

mongamine oxidase inhibitors (MAOQIs), reversible inhibitors of
monoamine oxidase (RIMAs), serotonin and noradrenaline reuptake
inhibitors (SNRis), corticotropin releasing factor (CRTF) antagonists, a-
adrenoreceptor a'mtngonists and atypical anti-depressants.

10 Suitable norepinephrine reuptnke inhibitors include tertiary amine
trievelies and secondary amine tricvelies. Suitable examples of tertiary
amine trieyelies include: amitriptyline, clomipramine, doxepin,
imipramine and trimipramine, and pharmaceutically acceptahle ralts

thereol. Suitable examples of secondary amine tricyclics include:

—
i |

amoxapine, desipramine, maprotiline, nortriptyline and protriptyline, and
pharmaccutically acceprable salts thereof.

Suitable seleetive serotonin reuptake inhibitors include: fluoxetine,

fluvaxamine. paraxetine and sertraline, and pharmaceutically nceeptable
salts thereof.

20 Suitable monoamine oxidase inhibitoes include: isocarboxazid,
phenelzine. tranyleypromine and selegiline. and pharmaceutically
acceptable salts thereof.

Suitable reversible inhibitors of moneamine oxidasc include:
maclobemide, and pharmaceutically acceptable rults thereof.

25 Suitable serotonin and noradrenaline reuptake inhibitors of use in
the present invention include: venlafaxine, and pharmaceutically

- acceptable salts thereol.
Suitable CRF antagonists include those compounds described in
Inwernational Patent Specification Nos. WQ 94/136G43. WQ) 94/136G44,
30 WO 94/13GG61. WO 94/13G76 and W(Q) 94/13677.

PEDCIID WD QAT T -



WO 99724423 PCT/GDB98/03299
18 \ (é

Moo -

Suitable atypical anti-depressants include: bupropion. lithium,
nelazodone, trazodone and viloxazine, and pharmaceutically acceptable
xitlts Lthereol.

Suitable classes of anti-anxiety agent include benzodinzepines and

H - B-HTha agonists or antagonists, especially 5-HTa partial agonists, and
corticotropin releasing factor (CRY) antagonists.

Suitable benzodiazepines include: alprazolam, chlordiazepoxidec,
clonazepam, chlorazepate, diazepam, halazepam, lorazepam, oxazepam
and prazepam, and pharmaceutically acceptable salts thereof.

10 Suitable 5-HTia receptor agonists or antagonists include, in
particular, the 5-HT)a receplor partial agonisis buspirone, flesinoxan,
gepirvone and ipsapirone. and pharmaceultically acceptable salts thereof.

Therefore, in a further aspect of the present invention, there is
provided a pharmaceutical composition comprising a compound of the

15 present invention and an anti-depressant or anti-anxiety agent, together
with nt least one pharmaceutically ncceptable carrier or excipient.

In a further or alternative aspect of the present invention, there is
provided a product comprising a compound of the present invention and an
anti-depressant or anti-anxiety agent as a combined preparation for

20 simultancous. separide or sequentinl use for the treatment or prevention
of deprersion and/or anxiety.

It will be appreciated that for Lthe treatment or prevention of eating
disorders, including obesity, bulimia nervosa and compulsive eating
disorders, a compound of the present invention may be used in conjunction

2h with other anorectic agents.

The present invention accordingly provides the use of a compound of

- formula (1) and an anorectic apent for the manufacture of 1 medicaiment
for the wreatment or prevention of eating disorders,

The present invention also provides a methaod for the treatment or

30 prevenuon of eating disorders, which method comprises administration to

a patient in need of such treatment an amount of a compound of furmula
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(1Y and an amount of an anorectic agent. such thal together they give l
effective reliel. .

In o [urther aspect of the present invention, there is provided a
pharmaceutical composition comprising a compound of formula (1) and an

h anarcctic agent, together wilth al least one pharmaceutically acceptable :
carrier or excipient.

It will be appreciated that the compound of formula (1) and
anorectic agent may be present as a combined preparation for
simultancous, separate or sequential use for the treatiment or prevention

10 of eating disorders. Such combined preparations may be, for example. in
the form of a twin pack.

In a further or alternative aspect of the present invention, there is
therefure provided a product comprigsing n compound of formula (1) and an
anarectic agent as a combined preparation jor simultancous, separate or

1H sequential use in the treatment or prevention of eating disorders,

In a further embodiment of the present invention there is provided
the use of a compound of formula (1) and an anorcctic agent. for the
manufacture of a medicaonent for the treatment or prevention of ohesity.

The present invention also provides a method for the treatment or

20 prevention of ohesity, which moethod comprises administration to a patient
in need of such treatment an amount. of a compound of formuln (1) and an
amounlt of an anorectic ngent, such that together they give effective reliel.

In an alternative embadiment of the present invention there is
provided the use of @ compound of formula (1) and an anorectic agent for

20 the manufncture of a medicament for the treatment or preveation of
hulimuia nervosa.
- The present invention also provides s method for the treaument or
prevention of bulimia nervosa, which method comprises administration to
a patient in need of such treatment an amount of & compound of formula
30 (1) and an amount of an anoerectic agent, such that together they give

eftective relief,
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In n further embodiment of the present invention there is provided
the use of a ecompound of formula (1) and an anorectic agent for the
manufacture of a medicament for the treatment. or prevention of
compulsive eating disorders.

h The present invention also provides a method for the treatment or
prevention of compulsive eating disorders, which method comprises
administration Lo a patient in nced of such treatmeni an amount of a
compound of formula (I} and an amount of an anorectic agent, such that
together they give effective relief.

10 In an alternative embodiment of the present invention there is
provided the use of n compound of formula {I) and an anorectic agent for
the manufacture of a medicament for reducing the totz:l body fat mass in
an obese mammal, especially @« human.

The present. invention also provides a method for reducing the total

15 body fat mass in an obese mammal, especially a human, which method
comprises administration to a patient in need of such treaument an
amount of a compound of formula (1) and an amount of an anorectic agent.
such that together they pive effective relief.

Suitable anoretic agents of use in combination with a compound of

20 the present invention include. but are not timited to, aminorex,
amphechloral, amphetamine, benzphetamine, chlorphentermine,
clobenzorex, cloforex, clominorex, clortermine, cyclexedrine,
dexfenfluramine, dextroamphetamine, diethylpropion, diphemethoxidine,
N-ethviamphetamine, fenbutrazate, fenflurnmine, fenisorex. fenproporex,

2h fludorex. luminorex, furfurvlmethyvlamphetamine, levamietamine,
levophacetoperane, mazindol, mefenorex. metamfepramone.

. methamphetamine. norpseudoephedrine, pentorex, phendimetrazine,
phenmetrazine. phentermine, phenyipropanolamine, picilorex and
sibutramine: and pharmaccutically acceptable salts thereof.

30 Particularly preferred anorectic agents include amphetamine and

derivatives thereol such as amphetamine, benzphetamine,
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chlorphentermine, clobenzorex, cloforex, clotermine, dexfenfluramine,
dextroamphaetamine, dicthyipropion, N-elthylamphetamine, fenfluramine,
fenproporex, furfurvimethylamphetamine, levamfetamine, mefenorex,
metumfepramone, methamphetamine, norpseudocphedrine, pentorex,
5 phendimetrazine, phenmetrazine, phentermine, phenylpropanolamine.
picilorex and sibutramine; and pharmaceutically acceptable salts thereof.
A particularly suitable class of anorectic agent are the halogenated
amphetamine derivatives, including chlorphentermine, cloforex,
clortermine, dexfenfluramine, fenfluramine, picilorex and sibutramine;
10  and pharmacecutically accepiable salts thereof.
Particularly preferred halogenated amphetamine derivatives of use
in combination with n compound of the present invention include:

fenfluramine and dexfenfluramine, and pharmaceutically acceptable salts

thereof.

1H It will be appreciated that for the treatment or prevention of
ohesity, the compounds of the present invention may also he used in
combination with a selective serotonin reuptake inhibitor (SSRD.
The present invention accordingly pravides the use of a compound of
formuln (I) and an SSRI for the manufacture of a medicament for the
20 treatment or prevention of obesity.

The present invention also provides n methaod for the treatment or
prevention of obesity, which method comprises administration to i patient
in need of such treatment an amount of a compound of formula (1) and an
amount of an SSRI, such that together they give offective relief.

25 In a further aspect of the present invention, there is provided a
pharmaceutical composition for the treatment or prevention of obesity
- comprising n compound of formula () nnd an SSRI, together with at least
once pharmaceutically acceptahle carrier or excipient.
It will he appreciated that the compound of formula (1) and SSRI

30 may he present as i combined preparation for simultaneous, separate or
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sequential use for the treatment or prevention of obesity. Such combined
preparations may he, for example, in the form of o twin pack.

In a further or alternative aspect of the present invention. there is
therefore provided a product comprising n compound of formula (I) and an

h SSRI as a1 combined preparation for simultaneous, separate or sequential
use in the treatment or prevention of obesity.

In an alternative embodiment of the present inveniion, there is
provided the use of 8 compound of formula (1) and an SSRI for the
manufacture of a medicament for reducing the total body fat mass in an

10 obese mammal, especially # human.

The present invention also provides a method for reducing the total
body fat mass in an obese mammal, especially £ human, which method
comprises administration to the mammal an amount of a compound of
formula (1) and an amount of an SSRI. such thai together they give

15 effective relief.

In a further aspect of Lthe present invention, there is provided a
pharmaceutical composition for reducing the tutal body fat mass in an
ohese mammal. especially a human, comprising a compound of formula ()
and an SSRI, together with at least one pharmaceutically acceplable

20 carrier or excipient.

Suitable selective serotonin reuptake inhibitors of use in
combination with a compound of the present invention include: fluoxetine,
fluvoxamine, paroxetine and sertraline, and pharmaceutically acceptable
silts thereof,

25 As used herein “obesity” refers to a condition whereby a mammal
has a Body Mass Index (BMI), which is caleulated ns weight per height
- squared (kg/m?), of at least 25.9. Conventionally, those persons with
normal weizght, have o BM] of 19.9 Lo less than 26.9.
T'he obesity herein may be due to any eause, whether genetic or
30 environmental. Examples of disorders that may result in obesity or be the

cause of obesity include overeating and bulimin, polycystic ovarian
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disease, craniophiaryngioma, the Prader-Willi Svndrome, Frohlich's .
svidrome, Type H dinbetes, GH-deficient subjects, normal variant short
stature, Turner's syndrome., and other pathological conditions shawing
reduced metabolic activity or o decrease in resting encergy expenditure as a
H percentage of 1otal fal-free mass, ¢ children with acute lymphoblastic
lenkemia.
“Traatment” (of obesity) refers to reducing the BM] of the mammal
to loss than about 259, and mainweining that weight for at least 6 months. :
The treatment suitably resxults in a reduction in fond or caloric intake by
10 the mammal.
“Provention” (of obesity) refers to preventing obesity from accurring
il the treatment is administered prior to the onset of the obese condition.
Moreover, if treatment is commenced in already obese subjects, such

treatment is expected to prevent, or o prevent the progression of, the

medical sequelae of obesity, such ax, e, arteriosclerosis, Type 11 diabotes.
polvevestic ovarian disease, cardiovascular diseases, osteoarthritis,
dermatological disorders, hvpertension, insalin resistance.
hypercholesterolemin, hypertriglveeridemii, and cholelithiasis.
Thus, i one aspoct. thiz invention relates to the inhibition and/or
20 complete suppression of lipogenesis in obese mammals, i.c.. the excessive
accumulation of lipids in fat cells, which is one of the major features of
human and animal obesity, as well as loss of total body weight. In anather
aspeet, the invention ameliorates the conditions that are a consequence of
the disease, such as preventing or arresting the progression of polveystic
20 ovarian disease so that the patient is no longer infertile, and increasing
the insulin sensitivity andfor decreasing or eliminating the need or usapge
. of insulin 1n a diabeue patient, e.g., one with adult-onset diabetes or Type
1] dinbetes.
A further aspeet of the present invention comprises the use of o
30 compound of formula (1) for achieving o chronabiologic (cireadian rhythm

phase-shilting) effect and alleviating circadian rhvthm disorders in
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mammal. The present invention is further directed to the use of a
compound of formula (I) for blocking the phase-shifting effects of light in a
mammal.
The present invention further relates to the use of a compound of
h formula (I} for enhancing or improving sleep quality, in particular by
increasing sleep efficiency and augmenting sleep maintenance, as well as
for preventing and treating sleep disorders and sleep disturbances. in a
mammal.
In a preferred embodiment, the present invention provides a method
10 for the phase advance or phase delay in the circadian rhythm of a subject
which comprises administering to the subject an appropriate amount of o
compound of formula (1} or a pharmaceutically acceptable salt thereof.
In the treatment of the conditions associated with an excess of
tachykining, a suitable dosage Jevel is abour 0.001 to 60 mg/kg per day, in
15 particular about .01 (o about 25 me/ky, such as from about 0.05 Lo aboul
10 mg/kg per day.
For example, in the treatment of conditions involving the
neurolransmission of pain sensations, a suitable dosage level is about
0.001 10 25 mp/kg per day, preferably about 0,006 to 10 me/kg per day, and
200 especially about 0.005 to 5 me/ke per day. The compounds may he
administered on a regimen of 1 1o 4 timer per day, preferably once or twice
per day.
In the treatment of emesis using an injectable formulation, a
suitable dosage level is about 0.00) to 10 mg/kg per day, preferably about.
25 (0.005 Lo D melkg per day, and especially 0.01 10 I mg/kg per day. The
compownds may he administered on o regimen of 1 to 4 times per day,
. preferably once or twice per day. *
It will be appreciated that the amounmt of a compound of formula (1)
required for use in any treatment. will vary not only with the particular
30 compounds or composition selected hut also with the route of

administration, the nature of the condition being treated. and the ape and
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comdition of the patient, sad will ultimately he at the diseretion of the
attendant physician.
The compounds aceording 1o the present invention may be prepared
by o process (A) which comprises reacting a compound of formula (1D with

5 n compound of formula (1) in the presence of o reducing agent:

NN
(4
N‘N R
~
|
- a
OHr ) R
L“
(i (1h

.
wherein R R2 and R are as defined for formula (1), and R# is a hydrogen

10 alom or a nitrogen provecting group, followed whoere necessary by
N-deprtection.

Suitable reducing agents for use in this reaction include, for
example. sodium borohydride. sodium evanoburohydride or sodium
trizcetoxyvhorohydride, The reaction is conveniently effected in o smitable

15 solvent such ax acetic acid, methanol or 1.2-dichloroethane at »
temperature between 0°C and H0°C, conveniently at about room
temperature.

According (o another process (B). the compounds according to the
present invention may be prepared by reacting a compound of formula (1V)

20  with a compound of firmula (V)
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wherein R1, R? and RY are as defined for formula (1), R* is a hydropen atom
or i nitrngen protecting group. and one of R* and R represents a leaving
group and the other of B3 and ™ represenus NHa; in the presence of a
base, followed by deprotection, if required.

Suitably R¥ represents NIz and RM represents a leaving group.
Suitable leaving groups include halogen atoms, e.p. chlorine,
bromine or iodine, or sulphonate derivatives such as tosylate, mesylale or

triflate.

The reaction is conveniently earried out in a suitable organic
salvent, such as an cther, e.p. 1.2-dimethoxyethane, at a temperature in
the region of 0°C. Favoured bases of use in the reaction include alkali
metal amides and hydrides, such s potassiom his(trnnethylsilylmide or
potassium hydride. Suitably, sodium hydride is used.

According to another general process (C). compounds of formula (1)

may be prepared from a compound of formula (V1)
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wherein R, R? and R* are as defined for formula (1), R2 ix o hydrogen atom

vh
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or 2 nitrozen protecting group. and Ph ix a phenyl ring. by reaction with

lithium naphthalenide in tetrahydrofuran. followed where necessary by

N-depratection. The reaction is preferably effected at reduced

temperature, for example at about -78°C.

According to another general process (1), compounds of formula (D

may he prepared from a compound of formulya (V1)

wherein R2 and R?* are as deflined for formula (1) and R is a hvdrogen atom

NHOCN

or a nitrogen protecling group. by reaction with ammonium chloride and

sodium azide at clevated temperature, followed where necessary by
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N-deproteetion. The reaction is conveniently effected in a solvent such as
dimethylformamide.

Further details of suitable procedures will be found in the
accompanying Examples.

H Suitable amino protecting groups include alkoxyearbonyl groups
such as teri-butoxyvecarbony! and trichlorovethoxycarbanyl,
aralkvloxycarbony! groups such as benzyloxyearbonyl, ar aralkyl groups
such as benzyl. Removal of the protecting group is effecled by
conventional procedures thus, for example, tcrl-_hut.oxycarbon_\'l Eroups

10 may he removed under acidic condilions using, for example. trifluoroacetic

acid: benzyloxyearbonyl and benzyl groups, may also be remaoved by
hydropenolvsis in the presence of a catalyst, for example, palladium; and
trichloroethoxycarbonyl groups may be remaoved with zine dust.
Methods for the preparation of intermediates of formula (11) and
16 (IV) are well known in the art (see, for instanee, European Patent
Specification No. 0 436 334-A).
Intermediates of formula (111 may be prepared from s compound of

formulas (VI

NN
DN
I\‘N)\["

20 D
using the method of general process (C), above,

Similarly, intermediates of formula (V) may he prepared fyrom a

compound of formula (IX)
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according to the method of general process (C).

Intermediates of formula (VI) may be prepared from a compound of
5 {ormula (X)

e N, Ol

I/ ‘].—' "'I.
. o
R
B . {1
{(X)

wherein R! and R2 are as defined for formula (1) and R* is a hydrogen atom
1) or a nitrogen protecting group, by reaction with (1-iodo-cvcloprop-1-
yDphenvisulphide in the presence of silver carbonale.
Compounds of formula (X) may be prepared from a compound of
formula (X1)
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where RF iy a suitable hvdroxy protecting group, for example an aralkyl

group such as benzyl, by hydropgenation under conventional conditions.
Compounds of formula (XI) may be prepared by either of the

meathods of general process (A) or (B), above, using a suitable protected

phenolic precursor of formula (X1a) or (Xib)

N=N f'T

]

NN N, ~2~1
N ' N

(XlIa) (XIlh)

in place of the compound of formula (IT1) or (V). respectively.

sompounds of formulac (V1) and (IX) may be prepared by reacting
the corresponding phenolic precursors with (1-iodo-eycloprop-1-
vl)nhenylsulphide in the presence of silver carbonate. The phenolic

precursors of compounds of formulace (VIID, (IN). inlu) and (X1Ih) are
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known compounds or may be prepared from known compounds hy meth@ds
readily apparent to one skilled in the art.
Alternatively, intermediates of formula (111 may be prepared by

carbonvlation of the corresponding aryl iodide using conventional

methodology, for example, by treatment with carbon monoxide in the
presence of tetrakis(triphenylphosphine)palladium (0) and tributyl tin
hydride.

The aryl iodide precursor may be prepared from the corresponding
aniline derivative using, for example, the methodology described herein.
10 Intermedintes of formula (VII) may be prepared by cither ul-' the
methods of peneral process (A) or (B). above, using o suitable eyanmunide

procursor of formula (X111a) or (XIIHb)

NICN NHCN

PN
R JL}D -
W (I.__.v

(XIlla) (X110

in place of the compound of formula (I11) or (IV), respectively.

Compounds of formula (X111:2) and (N111h) may be prepared by
reacting the corresponding compounds of formula (1I) or (IV) wherein R!
is hydrogen. or a protected derivative thereof. with n-buty] lithium in ot

20 suitable solvent such as tetrahydrofuran.

During any of the above synthetic sequenees it may be necessary
and/or desirable Lo protect sensitive or reactive groups on any of the
molecules concerned. This may be achieved by means of conventional
protecting proups, such as those deseribed in Protective Groups in Organic

20 Chemistry, ed. J.F.W. McOmic, Plenum Press, 1973: and T.W. Greene and

P.G.M. Wuts, Mrotective Groups in Chrganie Synthesis, John Wiley & Sons,

BNSICEID « WLl SO04423AY T &
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1991, The protecting groups may he removed al a convenient. subsequent
stapge using methods known from the art.

The stercoisomers of the compounds of formula (I) may be separated
by procedures known in the art to obtain the preferred (25.38)
sSLOrCOISHMers.

The exemplified compounds of this invention were tested by the
methods set out at pages 36 to 39 of International Patent. Specification No.
WO 93/011G5. The compounds were found to be active with ICso at the
NI receptor of less than 1nM on said test method. Thus, for instance, the
compounds of Examples 1 and 2 were found to have an 1Cse at the human
NK receplor of 0.08nM and 0.13nM, respectively.

The following non-limiting Examples serve to illusirate the

preparation of compounds of the present invention:

DESCRIPTION 1

ILhiveyeloprop- 1-ylloxybenzenemeth:inol

H-Nitro-2-(1-pheny

Silver carbonate (200, 72.2mmol) was added to it solution of

2-hydroxy-H-nitrobenzaldehyde (6.0g. AL Tmmol) and

{1-iodocycloprop- 1-v)phenylsuliide (Coben T. and Matz J. R, /. Am.
Chem. Sve. 1980, 102, 6902) (204, T2.2mmal) in toluene (GOml) and the
mixture was stirred at 40°C for 24 hours, The mixture was cooled, diluted
with ethyl acetate and filtered, washing well with ethyl acetate. The
mixture was washed with aqueous sodium hydroxide (3 x 100ml) und
brine (100ml), dried (MgSO4) and the solvent was evaporated under
reduced pressure. The residue was dissolved in ethanol (15ml), cooled in
ice and sodium horohydride (0.74g. 19.6mmol) was added. The mixture
was stirred at room temperature for 1 hour, then water (1Uml) was added.
The mixture was extracted with ethyl acotate and the combined organic
fractions were dried (MgSOa) and the solvent was evaporated under
reduced pressure. The residue was purified by flash column

chromatography on silica gel, eluting with hexane/ethyl acetate (95:5

SDOCIDY ~ W) WPA47ARY T s
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increasing Lo H(0:50), to give the title compound as a yvellow solid (H¢."40%).
TH NMR (3GOMHz. CDCly) & 1.48-1.60 (4H. m), 1.80 (1H, 1), 4.60-4.62 (2H,
d), 7.26-7.45 (GH. m), 8.21-8.29 (1H. dd). and 8.30 (111. d).

DESCRIPTION 2
H-Amino-2-(1-phenvithiocycloprop-1-yvl)oxvbenzenemethanol

Iron powder (7.1g. 126.2mmol) was added to a mixture of

5-nitrv-2-(1-phenylthiocycloprop-1-yl)oxybenzenemethanol (Description 1;

Hip. 15.8mmol) and acetic acid (50ml) in water (150ml) and the mixture
was heated to 80°C and stirred overnight. The mixture was cyoled and
filtered through Celite™, washing the residue thoroughly with ethyl
acetate, and the solvent was evaporated under reduced pressure. The
residue was disselved in ethyl acetate and washed with agueous sodium
hydroxide (1M, 3x100ml). The organic layer was dricd (MgSO4) and the
solvent. was evaporated under reduced pressure. The residue was purified
by flash column chromatography on silica pel, eluting with
CH:Cl/McOIT/NHa(Aq.) (96:4:0.4) to give the title compound as an orange
oil (2.8g, 62%). 'H NMR (360MHz, CDCIa) & 1.32-1.50 (4H. m). 3.32 (3H, br
w). 4.47 (2H, 8). 6.65 (211, m), 7.13 (111, d. J 8.4 Hz), 7.20-7.34 (3H. m), and
7.46 (2H, m).

DESCRIPTION 3

5-Amino-2-cyclopropoxvhenzenemethanol

Lithium naphthalenide (0.7M solution in THF), was added dropwise
to a stirred, cooled (-78°C) solution of H-aminoe-2-(1-phenylthiocycloprop-1-
vhoxvbenzenemethanol (Deseription 2; 2.8p, $.8mmol) in tetrabyvdrofuran
G30mhb) until a dark green color persisted. The mixture wak gtirred at
-78°C for 30 minutes. then water (20ml) was added and the mixture was
warmed Lo room temperature. The mixturc was extracted with cthyl
acetate and the combined organic fractions were dried (MgS04) and the

solvent was evaporated under reduced pressure. The residue was purified

BNSDONID «WO  U524423AT | »
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hy flash column chromatography on silica gel, eluting with
CH:Clo/McOH/NIIa(Aqg.) (97:3:0.3) to give the title compound as a vellow
solid (1.34g. 77%). '"H NMR (360MHz, CDCl.) 8 0.74-0.75 (4H. d. J 4.5 Hz).
201250 (1. br s). 3.42-3.46 (2H. br s), 3.69-3.71 (1H, m). 4.55 (2H, »),
noo GAI (. dd. J 8.5, 2.9 Hz), 6.65 (1H., d. J 2.9 H2). and 7.03-7.0G (1H. d, »J/
8.5 Hz).

DESCRIPTION 4

N.[4-Cvelopropoxy-3-(hvdroxyvmethvlphenylltrifluoroacetamide

10 Trifluoroacetic anhydride (3.5ml, 24.7mmol). was added dropwise to
a strred. cooled (-78°C) solution of
H-nmino-2-cyclopropoxybenzenemethanul (Description 3: 1.34g.
7.49mmaols). and tricthylamine, (4.7ml. 33.7mmol) in dichloromethane
(20ml). such that that the temperature of the mixture did nol exceed

15 -Gn°C. The mixture was stirred al -7R°C for 45 minutes, then warmed o
room temperature and the solvent was evaporated undoer reduced
pressure. The residue was dissolved in methanol and 1the mixture was
heated under reltux for 20 minutes. The misture was cooled and the
solvent was evaporated under reduced pressure. Thoe residue was

20 dissolvaed in ethyl acetiate, washed with agueous eitric acid (10%, 3xd0mi).
aqueous sodium hydrogen carbonate (saturated, 3x50ml) and brine (H50ml),
dricd (MgS0.), and the solvent was evaporated under reduced pressure to
give the title compound as a brown solid (1.74y, 84%). 'H NMR (360MHz,
CDCla) 6 0.78-0.84 (4H, m), 2.18 (1H. br s), 3.76-3.81 {1H. m), 4.63 (21, &),

2 T26(1H.d, J 8.7 H2), 7.40-7.41 (1. d. J 2.7 H2), 7.64-7.67 (1H. dd. J 8.7,
2.7 Hz), and 7T.87 (111, br x).

DESCRIFPTION 5

2-(Cvelopropoxy)-f

30 Benzovl chloride (G37ul.. H.ommol) was added 1o o stivred. cooled

trifluoroncetylamino)phenvimethvl Benzoate

(0°CY) solution of

MNSDOCID «WD  Ppad2IA | »
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(Description 4; 1.5, H.mmol) and pyridine (884pL., 10.9mmol) in

N-ld-cvalopropoxy-3-thydroxymaethy)phenyvljirifluoroacetamide

dichloromethane (20mb and the mixture was allowed to warm Lo room
temperature and stirred for 2 hours. The mixture was poured into
aquenus sodium hydrogen carbonate (saturated, 75ml) and extracted with
cthyl acetate. The combined organic fractions were washed wilh aqucous
sodium hydrogen carbonate (saturated. 3x70ml). agqueous citric acid (10%,
3x70ml) and brine (70ml), dried (N2a2504) and the solvent was evaporated
under reduced pressure. The residue was purified by flash column
chromatography on silica gel, eluling with hexane/ethyl acetate (90:10), o
pive Lhe title compound ax a pale vellow solid (1.81g, 88%). 111 NMR
(A6OMElz, CDCly) 6 0.78-0.82 (44H, m), 3.74-3.81 (1H, m). H.35 (2H, s). 7.98
(111, <. J 8.8 Haz). 7.44-7T.48 (31, ). 7.68 (1H. m). 7.63 (1H. dd, -/ 8.8. 2.7
Hz). 7.77 (1H, br «), and 8.07 (2H. d. ./ 7.6 Hz).

DESCRIPTION G

2-(Cyelupropoxv)-H-[H-(riflluormmethvijteteazol-1-vlphenvimethyl

Henzoate

Triphenviphosphine (1.88g. 7.160mmol was added 1o a1 sugpension of

saevelaprapoxy)-hettrifluoroacel viimina}phenyhnethy! henzaoate
(Description 5; 1.81g, 4.78mmol) in carbon tetrachloride (30ml) and the
mixture was heated under reflux overnight. The mixture was cooled and
the solvent was evaporated under reduced pressure. The residue was
dizsolved in dimethylformamide (20mD and added slowly to n suspension
of xodium azide (A6Gmg. 7.16mmol) in dimethylformamulde (10ml). The
mixture was stirred at room temperature for 30 minutes, poured into
witer (100ml) and extracted with ethy) acetate. The combined organic
fractions were washed with water (Ax 100m)) and brine (100ml). dried
(Na2SO4) and the solvent was evaporated under reduced pressure. The
residue was purified by flash column chromatography on silica gel, eluting

with hexane/ethyl acetate (85:15), 1o give the title compound as o vellow

wQaaIAY 1 »
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oil (1.67¢, 81%). 'H NMR (3G0MHz, CDCIa) & 0.86-0.91 (4H, m), 3.8G-3.90

(1H. m), H.41 (2H. 8), 7.435-7.48 (1H, m), 7.54-7.G1 (2I. m). and 8.04-8.07
(2H. dd. 7 8.4. 1.3 Hx).

5 DESCRIPTION 7

2-(Cyclopropoxy)-6-{56-(trifluoromethytetrazol-1-yllhenzenemethanol
Aqueous lithium hvdroxide (1M, 20ml, 20mmol) was added Lo a

solution of
2-(cvelopropoxy)-5-[6-(trifluoromethyljtetrazol-1-yl}phenylmethyl benzoate

10 {Description 6; 1.67g, 3.Ymmol) in methanol (20ml) and the mixture was
stirred at room temperature for 1 hour. The mixture was poured into
agueous sodium hydrogen carbonate (saturated. 100ml) and extracted
with cthyl acetate (2x100ml). The combined organic fractions werce

washed with aqueous sodium hydrogen carbionate (saturated, 3x100ml)

el
|

itnd brine (100ml). dried (Na:S0,), and the solvent was evaporated under
reduced pressure to give the title compound as a vellow oil (1.13g, 97%). 'H
NMR (3G0MHz. CDClx) 6 0.83-0.92 (4H, m). 2.06 (1H, (. J 6.0 Hz),
3.84-3.89 (1H, m). 4.72 (2H, d. J 6.0 H2), 7.3:1 (1H, dd. 7 8.8. 2.4 Hz). 7.42
(1H. d. . J8.8 Hz), and 7.51 (1H, d, J 2.4 H2).

20

DESCRIPTION 8

. Sulfur trioxide pyridine complex (2.16g. 13.6mmol) was added Lo n
solution of 2-(cyclopropoxy)-5-|H-(trifluoromethyitetrazol-

25 1-¥l]benzenemethanol (Description 7; 1.13g. 3.8mmol) and uwriethyvlamine,
(3.7ml. 26.4mmob) in dimethvlsulfoxide and the mixture was stirred at
room temperature for 45 minutes. The mixture was poured into aqueous
citrie acid (10%, 70ml) and extracted with ethyl acetate, The combined
organic fractions were washad with aqueous citrie acid (10%, 4x70ml),

30 water (3x70ml) and brine (7T0Oml), dried (NasSQ,), and the solvent was

evaporated under reduced pressure 1o give the title compound as a vellow
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3.95-3.99 (JH. m). 7.62 (JH. d. J 8.9 Hz). 7.66 (1H. dd. J 8.9, 2.7 Hz). 7.9
(YH. . -7 2.7 Hz), and 10,42 (1H, s).

s-:nlid. (04500, 11%). '"H NMR (3GOM112. CDCla) & 0.9G-0.98 (4H. m).

L) EXAMPLE 1
(2S3S)-N-(12-Cvclopropoxy--

vi)-2-phenvipiperidin-3-amine Dihvdrochloride

Sodium trincetoxyborohydride (411mg, 1.94mmol) was added to o
mixture of 2-(cvelopropoxy)-6-1H-(trifluoromethytetrazol-
10 1-vlJhenzaldehyde (Deseription 8; 0.459g. 1.64mmoj),
(254S)-2-phenylpiperidin-3-amine (prepared by the method deseribed in
WO 495/08549: 0.407. 2.3mmol) and acetic ncid (0.246ml, 4.C2mmol) in
1.2-ddichlorocthane {3mD and the mixture was stirred at room temperature
for 45 minutes. The mixture was pouraed into agueous sodium hydrogen
1H carbanate (satd.) and extracted with ethy! acetate. The combined organic
fractions were washed with agqueous sodiun hydrogen carbonate (satd.,
Ux70m and brine (70m), dried (NasSO D and the solvent was evaporated
under reduced pressure, The residue wis purified by NPPLC on silics gel,
cluting with CH2CL/MeQHINT LA} (97::3:000. The residue was dissolved
20 in ethanol G3mD and ethereal hvdrogen ehloride (1M, 2.5m) was added.
The solvent was evaporated under reduced pressure and the residue was
recrystallised from ethanol/water (6:1). The solid was colleeted and dried
tn vacuo to give the title compound as a colorless solid (020, 30%). 1H
NMR (3G0MHz, D) & 0.65-0.58 (1H. . 0.72.0.75 (1H, m). O.81-0.86 (2H.
uh m). 2. 10-2,11 (ZH. m). 2,28 (1H, m), 2.057-2.00 (1H, m). 3.29-3.37 (1H, m),
369372 (1H. m), 3.76-3.79 (1H, m), 3.96 (OH, ), LOG(TH. d. -7 13.7 H2).
4034 (VHL o, o 1.7 Hu) 496 (YH, d, -1 5.8 Hz), 732 (21, m). T.08-7.56H (5H.
m), and 7.69-7.72 (1H. dd. JJ 8.9, 2.6 1]2). miz (15°) 458 (M4 1),

NEDOIIL; WD SQAAZIAY 1 ~
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EXAMPLE 2

(1)-C2RIN, 2838)-N-(12-Cvelapropoxy-h-|15-(rifluoromethyDietrazol-1-
vl]phenylimethvi

Prepared from Lthe compound of Description 8 and

-2.(4-fluoropheny Dpiperidin-3-amine Dihydrochloride

o

{2)-(2R3R,253S)-2-(4-fluorophenyl)piperidin-3-amine (prepared by the
method described in WO 95/08549) according to the method of Example 1.
I NMR (360MI12 D20) 5 0.59 (1H, m), 0.72-0.756 (1H, m), 0.83-0.86 (2H.
m), 2.07 (2H, m), 2.25 (1H, m), 2.43 (1H, m), 3.31-3.34 (1H, m), 3.G4-3.68
(1H. m), 3.81-3.82 (1H. m), 3.89 (1H. m), 41.05 (1H, d. J 13.7 Hz), 1.31 (1H,
10 d,J 13.7 He), 4.91 (1H, d. J 3.8 Hz), 7.24-7.28 (211, m). 7.35-7.39 (2H. m),
T.50 (1H.d, o 2.6 Hz). 7.064 (1H, d. J 8.8 H2), and 7.70 (1H, dd. -/ 8.9, 2.6
Hz). m/iz (ES*) 177 (M+1).

BNSIIOGID «WD  ORRMAT3AL Y »
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CLAIMS:

whoerem

A compound of the formula (1):

PCT/GBY8/03299

(14

I represents a hydrogen atom or a methyl or trifluoromethyl group;

R? represents a hvdrogen or halogen atom: and

R represents a hvdrogen or halogen atom:

ur a pharmaceutically acceptable salt theveof.

2.

hydrogen atom or o trifluoromethy] group.

3.

trifluoromathyl group.

represents i hydrogen, fluorine or chlorine atom.

atom ur s A-fluorine atom,

ANSDOC «WOD B34 1 »

A compound as claimed in claim 1 wherein R represents a

A compound as ¢laimed in claim 2 wherein R represents o

A compound as cliimuoed in any une of elaim= 1 to 3 wherein R

A compound as claimed in elaim 4 wherein R2 ix a hvdrogen

37T
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G. A compound as claimed in any one of claims 1 to 5 wherein R?
. represents a hydrogen, fluorine or chlorine atom.
D 7. A compound as claimed in claim 6 wherein R4 is a hydrogen

or fluorine atom.
8. A compound as claimed in elaim 1 which has the formula (Ia)

N—N

I

\
N
‘N/‘\CF-“

10 ()
or a salt thereol,

9. The compound ax claimed in claim B in the form of a

15 pharmacecutically acceptable acid addition salt.

10. A compaund ax claimed in any one of claims 1 to 9 in the form

ol 1ts (28.38) steraeoisomer.
20 11. A compound as claimed in claim 1 selected from:

N-{[Z-cvelopropoxy-5-(i-trifluoromethyltetrazol-1-yDphenyljmethyl}-2-

phenyvlpiperidin-3-amme:

BNSDOCID «WO  LEP42A1 1 »
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(28.38)-N-{[2-cvclopropoxy-5-(h-trifluoromethylietrazol-1-
v)phenyljmethyli-2-phenylpiperidin-3-amine:;
N-{[2-cvclopropoxy-h-(d-trifluoromethyltetrazol-1-yvl)phenyljmethyl}-2-(4-

fluoropheny)piperidin-3-aming;

or a pharmaceutically acceptable salt thercof.

12. A compound as claimed in any preceding claim for use in

therapy.
10 13. A pharmaceutical composition comprising a compound as
claimed in any one of claims 1 to 11, together with at least one

pharmaceutically ncceptable earrier or excipient.

14. A methad for the treatment or prevention of physiological

~

15 disorderr associated with an excess of tachykinins, which method
comprises administration to a patient in need thereof of a tachykinin

reducing amount ol s compound according to claim 1.

15. A method according to claim 1.1 for the treatiment or
20 prevention of pain or inflammation, migraine, emesis, postherpetic

ncuralgii, depression ur anxiety.

16. The use of a compound as claimed in any one of claims 1 to 11
for the manufacture of a medicament for the trentment or prevention of a

25 physiological disorder associated with an excess of tachykinins,

: 17.  The usce of o compound as claimed in any one of ¢laims 1 (611
for the manuficture of a medicament for the treatment or prevention of
pain or inflammation, migraine, emesis, postherpoetic neuralgia,

30 depression or anxicty.

BNSDOD +WO  PSOMPIAY 1 »
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18, A process for the preparation of o compound ax claimad in
claim 1 which comprises:
(A) reacting & compound of formula (1D with o compound of formula

(IT1) in the presence of a reducing agent:

J
'N-N
't
N. \ 1!
N
ll\! l{'-' Q H )
T QHC R
Q.
(1 (in
wherein R, R® and R arve as defined in claim 1, and R* is a1 hydrogen atom
OF & niLrogen protecling group: or
10 (B) reacting a compound of formula (IV) with o compound of formula
V)
N—XN
L]
N \L 1
" R
P N
L |
N ™ . al h
L, ﬂ_‘“' Fosr ™R
R =
(),
(1V) (\)
1H wherein I, R2 and R? are as defined in claim 1, R is o hydrogen atom or a

nitrogen protecting group, and gne of R% and RY represents a leaving
group and the other of R and R ropresents Nllz: in the presence of o
hase: or

(C) reactuing a compound of formula (\'D

BNSDOCID «WOD  ODQ&4TIAY | »
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wherein B!, R2 and R are as delined in claim 1, R# is 0 hvdrogen atom or »

n nitrogen protecting group, and Ph is a phenyl ring: with lithium

naphthalenide in tetrahydrofuran; or

(DY reacting a compound of formula (VI

NHCN

Vi
10

wherein R2 and RY are as defined in claim I, ind R is o hydrogen atom or

a nitrogen protecting group; with ammonium chloride and sodium azide;

each process heing followed, where necessary, by the removal of any

protecting proup where present:

BEOOCID «WO WP | »
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and when the compound of formula (1) is obtained as a mixture of
enantiomers or diastercoisomerg, optionally resolving the mixture to
obtain the desired enantiomer;
and/or, if desired, converting the resulting compound of formula (1)

h or i salt thereol, into a pharmaceutically acceptable salt thereof.

BNSDOCID «WO  00044T3A1 | »
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tral nervous system and other disorders.

R

1 _ACH,), O W
)

~

I ()
NH,

INSIOEID -wWet

o 0 .

'l



o1z 4%

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphiets publishing intemnational applications under the PCT,

Al, Abbania -] Spuin LS Leaxho | Slavenia
AM Anursis A Fmlmd LT Lishuanis SK Slavakia
AT Asurna FR Prance Lu Lsxenhmsg SN Sencgal
Al Auurslu GA Cabon LV Larvis, 57 Swazilend
AZ Arcrbavmn GB United Xingdom MC Mnasro ™ Chwd
BA Hounia and Herregnvma GE Urorgu ML Republic of Mokdova TG Togo
[ ] Harhadn GH Olana MG Madapaacar T Tafkismn
BE Lelpium GN Crumen MK The krmes Yugpmulav ™ Trkmennian
B¥ Dk Fuan GR Greeex Republic of Macedons ™ Twrkey
[ H Unigaris Hu Hungary ML Mal L Trinidad and Tolugn
n Brain 1E rrland MN Mongolia Ua Ukmine
BR Nl IL Inreel MR Maurtanis G Uganda
By Nelarus |11 Irelaml MW Malawi us United Suses of Amcrca
CA Conmin IT haly MX Mexico vz Ushekiuan
CF Cenural Alvicen Republie Ir Inpan NE Niger ¥N Viet Nam
CGC  Compo KE Kem NL  Nethilamh vu Yugoalavls
cu Swriseriand KG Ryrgyesian NO Noreay w Zonbutvere
L& ] Clar d'lvoire xr Demoacraic People’s NZ New Zealamd
oM Camerom Republic of Korea rL Poland
(=] Chwna KR Republic of Kores rT Pormogal
cu Cuba KZ Kuzskuan RO Romanta
cz Cereh Republic LC Samt Lucie RU Kumslan Federmion
DE  Cermany 11 Larcheemicin 50 Sedn
DK Denmayk 1X $ri Lanka SE Sweden
EE Estomin LR Liberia 8G Simpapore

oRIg)rlt | &

PRI, W)




WO 99/10339 perib@bop y 4;( .

.1-

5 2-AMINOPYRIDINES CONTAINING FUSED RING SUBSTITUENTS AS NOS INHIBITORS

The present invention relates to certain 2-aminopyridines containing fused ring
substituents thal exhibit activily as nitric oxide synthase (NOS) inhibitors, to pharmaceulical
compositions containing them and to their use in the treatment and prevention of central nervous

10 systemdisorders, inflammatory disorders, septic shock and other disorders.

There are three known isoforms of NOS - an inducible form (I-NOS) and iwo constitutive
forms referred 1o as, respectively, neuronal NOS (N-NOS) and endothelial NOS (E-NOS). Each
of these enzymes carries out the conversion of arginine to citruliine while producing a molecule of
nitnc oxide (NO) in response to various stimuli. It is believed that excess nitric oxide (NO)

15 production by NOS plays a role in the pathology of a number of disorders and conditions in
mammals. For exampie, NO produced by I-NOS is thoughl to play a role in diseases that involve
. systemic hypotension such as foxic shock and therapy with certain cylokines. It has been shown
that cancer patients treated with cytokines such as interieukin 1 (IL-1), intarieukin 2 (IL-2) or tumor '
necrosis factor (TNF) suffer cytokine-inducad shock and hypotension due to NO produced from
20 macrophages, i.e., inducible NOS (I-NOS), see Chemical & Engineering News, Dec. 20, p. 33,
(1993). |I-NOS inhibitors can revarse this. |t is also believed that I-NOS plays a role in the
pathology of diseases of the central nervous system such as ischemia. For example, inhibition of
I-NOS has been shown to ameliorate cerebral ischemic damage in rats, see Am. J. Physiol., 268,
p. R286 (1995)). Suppression of adjuvant induced arihritis by selective inhibition of I-NOS is
25 reported in Eur. J. Pharmacol., 273, p. 15-24 (1995).

NO produced by N-NOS is thought to play a rolz in diseases such as cerebral ischemia,
pain, and opiate tolerance. For exampie, inhibition of N-NOS decreases infarct volume after
proximal middle cerebral artery occlusion in the rat, see J. Cerebr, Blood Fiow Metab., 14, p. 924-
828 (1984}, N-NOS inhibition has also been shown (o be effective in antinociception, as evidenced

30 Dby activity in the late phase of the formalin-induced hindpaw licking and acetic acid-induced
abdominal constriction assays, see Br. J. Phamacol., 110, p. 218-224 (1893). In addition,
subcutaneous injection of Freund's adjuvant in the rat induces an increase in NOS-positive
neurons in the spinal cord that is manifested in increased sensitivity to pain, which can be treated
with NOS inhibitors, see Japanese Joumal of Phamacology, 75, p- 327-335 (1897). Finally,

35 oploid withdrawal in rodents has been reporied to be reduced by N-NOS inhibition, see
Neuropsychopharmacol., 13, p. 269-293 (1995).
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Summary of the Invention
This invention relates to compounds of the formula

Z
R{ SN SNH
ACHy), O i
N
R2

wherein nng A is a fused 5-7 membered saturated or unsaturated ring wherein from zero
to two of the ring members are heteroatoms s.alectnd. independently, from nitrogen, oxygen and
sulfur, with the proviso that no two adjecent ring members can both be heteroatoms;

X is oxygen or a bond;

n is an interger from two to sic; and

R' and R? are selected, independently. from (C,-C,) alkyl, aryi, tetrahydronaphthalene and
aralkkyl, wherein said aryl and the aryl moiety of said arzlkyl is phenyl or naphthyl and the alkyl
moiety is straight or branched and contains from 1 to 6 carbon atoms, and wherein said (C-C,)
alkyl. said aryl, said tetrehydronaphthalene and the aryl moiety of said aralkyl may optionally be
substituted with from one to three substiluents, preferably from zero to two substituents, that are
selected, independantly, from halo (e.g.. chioro, fluoro, bromo. iodp), nitro, hydroxy, cyano, amino,
(C,-C,} alkoxy, and (C,-C,} alkylamino;

or R' and R? form, together with the nitrogen tc which they are attached, a piperazine,
azelidine, piperidine or pyrofidine ring or an azabicyclic ring containing from 6 to 14 ring
members, from 1 to 3 of which are nitrogen and the rest of which are carbon, wherein examples of
said azabicycic rings are the following

BNSDOCID «WE a101RA 1 .

>



agzﬁ
WO 99/10339 PCT/NBY8/01229

i~

——e

NR3R*

and

OYN NA&
N
R5/ o
also R' or R? may be connected onto the (CH2), group to form a ring of from 4 to 7

members;
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5 wherein R® and R* are selected from hydrogan, (C.-C,)alkyl. phenyl. naphthyl, (C,
Celalkyl-C(=0)-, HC(=0)-, (C,-Cy)alkoxy-{C=0), phenyl-C(=0)-, naphthyl-C(=0), and
R®R'NC(=0)- wherein R® and R” are selected, independently, from hydrogen and (C,-C,Jalkyl:

R® is selecied from hydrogen, (C,-Ce)alkyl. phenyl, naphthyl, phenyH(C,-C)alkyl- and
naphthyl{C-Cg)alkyl-:

10 and wherein sald piperazine, azetidine, piperidine and pyrrolidine rings may oplionally be
substituted with one or more substituents, preferably with from zero to two substituents thal are
selected, independently, from (C.-Cg)alkyl, amino, (C;-Cs) alkylamino, [diH{C-Cg)atkyllamino,
phenyl substituted 5 to 5§ membered heterocyclic rings containing from 1 to 4 rings nitrogen atoms,
benzoyl. benzoylmethyl, benzylcarbonyl, phenylaminocarbonyl, phenyiethyl and phenoxycarbonyl,

15 and wherein the phenyl moieties of any of the foregoing substituents may optionally be substiluted
with one or more substituents, preferably with from zero to two substituents, that are selected,
independently, from halo, (C-C,)alkyl, {C,-C,)alkoxy, nitro, amino, cyano, CF, and OCF,;

and the pharmaceutically acceptable salts of such compounds.
The foliowing compounds are preiened compounds of the invention:

20 6-[4-(2-Dimethylamino-ethoxy)-naphthalen-1-y[}-pyridin-2-ylarnine;
6-[4-{2-Pyrrolidin-1-yl-ethoxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-(4-{2-[{Benzo[1,3]dioxol-5-yimethyl)-amino}-ethoxy}-naphthalen-1-yl)-pyridin-2-

ylamine;
6-{4-]2-(6,7-Dimethoxy-3.4-dihydro-1H-isoquinofin-2-yl)-ethoxy}-naphthalen-1-yl}-

25 pyndin-2-ylamine;
3-{2-{4-(6-Amino-pyridin-2-yl)}-naphthaien-1-yloxy]-ethyi}-3-aza-bicyciof3.1.0lhex-6-

ylamine; )
6-{4-{2-(4-Phenethyl-piperazin-1-yl}-ethoxy}-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-[2-(3-Amino-pyrrolidin-1-yl)-ethoxy}-naphthaten-1-yl}-pyridin-2-ylamine;

30 6-{4-{ 1-Benzyl-piperidin-4-yloxy}-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-(1-Benzyl-pymolidin-3-yloxy)-naphthalen-1-yl}-pyridin-2-yiamine;
6-[4-(Piperidin-4-yloxy)}-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(Pyrrolidin-3-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(1-tsobutyl-piperidin-4-yloxy)-naphthalen- 1-yl}-pyridin-2-ylamine;

kL] 6-[4-(1-Furan-2-ylmethyl-piperidin-4-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine;

6-{4-{ 1-Isobutyl-pyrrolidin-3-yloxy }-naphthalen-1-yl]-pyridin-2-ylamine,

6-{4-( 1-Furan-2-yimethyl-pyrrolidin-3-yloxy }-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-(2-Morpholin-4-yl-ethoxy)-naphthalen-1-yl}- pyridin-2-ylamine;
6-[4-(2-Diisopropylamino-ethoxy)-naphthalen-1-yl}-pyridin-2-ylamine;

BISDOCID WO o410)38A1 | »
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6-]4-(1-Methyi-piperidin-4-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(1-Methyl-pymolidin-3-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(3-Dimethylamino-propoxy}-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-{1-Aza-bicyclof2.2.2]oct-3-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(2-Piperidin-1-yl-ethoxy)-naphthalen-1-y[}-pyridin-2-ylamine
6-{4-{2-(3,4-Dihydro-1H-isoquinolin-2-yl}-ethoxy]-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-|2-(4-Dimethylamino-piperidin-1-yl)-ethoxy}-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-{2-(tert-Butyl-methyl-amino)-ethoxy}-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-[2-(4-Methyl-piperazin-1-yl)-ethoxy}-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-[2-(4-Phenyl-piperidin-1-yl)-ethoxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-[2-(7.8-Dihydro-5H-[1,3]dioxolof4,5-plisoquinolin-6-yl)-ethoxy]-naphthalen-1-yl)}-

pyridin-2-ylamine;

6-[4-{Piperidin-2-yimethoxy}-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(1-Methyl-piperidin-2-yimethoxy)}-naphthalen-1-yl]-pyridin-2-ylamine;
6-14-(1-Methyl-piperidin-3-yimethoxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(2-Amino-cyclohexyloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-44-{Piperidin-3-yimethoxy)-naphthalen-1-yi}-pyridin-2-ylamine;
6-[4-{1-Isobutyl-azetidin-3-yloxy)-naphthalen-1-yl)-pyridin-2-ylamine;
6-[4-(1-Furan-2-yimethyl-azetidin-3-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(8-Methyl-8-aza-bicycio[3.2. 1]oct-3-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-(Azetidin-3-yloxy)-naphthalen-1-yl]-pyridin-2-ylamine;
6-{4-(1-Methyl-pyrralidin-2-ylmethoxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-J4a-(Azetidin-2-yimethoxy)-naphthalen- 1-yl}-pyridin-2-ylamine;
6-[7-(2-Dimethylamino-ethoxy)-indan-4-yl}-pyridin-2-ylamine;
6-{7-{2-Pymolidin-1-yl-ethoxy)-indan-4-yl]-pyridin-2-ylamine;
6-{7-{2-(Benzyl-methyl-amino)-ethoxy}-indan-4-yl}-pyridin-2-ylamine;
6-{7-[2-{4-Phenethyl-piperazin-1-yl}-ethoxy]-indan-4-yl}-pyridin-2-ylamine;
6-{7-{2-(4-Isobutyl-piperazin-1-yl}-ethoxy}-indan-4-yl}-pyridin-2-ylamine;
6-[7-{2-Morpholin-4-yl-ethoxy)-indan-4-yl}-pyridin-2-ylamine;
6-[7-(2-Diisopropylamino-ethoxy)}-indan-4-yl}-pyridin-2-ylamine;
6-{7-12-(7.8-Dihydro-5H-{1,3]dioxolo{4,5-glisoquinolin-6-yl)-athoxy]-indan-4-y(}-pyridin-

2-ylamine;

6-{7-[2-(4-Methyl-plperazin-1-yl)-athaxyHndan-4-yl}-pyridin-2:ylamine;
6-{7-{2-(tert-Butyl-methyl-amino)-ethoxy}-indan-4-yl}-pyridin-2-ylamine;
6-{7-{2-(4-Dimathylamino-piperidin-1-yl}-sthoxy}-indan-4-yl}-pyridin-2-ylamine;
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5 6-[8-(2-Dimethylamino-ethoxy)-1.2,3.4-tetrahydr>-1,4-methano-naphthalen-5-yl)-
pytidn-2-ylamine;
6-[B-{2-Pyrrolidin-1-yLathoxy)-1,2,3, 4-tetrahydro-1,4-methano-naphthalen-5-yl}-pyridin-
2-ylamine;
6-[4-(2-Dimethylamino-ethoxy)-5.6,7,B-tetrahydro-naphthalen- 1-yl}-pyridin-2-ylamine;
10 6-14-(2-Pymrolidin-1-yl-ethoxy)-5,6,7,8-tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-[2-(tert-Butyl-methyl-amino)-ethoxy}-5.6.7 .8-tetrahydro-naphthalen-1-yl}-pyridin-2-
ylamine;
6-[4-(2-Diisopropylamino-ethoxy)-5,6,7,8-tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(2-Diethylamino-ethoxy)-5.,6,7,8-tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine;
15 6-{4-[2-(3.4-Dihydro-1H-isoquinolin-2-yl)-athoxy}- 5,6,7.8-tetrahydro-naphthalen-1-yl}-
pyridin-2-ylamine;
6-[4-(2-Piperidin-i-yl-ethoxy)-5.6,7.8-tetrahydro-naphthalen-1-yl}-pyndin-2-ylamine:;
6-[4-{2-Morpholin-4-yethoxy)-5.6,7,8-tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-[2-(7,8-Dihydro-5H-{1,3)dioxolo|4,5-g)isoquinolin-6-yl)-ethoxy}-5,6,7 .8-tetrahydro-
20 naphthalen-1-yi}-pyridin-2-ylamine;
6-{4-[2-(4-Melhyl-piperazin-1-yl)-ethoxyl-5,6,7 .8-tetrahydro-naphthalen- 1-yl}-pyridin-2-
ylamine; .
6-{4-{2-(4-Dimethylamino-piperidin-1.yl}-ethoxy}-5.6.7 8-tetrahydro-naphthalen-1-y(}-
pyridin-2-ylamine,
25 6-{4-{2-(7,8-Dihydro-5H-{1,3]dioxolo[4,5-glisoquir.olin-6-yl)-ethoxy}-5.6.7 B-tetrahydro-
naphthalen-1-yi}-pyridin-2-ylamine;
6-]4-{ 1-1sobutyl-piperidin-3-yimethoxy)-5,6,7,8-tetrahydro-naphthalen-1-ylj-pyridin-2.
ylamine;
6-[_4-(1-Mathyl-piperidin-a-ylrnethoxy)-s.s.'r.B-letrahydm—naphmalend -yl)-pyridin-2-
30 ylamine;
6-{4-[2-(2-Diethylamino-ethoxy)-ethoxy}-5,6,7, 8-tetrahydro-naphthalen-1-yl}-pyridin-2-
ylamine;
6-{4-(Piperidin-3-yimethoxy)-5.6,7,8-tetrahydro-naphthalen-1-yl]-pyridin-2-ylamine;
6-{4-(2-Amino-cyclohexyloxy)-5,6,7,8-tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine;
35 6-{4-(Pyrrolidin-2-yimethoxy)-5,6,7,8-tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine; and
6-{4-{2-Dimethylamino-ethoxy)-6,7,8,9-tetrahydro-5H-benzocyclohepten-1-yl}-pyridin-2-
ylamine;
and the pharmaceutically acceptable salts of the foregoing compounds.
The foliowing are additional examples of compounds of this invention:
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6-[4-(2-Amino-cyclopentyloxy)-5,6,7,8-tatrahydro-naphthalen-1-ylj-pyridin-2-ylamine;
6-[4-(2-Amino-cyclobutyloxy)-5,6,7,8-tetrahydro-naphthalen-1-yl]-pyridin-2-ylamine;
6-{4-(2-Amino-cyclopropyloxy)-5,6,7,8-tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-(3-Amino-cyclohexyloxy)-5,6,7,B-letrahydro-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-(3-Amino-cyclopentyloxy)-5,6,7.8-tetrahydro-naphthalen-4-yl}-pyridin-2-ylamine:
6-{4-{3-Amino-cyclobutyloxy)-5,6,7.8-tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine;
6-{4-(4-Amino-cyclohexyloxy}-5.6,7,8-tetrahydro-naphthalen-1-yli}-pyridin-2-ylamine;

6-{4-(2-Amino-cyclopentyloxy)-naphthalen-1-yl]-pyridin-2-ylamine;
6-[4-{2-Amino-cyclobutyloxy)-naphthalen-1-yl]-pyridin-2-ylamine;
6-{4-(2-Amino-cyclopropyloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-]4-{3-Amino-cyclohexyloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-]4-(3-Amino-cyclopentyloxy)-naphthalen-1-yi}-pyridin-2-ylamine;
6-[4-(3-Amino-cyclobutyloxy)-naphihalan-1-yl}-pyridin-2-ylamine;
6-]4-{4-Amino-cyclohexyloxy)-naphthalen-1-yl}-pyridin-2-ylamine;
6-[4-(2-Amino-cyclopentyloxy)-inden-4-yl]-pyridin-2-ylamine;
6-[4-(2-Amino-cyclobutyloxy)-indan-4-yl]-pyridin-2-ylamine;
6-]4-(2~-Amino-cyclopropyloxy)-indan-4-yi}-pyridir-2-ylamine;
6-[4-{3-Amino-cyclohexyloxy)-indan-4-yl}-pyridin-2-ylamine;
6-{4-(3-Amino-cyclopentyloxy)-indan-4-ylj-pyridin-2-ylamine;
6-{4-(3-Amino-cyclobutyloxy)-indan-4-yf}-pyridin-2-ylamine;
6-]4-(4-Amino-cyclohexyloxy)-indan-4-yl}-pyridin-2-ylamine;

6-[4-Piperidin-3-yimethoxy)-6,7.8,9-tetrahydro-5H-benzocyciohepten-1-yl]-pyridin-2-
ylamine;

ylamine;

) 30

6-{4-(2-Amino-cyclohexyloxy)-6,7,8,8-tetrahydro-5H-benzocyclohepten-1-yl}-pyridin-2-

ylamine;
6-[4-{2-(4-Dimethylamino-piperidin-1-yi)-ethoxy);-6.7.8.8-tetrahydro-5H-
benzocyclohepten-1-yi}-pyridin-2-ylamine; and

6-|4-(2-{4-Methyl-piperazin-1-yl)-ethoxy))-6,7.8.9-tetrahydro-5H-benzocyclohepien-1-

35 yl}-pyridin-2-ylamine.
The present invention also relates to the pharmaceutically acceptable acid addition saits

of compounds of the formula I.

- 6{4-(2-Pymrolidinyl-ethoxy)-6,7,8,9-tetrahydro-5H-benzocyclohepten- 1-yl]-pyridin-2-

The acids which ere used to prepare the pharmaceutically

accepiable acid addition salts of the aforementioned base compounds of this invention are those
which form non-oxic acid additon salts, j.e.. sats containing pharmacologically acceptable
40 Bnions, such as the hydmochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate,
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5 phosphate, acid phosphate, acelate, lactate, citrate, acid cilrate, tartrate, bitartrate, succinate,
maleate, fumarale, gluconale, saccharate, benzoate, methanesulfonate,” ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate [ie.. 1.1-methylene-bis-{2-hydroxy-3-
naphthoate)) salts. .

The ierm Talkyl", as used herein, unless ctherwise indicated, inciudes saturated

10 monovalent hydrocarbon radicals having straight, branched or cyclic moieties or combinations
thereof.

The term "one or more substituents”, as used herein, refers to a number of substituents
that equals from one to the maximum number of substitvents possible based on the number of
available bonding sites. _

15 The terms "halc" and “halogen”, as used herein, unless otherwise indicated. include
chioro, fiuoro, bromo and iodo.
. Examples of mare specific embodiments of the present invention Include:
(a) compounds of the formula | wherein ring A is pyfrolo;
(b) compounds of the formula | wherein ring A is pyrido;
20 (c) compounds of the formuia | wherein X is a bond;

(d) compounds of the formuta | wherein ring A is pyrimido;

{e) compounds of the formula | whereinnis 2 or 3;

{H compounds of the formuta | wherein X is oxygen;

(9 compounds of the formula | wherein R' and R? are selecied, independently, from

25 (C,-Cplatkyl,

(h) compounds: of the formula | wherein R' and R? do not form a ring with the
nitrogen to which they are attached,

0) compounds of the formula | wherein R’ and R? form, together with the nitrogen
. to which they are attached, a piperazine, azetidine, piperidine or pymolidine ring;

30 (1)) compounds of the formula | wherein R' Is selected from (C,-Cg)alkyl and R? is
selected from aryl, tetrahydronaphthalane and aralkyl; and

(k) compounds of the formula | wherein ring A is thieno or thiazolo.

The presemt invention also relates 1o a pharmaceutical composition for treating or

preventing a condition selected from the group consisting of migraine inflammatory diseases (e.g.,

a5 asthma), stroke, acute and chronic pain, hypovolemic shock, traumatic shock, reperfusion injury,
Crohn's disease. uicerative calitis, septic shock, muitiple sclerosis, AIDS associated dementia,
neurodegenerative diseases, neuron toxicity, depression (e.q.. major depressive disorder and
dysthymia, Parkinson’s disease, Alzheimer's disease, chemical dependencies and addiction (e.qg..
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dependencies on drugs, alcohol and nicotine). emesis. epilepsy, anxiely, psychosis, head trauma,
adull respiratory distress syndrome (ARDS), morphine induced tolerance and withdrawal
symptoms, inflammatory bowel disease, osteoarthritis, rheumatoid arthritis, ovulation, dilated
cardiomyopathy, acute spinal cord injury, Huntington's disease, glaucoma, macular
degeneration, diabetic neuropathy, diabetic nephropathy and cancer in a mammal, including &
human, comprising an amount of a compound of the formula |, or a pharmaceutically acceptable
salt thereof that is effective in treating or preventing such condition, and a pharmaceutically
acceptable camier.

The present invention also relates to a method of lna;ﬁng or preventing a condition
selected from the group consisling of migraine inflammatory diseases (e.q., asthma), stroke, acute
and chronic pain, hypovolemic shock, treumatic shock, reperfusion injury, Crohn's disease,
ulcerative colitis, septic shock, multiple sclerosis, AIDS associated dementia, neurodegenerative
diseases, neuron loxicity, depression (e.q. major depressive disorder and dysthymia),
Parkinson's disease, Alzheimer's disease, chemical dependencies and addictions (e.g.,
dependencies on drugs, aicochol and nicotine), emesis, epilepsy, anxiety, psychosis, head trauma,
adull respiratory distress syndrome (ARDS), morphine induced tolerance and withdrawal
symptoms. inflammatory bowel disease, osteoarthritis, rheumatoid arthrilis, ovulation, dilated
cardiomyopathy, acute spinal cord injury, Huntington's disease, glaucoma, macular
degeneration, diabetic neuropathy, diabetic nephropathy and cancer in a mammal, including a
human, comprising administering to said mammal an amount of a compound of the formuta |, or a
pharmaceutically acceptable salt thereof, that Is effactive in traating or preventing such condition.

The present invention also relates 10 a pharmeceutical compasition for inhibiting nitric
oxide synthase (NOS) in a mammal, including a human. comprising an NOS inhibiting effective
amount of @ compound of the formula |, or a pharmaceutically acceptable salt thereof and a
pharmmaceutically acceptable camier.

The present nvention also relates to a method of inhiblting NOS In a mammal, including a
human, comprising administering to said mammal a NOS inhibiting effective amount of a
compound of the formutla |, or a pharmaceutically acceptable salt thereof.

The present invention also relates to a pharmaceutical composition for treating or
preventing a condition selected from the group consisting of migraine, inflammatory diseases
(e.g.. asthma), stroke, acute and chronic pein, hypovolemic shock. traumatic shock, reperfusion
injury. Crohn's dissase, ulcerative colitis, septic shock, multiple sclerosis, AIDS associated
dementia, neurodegenerative diseases, neuron loxiclly, depression (e.g.. major depressive
disorder and dysthymia). Parkinson’s disease, Alzheimer's disease, chemical dependencies and
addictions {e.g., dependencies on drugs, alcohol and nicotine), emesis, epilepsy, anxiaty,
psychosis, head trauma, adult respiratory distress syndreme (ARDS), morphine induced tolerance
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and withdrawal symptoms, inflammatory bowel disease, ostecarthritis, rheumatoid arthritis,
ovulation, dilated cardiomyopathy, acute spinal cord injury, Huntington's disease, glaucoma,
macular degeneration, diabetic neuropathy, diabetic nephropathy and cancer in a mammal,
including @ human, comprising a NOS inhibiting effective amount of a compound of the formula |,
or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptabie camier.

The present invention also refates to a method of treating or preventing a condition
selected from the group consisung of migraine, inflammatory diseases (e.g., asthma), stroke,
acute and chronic pain, hypovolernic shock, traumatic shock, reperfusion Injury, Crohn's disease,
ulcerative cofitis, septic shock, multiple sclerosis, AIDS associated dementia, neurodegenerative
diseases, neuron loxicity, depression (e.g., major depressive disorder and dysthymia),
Parkinson’s disease, Alzheimers disease, chemical dependencies and addictions (eg.
dependencies on drugs, aicohol or nicotine), emesis, epilepsy, anxiety, psychosis, head trauma,
adult respiratory distress syndrome (ARDS). morphine induced tolerance and withdrawal
symptoms, inflammatory bowel disease, ostecarthritis, rheumatoid arthritis, ovulation, dilated
cardiomyopathy, acute spinal cord injury, Huntington's disease, glaucoma, macular
degeneration, diabelic neuropathy, diabetic nephropathy and cancer in a mammal, including a
human, comprising administering to said mammal a NOS inhibiting effective amount of a
compound of the formula Il, or a pharmaceutically acceptable salt thereof.

Compounds of formula | may contain chiral centers and therefore may exist in different
enantiomeric ard diastereomeric forms. This invention relates to all oplical isomers and all
sterevisomers of compounds of the formula | and mixtures thereof, and to all pharmaceutical
compositions and methods of treatment defined above that contain or employ them, respectively.

Formula | above includes compounds identical o those depictad but for the fact that one
or mare hydrogen, carbon or other atoms are replaced by isotopes thereof. Such compounds may
be useful as research and diagnostic tools in metabolism pharmacokinetic studies and in binding
assays. -

Detailed Description of the Invention
The compounds of the formuta | may be prepared as described in the following reaction
schemes and discussion. Unless otherwise indicated, ring A, X. n, R', R, R>, R, R*, R® and R’
and structural formuta | in the reaction schemes and diszussion that follow are defined as above.
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Scheme 1 illustrates a method of preparing compounds of the formula | wherein X is a
bond and ring A is benzo. Schemes 2 and 3 illustrate methods of preparing compounds of the
formula | wherein X is oxygen and ring A is benzo. The starting materials used in the procedures
of Schemes 1 and 2 are either commercially available, known in the art or readily obtainable from
known compounds by methods that will be apparent to those skilled in the art.

Referting 1o Scheme 1, the compound of formula Il is cooled to about -70°C in dry
tetrahydrofuran (THF), and then a solution of n-butyl fithium is added to it The resulting solution is
then treated with triethyl borate and allowed to warm to room tempenrature to form the compound of
formuta 1.

The compound of formuta IH Is reacted with the compound of formula IV to form the
compound of formula V. This reaction is generally carried out in an aqueous ethanol solvent, in
the presence of sodium carbonate and tetrakistriphenylphoshine palladium, at about the reflux
temperature.

The compound of the formula VI can be formed in the following manner. First, the
compound of formula V is reacted with N-bromosuccinimide (NBS) and bis-{1-cyano-1-aza)-
cyciohexane in carbon tetrachloride and refluxed for about 8 hours, with additional portions of the
initiator being added at about 1, 2 and 4 hours. After evaporation of the solvent, the product of this
reaction is reacted with triethylammonium cyanide in methylene chioride at about room
temperature to form the compound of formula VI.

Saturetion of a solution of the compound of formula V1 in ethanol with hydrogen chloride,
followed by refiuxing the mixture and then heating in aqueous hydrochloric acid, yields the
compound of formula VIL.

The compound of the formula Vil that is formed in the preceding step can be converted
into the compound of formula IA in the following manner. First, the compound of formula VI
reacted with the appropriste compound of the formulm R?R'NH and N-ethylN-
dimethylaminopropyl carbodiimide (EDACY) in the presenze of a base. Examples of suitable bases
are those selected from trialkylamines, alkali metal carbonates and aikaline earth metal
carbonates. This reaction is typically conducted in a solvent such as acetonitrile, methylene
chloride or N,N-dimethylformamide (DMF), at a temperature from about room temperature to
aboul 100°C, preferably at about room temperature. Preferably, the reaction is conducted in the
presence of a catalytic additive such as N-hydroxysuccinamide or hydroxybenzotriazole,

The product of the foregoing reaction is then reduced using methods well known to those
of skill In the art. For exampie, the reduction can be carried out using lithium aluminum hydride in
tetrahydrofuran, with or without aluminum chioride, or using borane methyl sulfide in
tetrahydrofuran, at a temperature of about -78°C to about 0°C, preferably at about -70°C, to yield
the desmed compound of formula 1A
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5 Referring to scheme 2, the compound of formula Vil s reacted with tetrabutylammonium
tribromide in 1,2-dichloroethane at about room temperature. The product of this reaction is then
traaled with benzyl bromide and potassium carbonate in o solvent such as acetonitite, at about the
refiux temperature of the reaction mixture, to form the compound of formula IX

The compound of formula IX is then converted into 1-benzyloxy-naphthalene-4-boronic

10  acid by the procedure described above for preparing the boronic acid derivative of formula 1Il in
Scheme 1. '

Reaclion of 1-benzyoxy-napthalene-4-boronic acid with the compound of formula X in an
ethanot solvent, in the presence of sodium carbonate and tetrakistriphenyl palladium, at about the
reflux temperature of the reaction mixture, yields the compound of formula XI,

15 The compound of formuta XI can be converted into the compound of formula Xlil using
the foliowing two step process. The compound of formula X! is reacted with ammonium formate
_. and ten percent palladium on carbon, in an ethanol solvent, at about the reflux temperature of the
reaction mixture, to yield the analogous compound to that having formula X, wherein the
benzyloxy group of formula X is replaced with a hydroxy group. The compound of formula Xil is
20 then formed by reacting the above hydroxy derivative with 2-bromoethylacetate and potassium
carbonate in acetonitrile at about the reflux temperature of the reaction mixture,

Basic hydrolysis of the compound of formula XII, folliowed by reaction with N-ethyl-N-3-
dimethytaminopropylcarbodiimide (EDAC) and the appropriate compound having the formula
R'RNH yleids the desired compound of the formuia XIll. The base hydrolysis is typically carried

25 outusing an elkali metal or alkaline earth metal hydroxide in a mixture of THF, methanol and water
at about room temperature. The reaction with R'R*NH and EDAC is generally carried out using
the procedure described above for the preparation of compounds of the formula |A from those of
formula V1l in Scheme 1.

. The compound of formula X!ll can be converted into the desired compound of formula 1B

30 as follows. The compound of formula Xl is reduced to form the comesponding compound
wherein the carbonyl group is replaced by a methylene group, after which the 2,5-dimethyipymrolyl
protecting group Is removed. The reduction can be carried out using methods well known to those
of skill in the art, for example, using lithium aluminum hydride in tetrahydrofuran, with or without
gluminum chiloride, or using borane methyl sulfide in tetabydrofuran, al a temperature of about

35 -78°C to about 0°C, prefarably at aboul -70°C.

Removal of the 2.5-dimethylpyrrolyl protecting group can be accomplished by reaction
with hydroxylamine hydrochioride. This reaction is generally camied out in an alcoholic or
aqueous alcoholic solvent, at a temperature from about room temperature {o about the reflux

temperature of the reaction mixture, preferably at about the reflux temperature, for aboul 8 to
40 about 72 hours.
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5 Compourxds of the formula | that are identical to those of formula IB but for the fact that
ring A is other than benzo can be prepared in an analogous fashion, starting with the appropriate
compound that is analogous to that of formula VI, vherein the unsubstituted benzo ring of
formula VI is replaced by a ring other than benzo that is within the definition of ring A.

Referring to Scheme 3, the known 1-fluoronaphthalene (XIV) is brominated with

10 bromine in acetic acid at a temperature from aboul room temperature to about the reflux
temperature of the reaction mixture for aboul 1 to about 48 hours, and the bromide cooled to
about -70°C in dry tetrahydrofuran {THF}, and then a solution of n-bulyl lithium is added to it The
resulting solution is then treated with triethyl borate and allowed to warm to room temperature to
form the compound of formula XV. The compound of formula XV is reacted with the compound of

15 formula IV to form the compound of formula XVI. This reaction is generally carried out in an
aqueous ethanol solvent. in the presence of sodium carbonate and tetrakistriphenylphoshine

-. palladium, at about the reflux temperature. The compound of formula XV is then treated with an
alkali metal alkoxide prepared from a compound of the formula HO(CH,),NR'R? and sodium
hydride in a polar solvent such as dimethylformamide, at a temperature from room temperature to

20 140°C for about 1 to about 48 hours. This reaction produces the corresponding compound of
formula XV1I, which is then deblocked to remove the 2,5-dimethylpymolyl protecting group by
reactron with hydroxylamine hydrochloride. This reaction is generally carried out in an alcoholic or
aqueous alcoholic solvent, at a temperature from about room temperature to about the reflux
temperature of the reaction mixture, preferably at about the reflux temperature, for about 8 o

25 about 72 hours.

Compounds of the formula | that are identical to those of formula IA and B but for the fact )
that ring A is other than benzo can be prepared in an analogous fashion, starting with the '
appropriate starting materials that are analogous to those of formulas Vil and XIV, on Schemes 1, '
2 and 3 respectively, wherein the unsubstituted benzo ring of such starting materials is replaced

30 by a ring other than benzo that is within the definition of ring A.

The preparation of other compounds of the formula | not specifically described in the
foregoing experimental section can be accompiished using combinations of the reactions
described above that will be apparent to those skilled in the art.

In each of the reactions discussed or ilustrated above, pressure is not critical uniess

35 otherwise indicated. Pressures from about 0.5 atmospheres to about 5 atmospheres are generally
acceptable, and ambient pressure, i.e., aboul 1 atmosphere, is preferred as a matter of
convenience.

The compoumds of formulae | ("the active compounds of this invention™) which are basic
in nature are capable of forming a wide variety of different saits with various inorganic and organic

40 acids. Although such saits must be pharmaceutically acceptable for administration to animals, R is
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5 often desirable in practice to initially isolate a compound of the formula | from the reaction mbdure
Bs a pharmaceutically unacceptable salt and then simply convert the latter back to the free base
compound by treatment with an alkaline reagent and subsequently convert the latter free base to a
pharmaceutically acceptable acid addition satt The acid addilion salts of the active base
compounds of this invention are readily prepared by treating the base compound with a

10 substantially equivalent amount of the chosen mineral or organic acid in an aqueous solvent
medium or in a suitable organic solvent, such as methanol or ethanol. Upon careful evaporation aof
the soivent, the desired solid salt is readily obtained.

The active compounds of this invention and their pharmaceutically acceptable salts are
useful as NOS inhibitors i.e., they possess the ability to inhibit the NOS enzyme in mammals, and

15 therefore they are able to function as therapeutic agents in the treatment of the aforementionad
disorders and diseases in an afflicted mammal.

.. The active compounds of this imvention and their pharmaceutically acceptable salls can
be administered via either the oral, parenteral or topical routes. In general, these compounds are
most desirably administered in dosages ranging from about 0.01 to about 250 mg per day, in

20 single or divided doses (i.e., from 1 to 4 doses per day). although variations will necessarily occur
depending upon the species, weight and condition of the subject being treated and the particular
raute of administration chosen. However, a dosage level thal is in the range of about 0.07 mg to
about 21 mg per kg of body weight per day is most desirably employed. Vanations may
nevertheless occur depending upon the species of animal being treated and its individual

25 response to said medicament. as well as on the type of pharmaceutical formulation chosen and
the tme pariod and interval al which such administration is camied out In some Instances,
dosage levels below the lower limit of the aforesaid range may be more than adequate, while in
other cases stlll larger doses may be employed without causing any harmful side effect, provided
that such larger doses are first divided into several small doses for administration throughout the

30 day.

The active compounds of the invention may be administered alone or in combination with
pharmaceutically acceptable camiers or diluents by elther of the three routes previously indicated,
and such administration may be carmried out in single or multiple doses. More particularly, the
novel therapeutic agants of this invention can be administered in a wide variety of different dosage

35 forms, i.e.. they may be combined with various pharmaceutically acceptable inert camiers in the
form of tablets, capsules, lozenges. troches, hard candies, powders, sprays, creams, salves,
suppositories, jelies, gels, pastes, lotions, ointments, aqueous suspensions, Injectable solutions,
elixirs, syrups, and the ike. Such carmiers include solid diluents or fillers, sterile aqueous media
and various non-toxic organic solvents, eic. Moreover, oral pharmaceutical compositions can be

40 sultably sweetened and/or flavored. In general, the therapautically-effective compounds of this
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invention are prasent in such dosage forms at conceniration levels ranging from about 5.0% to
about 70% by weight.

For oral administration, tablels containing varous excipients such as microcrystalline
cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and glycine may be employed
along with various disintegrants such as starch (and preferably com, potato or tapioca starch),
alginic acid and certain complex silicates, together with granulation binders [ike
polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents such as
magnesium stearate, sodium lauryl sulfate and taic ere often very useful for tabletting purposes.
Solid compositions of a similar type may also be employed as fillers in gelatin capsules; preferred
malerials in this conneclion aiso include lactose or mik sugar as well as high molecular weight
polyethylene glycols, When aqueous suspensions and/or elixirs are desired for omal
administration, the active ingredient may be combined with various sweetening or favoring
agents, coloring matter or dyes, and, if so desired, emulsifying and/or suspending agents as well,
together with such diluenls as waler, ethanol, propylene glycol: glycerin and various like
combinations thereof.

For parenteral administration, solutions of an aclive compound of the present invention in
either sesame or peanut oil or m aqueous propylene glycol may be employed. The aqueous
solutions should be suitably buffered (preferably pH greater than 8) if necessary and the liquid
diluent first rendered isotonic. These aqueous solutions are suitable for intravenous injection
purposes. The oily solutions are suitable for intramrticular, intramuseular and subculaneous
injection purposes. The preparation of all these solulions under sterile conditions is readily
accomplhished by standard pharmaceutical techniques well known to those skilled in the ant.

Additionally, it is also possible to edminister the aclive compounds of the present
invention topically when treating nflammatory conditions of the skin and this may be done by way
of creams, jellies, gels, pastes, patches, ointments and the like, in sccordance with standard
pharmaceutical practice.

The abilty of compounds of the formulae | o inhibit NOS may be determined using
procedures described in the literature. The ability of compounds of-the formulae | to inhiblt
endothelial NOS may be determined by using the procedures described by Schridt et al. in Proc.
Natl. Acad. Sci. U.S.A., 88, pp. 365-369 (1991) and by Pollock et al., in Proc. Natl. Acad. Sci.
U.S.A., 88, pp. 10480-10484 (1881). Tha ablity of compounds of the formulae | to inhibit inducible
NOS may be determined using the procedures described by Schmidt et al., in Proc. Natl. Acad
Sci. U.S.A., 88 pp. 385-369 (1981) and by Garvey et al. in J. Biol. Chem., 269, pp. 26669-26676
(1884). The abillity of the compounds of the formulae | to inhibit neuronal NOS may be determinad
using the procedure described by Bredt and Snyder in Proc. Nall. Acad. Sci. U.S.A , 87, 682-685
(1990).

BNSDCCID «WT}  SRn0I3%AT | .

124l



. . ~

WO 99/10339 PCT/IR98/01229 {é{

- 00360

5 Of sixteen compounds of the formula | that were tested, all exhibited an ICy, < 10 yM for
inhibition of either inducible or neuronal NOS.

The present invention is illustrated by the following examples. It wili be understood,
however, that the invention is not limited to the specific details of these examples. Melting points
are uncomected. Proton nuclear magnetic resonance spectra (*H NMR) and "C nuclear magnetic

10 resonance spectra were measured for solutions in deuterochloroform (CDCly) or in CO,0D or
CD,SOCD, and peak positons are expressed in parts per million (ppm) downfield from
tetramethyisitane (TMS). The peak shapes are denoted as follows: s, singlet; d, doublet; t, triplet;
q._quartel. m, multiplet, b, broad.

EXAMPLE 1
15 6-{4-[2-(4-Phenethyl-piperazin-1-yl)-ethyll-naphthalen-1-yl}-pyridin-2-ylamine

N-i-Butylcarbonyl-6-bromo-pyridyl-2-amine
To a 125 ml round-bottomed flask equipped with N, inlet were added 0.865 g (5 mmol)
6-bromo-2-aminopyridine, 0.677 mb (5.5 mmol) trimethylacetyl chloride, 15 mL. dry scetonitrile,
and 1.045 mL (7.5 mmol) tniethylamine. The reaclion was stired at room temperalure for 14
20  hours, poured into water, and stirred until a solid precipitate had formed. The solid was filtered,
washed with water, and dried to afford 1.04 g (81%), mp 87-80°C.
'H-NMR (5. CDCly): 1.28 (s, 9H), 7.17 (d, J=8, 1H), 7.52 (t. J=B, 1H), 8.00 (bs. 1H).
8.19 (d. J=8. 1H).
BC-NMR (5, CDCL): 27.3, 39.8, 112.2, 123.3, 139.0, 140.5, 151.6, 177.1.
25 B. 4-Methyinaphthalene-1-boronic acid
To a 125 mL round-bottormed flask equipped with N, inlet were added 1.78 g (11.4
mmol) 1-bromo-4-methyinaphthalene and 20 mL dry tetrahydrofuran. The solution was cocled
to -70°C, and 5.49 ml (13.7 mmol) of a 2.5M solution of n-buty! lithium in hexane was added
over 5 minutes, and the reaction stirmed at -70°C for 10 minutes. The solution was then treated
30 with 2.34 mL (13.7 mmol) triethyi borate, stimed 5 minutas at -70°C, then warmed to room
temperature and stimed 40 hours. The reaction was guenched with agqueous ammonium
chloride solution, poured into 0.5 N hydrochloric acid, and extracted into ethyl acetate. The
organic layer was washed with brine, dried over sodium sulfate, and evaporated to a white salid
after trituration with hexane, mp 224-228°C, 1.5 g (90%).
as 'H-NMR (5. CDCly): 2.63 (s, 3H), 7.25 (m, 1H). 7.3-7.5 (m, 3H), 7.75 (m, 1H), 7.95 (m,
1H).

WC-NMR (6, CDCLy): 19.4, 124.5, 125.5, 125.7, 126.0, 128.5, 128.9, 129.9, 131.5,
134.9, 135.3.
C. N-t-Butylcarbonyl-6-
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875 mg (3.795 mmol) N-t-butylcarbonyl-6-bromo-pyridyl-2-amine, 706 mg (3.795 mmol) 4-
methylnaphthalene-1-bomhic acid, 1.61 g (15.18 mmol) sodium carbonate, 50 mg (0.04 mmol)
tetrakistriphenyiphosphine palladium, 18 mL sthanol, and 2 mL water, and the reaction heated
at B0*C for 13 hours. TLC showed a major spot at R, = 0.2 in 15% ethyl acetate in hexane, and
LCMS showed a major peak at P+1 = 318, The reaction was cooled, poured into water, and
extracted inio ethyl acetate. The organic layer was washed with water and brine, dried over
sodium sulfate, and evaporated. The residue was chromatographed on silica gel using
hexane/ethyl acetate as eluant to afford 1.25 g (~100%) of a foam.

'H-NMR (5, CDCly): 1.32 (s. 9H), 2.73 (s. 3H), 7.25 (m, 1H), 7.3-7.5 (m, 4H), 7.81 (t,
J=8, 1H), 8.00 (d. J=8, 1H), 8.05 (d. J=8, 1H), 8.145 (bs, 1H), 8.31 (d, J=8, 1H).

“C-NMR (5, COCL): 19.7. 27.5, 60.4, 112.1, 121.1, 124.4, 125.8, 126.08, 126.11,
126.16, 126.9, 131.1, 132.9, 135.3, 1336.7, 151.3, 157.8, 177.3.

MS (%): 319 (parent+1, 100).

D. N-t-Butyicarbonyl-6-{4-cyanomethyinaphthalen-1-yl)-pyridin-2-ylamine

To a 100 mL round-bottomed flask equipped with condenser and N, inlet were added
1.21 g {3.795 mmol) N-t-butylcarbonyl-6-{4-methyinaphthalen-1-yl)-pyridin-2-ylamine, 810 mg
(4.554 mmol) N-bromosuccinimide, 35 mL carbon tetrachloride, and 10 mg bis-{1-Cyano-1-az0)-
cyclohexane. The reaction was heated at reflux for a fotal of 8 hours as additional portions of
initiator were added at 1, 2, and 4 hours. The reaction was cooled, fillered with carbon
tetrachloride, and evaporated. The red oil, 2.5 g. was used directly.

'H-NMR (5, CDCL): 1.33 (s. OH), 5.00 (s, 2H), 7.26 (d. J=7.5, 1H), 7.49 (m, 2H), 7.63
(m, 2H), 7.84 (t. J=8, 1H), 8.02 (d. J=8, 1H), 8.115 (bs, 1H), 8.22 (d. J=8, 1H), 8.36 (d, J=7.5,
1H).

“C-NMR (5. CDCly): 27.6. 31.6, 39.9, 112.6, 121.0, 124.1, 126.6, 126.7, 127.3, 131.5,
1317, 134.1, 138.8, 139.5, 151.4, 157.1, 177.35.

MS (%): 387/389 (parent+1, 100).

The above oll was taken up in 35 mL dry methylene chloride and treated with 593 mg
{3.795 mmel) tetraethylammonium cyanide, and reaction stirred at room tamperature for 13
hours. LCMS showed a major peak at P+1 = 344 and TLC showed a major spot at R, = 0.6 in
10% ethyl acetate in methylene chioride. The reaction was evaporaled, and the residue
chromatographed on silica get using ethyt acetate in methylene chioride as eluant to afford 1.00
g (77%) of a foam.

'H-NMR (5, COClL): 1.32 (s, BH). 4.18 (s. 3H), 7.26 (d. J=7.5, 1H), 7.53 (m, 2H), 7.63
{m. 2H), 7.84 (t, J=8, 1H), 7.82 (d. J=B, 1H), B.04 (d, J=8.5, 1H), 8.10 (bs. 1H), 8.34 (d, J=8,
1H).

PANRICEI]: W™ Sapivat | -
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C-NMR (5. CDCly): 22.0, 27.5, 39.9, 112.6, 121.0, 122.75, 126.0, 126.7, 126.8, 127.2,
131.2, 131.4, 138.9, 139.1, 151.4, 156.9, 177.35,

MS ({%): 344 (parent+1, 100).

E. 644-Carboxymethyinaphthaien-1-yi)-pyridin-2-ylamine

To a 100 mL round-bottomed flask equipped with condenser and N, inlel were added
1.00 g (2.815 mmol) N-t-butylicarbonyl-5-(4-cyanomethyinaphthalen-1-yl)-pyridin-2-ylamine and
35 mL ethanol. The solution was saturated with HC! and refiuxed 14 hours, adding two drops of
water once it had reached reflux. The reaction (LCMS showed P+1 = 391) was cooled and
evaporated, and the residue taken up in ethyl acetate, washed with aqueous sodium
bicarbonate solution, water, and brine, dried over sodium sulfate, and evaporated to an oil, 1.09
g (96%). which was used directly.

'H-NMR {6, CDCly): 1.21 (t, J=7, 3H), 1.31 (5, 9H), 4.09 (5, 2H), 4.13 (q, J=7, 2H), 7.25
(d, J=7.5, 1H), 7.4.7.6 (m, 4H), 7.82 (t, J=7.5, 1H). 7.99 (d, J=8, 1H), 8.06 (d, J=8, 1H), 8.13
(bs, 1H), 8.31 {(d, J=8, 1H).

SC-NMR (5, CDCl,): 14.2, 27.5, 39.5, 60.4, 61.0, 112.3, 121.1, 124.2, 126.3, 126.4,
126.8, 127.5, 131.4, 131.7, 132.5, 137.8, 13B.7, 151.3, 157.5, 171.4, 177.3.

MS (%). 391 {parent+1, 100).

The above oil was taken up in 25 mL 6 N hydrochioric acid, and heated at 85-100°C for
12 hours. LCMS showed P+1 = 279. The reaction was cooled, washed with ether, and
evaporated, finally dried under vacuum, 1o a white solid, 0.85 g (3% overall) of the product as
the hydrochloride salt.

MS (%): 279 (parent+1, 100).

F. 6—(4:{4-(2-Phemleth!ug_ iperazinylcarbonyl)-methyinaphthalen-1-yl}-pyridin-2-ylamine

To a 100 mL round-bottomed flask squipped with condenser and N, inlet were added
157 mg (0.50 mmol) 6-(4-carboxymethylnaphthalen-1-yl}-pyridin-2-ylamine, 95 mg (0.50 mmol)
N-phenethylpiperazine, 96 mg (0.50 mmol) N-ethyl, N-3-dimethylaminopropyl-carbodiimide,
0.230 mL (1.65 mmol) triethylamine, 10 mg N-hydroxybenzotriazole, and 7 mL dry acetonitrile,
The reaction was stimed at room temperature 12 hours (LCMS showed P+1 = 451 and TLC
showed R; = 0.3 in 10% methancl/methylene chioride), then evaporated and the residue
chromatographed on silica gel using methanoVmethylene chloride as eluant to afford the
product as a foam, 230 mg (~100%).

'H-NMR (5, CDCL): 2.37 (m, 2H), 2.52 {m, 2H), 2.59 (m, 2H), 2.76 (m, 2H), 3.46 (m,
2H), 3.76 (m, 2H), 4.17 {5, 2H), 4.73 (bs. 2H, NH,). 6.48 (d, J=8, ‘!H). 6.83 (d, J=7.5, 1H), 7.1-
7.6 (m, 10H), 7.98 (d, J=8, 1H), 8.14 (d, J=8.5, 1H).
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5 BC-NMR (5. CDCh): 33.4, 38.5, 41.8, 46.1, 52.8, 53.2, 60.2, 137.2, 115., 123.5,
125.6, 126.1. 126.2, 126.3, 126.5, 127.0, 128.5, 128.7, 131.6, 132.2, 138.1, 138.5, 139.9, 157.4,
158.3, 169.7.

MS (%): 451 (parent+1. 100).
G. 6-{4-[2-(4-Phenethyl-piperazin-1 ﬂ-etl.\ylj-naphmalend -yN-pyridin-2-ylamine
10 To a 100 mL round-bottomed flask equipped with condenser and N, inlet were added
200 mg aluminum chloride and 5 mL dry tetrahydrofuran. The solution was cooled to 0°C. and
.50 mL (3.50 mmol) of a 1.0 M solution of lithium aluminum hydride in tetrahydrofuran was
added. Stiring was conlinued at room temperature for 20 minutes, then the solution was
cooled to -70°C, and a solution of 225 mg (0.50 mmol) G-{4{4-[2-
15  phenylethyl)piperazinylcarbonyl}-methyinaphthalen-1-yl)-pyridin-2-ylamine in 7 mL dry
tetrahydrofuran was added. Sliming was continued 1 hour at -70°C, then 2 hours a! room
temperature (LCMS showed P+1 = 437), followed by careful quenching with 5 mL 1 N
hydrochloric acid. After stiring for 20 minutes (min.), the reaction was treated with 6 mL 6 N
aqueous sodium hydroxide solution, and extracted with several portions of methylene chioride.
20 The organic phase was dried over sodium sulfate and evaporated to afford an oil, which was
converted to the hydrochloride salt using HCI in ether, affording the product, 175 mg (64%) as a
white solid, mp 80-105°C.
‘H-NMR (8. CDChL): 2.65 (m, 6H), 2.76 (m, 4H), 2.84 (m, 4H), 3.33 (m, 2H). 4.68 (bs,
2H, NH;), 6.44 (d, J=B, 1H), 6.85 (d, J=7, 1H), 7.1-7.6 (m, 10H), B.11 (m, 2H).
25 3C-NMR (5. CDCly): 30.9, 33.7. 53.3, 59.7. 60.6. 106.9. 115.2, 123.9, 125.77, 125.83,
126.1,. 126.7, 126.9, 120.4, 128.7, 131.4, 132.3, 136.9.137.8, 138.0,140 .4, 157.9, 158.2.
MS (%): 437 (pareni+1, 10D).
Anal. Calc'd. for CyyHyyN,*Cle3/2H,001/2(C,H,,0): C 69.32, H 7.69, N 10.43. Found:
C 69.46, H 7.35, N 10,36,
30 EXAMPLE 2
3-{244-(6-Amino-pyridin-2-yi}-naphthalen-1-yl}-ethyl}-3-aza-bicyclo]3. 1.0thex-6-ylamine
Prepared as in Example 1, with an extra deblocking step using Frifluoroacetic acid in
methylene chioride to remove a t-butoxycarbanyl protecting group, in 71% yield. mp 250-260°C,
as the hydrochloride salt.
35 'H-NMR (5, CDCl,): 1.24 (bs, 2H), 1.36 (bs, tH), 2.43 (m, 2H), 2.72 (m, 2H), 3.1-3.2
(m, 4H), 4.63 {bs, 2H, NH,), 6.45 (d, J=8, 1H), 6.83 (d. J=7, 1H), 7.3-7.6 (m. 5H). 8.07 (m, 2H).
IC.NMR (5, CDCl;): 25.8, 29.7. 32.7, 55.0, 56.7. 106.8, 115.2, 123.8. 125.7, 125.9,
126.6, 126.8, 131.5,132.2, 137.1, 137.6, 13B.0, 157.9, 1568.1.
MS (%): 345 (parent+1, 100).
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5 Anal. Caic'd. for CjH;N7/4HCIe{(C,H,;O): C 64.74, H 7.47, N 11.61. Found: C
654.34, H6.94, N 11.20.
EXAMPLE 3
ll-naphthalen-1
Prepared as in Example 1, in 74% yield, mp 225-235°C, as the hydrochloride salt.
10 "H-NMR (5, CDCl): 1.32 {m, 1H), 1.64 (m, 1H), 2.07 (m, 2H), 2.17 (m, 1H), 2.70 (m,

2H), 3.06 (m. 2H), 3.31 (m, 2H), 3.55 (d, J=8, 1H), 3.75 (m, 2H), 4.64 (bs, 2H, NH;), 6.45 (d,
J=8, 1H). 6.85 (d, J=7, 1H), 7.16 (m, 1H), 7.2-7.6 (m, 14H), B.10 {m, 2H).
C-NMR (5, CDCl,): 25.7, 31.0, 31.5, 30.7, 54.0, 59.0, 60.1, 68.0, 106.8, 115.2, 123.9,

125.7, 125.8. 126.1, 126.2, 126.7, 126.9, 128.1, 128.6, 131.6, 132.3, 137.1, 137.7, 138.0, 143.9,
15 157.8, 158.2.

MS (%). 498 (parent+1, 100).
Anal. Calc'd. for CysHysNye2HCL. C 73.67, H6.54, N 7.36. Found: C 73.86, H 6.87. N

7.04.
EXAMPLE 4
20 6-{4-[2-{6.7-Dimethoxy-3.4-dihydro-1H-isoquinalin-2-yl)-ethyl]-naphthalen-1-yl}-pyridin-
2-ylamine

Prepared as in Example 1. in 56.5% yield, mp 172-176°C.

'H-NMR (5, COCly): 2.87 (m, 6H), 3.41 (m, 2H), 3.71 (m, 2H), 3.826 (s, 3H), 3.831 (s,
3H), 4.80 (bs. 2H, NH,), 6.47 (d, J=8, 1H), 6.56 (s, 1H), 6.60 (s, 1H), 6.84 (d, J=7.5, 1H), 7.4-

25 7.6 (m, 5H), 8.12 (m, 2H).

BC-NMR (5, CDCl,): 28.7, 31.3, 51.1, 55.7, £5.80, 55.83, 59.3, 106.8, 108.4, 111.3,
115.15, 123.8 ,125.67, 125.74, 126.0, 126.5, 126.8, 131.5, 132.2, 136.8, 137.7. 138.0, 147.1,
147.4, 157.8. 158.0.

MS (%): 440 (parent+1, 100).

30 Anal. Caic'd. for CqHxN,O,¢1/4H,0: C 75.73, H 6.70, N 9.46. Found: C 7566, H
6.54, N 9.17.
EXAMPLE 5
6-{4;[2-(6-Meﬂ'|mty-1.3.4.9-lelrahyd_m_:p-calboiin- -yl}-ethyll-naphthalen-1-yl}-pyridin-2-
ylamine
35 Prepared as in Example 1, in 60% yield, mp 132-138"C.

'H-NMR (5, CDCL): 2.81 (m, 2H), 2.91 (m, 4H), 3.31 (m, 2H), 3.51 (bs, 2H), 3.83 (s,
3H). 4.61 (bs. 2H, NH,), 6.46 (d, J=8, 1H), 6.75 (dd, J=2.5,8.7, 1H), 6.84 (d, J=7, 1H), 8.92 (d,
J=2.5, 1H), 7.08 (d, J=8, 1RH), 7.36 (d, J=7. 1H), 7.4-7.6 {m, 3H), 8.08 (d, J=8, 1H), 8.13 (dd,
J=1,8, 1H), B.38 (bs, 1H).
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5 C-NMR (8. CDCly): 25.5, 50.2, 51.1, 55.8, £8.7, 67.9, 100.2, 103.9, 107.8, 110.7,

111.3, 115.2, 123.8, 125.7, 125.8, 126.1, 126.6, 126.8, 127.5, 131.1, 131.6, 132.1, 132.8, 136.8,
137.6, 138.1, 153.7, 157.7, 158.0.
MS (%): 449 (parent+1, 100).
Anal. Caicd. for C,gHznN.,O%(CH,¢0): C 75.83, H 7.33, N 10.72. Found: C 75.80, H
10 7.00, N 11.33.
EXAMPLE 6

Prepared as in Example 1, in 77% yield, mp 80-110°C, as the hydrochloride salt.
'H-NMR (5, COCL): 3.00 {1, J=7, 2H), 3.31 (t, J=7, 2H), 3.70 (s. 2H), 4.62 (bs, 2H,
15 NH,). 5.80 (s, 2H), 6.48 (d, J=8, 1H), 6.72 (s, 1H), 6.73 (m, 1H), 6.81 (m, 1H), 6.85 (d, J=7, 1H),
7.4-7.6 (m, 5H), 8.09 (m, 2H).
3C-NMR (8, CDCl,): 33.7, 49.7, §3.7, 100.9, 106.9. 108.1, 108.7, 115.2, 121.2, 123.9.
125.76, 125.80, 126.1, 126.5, 126.8, 131.7, 132.3, 134.2, 136.5, 137.8, 138.1, 146.5, 147.7,
157.8, 158.1.
20 MS (%): 398 (parent+1, 100).
Anal. Calc'd. for CysHznN3O,92HCIeH, 00 1/2(CH,00): C 61.72, H 6.14, N 8.00. Found:
C 6181, H597,N7.56.
EXAMPLE 7
6-{44{2-(3.4-Difluaro-benzylamino)-ethyl}-naphthzlen-1-yl}-pyridin-2-ylamine
25 Prepared as in Example 1, in 91% yield, mp 70-80°C, as the hydrochloride salt.
'H-NMR (5, CDCh): 2.83 (1, J=7, 2H), 3.315 (t, J=7, 2H), 3.70 (s, 2H), 4.76 (bs. 2H,
NH;). 6.47 (d. J=8B, 1H), 6.81 (d. J=7, 1H), 7.0-7.2 (m, 3H), 7.4-7.6 (m, 5H), 8.06 (m, 2H).
JC-NMR (5, CDCh): 32.8, 49.2, 52.2, 107.1, 115.0, 117.1, 123.7, 124.2, 125.9, 126.1,
126.4, 126.7, 131.6, 132.0, 135.8, 137.8, 138.1, 148.1, 148.3, 148.8, 149.0, 150.6, 150.7, 151.3,
30 1514, 157.4, 158.1.
MS (%): 390 (parent+1, 100),
Anal. Caic'd. for CyHazNyFe32HCle1/2H,00(CHe0): C 63.78, H 640, N 7.97.
Found: C 63.94, H 5,95, N 7.89.
- EXAMPLE 8
35 6-{4-]2-(3,4, 5-Trimethoxy-benzylamino)-ethyll-naphthalen-1-yl}-pyridin-2-ylamine
Prepared as in Exampie 1, in B0% yiald, mp 75-85°C, as the hydrochloride salt
'H-NMR (5, COCly): 3.02 {t J=7. 2H), 3.34 (t. J=7. 2H), 3.73 (5. 2H), 3.78 (s, 6H).
3.795 (s, 3H). 4.655 (bs, 2H, NH,), 6.46 (d, J=8, 1H), 6.4B (s, 2H), 6.82 (d. J=7.5, 1H), 7.4-7.6
{m, §H), 8.08 (m, 2H).
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“C-NMR (5, CDCl,): 33.5, 49.7, 54.0, 55.8, 60.7, 104.7, 106.9, 115.0, 123.8, 125.4,
125.70, 125,74, 126.1, 126.4, 126.7, 131.6, 132.1, 135.8, 136.3, 136.6, 137.8, 138.0, 153.1,
157.6, 158.1,

MS (%): 444 (parent+1, 100).

Anal, Calc'd. for CyyHagN2O12HCIe(CHygO): C 63.05, H 7.00, N 7.11. Found: C
63.04, HG.70, N 6.96.

EXAMPLE 8
6-{4{2-(3-Chloro-benzylamino)-ethyl}-naphthaien-1-yi}-pyridin-2-ylamine

Prepared as in Example 1. using as a precursor 3,4-dichlorobenzylamine. In this case,
the lithium aluminum hydride/aluminum chioride reduclion removed one of the chiorine atoms,
afiording the 3-chiorobenzyl compound. The final product was prepared in 73% yield, mp 60-
75°C. as the hydrochloride salt.

'H-NMR (5 CDCly): 2.89 (t. J=7, 2H), 3.30 {t, J=7, 2H). 3.73 (bs. 2H), 4.675 (bs, 2H,
NH,). 6.46 (d, J=8, 1H), 6.83 (d. J=7, 1H), 7.2-7.6 (m, 8H), 8.07 (m, 2H).

IC-NMR (5. CDCl,): 33.6, 49.7, 68.0, 107.0, 115.1. 123.9, 125.8, 126.1, 126.5. 126.8,
128.5, 129.5, 131.7, 132.2, 136.3, 137.8, 138.1, 157.7, 158.2.

MS (%): 388 (pareni+1, 100).

Anal. Calc'd. for Cp(HzN,ClsHCleH,001/2(C,H,,0): C 65.13, H 6.31, N 8.76. Found:
C64.84, HE.25 N 835

EXAMPLE 10

6-(4-{2-{(Furan-2-yimathy!}-amino}-eihyl}-naphthalen-1.yl)-pyridin-2-ylamine

Prepared as in Example 1, in 44% yield, mp 185-205°C, as the hydrochloride salit.

'H-NMR (5, CDCL): 3.00 (d. J=7, 2H), 3.285 (d, J=7. 2H). 3.79 (5, 2H), 4.68 (bs, 2H,
NH;), 6.13 (bs, 1H), 6.26 (bs. 1H), 6.45 (d, J=8, 1H), 6.83 (d. J=7.5, 1H), 7.3-7.6 (m, 6H), B.08
{m, 2H).

YC-NMR (5, CDCL,): 33.4, 46.1, 48.5, 106.9, 107.0, 110.0, 115.05, 123.8, 125.7. 126.0,
126.4, 126.7, 131.6, 132.1, 136.2, 137.7, 138.0, 141.75, 153.5, 157.6, 158.1,

MS (%): 344 (parent+1, 100).

Anal. Calc'd. for CyHzyN,OsHCIeJ/2H,0: C 64.23, H6.25. N 10.21. Found: C 64.42,
H 6.04, N 9.86.

EXAMPLE 11
4-[2-(3.4-Dichloro-benzylamino)-ethyll-naphthalen-1 ridin-2-ylamine
Prepared as in Example 1, using borane methyl sulfide in place of the lithium aluminum
hydride/aluminum chioride reduction in the final step. The final product was prepared in 88.5%
yield, mp 145-170°C, as the hydrochloride salt.
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'H-NMR (5, CDCl,): 2.98 (t. J=7. 2H), 3.285 (t, J=7. 2H), 3.71 (s. 2H), 4.60 (bs, 2H,
NH,). 6.49 (d, J=8, 1H), 6.85 (d, J=7.5, 1H), 7.2-7.6 (m, 7H), 8.08 (m, 2H).

C.NMR (5, CDCl,): 33.5, 49,7, 52.7, 107.0, 115.3, 123.8, 125.8, 125.9, 126.2, 126.5,
126.9, 127.3,127.4, 129.9, 130.0, 130.2, 130.7, 131.7,132.2, 132.3, 136.2, 138.1, 140.7, 157.8,
158.1.

MS (%): 388 (parent+1, 100).

Anal. Calc'd. for Cy,HyN;ClyeHCle2H,001/2(C,H,00): C 58.71, H 5.87. N 7.90. Found:
C 58.35, H 5.92, N6.62.

EXAMPLE 12
6-f4-(2-Dimethylamino-ethoxy)-naphthalen-1-yl]-pyridin-2-ylamine
Refernng to Scheme 2

A. 4-Bromo-1-benzyloxy-naphthalene:

To a 250 mL round-bottomed flask equipped with addition funnef and N, inlet were
added 2.88 g (20 mmol) 1-naphthol and 50 mL 1.2-dichioroethana, and with stirring a solution of
9.64 g (20 mmol) tetrabutylammonium tribromide in 30 mL 1,2-dichloroethane dropwise over 10
minutes. After stiring an additional 10 minutes at room temperature, the solutlon was washed

with dilute aqueous sodium bisulfite and water, dried over sodium sulfale, and evaporated. The
mixture of product and tributylammonium salts was used directly.

'H-NMR (5, CDCL): 7.22 (d, J=B, 1H), 7.43 (m, 2H), 7.50 (dt, J=1,8, 1H), 8.05 (d, J=8,
1H). 8.18 (d. J=8, 1H).

C-NMR (5, CDClL,): 109.8, 111.4, 122.7, 125.3, 126.25, 126.7, 137.4, 129.9, 132.5,
153.0.

The above oil was dissolved in 100 mL acaetonitrile, and treated with 3.57 mL (30 mmal)
benzy] bromide and 5.53 g (40 mmol) potassium carbonate, the refluxed 14 hours. TLC
showed a major spot at R, = 0.2 in 5% methylene chloride/hexane. The reaction was cooled,
poured into dilute aqueous hydrochlonic acid/ethyl aceiate, and the organic layer separated,
washed with water and brine, dried over sodium sulfate, and evaporated. The residue was
chromatographed on silica gel using methylene chioride/hexane as eluant to afford 5.8 g (93%)
of an oil.

'H-NMR (5, CDCly): 5.22 (s, 2H), 6.74 (d, J=B, 1H), 7.4-7.7 {m, BH), B.21 (d. J=8, 1H),
8.38 (d, J=8. 1H).

C.NMR (5, CDCl,): 70.3, 105.9, 113.6, 122.7, 126.1. 126.9, 127.0, 127.4, 127.9,
128.1, 128.7, 129.5, 132.6, 136.7, 154.3.

MS (%): 314 (parent+1, 100).

B. 1-Benzyloxy-naphthalene-4-boronic acid
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5 Using the procedure in Example 1A, 5.95 g (19 mmol) of 4-bromo-1-benzyloxy-
naphthalene was converted to the product in 55% yield as a white solid, mp 149-152°C.
"H-NMR (8, CDCl): 5.18 (s, 2H), 6.82 (m, 1H), 7.2-7.8 (m, 8H), 8.28 (m, 2H).
C-NMR (5. CDCLy): 69.9, 104.5, 104.7, 122.2, 122.4, 124.8, 125.0, 126.5, 126.6,
127.6, 127.7, 127.9, 128.0, 128.5, 130.9, 132.9, 136.9.
10 C. 2-(2,5-Dimethylpyrrolyl)-6-{4-benzyloxy-1-naphthyl)-pyridine
Prepared as in Example 1B, in ~100% yield as an oil.
'H-NMR (8, CDCL): 2.25 (s, 6H), 5.29 (s. 2H), 5.92 (s. 2H), 6.95 (d, J=8, 1H). 7.21 (d.
J=7.5, 1H), 7.3-7.6 (m, 8H), 7.89 (t, J=8, 1H), 8.14 {m, tH), 8.45 (m, 1H).
C-NMR (5. CDCly): 13.5, 70.1, 104.8, 106.8, 119.7, 122.5, 123.4, 125.2, 125.3, 125.9,
15 126.4, 126.9, 127.3, 1279, 128.2, 1285, 130.5, 132.0. 136.5. 138.0, 151.8, 155.0, 159.1.
MS (%): 405 (parent+1, 100).
D. 2-(2,5-Dimethyipyrrolyl)-6-(4-hydroxy-1-naphthyl)-pyridine

-28-

To a 125 mL round-bottomed flask equipped with condenser and N, inlet were added
1.53 g (3.795 mmol) 2-{2,5-dimethylpyrrolyl)-6-(4-benzyloxy-1-naphthyl)-pyridine, 1.20 g
20 {18.975 mmol) ammonium formate, 100 mg 10% palladium-on-carbon, and 30 mL ethanol. The
reaction was refluxed 4 hours, with additional catalyst and formalte added at 2 and 3 hours, then
cooled and filtered through Cellte with ethanol and methylene chioride. The filtrate was
evaporated and the residue taken up In ethyl acetate/aqueous sodium bicarbonate solutian.
The organic layer was washed with brine, dried over sodium sulfate, and evaporated to a light
25 brown solid, 1.21 g (~100%).
'H-NMR (5. COCL): 2.105 {s, 6M), 5.775 (s. 2H), 6.66.(d, J=8, 1H), 7.04 {d, J=8, 1H),
7.29 (m, 2H), 7.38 (d. J=B, 1H), 7.72 (t, J=8, 1H), 7.95 (m, 1H), 8.18 (m, 1H).
BC-NMR (5. CDCl;): 13.8, 106.7, 108.8, 107.5, 119.6, 122.55, 124.5, 124.7, 125.0,
126.5, 128.4, 128.5, 128.7, 132.0, 138.2, 151.5, 153.9, 159.3.
30 MS (%). 315 (parent+1, 100).
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5 E. 2-(2.5-Dimethylpyrrolyl)-6-{4-(2-carbpethoxymethyloxy)-1-naphthyl)-pyridine

To a 125 mL round-bottomed flask equipped with condenser and N, inlet were added
1.18 g (3.785 mmol) 2-(2,5-dimethyipyrrolyl)-8-{4-hydroxy-1-naphthyl)-pyridine, .505 mL {4.554
mmol) ethyl bromoacetate, 1.05 g (7.59 mmol) potassium carbonate, and 25 mL acetonitrile.
The mixture was refluxed 12 hours, cooled (TLC Rf = 0.8 in 1/1-ethyl acetate/hexane), poured
10 into water, and extracted into ethyl acetate. The or-ganic layer was washed with brine, dried
over sodium sulfate, and evaporated. The residue was chromatographed on silica gel using
hexane/ethyl acetate as eluant to afford 2.05 g (~100%) of an oil.
'H-NMR (5, CDCly): 1.31 (t, J=7. 3H), 2.26 (s, 6H), 4.29 (q. J=7. 2H), 4.82 (s, 2H), 5.94
(s, 2H), 6.78 (d. J=B, 1H), 7.20 (d, J=8, 1H), 7.5-7.6 (m, 5H), 7.87 (t. J=8, 1H), 8.15 (m, 1H),
15 8.50(m, 1H).
“C-NMR (3, CDCL): 13.6, 14.2, 61.4, 65.7, 104.6, 107.0, 119.8, 122.6, 123.5, 125.3,
125.6, 125.8, 127.2, 128.0, 128.6, 131.4, 132.1, 138.3, 151.8, 154.3, 158.9, 168.6.
MS (%): 401 (parent+1, 100).
F. 2-(2.5-Dimethyipyrrolyl)-6-{4-{ 2-carboxymethyloxy)-1-naphthyl)-pyridine
20 To a 125 mL round-bottomed flask equipped with condenser and N, inlet were added
1.52 g (3.785 mmol) of 2-{2 5-dimethylpymrolyl)-6-{4-{2-carboethoxymethyloxy)-1-naphthyl)-
pyridine, 15 mL tetrahydrofuran, and 478 myg (11.385 mmol) lithium hydroxide hydrate in 15 mL
water, with additional methanol to maintain a solution. The reaction was stimed at room
temperature for 12 hours, (LCMS P+1 = 373), poured into dilute aqueous hydrochloric acid, and
25 extracted into ethyl acetate. The organic layer was washed with brine, dried over sodium
sullate, and evaporated to a solid, 1.27 g (90%).
'H-NMR (5, CDCL): 2.20 (s, 6H), 4.74 (s, 2H), 5.89 (s, 2H), 6.765 (d, J=8, 1H), 7.20 (d.
J=8, 1H), 7.4-7.6 (m, 4H), 7.885 (t, J=8, 1H), B.04 (m, 1H), B.44 (m, 1H).
“C-NMR (5 CDCL): 13.3, 65.3, 104.5, 106.9, 120.3, 122.6, 124.0, 125.0, 125.6, 125.7,
30 127.2, 128.0, 128.7, 130.8, 132.0, 138.6, 151.7, 154.3, 158.9, 170.9.
MS (%) 373 (parent+1, 100).
G. 2-{2.5-Dimethylpyrrolyl}-6-(4-(2-{dimethylaminocarbony|}methyloxy)-1-naphthyl)-
pyridine
Prepared as in Example 1D in ~100% yield as an oil.
35 'H-NMR (5. CDCl,): 2.225 (s, 6H), 2.97 (s, 3H), 3.10 (s, 3H), 4.90 (s, 2H), 5.89 (s, 2H),
6.93 (d. J=8B, 1H), 7.21 (d. J=6, 1H), 7.4-7.6 (m, 4H), 7.90 (t, J=8B, 1H), 8.09 (m, 1H), 8.38 (m,
1H).

C_NMR (8, CDCly);: 13.5, 35.8, 36.8, 67.8, 104.7, 106.8, 118.9, 122.2, 123.5, 125.4,
125.56, 125.63, 127.1, 128.1, 128.6, 131.2, 132.1, 138.2, 151.8, 154.1, 159.0, 167.7.
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5 MS (%): 400 (parent+1, 10D).
H. 2-(2.5-Dimethylpyrrolyl)}-6{4-(2-(2-dimethylaminoethyl)methyloxy)- 1-naphthyl)-
pyridine
Prepared as in Example 1E in ~100% yield as an oil.
'H-NMR (5, CDCl,): 2.24 (s, 6H), 2.42 (s, 6H), 2.915 (1, J=6, 2H), 4.30 (1, J=6, 2H).
10 5.91 (s, 2H). 6.90 (d, J=8, 1H), 7.20 (d, J=8, 1H), 7.5-7.7 (m, 4H), 7.89 (8, J=8, 1H), 8.13 (m,
1H), 8.37 (m. 1H).
C-NMR (8. CDCly): 13.5, 46.2, 58.2, 67.0, 104.3. 106.8, 118.7, 122.5, 123.5, 125.2,
125.3, 123.8, 126.9, 128.3, 138.6, 130.4, 132.0, 138.1, 151.8, 155.3, 150.1.
MS (%): 386 (parent+1, 100).
15 I. 644-{2-Dimethylamino-ethoxy}-nephthalen-1-vi}-pyridin-2-ylamine
To a 100 mL round-bottomed flask equipped with condenser and N, inlet were added
155 mg (0.403 mmol) 2-(2,5-dimethylpyrrolyl)-6-(4-(2-(2-dimethylaminoethyl)methyloxy)-1-
naphthyl)-pyridine, 500 mg hydroxylamine hydrochloride, 8 mL ethanol, end 1 mL water. The
solution was refluxed 40 h (LCMS P+1 = 308), cooled, poured into dilute aqueous hydrochloric
20 acid, and washed with ethyl acetate. The aguecus layer was adjusted to pH 12 with 6 N
aqueous sodium hydroxide solution and extracted with several portions of methylene chioride.
The organic layer was dried over sodium sulfate and evaporated to a solid, 81 mg (65%). mp
88-106"C.
'H-NMR (5, CDCly): 2.395 (s, 6H), 2.89 (t, J=8, 2H), 4.27 (t, J=6, 2H), 4.65 (bs, 2H,
25 NH,), 6.43 (d, J=8, 1H), 8.84 (m, 2H), 7.4-7.6 (m, 4H), 8.10 (m, 1H), 8.32 (m, 1H).
IC-NMR (5, CDCl,): 46.2, 58.2, 66.9, 104.2, 106.6, 115.2, 122.2, 125.1, 125.7. 125.8,
126.7, 127.2, 131.4, 132.2, 138.0, 154.7, 157.8, 158.2.
MS (%): 308 (parent+1, 100).
Anal. Cakc'd. for C,gH;N;Oe1/4H,0: C 73.17, H 6.85, N 13.47, Found: C 73.18, H
30 7.00,N13.43.

EXAMPLE 13

6-[4-(2-Pyrrolidin- 1-yl-ethoxy}-naphthalen-1-yl}-pyridin-2-ylamine

Prepared as in Example 12, in 69% yield, mp 245-255°C, as the hydrochloride salt

'H-NMR (5, CDClL): 1.79 (bs, 4H), 2.685 (bs, 2H), 3.035 (t, J=5, 2H), 4.30 (t, J=6, 2H),
35 4.68 (bs, 2H, NH,), 6.41 (d, J=8, 1H), 6.82 (m, 2H), 7.4-7.6 (M, 4H), 8.10 (m, 1H), 8.31 (m, 1H).

3C-NMR (5, CDCl): 23.6, 54.9, 5§5.0, 67.8, 104.2, 106.6, 115.1, 122.2, 125.0, 125.7,

125.8, 126.6,. 127.3, 131.4, 132.2, 138.0, 154.7, 157.7, 158.2.

MS (%): 334 (parent+1, 100).

Anal. Calc'd. for C;yHz3N;0+2HCIle1/2(C,H,;0): C 63.30, H 6.82, N 8.48. Found: C
40 62.23 H6541, N9.56.

PRI WY SO AY



: AN

.

WO 99/10339 PCT/1B98/01229 - lﬂ‘]
'31- ) a 0 ; é} 2
5 EXAMPLE 14
6-{4-{2-[(Benzo[1,3]dioxol-5-ytmethyl}-amino}-ethoxy}-naphthalen-1-yl)-pyridin-2-
ylamine

Prepared as in Example 12, in 75% yield, mp 60-80°C, as the, hydrochloride salt.
"H-NMR (5, CDCly): 3.12 (t. J=6, 2H), 3.81 (s, 2H), 4.25 (1, J=6, 2H), 5.91 (s, 2H), 6.41
10  {(d.J=8, 1H), 6.7-6.8 (m, 4H), 6.88 (s, 1H), 7.4-7.5 (m, 4H), 8.10 (m, 1H), 8.28 (m, 1H).
3C-NMR (8, CDCly): 47.9, 53.5, 67.7, 100.9, 104.4, 106.6, 108.1, 108.7, 115.1, 121.3,
122.0, 125.1, 125.7, 125.8, 126.7, 127.3, 131.5, 132.2, 134,1, 138.0, 146.6, 147.8, 154.6, 157.6,
158.3.
MS (%): 414 (parent+1, 100).
15 Anal. Calc’d. for CygH;Ny05eHCe3/2H,0: C 62.96, H 5.71, N B.81. Found: C 63.17,
H5.63, N 5.48.

EXAMPLE 15
dro- 1H-isoquinolin-2-yl)-ethoxy]-naphthalen-1-

pyridin-2-ylamine
20 Prepared as In Example 12, in 81% yield, mp 1.30-150°C, as the hydrochioride salt
'H-NMR (5. CDCly): 2.83 (m, 2H). 2.90 (m, 2H), 3.105 (t, J=6, 2H), 3.74 (s, 2H), 3.7B
(8. 3H), 3.80 (s, 3H), 4.37 (. J=6, 2H), 4.69 (bs, 2H, NH,), 6.39 (d, J=8, 1H), 6.49 (s, 1H), 6.57
(s. 1H), 6.84 (m, 2H), 7.4-7.5 (m, 4H), 8.11 (m, 1H), 8.33 (m, 1H).
C-NMR (5, CDCl,). 28.6, 51.6, 55.9, 56.1, 56.8, 67.0, 104.3, 106.6. 109.5, 111.3,
25 115.1,122.2, 125.1, 125.7, 125.8, 125.9, 126.4, 126.7, 127.3, 147.2, 147.5, 154.6, 157.6, 158.2.
MS {%). 456 (parent+1, 100},
Anal. Calc'd. for CagHN;042HCIeH,0: C 61.54, H6.08, N 7.69. Found: C 61.77. H

6.04, N 7.35.
EXAMPLE 16
30 3{2{4-{6-Amino-pyridin-2-yl}-naphthalen-1-yloxy]-ethyll-3-aza-bicycio]3. 1.0]hex-6-
ylamine

Prepared as In Example 12, in 63% yield (following a deblocking step with
trifiuoroacetic acid in methylene chioride to remove a t-butoxycarbonyl protecting group). mp
140-155°C, as the hydrochioride salt

35 'H-NMR (5, CDCL): 1.35 (bs, 2H). 1.41 (s, 1H), 2.53 (bs. 2H), 2.93 (t. J=6, 2H), 3.11
(m. 4H), 4.185 (L J=6, 2H), 4.67 (bs, 2H, NH,), 6.42 (d. J=B, 1H), 6.81 (m, 2H), 7.4-7.5 (m, 4H),
8.10 (m, 1H), 8.20 (m, 1H).

C-NMR (5, CDCl,): 25.8, 32.6, 54.0, 55.6. §7.7. 104.2, 106.6, 115.2, 122.2, 125.1,

125.7, 125.8, 126.6, 127.3, 132.1, 133.7, 138.0, 154.7, 157.7, 158.2.
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5 MS (%): 361 (parent+1, 100).

Anal. Calc'd. for CpHyNO#2HCIe1/2{C,H,,0): C 61.28, H 8.84, N 11.91. Found: C
61.89, H6.44, N 11.83.
EXAMPLE 17
6-{4-]2-(4-Phenethyl-piperazin-1-yl}-ethoxy}-naphthalen-1-yI}-pyridin-2-ylamine
10 Prepared as in Example 12, in 78% yleld, mp 45-80°C, as the hydrochioride salt.
'H-NMR (5, CDCly): 2.5-2.9 (m, 12H), 3.00 (1, J=6, 2H), 4.325 (t, J=5, 2H), 4.62 (bs.
2H). 6.47 (d, J=8, 1H), 6.84 (d, J=8, 1H), 6.85 (d, J=7, 1H), 7.20 (m, 3H), 7.28 (m. 2H), 7.46 (m.
4H), 8.10 (m, 1H), 8.31 (m, 1H).
C-NMR (5, CDCl;:: 33.53, 53.14, 53.64, 57.135, 50.43, 66.61, 104.26, 106.48,
15  115.165, 122.10, 125.04,125.43, 125.61, 125.894, 126.57, 127,15, 128.29, 128.61, 131.41,
132.40, 137.92, 140.23, 154.61, 157.67, 158.03.
MS (%): 453 (parent+1, 100).
Anal. Calc'd. for CyyHyN,Oe3HCle3/2H,0¢(C,H,,0):. C 59.77, H 7.30, N 8.45. Found:
€ 59.42, H7.19, N 8.05.
20 EXAMPLE 18
6-{4-[2-(3-Amino-pyrrolidin-1-yN)-ethoxy]-naphthalen-1-yl}l-pyridin-2-ylamine
Prepared as in Example 12, in 59% yield, mp 70-90°C, as the hydrochloride salt
"H-NMR (5, CDCL): 1.25 (m, 2H), 2.5 (m, 1H), 2.6 {m, 1H). 2.88 (m, 2H), 3.035 (t, J=6.
2H}, 4.30 (t, J=6, 2H), 4.59 (bs, 2H), 6.47 (d, J=8, 1H), 6.85 (m, 2H), 7.4-7.6 (m, 4H), 8.09 {m,
25 1H), 8.31 (m, 1H).
C-NMR (8, CDCl,). 35.14, 50.90, 53.95, 54.71, 64.63, 67.50, 104.19, 106.45, 115.21,
122.12, 125,00, 125.60, 126.54, 126.72, 127.16, 137.02, 142.45, 147.38, 154,66, 156.33,
157.92.
MS (%): 348 (pareni+1, 100).
30 Anal. Calc'd, for CgyHzNOe2HCI=2(C,Hg0)e1/3(CH,CL): C 58.92, H 7.87, N 9.37.
Found: C 58.93, H7.84, N7.77.

EXAMPLE 18
6-f4-{2-Diisopropylamino-ethoxy)-naphthaien-1-yl}-pyridin-2-ylamine:
. Prepared as in Example 12, in 97.5% yleld, as an amorphous solid.
35 'H-NMR (8, CDCly): 1.0 (d, J=6.6, 12H). 3.01 (t, J=7, 2H), 3.11 (m, 2H), 4.12 (¢, J=7.

2H), 4.62 (bs, 2H), 6.43 (d, J=8, 1H), 6.86 (m, 2H), 7.47 (m, 4H), B.14 (m, 1H), 8.35 (m, 1H).
PC-NMR (5. CDCh): 20.94, 44.49, 49.61, 60.61, 104.27, 106.50, 115.22, 124.97,

125.70, 125.86, 126.59, 127.24, 131.20, 132.17, 137.9E, 154.83, 157,80, 158.14,
MS (%): 364 (parent+1, 100).
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5 HRMS Caic'd. for CyHyN;O: 364.2389. Found: 364.2383.
EXAMPLE 20

6-{4-{2-Morpholin-4-yl-ethoxy)-naphthalen-1-yl}-pyridin-2-ylamine

Prepared as in Example 12, in 80% yield, as en amorphous solid.

'H-NMR (5, CDChL): 2.66 (m, 4H), 2.96 (1, J=6, 2H), 3.74 (m, 4H), 4.32 (1. J=6, 2H),
10 4.60 (bs, 2H), 6.48 (d, J=8, 1H), 6.86 (m, 2H), 7.46 (m, 4H), B.11 (m, 1H), 8.30 {m, 1H).

BC-NMR (5, CDCl,): 54.10, §7.55, 66.54, 66.94, 104.32, 106.49, 115.19, 122.02,

125.07. 125.61, 125.78, 126.60, 127.13, 131.42, 132.10, 137.97, 154.56, 157.59, 157.93.

MS (%): 350 (parem+1, 100).

Anal. Calc'd. for CyHyyN;0,01/4H,0: € 72.18, H 6.63, N 12.03. Found: C 71.62, H
15 6.67.N 11.68.

EXAMPLE 21
6-4-{2-Piperidin-1-yl-ethoxy)-naphthalen-1-yl}-pyridin-2-ylamine
Prepared as in Example 12, in 68% yield, as an amorphous solid as the hydrochloride

salt.

20 'H-NMR (5. CDCly): 1.45 (m, 2H), 1.60 {m, 4H), 2.58 (m, 4H}, 2.93 (L J=6, 2H), 4.30 (L,
J=6, 2H), 4.66 (bs, 2H), 6.38 (d. J=8, 1H), 6.82 (m, 2H), 7.45 (m, 4H), 8.11 {m, 1H), 8.32 (m,
1H).

BC-NMR (5, CDCl,): 24.19, 26.07, 55.08, 57.91, 66.66, 104.33, 106.54, 115.09,
122.22, 125.07, 125.75, 125.86, 126.62, 127.18, 131.46, 132.17, 137.84, 154.71, 157.75,
25 158.24.
MS (%): 348 (parent+1, 100).
Anal. Calc'd. for CzyHasNyOs2HCI#3H,001/4(C H,,0): € 56.04, H 7.26, N B.52. Found:
C56.20, H7.11, N8.27.

EXAMPLE 22
30 6-{4-12-{3 4-Dihydro-1H-isoquinolin-2-y|}-ethoxy]-naphthalen-1-yl}-pyridin-2-ylamine

Prepared as in Example 12, in 26% yield, as an amorphous solid as the hydrochloride
salt.

'"H-NMR (5, CDCL): 2.96 (m, 4H), 3.16 (t, J=6, 2H), 3.87 (m, 2H), 4.42 (t, J=6, 2H).

. 458 (bs, 2H), 6.48 (d, J=8, 1H), 6.88 (m, 2H), 7.01 (m, 1H). 7.11 (m, 3H), 7.50 (m, 4H). 8.12
35 (m, 1H), 8.36 (m, 1H).

BC.NMR (8, CDCl,): 28.96, 51.46, 56.43, 56.79, 66.54, 104.34, 106.45, 115.21,
122.10, 125.04, 12557, 125.64, 125.84, 126.11, 126.52, 126.57, 127.16, 128.61, 13146,
132.13, 133.98, 134.48, 137.92, 154.63, 157.73, 157.86.

MS (%): 386 (parent+1, 100).
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5 HRMS Calc'd. for CxyHpaN,O: 396.2076. Found: 396.2080.
EXAMPLE 23
6-{4-]2-(4-Dimethylamino-piperidin-1-yl)-ethoxy}-naphthalen-1-yl}ayridin-2-ylamine:
Prepared as in Example 12, in 73% yield, as en amorphous solid as the hydrochloride

salt.
10 'H-NMR (8, CDCL): 1.56 (m, 2H), 1.80 (m, 2H), 2.18 (m, 3H), 2.26 (s, 6H). 4.28 (t. J=6,
2H), 3.10 (m, 2H), 4.28 (t, J=5, 2H), 4.58 (bs, 2H), 6.43 (d, J=8, 1H), 6.83 (m, 2H), 7.44 (m, 4H),
8.09 (m, 1H), 8.28 (m, 1H).
YC-NMR (5, CDCly): 28.33, 29.70, 41.61, 53.85, 57.12, 62.11, 66.77, 76.76, 104.33,

106.51, 115.22, 122.15, 125.09, 125.70, 125.85. 126.64, 127.23. 131.49, 132.15, 137.97,
15 154.65, 157.80, 158.08.

MS (%): 391 (parent+1, 100).
Anal. Calc'd. for Cy,HyN,O=3HCIs3H,01/2(C,H,,0): C 52.84, H 7.50, N 9.48. Found:
C 52.65.H7.78, N 9.38.
HRMS Calc'd. for CyH;4N,0: 391.2498. Found: 391.2485.
20 EXAMPLE 24
6-[4-(1-Benzyl-piperidin-4-yloxy)-naphthalen-1-yl]-pyridin-2-ylamine
A 4-Bromo-1-flucronaphthalene

To 8 50 mL round-bottomed flask equipped with condenser and N, inlet were added
3.75 mL (5.0 g, 34.25 mmol) 1-flucronaphthalene and 10 mL carbon tetrachloride. foliowed by
25 dropwise addition of 1.7 mL (5.5 g., 34.375 mmol} bromine over 3 min. The reaction was
heated to 50-60°C as HBr was evolved for 2 hours, then cooled and concentrated. The residue
was dissolved in methanol and kept ovemnight at 0°C. After filtration with cold methanol, the
product, with mp close to room temperature, was 4.62 g (60%) of a yellow oil.
'H-NMR (5, CDCly): 7.02 (1, J=8, 1H), 7.6-7.7 (m, 3H), 8.10 (d, J=8.5, 1H), 8.20 (d,
30 J=85, 1H).
GCMS (%): 224/226 (parent, Br'*/Br*' 100).
B. 4-Fluoronaphthalene-1-boronic acid
To a 250 mL three-necked round-bottomed flask equipped with septum and N, inlet
were added 4.62 g (20.53 mmol) 4-bromo-1-flucronaphthalene and 100 mL dry tetrahydrofuran.
35 The solution was cooled to -70°C, and 15.4 mL (24.64 mmol) of @ 1.6 M solution of butyl kthium
in hexane was added dropwise over 5 min. The reaction was stired at -70°C for 10 min, then
4.2 mL (3.59 g, 24.64 mmol) triethyl borate was added, and the reaction stirred at -70°C for 20
min and warmed to room lemperature. After stimng ovemight at room temperature, the
reaction was quenched with saturated agueous ammonium chioride solution, acidified with 1 N
40 hydrochioric acid. and extracted into ethyl acetate (twice). The combined organic layer was
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5 washed with brine, dried over sodium sulfate, and evaporated. The residue was triturated with
hexane to give an off-white powder, 1.97 g (51%), as a mixture of monoaryl and diaryl boronic
acids.

.35_ “m

'H-NMR (5, CDCly): 7.2-7.4 (m, 1H), 7.5-7.7 (m, 3H), 8.0-8.5 (m, 1H), 8.5 and 9.2 {m,
1H).
10 APCI (-) (%): 189 (parent-1, 60).
C. 2-(2 5-Dimethylpyrrolyl}-6-{4-fluoro-naphth-1-yl)pyridine
To a 50 mL round-bottomed flask equipped with condenser and N, inlet were added
404 mg (2.13 mmol} 4-fluoronaphthalene-1-boronic acid, 534 mg (2.13 mmol) 2-(2,5-
dimethylpyrrolyl)}-6-bromopyridine, 802 mg (8.51 mmol) sodium carbonate, 150 mg
15 tetrakistriphenylphosphine, 10 mL ethanol, and 2 mL water. The reaction was refluxed
overnight, cooled, poured into water, and extracted into ethyl acetate. After combining with
‘ another run on a larger scale, the combined organic layer was washed with brine, dried over
sodium sulfate, and evaporated. The residue was chromatographed on silica gel using
hexane/ethyl acetate as eluant to afford 4.72 g (85%) of an oil.
20 'H-NMR (5, CDCL,): 2.25 (s, 6H), 5.92 (s, 2H), 7.1-7.2 (m, 2H), 7.4-7.6 (m, 4H), 7.95 (t,
J=8, 1M}, 8.12 (d, J=8, 1H), 8.18 (d, J=8, 1H).
YIC-NMR (5, CDCh): 13.41, 106.97, 108.82, 108.02, 120.18, 120.78, 120.84, 123.42,
123.81, 123.96, 125.48, 126.20, 127.32, 127.68, 127.76, 128.56, 132.35. 133.90, 138.22,
151.87, 157.82, 158.30, 160.34.
25 MS (%): 317 (parent+1, 100).
HRMS Calc'd. for C;,HN,F (parent+1): 317.1454. Found: 317.1462.
D. 2-{2.5-Dimethyipyrrolyl})-6-{4-{(N-benzyl)-4-piperidinyloxy}-naphth-1
To a 20 mL round-bottomed flask equipped with condenser and N, inlet were added
121 mg (0.633 mmi) 4-hydroxy-N-benzylpiperidine and 5 mL dry dimethylformamide, followed
. 30 by 32 mg (0.791 mmol) sodium hydride {60% in oil). The reaction was heated to 70°C to
ensure complete formation of the alkoxide, and then 100 mg (0.316 mmol) 2-(2,5-
dimelhylpyrrulyl)-s-(al-ﬂuom-naphmd-yl)pyricl_ine in 2 mL dry dimethylformamide was added,
and the reaction was heated at 80°C for 10 min. The reaction was cooled, poured into water,
and extracted into ethyl acstate. After combining with another run on a larger scale, the
35 combined organic leyer was washed with brine, dried over sodium sulfate, and evaporated.
The residue was chromatographed on silica gel using methanol/methylene chioride as eluant to
afford 489 mg (54%) of an oll.
'H-NMR (8. CDCl,): 2.04 (m, 2H), 2.10 (m, 2H), 2.25 (s, 6H), 2.44 (m, 2H), 2.79 (m,
2H), 3.58 (s, 2H), 4.65 (m, 1H). 5.91 (s, 2H), 6.82 (d, J=8, 1H), 7.2-7.6 (m, 7TH), 7.80 (t, J=8,
40 1H), 8.12 {m, 1H), 8.39 {(m, 1H).
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5 “IC-NMR (5. CDCl,): 13.55, 30.69, 50.43, 63.18, 72.54, 105.84, 106.84' 119.72,
122,68, 123.50, 125.22, 126.89, 126.90, 127.08, 128.27, 128.32. 128.67, 128.09, 129.1%,
130.12, 132.22, 138.09, 138.40, 151.83, 153.75, 159.16.
MS {%): 488 (parent+1, 100).
HRMS Calc'd. for Cy3H3NyO (parent+1). 488.2702. Found: 488.2703.
10 E. 6-[4-(1-Benzyl-piperidin-4-yloxy}-naphihalen-1-yl}l-pyridin-2-ylamine
Prepared as in Example 121, in 83% yield, mp 265-2B5°C (dec.), as the hydrochloride

sall.
"H-NMR (5, CDCL): 1.8-2.1 (m, 4H), 2.41 (m, 2H), 2.77 (m. 2H), 4.61 (m, 1H), 4.68 (bs,
2H, NH), 6.42 (d, J=B, 1H), 6.85 (m, 2H), 7.2-7.5 (m, SH), B.12 (m, 1H), 8.37 (m, 1H).

15 BC-NMR (5. CDCly): 30.65. 50.37, 63.10, 72.53, 106.05. 106.49, 115.08, 122.37,
124.97, 12567, 126.52, 126.70, 126.97, 127.12, 12B.16, 129.11, 131.24, 132.38, 137.89,
"‘ 138.35, 153.16, 157.66, 158.16.

MS (%): 410 (parent+1, 100},
Anal. Calc'd. for CyH;yN;0e2HCh5/3H,0: C 63.28, H 6.36, N 8.20. Found: C 63.18,
20 H6.40, N 7.88.
EXAMPLE 25
6-}4-{1-Benzyl-pyrrolidin-3-yloxy)-naphthalen-1-yll-pyridin-2-ylamina
Prepared as in Example 24, in 98% yield, mp 160-170°C, as the hydrochloride salt.
'H-NMR (5, CDCl,): 2.15 (m, 1H), 2.36 (m, 1H), 2.67 (m, 1H), 2.79 (m. 1H), 2.87 (m,
25 1H), 3.12 (m, 1H), 3.69 (AB,, J=13, Dn=20, 2H), 4.74 (bs, 2H), 5.00 (m, 1H), 6.37 (d, J=8, 1H),
6.72 (d, J=B, 1H). 6.83 (d, J=8, 1H), 7.2-7.6 (m, 9H). 8 14 (m, 1H), 8.38 (m, 1H).
YC-NMR (5, CDCly): 32.37, 52.84, 60.17, 60.35, 77.0, 105.32, 106.52, 114.95, 122.40,
125.02, 125.70. 126.11, 126.62, 127.03, 127.12, 128.28, 128.82, 131.33, 132.28, 137.88,
) 138.70, 153.58, 157.59, 158.26.
. 30 MS {%). 396 (parent+1, 100).
. Anal, Cake'd. for CogHsN;0+2HCS53H,0: C 62,65, H 6.13, N 8.43. Found: C 82.73,
H 6.06, N 8.40.

EXAMPLE 26
6-]4-{4-Dimethylamino-butoxy)-naphthalen-1-yl]-pyridin-2-ylamine
35 Prepared as in Example 24, in 71% yield, mp 78-80°C, as the hydrochioride salt.
"H-NMR (5, CDCl): 1.75 (m, 2H), 1.94 (m, 2H), 2.23 (s, 6H). 2.37 (m, 2H), 4.16 (t, J=6,
2H), 4.63 (bs, 2H), 6.43 (d, J=8, 1H), 6.83 (m, 2H), 7.4-7.6 (m, 4H), 8.08 (m, 1H), 8.32 (m, 1H).
BC.NMR (5, CDCl,):  24.33, 27.12, 45,31, 58.34, 67.90, 104.06, 106.44, 115.11,
122.09, 124.91, 125.57, 125.83, 126.49, 127.17, 131.12, 132.08, 137.88, 154.86, 157.73,
40  158.06.
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MS (%): 336 (parent+1, 100).

Anal. Calc'd. for C,yHzuN.Os2HCIs12(H,CO,)e5/4H,0: C 5591, H 666, N 9.10.
Found: C 55.88, H 6.89, N B.80.

EXAMPLE 27

Prepared as in Example 24, in 88% yield, mp 65-75°C as the free base, and mp 205-
220°C, as the hydrochloride salt.

*H-NMR (5, CDCL): 1.80 (m, 2H), 2.01 {m, 2H), 2.72 {m, 2H). 3.12 (m, 2H), 4.59 (m,
1H), 4.71 (bs, 2H), 6.38 (d, J=8, 1H), 6.82 (m, 2H), 7.4-7.6 (m, 4H), 8.10 (m, 1H), 8.34 (m, 1H).

C-NMR (5, COCL): 32.01, 43.83, 73.20, 106.08, 106.44, 114.95, 122.30, 124.94,
125.86, 126.49, 126.67, 127.05, 131.32, 132.35, 137.84, 153.03, 157.64, 158.19.

MS {%): 320 (parent+1, 100).

Anal. Calc'd. for CHz,N;O+3/4(C,H,0,)012H,0: C 70.03, H 7.15, N 10.65. Found: C
70.30, H 6.77. N 10.99.

EXAMPLE 28

6{4-{Pyrrolidin-3-yloxy})-naphthalen-1-yll-pyridin-2-ylamine; Prepared as in Example
24, in 75% yield, mp 60-70°C as the free base, and 180-200°C as the hydrochloride salt,

'H-NMR (8, CDCl,): 2.05 (m, 2H), 2.87 (m, 1H), 3.05 (m, 1H), 3.14 (m, 1H), 3.25 (m,
1H), 4.73 (bs, 2H), 4.94 {m, 1H), 6.37 (d, J=8. 1H), 6.74 (d, J=8, 1H), 6.79 (d, J=7, 1H), 7.42 (m,
4H), 8.10 (m, 1H), 8.24 (m, 1H).

IC.NMR (5, CDCly): 33.44, 46.13, 53.62, 76.81, 105.43, 106.47, 114.91, 122.06,
124.98, 125.70, 126.13, 126.54, 127.00, 131.35, 132.23, 137.82, 153.29, 157.56, 158.23.

MS (%): 306 (parent+1, 100).

HRMS Calc'd. for C;gHN,0O: 306.1606. Found: 306.1608.

EXAMPLE 2¢

6-{4-{1-Isobutyl-piperidin-4-yioxy)-naphthalen-1-yl}-pyridin-2-ylamine

Prepared as in Example 24, in 38% yield, mp 198-210°C, as the hydrochloride salt

'H-NMR (5, CDCL): 0.92 (d, J=7. 6H), 1.81 (m, 1H), 2.01 (m, 2H), 2.12 (m, 2H), 2.16
(d, J=7, 2H), 2.39 (m, 2H), 2.75 (m, 2H), 4.59 (m, 3H}, 6.46 (d, J=8, 1H), 6.87 (m, 2H), 7.4-7.6
(m, 4H), 8.09 (m, 1H), 8.33 (m, 1H).

BC-NMR (3. CDCly): 20.92, 25.59, 30.46, 50.83, 66.81, 72.56, 106.06, 106.42, 115.18,
122.30, 12492, 125.63, 126.49, 126.70, 127.07, 131.24, 132.33, 137.89, 153.14, 157.76,
158.00.

MS {%): 376 (parent+1, 100).

Anal. Calc'd. for C;,HaeN;0e2HCIe3/2H,0: C 80.63, H 7.21, N 8.84, Found: C 60.77,
H7.30, N B.48.
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EXAMPLE 30
6-[4-(1-Furan-2-yimethyl-piperidin-4-yloxy)-naphthalen-1-yI}-pyridin-2-ylamine

Prepared as in Example 24, in 38% yield, mp 178-195"C, as the hydrochloride salt.

'H-NMR (5, CDCly): 2.07 (m, 4H), 2.48 (m, 2H), 2.76 (m, 2H), 3.59 (s. 2H). 4.5 (bs,
2H), 4.62 (m, 1H), 6.21 (m, 1H), 6.31 (m, 1H), 6.45 (d, J=8, 1H), 6.85 (m, 2H), 7.4-7.6 (m, 5H),
8.09 {m, 1H), 8.32 (m, 1H).

"JC-NMR (5, CDCl,): 30.42. 49.93, 54.93, 72.00, 106.08, 106.44, 10B.69, 109.98,
115.16, 122.30, 124.85, 12561, 126.49, 126.70, 127.05, 131.29, 132.33, 137.89, 142.07,
151.74, 153.06, 157.73, 158.02.

MS (%): 400 {parent+1, 100).

Anal. Cale'd. for C;sHasN;O,22HCIe9/4H,0: C 58.54, H6.19, N 8.19, Found.' C 58.66,
H6.13, N 8.04.

EXAMPLE 31
6-[4-{1-Isobuty!-pyrrolidin-3-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine
Prepared as in Example 24, in 45% yield, mp 78-85°C, as the hydrochioride sall.
'H-NMR (5, CDCl,): 0.94 (d, J=7, 6H), 1.76 (m, 1H). 2.14 (m, 1H). 2.2-2.4 (m. 3H). 2.6
2.9 {m, 3H), 3.10 (m, 1H), 4.59 (bs, 2H), 5.03 (m, 1H), 6.45 (d. J=8, 1H), 6.75 (d, J=8, 1H), 6.85
{d, J=8, 1H), 7.4-7.6 {(m, 4H), 8.10 (m, 1H), 8.33 {(m, 1H).
“C-NMR (8, CDCly): 20.35, 21.02, 27.31, 32.20, 53.31, 60.50, 64.82, 105.29, 106.42,
115.15, 122.37, 124.92, 125.56, 126.16, 126.56, 127.05, 131.20, 132.21, 137.88, 153.66,
157.73, 158.03.
MS (%): 362 (parent+1, 100).
HRMS Calc'd. for CxHxN,0:. 362.2232. Found: 382.2217.
EXAMPLE 32
6-{4-(1-Furan-2-yimethyl-pyrrolidin-3-yloxy)-naghthalen-1-yl}-pyridin-2-ylamine
Prepared as in Example 24, in 46% yield, mp 140-160°C, as the hydrochloride sait.
'H-NMR (8, COChL): 2.15 (m, 1H), 2.38 (m, 1H), 2.7-2.9 (m, 3H), 3.21 (m, 1H). 3.72
(AB,. J=7, Dn=20, 2H), 4.60 (bs, 2H), 5.03 (m, 1H), 6.2%1 (m, 1H), 6.31 (m, 1H), 6.44 (d, J=8,
1H). 6.72 (d, J=8, 1H), 6.84 (d, J=7, 1H), 7.37 (m, 1H). 7.44 (m, 4H), 8.10 M, 1H), 8.32 (m. 1H).

C-NMR (5, CDClL,): 32.34, §1.72, 52.53, 50.80, 76.70, 105.19, 106.47, 107.98,
110.03, 115.12, 122.37, 124.95, 12557, 126.06, 126.58, 127.02, 131.30, 132.21, 137.88,
141,98, 152.21, 153.53, 157.67, 158.05.

MS (%). 386 (parent+1, 100).

Anal. Cale'd. for CHaN;O-#2HCI#9/4H,0: € 57.78, H 586, N 8.42. Found: C 57.96,
H5.98 NB.14.
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5 EXAMPLE 33

Prepared as in Example 24, in 90% yield, mp 179-187°C, as the hydrochloride salt.
'H-NMR (5, CDClL): 2.00 (m, 4H), 2.26 (s, 3H), 2.33 (m, 2H), 2.645 (m, 2H), 4.54 (m,
1H). 4.76 (bs, 2H), 6.35 (d, J=8, 1H), 6.78 (d. J=7, 1H), 6.81 {d, J=8, 1H), 7.41 (m, 4H), B.0® (m,
10  1H), 8.33 (m, 1H).
YIC-NMR (5, CDCY,): 30.46, 46.13, 52.35, 71.64, 105.93, 106.51, 114.88, 122.27,
124.95, 125.66, 126.47, 126.59, 127.07, 131.26, 132.32, 137.84, 153.02, 157.47, 158.26.
MS (%): 334 (parent+1, 100).
Anal. Calc'd. for C;yHxNyOe2HCleH,;0¢(C,H,0): C 60.48, H 7.11. N 8.46. Found: C
%5 60.19, H7.61, N 9.94,
EXAMPLE 34
6-[4-({1-Methyl-pymolidin-3-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine
Prepared as in Example 24, in 77% yield, mp 138-145°C, as the hydrochioride salt.
'H-NMR (8. CDCly): 2.10 (m, 1H), 2.35 (m, 1K), 2.385 (s, 3H), 2.55 (m, 1H), 2.78 (m,
20 1H), 2.89 (m, 1H), 2.99 (m, 1H), 4.69 (bs. 2H), 5.01 (m, 1H), §.41 (d, J=8, 1H), 6.70 (d, J=8,
1H), 6.81 {d, J=8, 1H), 7.43 (m, 4H), 8,07 {m, 1H), 8.32 {m, 1H).
BC-NMR (8, CDCL): 32.97. 42.10, 55.09, 62.34, 77.39, 105.13, 106.51, 115.04,
122.39, 124.84, 125.54, 126.03, 126.57, 126.99, 131.26, 132.21, 137.88, 153.53, 157.57,

158.15.
25 MS (%): 320 (parent+1, 100).
Anal. Cale'd. for CpH,,N,Oe2HCIe3H,0: € 53.82, H 6.55, N 9.41. Found: C 54,02, H
6.45,N5.13.
EXAMPLE 35
644-{3-Dimethylamino-propoxy)-naphthalen-1-yl}-pyridin-2-ylamine
. 30 Prepared as in Example 24, in 81.5% yield, mp 105-120°C, as the hydrochidride salt.

"H-NMR (5. CDCl): 2.08 (m, 2H), 2.26 (s, 6H), 2.54 (t, J=7. 2H), 4.18 (t, J=6, 2H), 4.72
(bs, 2H), 6.40 (d. J=8B, 1H), 6.81 (m, 2H), 7.45 (m, 4H), 8.08 (m, 1H), B.32 (m, 1H).
YC-NMR (5, CDCl,): 27.47, 45.41, 56.52, 66.39, 104.16, 106.47, 115.01, 122.03,
. 124.91, 125.63, 125.77, 126.47, 127.20, 131.17, 132.08, 137.85, 154.78, 157.63, 158.17,
35 MS (%): 322 (parent+1, 100).
Anal. Calc'd. for CyHxN;Oe2HCIe7/2H,0: C £2.52, H 7.05, N 8.19. Found: C 52.62,
HG6.77, N8.73.

' EXAMPLE 36
-naphthalen-1-yl
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'H-NMR (8, CDCL): 1.41 {m, 1H), 1.54 (m, 1H), 1.71 (m, 1H), 2.09 {m, 1H), 2.27 (m,
1H), 2.78 (m, 3H), 2.86 (m, 2H), 3.30 (m, 1H), 4.56 (m, 1H), 4.71 (bs, 2H), 6.39 (d, J=B, 1H),
6.70 (d. J=B, 1H), 6.81 (d. J=7, 1H), 7.43 (m, 4H), 8.08 (m, 1H), 8.32 (m, 1H).

3C-NMR (5, CDCly): 10.61, 24.37, 25.15, 46.53, 47.33, 55.73, 73.44, 105.38, 106.47,
114.95, 122.07, 125.01, 125.73, 126.24, 126.54, 127.05, 131.29, 132.33, 137.84, 153.00.
157.56, 158.20.

MS {%): 346 {parent+1, 100).

Anal. Calc'd, for CpHyN,O2HCISR2H,0: € 57.02, H 6.52, N 9.07. Found: C 57.07.
H6.27, N 8.88.

EXAMPLE 37

B6-]4-[2-Dimethylamino-ethoxy)-5,6.7,8-tetrahydro-naphthalen-1-yi}-pyridin-2-ylamine

A. 4-Bromo-5.6.7,8-tetrahydro-1-benzyloxynaghthalene

To a 250 mL round-bottomed flask equipped with addition funnel and N, inlet were
added 2.96 g (20 mmol) §,8,7,8-tetrahydro-naphthaler-1-0l and 50 mL 1,2-dichlaroethane, and
with stiring a solution of 9.64 g (20 mmol) tributylammonium tribromide in 30 mL 1,2-
dichloroethane dropwise over 10 min. After stiring an additional 10 min at room temperature,
the solution was washed with water, dilute aqueous sodium bisulfite, and water, dried over
sodium sulfate, and evaporatad. The mixture of product and tributylammonium bromide was
used directly.

'H-NMR (5, CDCh): 1.70 (m, 4H), 2.56 (t. J=6. 2H), 2.61 (t, J=6, 2H), 7.02 (AB, 2H),
8.0 (bs, 1H, OH).

C-NMR (5, CDClL): 22.2, 22.9, 23.8, 30.5, 114.0, 114.7, 126.6, 129.0, 136.7, 154.1.

The above oil was dissolved in 100 mL acetonitrile, and treated with 3.57 mL (30 mmol)
benzyl bromide and 5.53 g (40 mmol) potassium carbongie, the refluxed 14 h. TLC showed a
major spot at R; = 0.3 in 10% methylene chioride/hexane (with benzyl bromide at R=0.4). The
reaction was cooled, poured into dilute aqueous hydrochloric acid/ethyl acetate, and the organic
layer separated, washed with water and brine, dried over sodium sulfate, and evaporated. The
residue was chromatographed on silica gel using methylene chloride/hexane as eluant to afford
4.0 g (63%) of an oil,

'H-NMR (5, CDCL): 1.77 (m, 4H), 2.75 (m, 4H), 5.045 (s. 2H), 6.62 (d, J=9, 1H), 7.3-
7.5 (m, 6H).

YC-NMR (6. CDCly): 22.2, 22.9, 24,0, 30.7, 9.9, 109.8, 116.7, 127.1, 127.9, 128.6,
129.1, 129.3, 137.2, 137.5, 155.8.

B. 5.6.7.B-tetlar_lxdm-1-benszgnamthalene—d-boronic acig
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Prepared as in Example 12B as a white solid after t‘rituration with hexane, mp 189-
205°C, in 72% yield.

'H-NMR (8, CDCL): 1.72 (m, 4H), 2.70 (m, 4H), 5.005 (s, 2H), 6.66 (m, 1H), 7.01 (d.
J=8, 1H), 7.2-7.4 {m, 5H).

“IC-NMR (5, COCLy): 22.6, 22.9, 23.4, 30.0, 107.8, 125.9, 127.0, 127.6, 128.4, 131.1,
137.5, 140.8, 158.9.

C. 2-{2 5-Dimethylpyrrolyl)-6{4-benzyloxy-5.6.7,8-telrahydro-naphthalen-1-yl}-pyridine

Prepared as in Example 12C in 100% yield as an oll.

'H-NMR (85, CDCHh): 1.81 (m, 2H). 1.91 (m, 2H), 2.29 (s, 6H), 2.93 {m, 4H), 5.19 (s, 2h),
6.02 (s. 2H), 8.91 (d, J=8, 1H}, 7.21 (d, J=8, 1H), 7.32 (d, J=8, 1H), 7.4-7.6 (m, 6H), 7.80 (t.
J=8, 1H).

YC-NMR (3, CDCl): 13.5, 22.5. 23.0, 24.0, 28.9, 69.8, 106.8, 108.2, 110.6, 123.1,
126.8. 127.2, 127.8, 12.9, 128.6, 128.7, 132.8, 136.8, 137.6, 138.0, 151.4, 156.8, 160.4.

MS (%). 409 (parent+1, 100).

D. 2-(2.5-Dimethylpyrrolyl)-6-[4-hydroxy-5.6.7 .8-letrahydro-naphthalen-1-yl}-pyridine

Prepared as in Example 12D in 100% yield as an low melting solid.

'H-NMR (5, CDCly): 1.67 (m, 2H), 1.77 (m, 2H). 2.16 (s. 6H), 2.63 (m, 2H), 2.73 (m,
2H), 5.88 {s, 2H), 6.3 (bs, 1H, OH), 6.51 {d. J=8, 1H), 7.02 (d. J=8, 1H), 7.13 (d, J=8, 1H)}. 7.35
{d. J=8, 1H), 7.83 {L, J=8, 1H).

C-NMR (5. CDCL): 13.3, 22.3, 22.8 23.3, 28.6, 106.6, 112.4, 119.7, 123.3, 124.2,
127.8, 128.7, 131.9, 136.6, 138.1, 151.2, 154.4, 180.5.

MS (%): 318 (parent+1, 100).

E. 2-(2.5-Dimethylpyrrolyl}-5-[4-carboethoxymathoxy-5.6,7.8-letrahydro-naphthalen-1-

I}-pyridine

Prepared as in Example 12E in 83.5% yield as an oil,

'H-NMR (8, CDCL): 1.31{t, J=7, 3H), 1.71 (m, 2H), 1.83 (m, 2H), 2.19 (s, 6H), 4.26 (g,
J=7, 2H), 4.66 (s, 2H), 5.90 {s, 2H), 6.64 (d. J=8, 1H), 7.12 {d, J=B, 1H}, 7.20 (d, J=8, 1H), 7.35
(d. J=8, 1H), 7.82 (t, J=B, 1H).

3C-NMR (5, CDCly): 13.4, 14.2, 22.3, 22.9, 23.7, 28.7, 61.2, 65.5, 106.7, 107.8. 119.8.
123.0, 126.9, 127.7, 128.5, 133.4, 137.0, 138.1, 151.3, 156.0, 160.1, 168.0.

MS (%): 405 (parent+1, 100). ]

F. __ 2-{2 5-Dimethylpyrrolyl)-6-j4-carboxymethoxy-5.6,7.8-tetrahydro-naphthalen-1-yl}-

pyridine
Prapared as in Example 12F in 100% yield as a solld, mp 189-208°C.
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'H-NMR (5. CDCly): 1.62 {m, 2H), 1.72 (m, 2H), 2.08 (s, 6H), 2.86 (m, 2H), 2.75 (m,
2H), 4.56 (s, 2H), 5.81 (s, 2H), 6.58 (d, J=8, 1H), 7.09 (m, 2H), 7.31 (d, J=8, 1H), 7.80 (1, J=8B,
1H).

JC-NMR (5, CDCL,): 12.95, 22.1, 22.6, 23.4, 28.4, 65.0, 106.5, 107.7, 119.9, .123.3,
126.7, 127.4, 128.5, 132.8 136.6, 138.3, 151.1, 155.9, 160.1, 171.2.

MS (%) 377 (parent+1, 100).

G. 2-{2.5-Dimethylpyrroly!}-6-{4-(N.N-dimethylicarboxamido)methoxy-5.6,7.8-tetrahydro-
naphthalen-1-vi}-pyridine

Prepared as in Example 12G in 100% yield as an gil.

'H-NMR (5, CDCL): 1.67 {m, 2H), 1.77 (m, 2H), 2.14 (s, 6H), 2.76 {m, 4H), 2.6 (s,
3H), 3.08 (s, 3H). 4.71 (s, 2H), 5.86 (s. 2H), 6.75 (d, J=8. 1H), 7.11 (d, J=B, 1H), 7.16 (d. J=8,
1H), 7.34 (d. J=8, 1H), 7.82 (t, J=8, 1H).

BC-NMR (3, CDCly): 13.3,22.2, 22.8, 23.6, 28.8, 35.7, 36.7. 67.7, 106.5, 107.7. 119.6,
122.9, 126.5, 127.8, 128.6, 133.2, 136.8, 138.0, 151.2, 155.8, 160.2, 166.1.

MS (%); 404 (parent+1, 100).

H. 2-{2.5-Dimethylpyrrolyl)-6-}4-(N.N-dimethylaminoethoxy)-5.6.7.8-tetrahydro-
naphthalen-1-yll-pyridine

Prepared as in Example 12H in 93% yield as an oil.

'H-NMR (8, COCl,): 1.69 (m. 2H), 1.78 {m, 2H), 2.16 (s, 6H), 2.36 (8, 8H), 2.73 {t, J=7,
2H), 2.78 {m, 4H), 4.11 (t, J=7, 2H), 5.88 (s, 2H), 6.74 (d. J=B, 1H), 7.11 (d, J=8, 1H), 7.20 (d.
J=8, 1H), 7.36 (d, J=B, 1H), 7.81 {1, J=8, 1H).

BC.NMR (5. CDCly): 13.3, 22.3, 22.9, 23.7, 28.7, 46.2, 58.4, 66,6, 106.6, 107.6, 119.5,
122.95, 126.5, 127.7, 128.6, 132.4, 136.6, 137.9, 151.2, 156.9, 160.35.

MS (%): 390 (parent+1, 100).

1. 544-(N,N-Dimethylamino-ethoxy)-5.8.7.8-tetrahydro-naphthalen-1-yl}-pyridin-2-
ylamine

Prepared as in Example 12! in 57% yield as the hydrochioride salt, mp 239-242°C from
methanolisopropy| ether.

'H-NMR (5, CDCL): 1.84 (m, 2H), 1.71 (m, 2H), 2.33 (s, BH), 2.67 (m, 4H), 2.74 (1, J=6,
2H), 4.07 (t, J=6, 2H), 4.55 (bs, 2H), 6.36 (d, J=8, 1H), 6.62 (d, J=8, 1H), 6.67 (d, J=8, 1H), 7.07
(d, J=8, 1H), 7.40 {t, J=8, 1H).

BC_NMR (5, CDCL): 22.3, 22.8 23.6, 28.1, 46.0, 58.2. 66.4, 106.0, 107.4, 114.3, 126.2,
126.8, 133.5, 136.2, 137.6, 156.3, 157.6, 158.8.

MS (%): 312 (parent+1, 100).

Anal. Calc'd. for C,HysN,0e2HCle4/4H,0: C 58.68, H 7.13, N 10.81. Found: C 58.72,
H7.14, N 10.79.
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5 644-(N,N-Dimethylamino-ethoxy)-5.6.7.8-tetrahydro-naphthailen-1-yl}-pyridin-2-ylamine -

may also be prepared by the faliowing method:
J. 4-Bromo-1-(N.N-dimethylaminoethoxy)-5.6,7 .8-tetrahydro-naphthalene
To a 1 L round-bottomed flask equipped with condenser and N, inlet were added 10.0 g
(44 mmol) 4-bromo-5,6,7,8-tetrahydro-naphthalen-1-al {(Example 37A), 19 g (130 mmol) 2-
10 dimethylaminoethyl chioride hydrochloride, 30.3 g (220 mmol) powdered potassium carbonate,
and 600 mL acetonitrile. The reaction was refluxed 60 hours, followed by an additionat portion

of the chloride and continued refluxing for 24 hours. The reaction was cooled, filtered and
concentrated. The residue was chromatographed on silica gel using methanol/methylene
chioride as eluant to afford 8.55 g (65%) of a light brown oil.
15 'H-NMR (8, CDCL): 1.72 (m, 4H), 2.33 (s, 6H), 2.63 (m. 2H). 2.68 (m. 2H), 2.73 (t, J=6,
2H), 4.01 (t, J=6. 2H), 6.53 (d. J=8, 1H), 7.28 (d, J=8, 1H).
. 3C.NMR (5, CDChL): 22.1, 22.8, 23.7, 30.5. 46.0, 538.2, 66.6, 109.2, 116.4, 128.8,
129.2, 137.2, 1556.
MS : 298/300 (parent+1).
20 K. 1-(N,N-Dimethyiaminoethoxy)-5.6.7.8-tetrahydro-naphthalene-4-boronic acid
To a 1 L 3N round-bottomed flask equipped with septum and N, inlet were added 8.55
g (28.7 mmol) 4-bromo-1-(2-dimethylaminoethoxy)-5.6.7.8-tetrahydro-naphthalene and 300 mL
dry tetrahydrofuran. The solution was cooled to -70°C, and 13.8 mL (344 mmol)of a 25 M
solution of butyl lithium in hexanes was added. The reaction was stirred at -70°C for 1 h, then
25 5.9 mL (34.4 mmol) triethyl borate was added, and the reaction stirred at -70°C for 2 h and

warmed to room temperature overnight. The reaction was quenched with aqueous saturated
ammonium chioride solution and extracted three times with ethyl acetate. The organic layer
was washed with brine, dried over sodium sulfate, and evaporated. The residue was triturated

with hexane to a white solid, 6.3 g (83.5%).
Q 30 'H-NMR (5. CDCly): 1.78 (m, 4H), 2.44 (s, 6H). 2.68 (m, 2H), 2.89 (m, 2H), 3.32 (m,
2H), 4.19 (m, 2H), 6.74 (d, J=8, 1H), B.03 (d, J=8, 1H).
L. 2-{2.5-Dimethyipyrrolyl)-6-]4-{N.N-dimethylaminoethoxy}-5.6.7.8-tetrahydro-
naphthaien-1-yl}-pyridine

To a 500 mi. round-bottomed flask equipped with condenser and N; inlet were added

35 6.3 g (23.4 mmol) 1-(N,N-dimethylaminoethoxy)-5,6,7, 8-letrahydro-naphthalene-4-boronic acid,
6.0 g (23.4 mmol} 6-bromo-2-{2,5-dimethylpymolyl)pyridine, 10.1 g (95.6 mmol) sodium
carbonate, 552 myg tetrakistriphenylphosphine palladium, 200 mL ethanol and 20 mL water.

The reaction was refluxed for 20 hours, cooled, and fitered. The filirate was concentrated,
taken up in 1N sodium hydroxide solution, and extracted three times into ethyl acetate. The

40 organic layer was washed with saturated aqueous sodium bicarbonate solution and brine, dried
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5 over sodium sulfate, and evaporated. The residue was chromatographed on silica gel using
methanol/methylene chioride as eluant to afford 7.67 g (82%) of the product as an oil.
'H-NMR (5. CDCly): 1.69 (m, 2H), 1.78 (m, 2H), 2.18 (s, 6H), 2.36 (s. 6H). 2.73 (t. J=7.
2H), 2.78 (m, 4H), 4.11 (t, J=7, 2H), 5.88 (5. 2H), 6.74 (d, J=8, 1H), 7.11 (d, J=8, 1H), 7.20 (d,
=8, 1H), 7.36 (d, J=8, 1H), 7.81 (L, J=8, 1H).
10 C-NMR (5, CDCl,): 13.3,22.3, 22.8, 23.7, 28.7, 46.2, 58.4, 66.8, 106.6, 107.6, 119.5,
122.95, 126.5, 127.7, 128.6, 132.4, 136.6, 137.9, 151.2, 156.9, 160.35.
MS (%) 390 (parent+1, 100).
This material was then converted to E-[4-(N,N-dimethylamino-ethoxy)-5.6,7,.8-
tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine by the methad given in Example 371 in 83% yieid.
15 EXAMPLE 38
6-[4-(2-Pyrrolidin-1-ykethoxy)-5.6.7.8-tetrahydro-naphthalen-1-yl}-pyridin-2-ylamine
. Prepared as in Example 37, in 58% vyield, as a hygroscopic solid as the hydrochloride
salt.

'H-NMR (5. CDCl,): 1.64 (m, 2H), 1.74 (m, 2H), 1.77 (m, 4H), 2.62 (m, 4H), 2.88 (m,
20 4H), 2.89 (t, J=6, 2H), 4.10 (t, J=6, 2H), 4.52 (bs, 2H), €.37 (d, J=8, 1H), 6.63 (d, J=8, 1H), 6.65
{d. J=8, 1H), 7.07 (d, J=B, 1H), 7.40 (L. J=8, 1H).
C-NMR (5, CDCl,): 22.4, 22.9, 23.5, 23.7, 28.2, 54.9, 55.0, 67.4, 106.1, 107.5, 114.4,
126.3. 126.9, 133.5, 136.3, 137.7, 156.4,157.7, 158.9.
MS (%): 338 (parent+1, 100).

25 Anal. Calc'd. for C;,H;;N;O«2HCIe3H,0: C 54.31, H 7.80, N 8.05. Found: C 54.00, H
7.83,N9.18.
EXAMPLE 39
4-[2-(tert-Bulyl-methyl-amino)-eth 5.6 7 8-tetrahydro-naphthalen-1 rdin-2-
lamine
. 30 Prepared as In Example 37, in 93% yield, mp 65-80"C, as the hydrochloride salt

"H-NMR (5. CDCLy): 1.08 (s, BH), 1.64 (m, 2H), 1.74 (m, 2H), 2.325 (s, 3H), 2.68 (m.
4H), 2.79 (1, J=5, 2H), 4.01 (t, J=6, 2H), 4.50 (bs, 2H), 6.37 (d. J=8, 1H), 6.64 (d, J=8, 1H), 6.58
(d, J=8, 1H), 7.08 (d, J=8, 1H), 7.41 (1, J=8, 1H).

’C-NMR (5, CDCl,): 22.44, 22.88, 23.72, 26.07, 28.24, 36.67, 50.50, 67.89, 106.05,

35 107.50, 114.52, 126.21, 126.88, 133.32, 136.19, 137.72, 156.56, 157.85, 158.97.

MS (%): 354 (parent+1, 100).

Anal. Calc'd. for CzHyNyOe2HCIe3H,0: C 55.00, H 8.18, N 8.75. Found: C 55.29, H
8.25, N B.57.
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5 EXAMPLE 40
6{4-(2-Diisopropylamino-ethoxy)-5.6,7.8-tetrahydro-naphthalen-1-yl]-pyridin-2-ylamine
Prepared as in Example 37, in 83% yield, mp 50-60°C, as the hydrochloride salt.
'H-NMR (5, CDCly): 1.04 (d, J=7, 8H), 1.85 (m, 2H), 1.75 (m, 2H), 2.89 (m, 4H), 2.83 (t,
J=7, 2H), 3.05 (septet, J=7, 1H), 3.80 (t, J=7, 2H), 4.55 (bs, 2H), 6.38 (d, J=8, 1H), 6.85 (d, J=8,
10 1H).6.70 (d, J=8, 1H), 7.09 (d, J=8, 1H), 7.42 (t, J=8, 1H).
YC-NMR (5, CDCly): 20.78, 22.37, 22.81, 23.63, 28.16, 44.51, 49.42, 69.26, 105.99,
107.53, 114.39, 126.14, 126.79, 133.18, 136.12, 137.67, 156.51, 157.80, 158.88.
MS (%): 368 (parent+1, 100).
Anal. Calc'd. for CyyHyyNyO2HCIe52H,0+(C,H,s0). C 57.85, H 8.01, N 7.51. Found:
15 C57.74, H8.82, N7.25.

EXAMPLE 41

Prepared as in Example 37, in 42% vield, as s hygroscopic solid as the hydrochloride
salt.
20 'H-NMR (5, CDCL): 1.07 (t, J=7, 6H), 1.66 (m, 2H), 1.735 (m, 2H), 2.6-2.8 (m, BH),
2.91 (1, J=6. 2H), 4.05 (t, J=6, 2H), 4.49 (bs, 2H), 6.39 (d, J=8, 1H), 6.65 (d, J=8, 1H), 6.689 (d,
J=8, 1H), 7.09 (d, J=8, 1H), 7.43 (t, J=B, 1H).
C_NMR (5, CDClLy): 11.92, 22.35, 22.80, 23.80, 25.28, 28.11, 47.7B, 51.67, 66.62,
105.96, 107.43, 114.43, 126.20, 126.77, 133.39, 136.20, 137.64, 156.43, 157.54, 158.91.

25 MS (%): 340 (parent+1, 100).
EXAMPLE 42
6-{4-[2-{3.4-Dihydro-1H-isoquinolin-2-y})-ethoxy]-5.6.7 .8-tetrahydro-naphthalen-1-yf}-
pyridin-2-ylamine

Prepared as in Example 37, in 67% yield, as an amorphous solid, as the hydrochloride

. 30 salt
TH-NMR (8, CDClL): 1.67 (m, 2H), 1.78 (m, 2H), 2.73 (m, 4H), 2.94 (m, 4H), 3.03 (t,
J=6, 2H), 3.83 (8, 2H), 4.24 (t, J=6, 2H), 4.87 {bs, 2H), 6.37 (d, J=8, 1H), 6.65 (d, J=8, 1H), 6.74
(d, J=8, 1H), 7.0-7.2 (m, 5H), 7.43 (1, J=8, 1H).
. YC.NMR (5, CDCLy): 22.39, 22.81, 23.73, 23.17, 28.82, 32.46, 51.37, 56.38, 56.85,
35 66.47, 108.29, 107.47, 114.25, 125.56, 126.10, 126.14, 126.53, 126.95, 128.61, 133.25, 133.88,
134.47, 136.30, 137.84, 156.31, 157.79, 158.46.
MS (%): 400 (parent+1, 100).
HRMS Calc'd. for CogHyoN2O: 400.2383, Found: 400.2389.
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5 EXAMPLE 43
6-{4-[2-Piperidin-1-yl-&thoxy)-5.6,7.B-tetrahydrc-naphthalen- 1-yi}-pyridin-2-ylamine
Prepared as in Example 37. in 83% yield, as & foam, as the hydrochloride salt.
'H-NMR (5, CDCl,): 1.42 (m, 2H), 1.58 (m, 6H), 1.74 (m, 2H). 2.51 (m, aH), 2.67 (m,
4H), 2.79 (t. J=6. 2H), 4.10 {t, J=6, 2H), 4.535 {bs, 2H), 6.34 (d. J=8, 1H), 6.63 (d, J=8, 1H),
10 6.67 (d. J=8, 1H), 7.08 (d. J=8B, 1H), 7.38 (t, J=8, 1H).
C-NMR (6. CDClL). 22.43, 22.87, 23.71, 24.18, 26.04, 28.23, 55.04, 58.01, 66.24,
106.05, 107.56, 114.37, 126.26, 126.88, 133.55, 136.26, 137.70, 156.38, 157.72, 158.90.
MS (%). 352 (parent+1, 100).
Anal, Caic'd. for CuHnN;O»2HCIe2H,001/2(C,H,,0). C 57.84, H 8.10, N B.45. Found:
15 (€58.25.H7.78. N 8.68.

EXAMPLE 44
6-]4-(2-Morpholin-4-yl-ethoxy)-5.6.7.8-tetrahydro-naphthalen-1-yl]-pyridin-2-ylamine:
Prepared as in Example 37, in 67% yield, as a white amorphous sofid.
'H-NMR (d, CDCl,): 1.64 (m, 2H), 1.74 (m, 2H), 2.58 (m, 4H), 2.68 (m, 4H), 2.81 (t,
20 J=6, 2H), 3.71 (m, 4H), 4.11 (L, J=6. 2H), 4.45 (bs, 2H), 6.39 (d, J=8. 1H), 6.66 (m, 2H), 7.09 {(d.
J=8, 1H), 7.43 (¢, J=8, 1H).
3C-NMR (d, CDCly): 22.39, 22.85, 23.72, 28.21. 54.16, 57.73, 66.26, 67.03, 106.12,
107.61, 114,53, 126.36, 126.88, 136.39, 137.80, 156.30, 157.57, 158.83.
MS (%): 354 (parent+1, 100).
25 Anal. Caic'd. for C;,HpN,O,+172H,0: C 6958, H 7.79, N 11.59. Found: C 68.61, H
7.51, N 11.56.

EXAMPLE 45

naphthalen-1-yl}-pyridin-2-ylamine

. 30 Prepared as in Example 37, in B2% vyield, as a white, amorphous solid, as the
hydrochloride salt.

'H-NMR {(d, CDCl,): 1.65 (m, 2H), 1.76 (m. 2H). 2.72 (m, 4H), 2.84 (m. 4H), 2.88 (1,
J=B, 2H), 3.69 (s, 2H), 4.20 (L, J=6, 2H), 4.52 (bs, 2H), 5.86 (s, 2H), 6.37 (d, J=B, 1H), 6.47 (s,
1H). 6.55 (s, 1H). 6.65 (d, J=8, 1H), 6.68 (d, J=8, 1H), 7.11 (d, J=8, 1H), 7.42 (t, J=8, 1H),

35 JC-NMR (d. CDClL): 22.44, 22.88, 23.79, 28.25, 20.09, 51.47, 56.57, 56.87, 66.69,
100.59, 106.11, 108.47. 107.57, 108.43, 114.46, 126.31, 126.92, 127.04, 127.51, 133.65,
136.38, 137.76, 145.67, 146.03, 156.35, 157.68, 158.87.

MS (%) 444 (parent+1, 100).
Anal. Calc'd. for C;;HpN;0,; € 73.11, H6.59, N 8.47. Found: C 73.37.H 7,19, N

40 8.96.
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HRMS Calc'd. for CyyHyoN,Oy: 444.2287. Found: 444.2287.
EXAMPLE 46

ylamine

Prepared as in Example 37, in 100% yield, as an amorphous solid, as the hydrochloride
salt.

'H-NMR (4, CDCly): 1.62 (m, 2H), 1.72 (m, 2H), 2.26 (s. 3H), 2.4-2.8 (m, 12H), 2.81 (t,
J=6, 2H), 4.09 (t, J=6, 2H), 4.50 (bs, 2M), 6.35 (d, J=8, 1H), 6.63 (m, 2H), 7.07 (d. J=8, 1H),
7.39(t, J=8, 1H).

'C-NMR (d. CDCly): 22.4, 22.9, 23.37, 28.2, 46,1, 53.37, 55.2, 57.3, 66.3, 106.1,
107.6. 114.4, 126.3, 126.9, 133.6, 136.3, 137.7. 156.3, 157.7, 158.9.

MS3 (%): 367 (parent+1, 100).

Anal. Calc'd. for C;3HagN,O+3HCleH,0«1/2(C,H,,0): C 54.29, H 7.59, N 10.55. Found:
C 54.20, H7.59, N 10.50.

EXAMPLE 47

6-{4-{2-(4-Dimethylamino-piperidin-1-yl}-ethoxy}-5.6.7.8-tetrahydro-naphthalen-1-yl}-

pyridin-2-ylamine

Prepared as in Example 37, in 82% yield, as an amorphous solid, as the hydrochloride
salt.

'H-NMR (d. CDCl,): 1.54 (m, 2H). 1.84 (m, 2H), 1.77 (m, 4H), 2.12 (m, 3H), 2.26 (s,
6H), 2.66 (m, 4H), 2.80 (t. J=6, 2H), 3.03 (m, 2H), 4.09 (t, J=6, 2H), 4.48 (bs, 2H), 6.37 (d, J=8,
1H). 6.64 (d. J=8, 1H), 6.67 (d, J=B, 1H), 7.07 (d. J=8, 1H), 7.41 (t, J=8, 1H).

C.NMR (d, CDCl,): 22.32, 22.7B. 23.61, 28.27, 41.56, 53.55, 57.15, 62.04, 66.31,
105.96, 107.51, 114.36, 126.23, 126.79, 133.52, 138.22, 137.62, 14963, 156.25 157.56,
158.85.

MS {%): 395 (parent+1, 100).
HRMS Calc'd. for C,HyN,O: C 395.2807. Found: 3B85.2811.
EXAMPLE 48

A.  2-{2.5-Dimethyipyrrolyl}-6{4-N-{4-toluenesulfonyl}-{piperidin-3-yimethoxy)-5.6,7.8-
tetrahydro-naphthalen-1-yl}-pyridine

To a 125 mL round-bottomed flask equippad with condenser and N, inlet were added
20 g (6.3 mmol) 2-(2,5-dimethylpymolyl}-6-(4-hydroxy-5,6,7,8-tetrahydro-naphthalen-1-yl)-
pyndine, 4.0 g (9.4 mmol) 3-(hydroxymethyl)-piperidine-di-p-toluenesuifonate, 3.5 g (25.2 mol)
potassium carbonate, and 80 mL dry dimethylformamide. The reaction was heated at 140°C for
14 hours, cooled, and poured into water. The mixiure was extracied with ethyl acetate, and the
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organic layer washed thoroughly with water and brine, dried over sodium sulfate, and
evaporated. The residue was chromatographed on silica gel using hexane/ethyl acetate as
eluant to afford 3.1 g (86%) of a white solid.

'H-NMR (5. CDCly): 1.25 (m, 2H), 1.67 (m, 4H), 1.77 {m, 4H), 2.15 (s, 6H), 2.42 (s,
3H). 2.66 (m, 2H), 2.76 (m, 2H), 3.6-3.9 (m, 5H), 5.87 (s, 2H), 6.66 (d, J=8, 1H), 7.12 (d, J=8,
1H), 7.18 (d, J=8, 1H), 7.3-7.4 (m, 3H), 7.63 (m, 2H), 7.62 (t. J=B, 1H).

BC-NMR (5, CDCL): 21.43, 22.19, 22.74, 23.53, 23.97, 26.44, 28.53, 15.74, 46.60,
49,30, 69.59, 106.48, 107.31, 115.42, 122.83, 126.39, 127.63, 128.55, 129.51, 132.52, 133.17,
136.62, 137.77, 143.34, 151.14, 156.50, 160.11.

MS (%): 570 (parent+1, 100).

B. 6-[4-N-{4-loluenesulfonyl)-(piperidin-3-yimethoxy)-5.6,7,B-tetrahydro-naphthalen-1-
yl)-pyridin-2-ylamine

To a 500 mL round-bottomed flask equipped with condenser and N, inlet were added
3.1 g (5.4 mmol) 2-(2,5-dimethylpyrrolyl)-6-]4-N-(4-toluenesulfonyl)-{piperidin-3-yimethoxy)-
5,6,7,8-tetrahydro-naphthalen-1-yi}-pyridine, 7.6 g (108 mmol) hydroxylamine hydrochloride,
250 mL ethanol, and 25 mL water. The reaction was refluxed 5 days, cooled, and evaporated.
The residue was taken up in ethyl acetate and 1 N hydrochloric acid, and the organic layer
washed with additional ethyl acetate and adjusted to pH 12 with 8 N sodium hydroxide solution,
then extracted with ethyl acetate. The organic layer was washed with brine, dried over sodium
sulfate, and evaporated to afford 2.87 g (100%) of a light brown foam.

'H-NMR (5, CDCY%): 1.16 (m, 1H), 1.6-1.B {m, 7H), 2.2-2.4 (m, 3H), 2.41 (s, 3H), 2.7
{m, 4H), 3.7-3.9 (m, 4H), 4.51 (bs, 2H), 6.395 (d, J=8, 1H)}, 6.61 (d, J=8, 1H), 6.64 (d, J=8B, 1H),
7.08 (d, J=8, 1H), 7.29 (m, 2H), 7.42 (\, J=8, 1H), 7.62 (m, 2H).

IC.NMR (5, CDCly): 21.53, 22.39, 22.85, 21.62, 24.00, 26.52, 28.23, 35.84, 46.70,
49.43, 69.70, 106.19, 107.36, 114.43, 126.35, 126.87, 127.73, 128.61, 133.16, 133.71, 136.44,
137.80, 143.42, 156.18, 157.67, 158.73.

MS (%): 492 (parent+1, 100).

C. 6-[4-{Piperidin-3-ylmethoxy)-5,6,7,8-letrahydro-naphthalen-1-yl]-pyridin-2-ylamine

To a three-necked round-bottorned flask equipped with condenser, septum and N, inlet
were added 4.5 g (33.6 mmol) atuminum chioride and 150 mL dry 1,2-dimethoxyethane. The
reaction was cooled to 0°C, and 78 mL (79 mmel) of a 1.0 M solution of lithium aluminum
hydride in tetrahydrofuran was sdded. The reaction was stirrard st room temperature for 30
min, then cooled to -70°C, and a solution of 2.77 g (5.6 mmol) 6-[4-N-(4-toluenesutfonyl)-
(piperidin-3-yimethoxy)-5.6,7.8-tetrahydro-naphthalen-1-yl)-pyridin-2-ylamine in 150 mL dry 1,2-
dimethaxyethane was added over 10 min. The reaction was stimed and warmed to room
temperature, then heated at reflux for 3 days. The reaclion was cooled, quenched carefully with
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" 5 1 N hydrochloric acid, then adjusted to pH 12 with 8 N sodium hydroxide solution. The mixture
was extracted with several portions of methylene chicride, and the organic layer washed with
aqueous sodium bicarbonate solution and brine, dried over sodium sulfate, and evaporated.
The residue was chromatographed using methanol/methylene chiorideftriethylamine as eluant
to afford 784 mg (41.5%) of an off-white solid, which was converted 1o the hydrochloride salt,

10 'H-NMR (5, CDCl,): 1.21 (m, 1H), 1.46 (m, 1H), 1.6-2.0 (m, 8H), 2.4-2.6 (m, 2H), 2.66
{m, 3H), 3.1 (m, 2H), 3.76 (m, 2H), 4.57 (bs, 2H), 6.35 (d, J=8, 1H), 6.60 (d, J=8, 1H), 6.63 (d,
J=8, 1H), 7.39 (t. J=8, 1H).
“IC-NMR (5. CDCly): 22.4, 22.9, 23.6, 25.3, 27.6, 28.2, 36.6, 46.2, 49.3, 70.7, 106.2,
107.3, 114.4, 126.4, 126.8, 133.5, 135.3, 137.8, 156.5, 157.8, 158.7.
15 MS (%). 338 (parent+1, 100).
Anal. Cale'd. for C3yHzN,Oe172H;0: C 72.80, H 8.15, N 1213. Found: C 7311, H
. 8.29, N 11.89.
EXAMPLE 49
6-]4-{ 1-Methyl-piperidin-3-yimethoxy)-5,6.7,8-tetrahydro-naphthalen-1-yl}-pyridin-2-
20 lamine

Prepared.fmrn Example 48 by reductive amination with formakiehyde in formic acid, in
84.5% yield, as a yellow amorphous sofid, as the hydrochloride salt.
'H-NMR (5. CDCly): 1.12 (m, 2H), 1.6-2.0 (m, 3H). 2.18 (m, 1H), 2.29 (s, 3H), 2.69 (m.
4H), 2.79 (m, 1H), 3.00 (m, 1H), 3.81 (m, 2H). 4.44 (bs, 2H), 6.40 (d. J=8, 1H), 6.65 (m, 2H),
25 7.08(d. J=B, 1H), 7.43 (1. J=8, 1H).
3C-NMR (5, COCly): 22.32, 22.80, 23.54, 24.83, 26.71, 28.16, 36.45, 46.60, 56.13,
58,30, 70.68, 105.98, 107.24, 114.49, 126.26, 126.74, 127.83, 133.29, 136.16, 137.68, 156.44,
157.49, 158.88.
MS (%):; 352 (parent+1, 100).
. a0 HRMS Calc'd. for CoHyN,O: 352.2380. Found: 352.2385.

EXAMPLE 50
5.6.7 .8-\strahydro-naphthalen-1-yl

Prepared from Example 48 by reductive amination with isobutyraldehyde, in 5.7% yield,
35 as a light tan amorphous solid, as the hydrochloride sall.
'H-NMR (5, CDCL): 0.90 (d. J=8, 6H), 1.19 {m, 1H), 1.6-2.0 (m, 10H), 2.15 (m, 3H),
2.68 (m, 4H), 2.83 (m, 1H), 2.98 (m, 1H), 3.83 (m, 2H). 4.54 (bs, 2H), 6.41 (d, J=8, 1M), 6.65
{m, 2H), 7.08 (d, J=8, 1H), 7.435 (t, J=8, 1H).

BNSICKID «WT WAADAJuAY T -
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5 3C-NMR (5, CDCl,): 20.89, 21.06, 22.42, 22.87, 23.61, 24.44, 25.35, 27.34, 28.22,
35.98, 54.48, 57.44, 67.05, 70.71, 106.19, 107.36, 114.54, 126.33, 126.85, 133.14, 136.24,
137.86, 156.58, 157.59, 158.82.

MS (%): 394 (parent+1, 100).
HRMS Calc'd. for CaaHyN,O: C 394.2858, Found: 394.2893.
10 EXAMPLE 51

6-{4-{2-(7,8-Dihydro-5H-[ 1,3]dioxolo]4,5-glisoquinolin-6-yl}-ethoxy}-naphthalen-1-yl}-
pvridin-2-ylamine

Prepared as in Example 12, in 65% yield, as an amorphous solid.
'H-NMR (d, CDCly): 2.85 (m, 2H), 2.93 {m, 2H), 3.15 (t, J=6, 2H), 3.77 (5. 2H), 4.415 (1,

15  J=B, 2H), 4.56 (bs. 2H), 5.87 (5. 2H), 6.48 (s, 1H), 6.51 (d, J=8, 1H), 6.56 (s, 1H), 6.88 (m, 2H),
7.4-7.6 (m, 4H), B.10 (m, 1H), 8.31 (m, 1H).

' 3C-NMR (d, CDCly): 28.9, 51.4, 566.4, 56.6, 66.8, 100.5, 104.3, 106.4, 106.5, 108.3,
115.3, 122.1, {25.1. 125.6. 1258, 126.6, 126.8, 127.2, 131.3, 132.1, 138.0. 145.7, 145.0, 154.6,
157.6, 157.8.

20 MS (%): 440 (parent+1, 100),

HRMS Calc'd. for C;;HaN;O,: 440.1974. Found: 440.1971,

EXAMPLE 52
6-[7-(2-Dimethylamino-ethoxy)-indan-4-yl}-pyridin-2-ylamine
Prepared as in Example 37, starting with 1-indanol, in 57% yield, mp 215-218°C, as the

25 hydrochloride salt.

'H-NMR (d. COCLy): 2.00 (quin, J=6, 2H), 2.32 (s, 6H), 2.72 (t, J=6, 2H), 2.86 {t, J=T,

2H), 3.06 (t, J=7, 2H), 4.1D (v, J=6, 2H), 4.63 (bs, 2H), 6.32 (d, J=8, 1H), 6.71 (d, J=8, 1H), 6.76
(d. J=8, 1H), 7.39 (m, 2H).

IC-NMR (d. CDCh): 25.31, 29.56, 33.78B, 46.07, 58.24, 66.46, 106.02, 109.34, 112.88,

. ' 30 127.97, 128.89, 132.66, 137.80, 144.30, 155.24, 157.34, 158.08.

MS (%). 298 (parent+1, 100).
Anal. Cale'd. for CyyH;3N30e2HCIe1/2H,0: C 56.99, H 6.91, N 11.08. Found: C 56.59,

H6.93, N 11.01.
EXAMPLE 53
35 i i i ridin-2-ylamine
Prepared as in Example 37, In 63% vyield, a5 a tan amorphous solid, as the
hydrochioride salt,

'H-NMR (d, CDCL): 14.06 (d, J=6, 12H), 2.02 (quin, J=7, 2H), 2.875 (m, 4H), 3.10 (m,
4H), 3.98 (m, 2H), 4.52 (bs. 2H), 6.35 (d, J=8, 1H), 6.74 (d, J=8. 1H). 6.80 (d. J=8, 1H), 7.41 (m,
40 2H).

BNSDOGID ~WD 801003041 1 .
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5 “C.NMR (d, CDCL). 20.71, 25.33, 28.56, 33.81, 44.85, 49.86, 68.95, 105.94, 109.31, '
112.99, 127.99, 129.76. 132.48, 137.83, 144.27, 155.39, 157.45, 157.94. :
MS (%): 354 (parent+1, 100).
Anal. Calc'd. for CaHyNyO»2HCIeH,0e1/2(CH,0): C 59.87, H 8.37, N 8.73. Found:
C 59.69, H 8.19, N 8.75.
10 EXAMPLE 54
6-[7-{2-Morpholin-4-yl-ethoxy)-indan-4-yl}-pyridin-2-ylamine
Prepared as in Example 37, in 93% yield, as a tan amorphous solid.
'H-NMR (d, CDCHL): 2.01 (quin, J=7, 2H), 2,58 (m, 4H), 2.79 {t, J=6, 2H). 2.86 (t, J=7,
2H), 3.09 (t, J=7, 2H), 3.71 (m, 4H), 4.14 (t, J=6, 2H), 4.57 (bs, 2H), 6.33 (d, J=8, 1H), 6.72 (d.
15  J=8, 1H), 6.79 (d, J=8, 1H), 7.40 {m, 2H).
BC-NMR (d. CDCly): 25.20. 29.50, 33.73, 54.10, 57.56, 66.18, 66.92, 105.89, 109.33,
. 112.81, 127.91, 130.07, 132.59, 137.71, 144.29, 155.04, 157.26, 157.95.
MS (%): 340 (pareni+1, 100).
Anal. Calc'd, for CuHzaNyO5 C 70.77, H 7.42, N 12.38. Found: C 70.49, H 7.58, N

20 12.02.
EXAMPLE 55
6-{7-{2-(7.8-Dihydro-5H-{1,3\dioxolo[4.5-glisoquinolin-6-yl)-ethoxy]-indan-4-yl}-pyridin-
2-ylamine
Prepared as in Exampie 37, in 81% yield, as a foam.
25 'H-NMR {d, CDCly): 2.04 (quin, J=7, 2H), 2.8-3.0 (m, BH), 3.11 (1, J=7. 2H), 3.70 (s,

2H), 4.24 (1, J=6, 2H), 4.63 (bs, 2H), 5.86 (s, 2H), 6.35 (d, J=8, 1H), 6.48 (s, 1H), 6.55 (s, 1H),
6.76 (d, J=8, 1H}, 6.81 {d. J=8, 1H}, 7.4-7.5 (m, 2H).
BC-NMR (d, CDCl,): 25.25, 28.83, 28.56, 33.75, 51.24, 56.29, 56.46. 66.49, 100.52,
105.99, 106.39, 108.34, 109.30, 112.86, 126.89, 127.28, 127.98, 129.88, 132.59, 137.82,
30 144.32, 145.63, 145.99, 155.12, 157.13,157.67.
MS (%): 430 (parent+1, 100).
HRMS Calc'd. for CaqH»xN2O, 430.2160. Found: 430.2131.
EXAMPLE 56
6-[7-{2-(4-Methyl-piperazin-1-yl}-ethoxy}-indan-4-yi}-pyridin-2-ylamine
35 Prepared as In Example 37, in 81% yleld, as @ mn solid, mp > 205°C, as the
hydrochloride sait.
"H-NMR (d. CDCly): 2.00 (quin, J=7, 2H), 2.26 (s, 3H), 2.4-2.7 (m, 8H), 2.8-2.9 (m, 4H),
3.08 (1, J=7. 2H), 4.13 (t, J=6, 2H), 4.49 (bs, 2H), 6.34 (d, J=8, 1H), 6.71 (d, J=8B, 1H), 6.78 (d,
J=8, 1H), 7.40 (t, J=8, 1H).
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“IC-NMR (d. CDCl,): 25.20, 29.46, 33.72, 45.96, 53.55, 55.04, 57.08, 66.24, 105.85,
108.32, 112.86, 127.86, 129.97, 132.61, 137.69. 144.23, 155.08, 157.31, 157.87.

MS (%): 353 (parent+1, 100).

HRMS Calc'd.for CyHpyN,O: 353.2345. Found: 353,2341,

EXAMPLE 57

6{7-[2-{tert-Butyl-methyl-amino}-eth indan-4-yl}-pyridin-2-ylamine

Prepared as in Example 37, in 96% yield, mp foams at 110°C, as the hydrochioride
saft.

'H-NMR {d, COCly): 1.10 (s, 9H), 2.005 (quin, J=7, 2H), 2.34 (s, 3H), 2.81 (t, J=7, 2H),
2.87 (1. J=7, 2H), 3.07 {t. J=7, 2H), 4.08 (t. J=7, 2H), 4.79 (bs, 2H), 6.34 (d. J=B, 1H). 6.75 (m,
2H), 7.40 (m, 2H).

BC-NMR (d. CDCh): 14.11, 25.26, 25.89, 20.47, 32.51, 33.65, 36.50, 50.31, 67.47,
106.04, 109.13, 112.84, 128.01, 129.50, 132.33, 137.81, 144.07, 155.34, 156.10, 157.24,
158.05,

MS (%): 340 (parent+1, 100).

HRMS Calc'd. for CpHyoN,O: 340.2381. Found: 340.2389.

EXAMPLE 58

firepared as in Example 37, in 100% yield, as an amorphous solid, as the hydrochloride
sait.

'H-NMR (d, CDChL): 1.60 (m, 2H), 1.82 (m, 3H), 2.00 (quin, J=7, 2K), 2.13 (m, Z2H)
2.27 (s, 6H). 2.80 (t, J=6, 2H), 2.85 (t, J=7, 2H), 3.06 (t, J=7, 2H), 4.15 (t. J=6, 2H). 4.75 (bs,
2H), 6.35 (d, J=8, 1H), 6.72 (d, J=8, 1H), 6.76 (d, J=8, 1H), 7.405 {m, 2H).

IC-NMR (d, COCL): 25.22, 27.83, 20.47, 32.47, 33.63, 41.37, 53.51, 56.96, 61.98,
66.14, 106.04, 109.30, 112.85, 127.99, 128.77, 132.49, 137.81, 144.18, 155.08, 155.81, 157.20,
158.00.

MS (%): 381 (parent+1, 100).
HRMS Caic'd. for CoH3aNO: 381.2669. Found: 381.2654.
EXAMPLE 5

Prepared as in Example 37, in 72% yield, mp 113-117°C, as the hydrochloride salt.

'H-NMR (d, CDClL): 1.77 (m, 4H), 2.01 {uqin, J=7, 2H), 2.62 (m, 4H), 2.89 (m, 4H).
3.08 (¢ J=7, 2H), 4.15 (t, J=6, 2H). 4.52 (bs, 2H), 6.34 (d, J=8, 1H). 6.73 (d, J=8, 1H), .79 (d,
J=8, 1H), 7.40 (m, 4H).

BCNMR (d, CDCly): 23.53, 25.30, 28.57, 33.78. 54.88, 54.88, 67.37, 105.94, 100.36,
112.89, 127.97, 129.94, 132,65, 137.80, 14428, 155.27, 157.45, 157.95.
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5 MS (%): 324 (parent+1, 100).
Anal. Calc'd. for CoHygN,Oe2HCIe3/2H,0: C 56.74, H 7.14, N .92, Found: C 56.40,
H7.07. N9.84,
EXAMPLE 60
6-[7-]2-(N-Benzyl, N-methyl-amino)-ethoxy)}-indan-4-yl}-pyridin-2-ylamine
10 Prepared as in Example 37, in 48% yield, mp 110-130°C, as the hydrochioride sait.

'H-NMR (d, CDCL): 2.045 (quin, J=7, 2H), 2.37 (s, 3H), 2.87 (t, J=6, 2H), 2.92 (1, J=7,
2H), 3.13 (t. J=7, 2H), 3.65 (s. 2H), 4.16 (&, J=6, 2H), 4.65 (bs, 2H), 6.34 (d, J=B, 1H), 6.74 (d,
J=8, 1H), 6.82 (d, J=8, 1H), 7.2-7.6 (m, 7H).
3C-NMR (d, CDClL,): 25.37, 29.67, 33.86, 43.04, 55.84, 62.74, 86.54, 106.04, 109.25,
15 112,94, 127.07, 126.04, 128.32, 129.06, 128.98, 132.62, 137.84, 139.06, 144.34, 155.)4,
157.42, 158.13.
MS (%): 374 (parent+1, 100).
Anal. Calc'd. for C,,H2N,O2HCI: C 64.57, H 6.55. N 9.41. Found: C 64.52, H 6.88,
N 8.38.
20 EXAMPLE 61
6-[7-(4-Phenethyipiperazin-1-yl)-athoxy}-indan-4-yl}-pyridin-2-ylamine
Prepared as in Exampie 37, in 41% yield, mp 105-130°C, as the hydrochloride sailt
'H-NMR (d, CDCly): 1.985 (quin, J=7, 2H), 2.5-2.9 (m, 16H), 3.08 {t. J=7, 2H), 4.13 {8,
J=6, 2H), 4.61 (bs, 2H), 6.30 (d. J=B, 1H), 6.70 (d, J=€, 1H), 6.76 (d. J=8, 1H), 7.2-7.5 (m, TH).
25 BC-NMR (d, CDCl,): 25.31, 28.57, 33.60, 33.82, 53.20, 53.69, 57.22, 60.55, 66.27.7
105.95, 108.35, 112.82, 126.02, 128.00, 128.37, 128.66, 128.68, 130.07, 132.62, 137.76,
140.29, 144,30, 155.17, 157.34, 156.10.
MS (%): 443 (parent+1, 100).
Anal. Calc'd. for CyyHyN,O#2HCI: C 65.24, H 7.04, N 10.87. Found: C 65.03, H 7.23,
30 N10.B1.

EXAMPLE 62

6-[7-{{4-Isobutylpiperazin-1-yl)-ethoxy}-indan-4-yl}-pyridin-2-ylamine

Prepared as in Example 37, in 92% yield, mp 170-190°C, as the hydrochloride salt.

'H-NMR (d, CDCL): 0.85 (d. J=6, 6H), 1.73 (m, 1H), 2.0 (m, 2H), 2.04 (d, J=7, 2H),

35 2.40 (m, 4H), 2.60 (m, 4H), 2.79 {t, J=7, 2H), 2.84 (1, J=7, 2H), 3.07 (t, J=7, 2H), 4.13 (t, J=6,

2H), 4.57 (bs, 2H), 6.32 (d, J=8, 1H), 6.70 (d, J=8, 1H), .76 (d, J=8, 1H), 7.38 (m, 2H).

3C-NMR (d. CDCly): 25.16, 25.28, 29.45, 33.69, 53.47, 53.70, 57.16, 66.22, 66.84,
105.82, 109.32, 112.79, 127.88, 129.96, 132.56, 137.65, 144.20, 155.12, 157.33, 157.92.

MS (%): 395 (parent+1, 100).
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5 Anal, Calc'd. for Cy¢HyN,OIHCIeH,0: C 55.23, H 7.53, N 10.73. Found: C 55.51, H
7.72, N 10.46.
EXAMPLE 83
6-[4-{2-Amino-cyclohexyl naphthaien-1-yl}-pyridin-2-ylamine
Prepared as in Exampie 24, in 86% yield. mp 218-230°C. as the hydrochloride salt.
10 'H-NMR (d, COClLy): 1.36 (m. 4H), 1.76 (m, 2H), 2.0-2.4 (m, 2H), 3.05 (m. 1H), 4.10 (m,

1H). 4.62 (bs, 2H), 6.45 (d, J=8, 1H), 6.84 (d, J=8, 1H), 6.93 (d, J=8, 1H), 7.4-7.6 (m, 4H), B.08
(m, 1H), 8.32 (m, 1H).
JC-NMR (d, CDCl): 24.30, 24.48, 29.60, 33.36, 54.87, 83,58, 106.14, 106.51, 115.12,
122.07. 125.00, 125.71, 126.50, 126.57, 127.12, 131.32, 132.28, 137.94, 153.86, 157.64,
15 158.05.
MS (%): 334 (parent+1, 100).
Anal. Calc'd. for C;iHpNyOs2HCle1/4H,0=1/2{C,H,0). C 60.73, H 6.54, N 9.24.
Found: C 60.63, H6.58, N 5.10.
EXAMPLE 84
20 64-{Piperidin-3-yimethoxy}-naphthalen-1-yl}-pyridin-2-ylamine
Prepared as in Example 24, in 38% yield, mp 164-185°C, as the hydrochloride salt.
'H-NMR (d, CDCly): 1.2-1.4 {m, 1H), 1.54 (m, 1H), 1.69 (m, 1H), 1.81 (m, 1H), 2.07 (m,
1H}, 2.45 (m, 1H), 2.55 (m. 1H), 2.8-3.0 (m, tH). 3.04 {m, 1H). 3.25 {m, 1H), 3.82 (m, 2H), 4.71
(bs, 2H), 6.43 (d, J=8, 1H), 6.78 (d, J=8, 1H), 6.82 (d, /=8, 1H), 7.4-7.6 (m, 4H), 8.08 (m, 1H),
25 B8.25{m, 1H).
C-NMR {d, CDCl,): 25.72. 27.81, 36.93, 46.67, 49.84, 71.04, 103.97, 106.55, 115.05,
122.04, 125.02, 125.60, 125.73, 126.60, 127.17, 131.17, 132.05, 137.95, 154.79, 157.60,
158.13.
MS (%): 334 (parent+1, 100).
30 Anal. Calc'd. for CyHnN,;Oe2HCle1/2H,01/4{C H,0). C 6041, H 6.45 N 9.61.
Found: C 60.33, H6.50, N 5.28.

EXAMPLE 65
6-14-(1-lscbutyl-azetidin-3-yloxy)-naphthalen-1-yil-pyridin-2-ylamine
} Prepared as in Example 24, in 57% yield, mp 133-148°C, as the hydrochioride salt.
35 'H-NMR (d. CDCly): 0.91 (d. J=6, 6H), 1.65 (septet, J=6, 1H), 2.37 (d. J=7, 2H), 3.18
(m. 2H), 3.88 (m, 2H), 4.58 (bs, 2H). 5.01 (m, 1H), 6.47 {d, J=8, 1H), 6.58 (d. J=8, 1H), 6.84 (d.
J=8, 1H), 7.3-7.5 (m, 4H), 8.08 (m, 1H), 8.30 (m, 1H).
“C-NMR (d. CDCl,):  20.88, 27.19, 62.17, 67.03, 68.54, 104.80, 106.61, 115.26,
122.16, 125.20, 125.66, 125.73, 126.78, 127.05, 131.B7. 132.25, 138.04, 152.89, 157.70,
40 158.04.
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MS (%): 348 (parent+1, 100).

Anal. Calc'd. for CxH,sN;O»2HCIe1/2H,0+(C H,0). C 60.35, H 7.01, N 8.12. Found:
C 60.50, H 7.05, N 8.00.

EXAMPLE 66

6-]4-(8-Methyl-B-aza-bicyclo[3.2. 1)oct-3-yloxy)-naphthalen-1-yl}-pyridin-2-ylamine

Prepared as in Example 24, in 93% yleld, mp 260-275"°C, as the hydrochloride salt.

'H-NMR (d, CDCl,): 2.0-2.3 (m, 8H), 2.305 (s, 3H), 3.15 (m, 2H), 4.59 (bs. 2H), 4.75
(m, tH), 6.43 {d, J=8, 1H), 6.79 (d, J=8. 1H), 6.84 (d, J=7, 1H), 7.4-7.6 (m, 4H), 8.09 (m, 1H).
8.29 (m, 1H).

IC.NMR (d, CDCl,):  25.81, 35.97. 40.52, 59.84, 60.09, 104.46, 106.38, 115.09,
122.16, 125.00. 125.70, 126.31, 126.47, 127.12, 130.74, 132.39, 137.89. 153.06. 157.79,
158.00.

MS (%): 360 (parent+1, 100).

Anal. Calc'd. for CxHsN1O#1/2{CO;) (l.e., % carboxylate). C 73.88, H 6.61, N 11.02.
Found: C 74.00, H 6.65, N 10.85,

EXAMPLE 67
-naphlhalen-1-yl]-

Prepared as in Example 24, in 50% yield, mp 75-80*C, as the hydrochloride salt

'H-NMR (5. CDCly): 3.34 (m, 2H), 3.71 (s. 2H), 3.97 (m, 2H), 4.58 (bs, 2H). 5.01 (m,
1H), 6.20 (m, 1H), 6.30 (m, 1H), 6.48 (d, J=8, 1H), 6.57 (d, J=8, 1H). 6.84 (d, J=7, 1H), 7.3-7.5
{m. 5H), 8.08 (m, 1H), 8.30 (m, 1H).

“C.NMR {5. CDCl,;: 54.89, 61.12, 86.84, 104.54, 106.57, 107.86, 110.06, 115.18,
122.07, 125.15, 125.63, 126.72, 126.85, 131.79, 122.16, 13B.01, 142.28, 151.47, 152.74,
157.49. 157.80.

MS (%): 372 (parent+1, 100).

HRMS Calc'd. for CyHzN,O;y: 372.1712. Found: 372.1680.

EXAMPLE 68

6{4-(Pyrrolidin-2-yimethoxy)-5.6.7, 8-tetrahydro-naphthalen-1-yl]-pyridin-2-ylamine

Prepared as in Example 48, using R-N-t-BOC-pyrrolidine-2-methanol, foliowed by
conversion o the tosylate and alkylation with 2-(2 5-dimethylpyrrolyl)}-6-{4-hydroxy-5.6.7 8-
tetrahydro-naphthalen-1-yl)-pyridine, then deblocking o afford a tan, amorphous solid, in 95%
yield, as the hydrochloride saflt.

'H-NMR (5, CDCl,): 1.63 (m, 3H). 1.74 (m, 4H), 1.80 (m, 1H), 2.88 (m, 4M), 2.96 (AB,
2H), 3.50 (m, 1H), 3.80 (m, 2H), 4.58 (bs, 2H), .37 (d, J=8, 1H), 6.63 (d, J=7. 1H), 6.67 (d, J=8,
1H), 7.07 (d, J=8, 1H), 7.40 (t, J=B, 1H).
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5 BC-NMR (5. CDCly): 22.31, 22.77, 23.57, 25.28, 27.91, 28.13, 46.50, 57.42, 70.55,

106.06, 107.50, 114.32, 126.16, 126.80, 133.51, 136.22, 137.67, 156.28. 157.63, 158.72.°
MS (%). 324 (pareni+1, 100),
HRMS Calc'd. for CxHyN,O: 324.2076. Found: 324.2055.
EXAMPLE 69
10 idi -naphthalen-1-yl]-
Prepared as in Example 24, using S-(-)-1-msthyl-2-pyrrolidine methanol to afford, after
deblocking in 88% yield, a tan solid, mp 80-95°C, ag = -36.47° (c=1, CH,C},).
'H-NMR (5. CDCl,): 1.8 (m, 2H), 1.9 (m, 1H). 2.12 (m, 1H), 2.34 (m, 1H), 2.56 (s, 3H).
2.83 (m, 1H), .13 (m, 1H), 4.13 (AB, 2H), 4.63 (bs, 2H), 6.41 (d, J=8, 1H), 6.83 (m, 2H), 7.46
15  {m, 4H), 8.10 (m, 1H), 8.31 (m, 1H).
SC-NMR (8, CDCL): 23.00, 28.92, 41.87, 57.79, 64.27, 71.57, 104.06, 106.45, 115.08,

122.07. 124.97, 125.64, 125.73, 126.01, 126.53, 127.20, 131.29, 132.06, 137.89, 154.78,
157.69, 158.07.

MS (%) 334 (parent+1, 100).
20 Anal. Calc'd. for C;HzN2O0#13H,0: C 74.31, H7.03, N 12.38. Found: C 74.11, H
7.19. N 12.22.

EXAMPLE 70
6-{4-{2-Amino-cyclohexyloxy)-5.6,7.8-tetrahydro-naphthalen-1-yi}-pyridin-2-ylamine
Prepared as in Example 48, via the following four-step sequence; 2-{2.5-
25 dimethylpymolyl)-64{4-hydroxy-5,6,7.8-tetrahydro-naphthalen-1-yl]-pyridine was first alkylated
with 2-chlorocyclohexanone, using potassium carbonats as the base and a catalylic amount of
sodium iodide, in dimethylformamide at 80°C for 24 hours, in 92% yield. The resulting ketone
was converted to the oxime methyl ether using O-methylhydroxylamine hydrochioride and
triethylamine in methanol at reflux for 16 h in 81% yielkd. The oxime ether was then reduced 1o
30 the amine using borane methyl sulfide in tetrahydrofuran at reflux for 2 days, followed by
refluxing in ethanol with sodium carbonate and cesium fluoride for 16 hours, in 12% yield. The
amine was then deblocked with hydroxylamine hydrochloride in refluxing aqueous ethanol to
afford the desired final product in 89% yield as a tan solid after conversion tot he hydrochloride
salt.
35 'H-NMR (5, CDCl,): 1.2-1.5 (m, 6H), 1.6-1.9 (m, 6H), 2.70 (m, 4H), 2.84 (m, 1H), 4.49
(m, 1H), 4.55 (bs, 2H), 6.39 (d, J=8, 1H), 6.65 (d, J=8, 1H), 6.72 (d, J=8, 1H). 7.07 (d. J=8, 1H),
7.43 (t, J=8, 1H).
JC-NMR (5, CDChL): 20.3, 22.4, 22.37, 23.7, 23.8, 27.4, 28.2, 30.9, 52.1, 75.8, 106.1,
108.6, 114.4, 126.8, 127.0, 133.1, 136.5, 137.7, 154.9, 157.6, 158.7.
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MS (%): 338 (parent+1, 10D).
HRMS Calc'd. for Cy H,N,O: 338.2232. Found: 338.2256.
EXAMPLE 71
-naphthalen-1-yl

Prepared as in Example 24 using L-azetidine-2-carboxylic acid as the precursor to N-1-
BOC-azetidine-2-methanol as the reagent to add to 2-(2,5-dimethylpyrrolyl)-6-(4-fluoro-naphth-
1-yl)pyridine, followed by removal of blocking groups to afford 45% yield of a solid, mp 135-
150°C.

'H-NMR (5, CDCl,): 2.33 (m, 1H), 2.43 {m, 1H), 3.4 (bs, 1H), 3.54 (m, 1H), 3.67 (m.
1H). 4.20 {m, 2H), 4.37 (m, 1H}, 4.625 (bs, 2H). 6.45 (d, J=B, 1H), 6.84 (m, 2H), 7.45 (m, 4H),
B.10 (m, 1H), B.31 (m, 1H).

C.NMR (5. CDClL): 23.93, 44.25, 57.45 72.10, 104.39, 106.54, 115.15, 122.00,
125.04, 125.63, 125.73, 126.63, 127.15, 131.50, 132.06, 137.95, 154.59, 157.62, 158.03.

MS (%): 306 (parent+1, 100).

Anal. Calc'd. for C,H.gN;Oe2HCI#3/2H,012(CH,0): C 56.13, H 6.28, N 9.35.
Found: C 56.24, H6.52, N 9.05.

EXAMPLE 72
644-(1-Pyridin-3-yimethyl-azetidin-3-yloxy)-naphthaien-1-yl}-pyridin-2-ylamine;
Prepared as in Example 24, in 24% yield, mp 150-180°C, as the hydrochloride salt.
'H-NMR (5, CDCl,): 3.28 (m, 2H), 3.71 (s. 2H), 3.82 (m, 2H), 4.57 (bs, 2H), 5.005 (m,

1H), 6.47 (d, J=8, 1H), 6.56 (d, J=8, 1H), 6.83 (d, J=7, 1H), 7.24 (m, 1H), 7.39 (d, J=8, 1H), 7.5-
7.6 (m, 4H), 7.63 {m, 1H), .09 {m, 1H), 8.29 {m, 1H), B.50 (m, 1H), 8.54 (s, 1H).

JC-NMR (5, CDCh): B80.9, B1.4, 86.8, 104.5, 106.6, 115.1, 122.0, 123.4, 125.5, 125.7,
126.7, 126.9, 132.0, 132.2, 133.3, 136.0, 138.0, 148.7, 140.8, 152.7, 157.5, 158.0.

MS (%): 383 (parent+1, 100).

Anal. Cale'd. for C; HxuN,O+3HCI3H001/3{C,H,0): C 53.39, H 5.95, N 9.83. Found:;
C53.22, H6.18, N .43,

EXAMPLE 73

6-4-(Azetidin-3-yimethoxy)-naphthalen-1 ridin-2-ylamine

Prepared as in Example 24, in which N-BOC azetidine-3-methano! was added to 2-
(2,5-dimethylpymolyl)-6-{4-flucro-naphth-1-yl)pyridine as in Exampie 24D followed by sequential
removal of the BOC and pyrrolyl protecting groups, with the final step proceeding in 75% yleld,
in 75% yield, mp 88-110°C, as the hydrochloride salt. '

'H-NMR (5. CDCY): 3.27 (m, 1H), 3.64 (m, 2H), 3.78 (m. 2H), 4.25 (d, J=6, 2H), 4.63
(bs, 2H), 6.45 (d, J=8, 1H), 6.83 (m, 2H), 7.4-7.6 (m, 4H), 8.02 (m, 1H), 8.28 (m, 1H).
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“C-NMR (5. CDCl;): 34.2, 49.8, 69.8, 104.2, 106.5, 115.1, 122.0, 125.0, 125.4, 125.5,
125.7, 126.6, 127.1, 131.4, 132.0, 138.0, 154.7, 157.6, 158.1.

MS (%): 306 (parent+1, 100).

Anal. Calc'd. for C,gH,gN;O#2HCIe2H,03/2(C H,0). C 57.25, H 7.00, N 8.04. Found:
C 5747, H7.14 N B.21. |

EXAMPLE 74
6—[4-(1-Pyridin-2—yImethyI-azetidin-3-§loxy)-naphﬂ1alen—1-yl]-pylidin-z-ylamine:
Prepared as in Example 24, in 24% yield, mp 97-120°C, as the hydrochloride salt from
tetrahydrofuran.

'H-NMR (5, CDCl;): 3.42 {m, 2H), 3.89 (s, 2H), 4.015 (m. 2H), 4.62 (bs, 2H), 5.045 (m,
1H), 6.47 (d. J=8, 1H), 6.57 (d, J=8, 1H), 6.82 (d. J=7, 1H). 7.16 (m, 1H), 7.3-7.5 (m, 5H). 7.64
(t. J=B, 1H), 8.07 {m, 1H), 8.30 (m, 1H), 8.55 (m. 1H).

'C-NMR (5. CDCl,): 61.82, 64.89, 67.10, 104,52, 106.64, 115.14, 122.09, 122.13,
122.42, 125.18, 125.60, 126.73, 126.92, 131.75, 132.16, 136.58, 138.04, 149.30, 152.77,
157.41, 157.76. 157.986.

MS (%): 383 (parent+1, 100).

Anai. Caic'd. for C;,HzNO«3HCI+7/4H,0: C 55.08, H 549, N 10.70. Found: C 55.44,
H5.81, N 10.31.

EXAMPLE 75

6-[4-{N-methyl-azetidin-3-yloxy)}-naphthalen-1-vl}-pyridin-2-ylamine; Prepared as in
Example 24, using ‘formaldehyde in methanol with sodium cyanoborohydride at room
temperature, in 30% yield, mp 240-255°C, as the hydrechioride sait from tetahydrofuran.

'H-NMR (5, CDCL). 2.45 (s, 3H), 2.75 (bs, 2H), 3.30 (m, 2H), 3.98 (m, 2H), 4.96 (m,
1H), 6.47 (¢, J=8, 1H), 6.55 (d, J=8, 1H), 6.80 (d, J=7, 1H), 7.3-7.5 (m, 4H), 8.03 (m, 1H), 8.28
(m. 1H).

BC-NMR (5, CDCL): 45.81, §3.07, 86.19, 104.44, 108.84, 115.08, 121.97, 125.23,
125.43, 125.57, 126.76, 126.87, 131.82, 132.15, 138.14, 152.56, 157.13, 158.05.

MS (%): 306 (parent+1, 100).

Anal. Caic'd. for CygH,sN;0#2HCIe2H,0: C 55.08. H 6.08, N 10.14. Found: C 55.34. H
6.01. N 8.82.

EXAMPLE 76
6-[4-{N-Isopropyl-azetidin-3-yloxy)}-naphthalen-1-yl}-pyridin-2-ylamine
Prepared as in Example 24, as a byproduct of the reaction used for preparation of
Example 75, from acetone in the methanol, in 18% yield, mp 120-135"C, as the hydrochloride
salt from tetrahydrofuran,
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5 'H-NMR {5, CDCl;): 0.99 (d, J=6, 6H), 2.49 (septet, J=6, 1H). 3.25 (m, 2H), 3.96 (m.

2H), 4,65 (bs, 2H), 4.97 (m, 1H), 6.48 (d, J=B, 1H), 6.60 (d, J=8, 1H), 6.8 (d, J=6, 1H). 7.4-7.5
(m, 4H), 8.03 (m, 1H), 8.27 (m, 1H).
BC-NMR (5, CDCly): 19.30, 50.44, 58.78, 65.40, 104.52, 106.81, 115.12, 122.00.
125.20, 125.45, 125,56, 126.73, 126.89, 131.78, 132.15, 138.15, 152.66, 157.21, 158.02.
10 MS (%): 332 (parent+1, 100).
Anal. Calc'd. for C;,HzyN;0e2HCie2H,0: C 57.02, H 6.61. N 9.50. Found: C 57.04, H
6.51, N5.28.
EXAMPLE 77
6-{4-(2-Dimethylamino-ethoxy)-6.7.8.9-tetrahydro-5H-benzocyclohepten-1-yil-pyridin-2-
15  ylamine
Prepared as in Example 37, using 4-hydroxy-€,7,8,9-tetrahydro-5H-benzocycloheptene
. as the starting material, which was prepared as follcws: B8 g (71.4 mmol) 2-hydroxypyrone
(Syn. Commun.,5, 461, (1975)) and 20 mL cycloheptene were reacled in a sealed tube al
150°C for 24 h to give 1-ox0-3.4,6,7,8,8-hexmhydro-5H-benzocyclohaptene in 49.5% yield,
20 followed by reaction with isopropenyl acetale to afford the enol acatate and treatment with 2 3-
dichloro-5,6-dicyanobenzoquinone at 80°C for 1.5 h (see J. Med. Chem,, 37, 3803 (1994)) to
afiord 4-acetoxy-6,7,8,9-tetrahydro-5H-benzocycloheptene in 69% yield as an oil.. Hydrolysis
with 3.7 equivalents of powdered potassium hydroxide in ethanot at room temperature for 2 h
gave a 44% yield of the desired 4-hydroxy-6,7,8.9-tetrahydro-5H-benzocycioheptene after
25 purification by column chromatography as a white solid. The remaining steps in the sequence
then followed Example 48. The final step procesded in 88% vield to give the product as an
amorphous solid as the hydrochloride sak from ether.
'H-NMR (5, CDCh): 1.58 (m, 4H), 1.79 (m, 2H), 2.34 (s, 6H), 2.75 (m, 4H), 2.93 (m,
2H), 4.06 (t, J=B, 2H), 4.4B (bs, 2H), 6.38 (d, J=B, 1H), 6.62 (d, J=B, 1H), 6.74 (d, J=8, 1H), 7.10
30 (d.J=8, 1H), 7.41 (d, J=8, 1H).
C-NMR (5, CDCl,): 25.51, 27.36, 27.75, 31.21, 32.46, 46.03, 58.35, 67.43, 105.94,
109.95, 114.72, 127.58, 132.85, 133,74, 137.54, 142.68, 155.43, 157.74, 159.32.
MS (%): 326 (parent+1, 100).
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5 CLAIMS
1. A compound of the formula

T
(CHz)n\

N——"

/

R2

wherein ring A is a fused 5-7 membered saturated or unsaturated ring wherein from zero
to two of the ring members are heteroatoms selected, independently, from nitrogen, oxygen and
10  sulfur, with the proviso that no two adjecent ring menbers can both be hetsroatoms:
X is oxygen or a bond;
n is an interger from two to six; and
R' and R? are selected, independently, from (C,-C,) alkyi, aryl, tetrahydronaphthalene and
aralkyl, wherein said aryl and the aryl molety of said aralkyl is phenyl or naphthyl and the alkyl
15 moely is straight or branched and contains from 1 to 6 carbon atoms, and wherein said (C,-C,)
alkyl, said aryl, said tetrahydronaphthalene and the aryl moiety of said aralkyl may optionally be
substituted with from one to three substituents, preferably from zero to two subshituents, that are
selected, independently, from halo {e.g., chioro, fluoro, bromo, iodo), nitro, hydroxy, cyano, amino,
(C,-C,) atkoxy, and (C,-C,) alkylamino;
20 or R’ and R? form, together with the nitrogen 1o which they are attached, a piperazine,
piparidine or pymrolidine ring or an azabicyclic ring containing from 6 to 14 ring members, from 1 to
3 of which are nitrogen and the rest of which are carbon;
and wherein said piparazine, azetidine, piparidine and pymolidine rings may optionally be
substituted with one or more substituents, preferably with from zero to two substitvents that are
25 selected, independently, from (C,-C,)alkyl, amino, (C,-C4) alkylamino, [di{C,-C,)alkyljamino,
phenyt substituted 5 to 6 membered heterocyclic rings containing from 1 to 4 rings nitrogen atoms,
benzoyl. benzoylmethyl, benzylcarbonyl, phenylaminocarbonyl, phenylethyl and phenoxycarbonyl,
and wherein the phenyl moieties of any of the foregoing substituents may optionally be substituted
. with one or more substituents, preferably with from zero to two substituents, that are selected,
30 independently, from halo, (C,-Cj)alkyl, {C,-C,)alkaxy, nitro, amino, cyano, CF, and OCF,;
also R' or R? may be connected onto the (CH2), group to form a ring of from 4 to 7
members; _
and the pharmaceutically acceptable salt of such compounds.
2, A compound according to claim 1, wherein NR'R? is an optionally substituted
35 piperidine, azetidine, piperazine or pyrolidine ring or a 2-aza-bicyclo[3.1.0]hex-6-ylamine ring;
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5 and wherein s3aid piperazine, azetidine, piperidine and pymrolidine rings may optionally be

substituted with one or more subslituents, preferably with from zero to two substiluents that are
selected, independently, from (C,-Cgalkyl, amino, (C,-C¢) alkylamino, [di{C,-C4)alkyljamino,
phenyt substituted 5 to 6 membered heterocyclic rings containing from 1 to 4 rings nitrogen atoms,
benzoyl, benzoylmelhyl, benzylcarbonyl, phenylaminocarbonyl, phenylethyl and phenoxycarbonyl,
10 and wherein the phenyl moieties of any of the foregoing substituents may optionally be substituted
with one or more substituents, preferably with from zero to two substituents, that are selectad,
independently, from halo, (C,-C,)alkyl, (C,-C,)alkoxy, nitro, amine, cyano, CF, and OCF,,
3, A compound according to claim 1 wherein NR'R? forms an azabicyclic ring
having the formula
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NR3R*
N—
and
O._N N"x—
X
N
5 RS/ ©

wherein R? and R* are selected from hydrogen, (C,-Cgalkyl, phenyl, naphthyl, (C,-
Coalky-C(=0), HC(=0)-, (C,Cyalkoxy{C=0), phenybC(=0), naphthyl-C(=O), and
R®*R'NC{=0)- wherein R® and R’ are selected, independently, from hydrogen and (C,-Cq)alky!;
and

10 RS is selectad from hydrogen, (C-Cy)alky!, phenyl, naphthyl, phenyl{C,-Co)alkyl and
naphthyl(C4-Cy)alkyl-.
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4, A phamaceutical composition for treating or preventing a condition sejected from
the group consisting of migraine inflammatory diseases, stroke, acute and chronic pain,
hypovolemic shock, traumnatic shock, reperfusion injury, Crohn's disease, ulcerative colitis, septic
shock, depression, Parkinson's disease, multiple sclerosis, AIDS associated dementia,
neurodegenerative diseases, neuron toxicity, Alzheimer's disease, chemical dependencies and
addiclions, emesis, epilepsy, anxiety, psychosis, hesad trauma, adult respiratory distress syndrome
{ARDS), morphine induced tolerance and withdrawal symptoms, inflammatory bowel disease,
osteoarthritis, rheumatold arthritis, ovulation, dilated cardiomyopathy, acute spinal cord injury,
Huntington’s disease, glaucoma, macular degeneration, diabetic neuropathy, diabetic
nephropathy and cancer in a mammal, comprising an amount of a compound accornding o claim 1
that is effective in treating or preventing such condition and a pharmaceutically acceptable carrier.

5. A method of treating or preventing a condition selected from the group consisting
of migraine inflammatory diseases, stroke, acute and chronic pain, hypovolemic shock, traumatic
shock, reperfusion injury, Crohn's disease, ulcerative colitis, septic shock, multiple sclerosis, AIDS
associated dementila, neurodegenerative diseases, neuron toxiclty, depression, Parkinson's
disease, Alzheimer's disease, chemical dependencies and addictions, emesis, epilepsy, anxiety,
psychosis, head trauma, adult respiratory distress syndrome (ARDS). morphine induced tolerance
and withdrawal symptoms, inflammatory bowel disease, ostecarthritis, rheumatoid arthritis,
avulation, dilated cardiomyopathy, acute spinal cord injury, Huntington's disease, glaucoma,
macular degeneration, diabetic neuropathy, diabatic nephropathy and cancer in a mammal,
comprising administering to said mammal an amount of 8 compound according to claim 1, that is
eflective in treating or preventing such condition.

6. A phamaceutical composition for inhibiting nitric oxide synthase (NOS) in a
mammal, according to claim 1, comprising a NOS inhlbiling effective amount of a compound
according to claim 1, and a pharmaceutically acceptable carrier.

7. A method of Inhibiting NOS in 2 mammal, comprising administaring to said
mammal a NOS inhibiting effective amount of a compound according to claim 1.

8. A pharmaceutical composition for trealing or preventing a condition selected from
the group consisting of migraine, inflammatory diseases, stroke, acute and chronic pain,
hypovolemic shock, traumatic shock, reperfusion injury, Crohn's disease, uicerative coiitis, septic
shock, multiple sclerosis, AIDS associated dementia, neurodegenerative diseases, neuron
toxdcity, depression, Parkinson's disease, Alzheimer's disease, chemical dependencies and
addictions, emesis, epliepsy, anxiety, psychosis, head trauma, adult respiratory distress syndrome
(ARDS), morphine Induced tolerance and withdrawal symptoms, inflammatory bowel disease,
osteoarthritis, rheumnatoid arthritis, ovulation, dilated cardiomyopathy, acute spinal cord injury,
Huntington's disease, glaucoma, macular degeneration, diabetic neuropathy, diabetic

BWEDOCID «WD  BRIQXIAT ¢ »



2T
WO 99/10339 PCT/1B98/01229 -
54- . U%

5 nephropathy and cancer in a mammal, comprising a NOS inhibiting effective amount of a
compound according to claim 1 and a pharmaceutically acceptable carmier.

9. A method of treating or preventing a condition selected from the group consisting
of migraine. inkammatory diseases, stroke, acute and chronic-pain, hypovolemic shock, traumatic
shock, reperfusion injury, Crohn's disease, uicerative colilis, septic shock, multiple sclerosis, AIDS

10 associated dementia, neurodegenerative diseases, neuron foxicity, depression, Parkinson's
disease, Alzhsimer's disease. chemical dependencies and addictions, emesis, epliepsy, andely,
psychosis, head trauma, adult respiratory distress syndrome (ARDS). morphine induced tolerance
and withdrawal symptoms, inflammatory bowel disease, osteoarthrilis, rheumaloid arthrilis,
ovulation, dilated cardiom}opathy. acute spinal cord injury, Huntington's disease, glaucoma,

15 macular degensration, diabelic neuropathy, diabetic nephropathy and cancer in a mammal,
comprising administering to said mammal a NOS Inhiblting effective amount of a compound

() according to claim 1.

BNSDOCID «WED RO | »



INTERNATIONAL SEARCH REPORT

inlem. .»al Application No

PCT/IB 98/01229
cuguncnm OF SUBJECT MAITER

?PC CO7D4B1/10 A61K31/495 A61K3l/44 AG1K31/445 AGl1K31/47
co7p4es/10  €O70213/73 CO7D413/10 A61K31/535  (O7D401/12
Co7D405/12 CO7D4O5/14 CO7DA53/02 CO7DA91/04

Amgrdng te interngtionsl Patent Classdeauon (IPC) or ta both anteonsl classdhaaten and IPC

B. FIELDS SEARCHED

Mwumum dogumeniohon searched (classdieston system loliowed by slaswhanhen symivalis}

IPC 6 CO7D Abl1K

Docsmentaton ssarched ather than men sy m doaymenizten (o the arien] that sush decymenis §re mokeded  the ki searched

Eledtremc data Saaw d dunng the suonal ch {nama of dala base and, where prasboal, seanh e vsed)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

JOHN ADAMS 111 (uS); PFIZER (US)) 9
QOctober 1997
see claim 1

-,-..

Catugory * | Cdakon ot decurment, with mlaxten, wher sporopnasie, af the mlsvant psasages Rewpwant o clam o
P,A WO 98 24766 A {LOWE JOHN ADAMS III ;PFIZER 1-8

(US)) 11 June 1998

see claim 1
P,A W0 97 36871 A (WHITTLE PETER JOHN ;LOWE 1-9

m Further dscuments are inisd m the oonbrusimn of bos C m Putent famly members are isted m annex

* Bpecual naiegaones of ciled documenis T later R

o proty daie and not i sonfiet with the —::lhl

"A" doanrenl delvng the general siale of the a4 which i not
"..“'—'I . wind 1o unaerstand the prnmpi of Thaary URdey¥g he
*E" st ditulmar b pubiied on oF ST the smem azanal X" dpcumant of partcular reevanes, the alusmad mventon
by dale annot e 00nARiered Noval 07 caniit be sontderd o
"L mw.mm:hnmﬂ:::r wwoive an wvenive siip wivn the dotumenl & lalen albne
wheh 8 [ pubtation
Ashen OF Sifer ) reasen (a8 o) e o Mm-d:mrn-.:oohml Ill;;n:n“.-
0" dosurrmni relerng iv an oval deszlosvre. uas, sxhbton o daouwenl B shinkmed with one or mare other woh dagu-
alher maam menis, sch combmaton beng cbnious o 2 pevson sallad
*P* dosument publiahed pror io he ntematanal bimyg tels but nithean
inter fhan the pronty dals slssred *L" desumant mamiser of e sarme palen lamly
Dake of the asiual sompisten ol ihe nismshanad search Dute of i of the miamatonal sesreh reponrt
15 September 1998 03,98
Marme and madmyg agdreas of the IBA Authord e ofhoer
Eurcpean Paters Office. P B 3078 Palaniiaan ¥
T T T340 TON0, T= 11 451 epun,
. (#31. . IR opa Al »
Fas (¢31-70) 40-3018 Gettins, M

Foem PCIASA/ZNG inaxarel shem] wiy 19931

page 1 of 2

BNSDODD WG $IDIRAT | »



INTERNATIONAL SEARCH REPORT

Inlarr.  snal Applscehon No

PCT/IB 98/01229

C.{Continuakon) DOCUMENTS CONSIDERED TO BE RELEVANT

BNSDOXTID «WD  PI03JRAT 1 »

Catagory " I Caatmn of documen). with mocaten, wnere anpragnale, of the relavant passages Relevont o clum No
A PATENT ABSTRACTS OF JAPAN 1-9
vol. 97, no. 9, 30 September 1997
L JP 09 132529 A (ONO PHARMACEUTICAL CO.
LTD.), 20 May 1997,
see abstract
A & DATABASE WPI 1-9
Week 9730
Derwent Publications Ltd., London, GB;
AN 328451
see abstract
A PATENT ABSTRACTS OF JAPAN 1-9
vol. 97, no. 3, 31 March 1997
& JP 08 311028 A (JAPAN TOBACCO INC), 26
November 1996,
see abstract
A WO 96 18616 A (MERCK & CO INC ;ESSER CRAIG 1-9
. K (US): HAGMANN WILLIAM K (US); HOFFMA) 20
June 1996
see claim 1
A EP O 657 459 A (CHEM PHARM FORSCH GMBH) 14 1-9
June 1995
Compounds {11)
see claim 5
1
Farm PCTASAIZI0 eonwruaiion of Bacort sheell ey 19903
page 2 of 2



<3

PO 1)

US

Inismabonal spolwalion No
INTERNATIONAL SEARCH REPORT PCT/1B 98/681229

Bexi Obaervations whare cartain cisims were found unesurchable (Continuation of Rem 1 of firat shest)

This Internatwonal Search Report has nel been astablishad in respeet of sertan clasms under Aticle 17(2){a} for the following ressans
1. m Claims Nas.:

bessuss ey relate to subjesl matier not requered 1o be ssarciwd by ths Authorly, namely:

Although claims 5, 7 and 9 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the alleged
effects of the compound/composition.

2. [ ] claima e

beasuzne they misis to parta af the intemations! Application thal do not comply with the presoribed requirements to suzh
an sxient thal no meanngiul ntematnnal Basreh oan be sared oul, specifically:

3. [ cma tioa.:
e

beunuse they ary dependent claims and sre nol drafiad n accartancs with the §scond and third seniwnoes ol Fule 6.4(a).

Box i} Obssrvations where unity of Invention is lacking (Continustion of item 2 of first shest)

This intemabonsl Searchng Authonty found muitiple inventons m (s inlemshonal appiec:ation, ae follows:

1, As all required adkkhonal pearch foss were tmely pmd by the apphcant, thes iIntasmzbonal Search Report ogvers al
searchatie clamns.

2 D Aa all seurchabie dems covid be searched withowt efiorl peityng an addilional fee, the Aulhonty did not rmade payment
al any addional lee.

3. As only soma af the required additions! search fees wers tmely pad by the sppiaant, ins Internainnal Searvh Repart
covers only thoss clasma lor whoh lsss wers pard, spaciloally cilema Nos.:

4 D No requarsd additonat ssarch lses werg trmely pand by the apploant Corssauenily, ths inlamational Search Repord w
restredad to he sventron irst menboned m the olasms; 1 m covered by clasna Mos.:

Remark on Protast

D The addsonal search lees were accompaned by the applicant’s proteat.

D No protes| acoamparsed the psyment of addtional seansh lses

Form PCTASA/210 (contwaation of st sheat (1)) (July 1993)

BaSDOCID »WO  BBI10208AY |



INTERNATIONAL SEARCH .

REPORT intern.. .l Apphcation No
nfarmation on patent tamily membars PCT/1B 98101229

Patent document Publicatrean Palant Iamily Pubicaton

oiled » sparch raporn date rnamE-rl-) date

W0 9824766 A 11-06-1998 NONE

W0 9736871 A 09-10-1997 AU 1554897 A 22-10-1997

WO 9618616 A 20-06-1996 AU 4515696 A 03-07-1996

EP 8657459 A 14-06-1995 AT 460845 B 25-03-1996
AT 246193 A 15-08-1995
CA 2137443 A 07-06-1995
CN 1111634 A 15-11-1995
JP 7252260 A 03-10-1995
NO 944680 A 07-06-1995

F oo PETASA/210 (paar Lavey s Ay 1990

BNSDOCID WD SLI10YMAT ) »



(%

Pharmacolapy Dhecherusiry ond Behavior, Vol. &, No. 2, pp. N1)-178, 1999
© 199 Elyevier Saemex inc.

Printed in the USA. AU rigits ressrved

009 (- 30N 77903 —see [romt matter

| eo - uad F-’B?E-'g:}gé‘j
Analysis of D, and D; Receptor-Selective

Ligands in Rats Trained to Discriminate
Cocaine from Saline

XP-001148424

ELSEVIER P11 S0091-3057(99)00064-7

K. J. GARNER AND 1. E. BAKER

Depariment of Psychology, Western Michigan University, Kalamazoo, M1 49008

GARNER, K. 1. AND L. E. BAKER. Analysis of Dy and D recepior-:elecrive Npands in rars rroined 100 disesiminere ro-
ceing from sefine. PHARMACOL ROCHEM BEHAV 64(2) 173-378, 1993.—This study examined the role of dopamine D,
receplors 1n the stimulys peneralization produced by 7-OH-DPAT and PD 128907 in rats trained io discriminate cocaine
from sahine. Twelve male Sprague-Dnwley rans were irnined 10 discriminate cocaine {10 mp/ke) from saline in 2 two-choice
aperant procedure using 8 FR20 schedule of water reinforcement. Stimulus generalizolinn iests were adminisiered with the
D,-preferring sgonisis { = )>7-OH-DPAT (0.01-0.) mp/kg). { +)-7-OH-DPAT (D.01-0) mg/kz). and PD 128907 {0.01-0.} mp/
kg). and Lhe seleclive D; agonist PNU-39156 (0.01-0.3 mg/kg). Complcte gencrahization 1o encaine was obscrved with (=)-
7.OH-DPAT at doses thal merkedly ruppressed respome rale, Only periin) stimuluy generslization was observed with {(+)-
. 7-0H-DPAT and PD 128907 when these compounds were sdministered Intraperitoneally, sithoupgh subcutanzom injections
ol thest compounds produced complete substitution. Response raic was also signilicantly reduced by these compaunds. The
selective D agonist. PNU-91356 aiso fully substituted lor the cocaine cue and suppressed response rate in g dose-dependent
manner. To ascertain the importance of D, recepiar actions in the stimulus generalization producced by (+)-7-OH-DPAT (0.1
mg/kg) and PD-128907 (0.3 mp/hg). the fairly selective D, antagonitl, PNU.99194A (2.5-20 mp/kg) wis also iesied in cambi-
nation with these compounds. Although PNU-99194A partinliy ntienuated the stimulys generalization produced by [2)-
7-OH-DPAT. st failed 1o block PD-128907 substitution tor cocaine, These resulis indicate st least some involvement of D, re-
ceplors in the stimulus effects of (= )-7-OH-DPAT, although further investigntions are clearly warcanted. The presemt results
#k0 suggest That the cue properiies of cocaine may be digsociated from the locomotor octivating effects of this drup. because
Dy/D, receptar agonists suppress locomotor activity bul produce stimulus generslization lo cocune.  © 1999 Ehevier Sei-
cnee Inc.
Cocaine D; Receptors D; Receplors T-OH-DPAT  PD 123907

PNL-931MG  Drug diserimination

BNSDOCIN «XP

THE dopamine D, recepior has reccived considerable atten-
tion in recent investigations of the reinforcing and discrimina-
tive stimulus properiies of cocaine. For example., 1he putslive
D, agonist, 7-hydroxy-N N-di-n-propyl-2-aminotetralin (7-OH-
DPATT) hes been reporied to shifl the cocaine dose—respanse
function to the left in animals Irained 1o sclf-sdminister co-
caine (8.22). Other researchers have noted that Dy-preferring
antagonists reduce the breaking point in snimsls mainiained
nn & progressive ratin of cocaine self-administration (25-27).
Thesc data supgest & potential modulatory role of the D, re-
ceptor in 1he reinforcing propertics, and thereby. abuse lisbil-
ity of cocaine.

Prescnily, the role of D, receptors in cocaine’s ahuse po-
tential remains highly speculalive because D, receptor func-
tions are nol well understood. This is largely due 10 the fack

of highly setective D, rcceptor lipands for investigation. How-
ever. several compounds have been reported to bind with
moderale selectivily 10 D, over D, receptors. For instance,
7-OH-DPAT has been reporied 10 have as much ss a 100-fold
gremter affinity for Dy over D: reccptors (7.20), ond PD
128907 has been reponied 10 exhibit a 300-fold or greater
Dy:D, selectivity (15.24).

Drug discriminatinn procedures are frequently employed
to characterize novel compounds and investigate their recep-
1or mechanisms, It is generally wel established that drups
with swmilar pharmacological mechanisms exhibit generaliza-
tion 10 one anather in drug discrimination investigations. In
an attempt 1o characterize the role of D, receplor mecha-
nisms in the discriminative stimulux elfects of psychostimu-
Tant drugs. a number of recent studies have examined the ef-

Requests for reprints should be addressed to Lisa E. Baker, Department of Paychology, Western Michigan University, Kalamarao, M 49008.
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fecis of putalrve 1), agonists in rate o monkes trained 1o
shseriminate cocainge or dbamphetantioe (14.6,19.28.0,

Several snvesngatons have shown either complele 1 par-
il generalization to D epreterrmg agonisis in s trained o
discriminale aacaine (1.19.28) o el-amphetaminge 14,61 Howver.
13, paclerrog antagonists [ 4 -AJ%, { - )-1IH2R2 (- -DSI121]
hiswe bevn reporied (w0 only partially atemite the Jiserimina-
tm of cocane {HL1 and the more selective 1), antagonist
PNUARIYWA S 6-di-nwthoxy-2-(dipropylaminoncdan-hy din-
chioricke ] dies not blaek cucame discrimination (34). Inare-
cent sty we reported that PNUEIRA akko docs not Block
the stimulus peneralization pruduced by [ 1)-7-OH-DIPA T in
ralx trained o discriminate d-amphetamine (4). These data
quustion the importance of D receptor modulation ol the dis-
crimimative stimulus elfects of (= )7-CHEDPAT. Moreover,
{ = 3-7-OH-DPAT failedt wr produee complete generalization
fur voxming. imbcating that 1), receplors mun alse be impuor-
tani in mediating the oncaine cue (4). However, the iraimng
dhone of gocmne is elearly an important delerminant ol stimu-
lus pencribzation, Although we ohserved only partinl substi-
tutwem for § mgrkp cocaing {4), Acei of at. (1) reported com-
plcte substitution with {2 =7-OH-DIPA'T in rats Iraincd to
discriminate HIE mpihe cocmne. Thwe present study lurther
evaluated 1321); neonisix for stimuoles peacralization wn 1
mpfkp cocinne.

Suveral rescarchers have investipated the role of 1: reeep-
1or% in the discriminative stimulus effeets of cocaine in tesis of
subsfniution with & varicty ol aponinis 1391722 and in
combinatum esis with antagmsis (2591201 017.20.32). The
results of these studies have Ted ta the peneral conclusion thant
1. receptir seirvation alone is nat subficicnt 1o produce cu-
caine like diserinunative stimulos effeets (17320 The devel-
upment of more selective ligamks fur Inath 132 amd Py recep
tors may diflerentiate the functumal roles of thewe receptons
in the behavoral offects of covawae. PRULYIASL [(R)-5.6
1 sbyadree-S-{ propy lamino b-dh-imnkond 4.3, 1ij kpuinuhin- 2 LH)
one, munohydroechloride] s a highly selective 19 agomsy (23,
Ong aim of the present study wan Jo cantine T compound
fur stimuus penerabization o cocmne amd u compare s el-
leeis 1y Huee ol the moderately seleeuve 13, aponiis 7.00H-
DPFAT and "1} 12891, In additen, this sty further exam-
incsl the abilmy ol the highly selective D, anmagonist PNL-
UIPLA 0 blowel the stimulus gencraliztion produced s
(= )3-T7-OH-DIPAT and 11 128907,

A
Stehypeen

The auhjects were 12 mide Spraguc-12awley rats H Lrlan
Breodmy Labozatorivs, Indianapeds, TN) aped B0 9 Jass
amd wenghig 23=-U0 g it the bepinning ol the stindy. For the
guration ol the study, rats were boused imdinoadually m wire
mwsh cages, i a calons maintamed oo a 12 L2 D evele (0K
1oy [N h) and at a relainely comtant leaperatore (20-22C)
and humndity (S=052%), Commererl rat loed was provided
aud b, ad water wins restricted s amounts receved during
20.min tninmy sessan and an xhinwonal 1S min per day, In
addition. free icoess W water was piven for 24 h approxi-
maivly every 7 iy, The animak were maniained in accor-
dance with the peneral prinaples of snimal hushamies vuthned
™ the National Imsttuies o Health, and the expetmenial
protovel wins reviewed and appreved iy the Indtitutional Ani
mal ¢ are and Use Commitiee of Western Michipan Uninersay,

haX LTI B
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GARNER ANDY BAKER

Apparatus

Tranning and 1esting sessiturs were comaduetedd in cight stn
dard operamt chambers (MED Aswociates I, 81 Albans,
V1 ENVLO0L), housed in sound- and hghr-anenmating shells
1o pawithe ventikition and masking mose. kich chamber con-
tmined an overbend 2RV househaht nnd o Jupond remtoreer
delivery mechanism {01 ml) thad was moungedd eauidisiz be-
tween twa levers un e front panel of the chamiswer. A Zeth
J20-8X microcomputer programmed with MED-1C instru
mentation and software (MED Aswcintes Ine.. St Al
VT version LI wins uwed] 1o oongeol cxperimentad evenis amil
data caflection.

Drgs

{ - FRONDPAT, PXU3SH, amd PNLUBHWA were
peneronds prnwded by Pharsisda and Upjolin, Ine. (Kakime
yo, ML Covaine hydrochloride was prowvided b the Natonal
Institute on Drupg Abuwe (Rochaille, MY 12 )-7-OH-DIPA T
ancd PD {28907 were purchased Trom Rewarch Riochemicah
Tmiernat-onad (Natich, MA L Al drugs weee disobed m wenile
bucteriostatic (L% % saline. Cocaine was admnistenod imirap
eritoncally {IP). (=)-7-O01-DPAT and PNLURIBIA wene
adminsiered  subculancondy (SO (0 R7-0H DPAT, I'D
128907 and PN UIARK were adminitered] In bosds 11°:ud NC -
juctiom. All dines of coch druy were Gloulated based on the sali.

Trainmpe Pricedures

Twelve rais were tramced (o dcrimmate covannge (10080 my?
ke, IP) frovm saline wsing a two-lever uperant ik under a
fised-ratio X (FRXD schedule ol witer reinfoscenient, Drop
or saline ingection wete admmisicied T2 non prost ot Iwe-
ginning of traming sessions, Hall the ammab i coch srommy
Eroup werg renboreed with water (0.8 mil) for sespusinle
the right lever after drug imqections amd on the kel feser atier
saline inpections. Condatms were resersad fur the remamng
animah. Lesers wete wiped with isopropa] adeohnl hwelie
vach session w reduce the influcace of oifactory snsilon ke
yer pressing (1n).

Traimmp sessions fasted b 20 mim. amd were cosduciald
6 days et woeek. Drug and sabine imjectnms wete prisean inoa
prcudorandom arder, with the fouitaton that ao auae than
two comsecutive sessioms avcurred under the same conditnn,
Traimng vnder cach combtion wran on 4 FR1 wheduly
Once respeundmg was stable, thy numbier of Conseeinge cor-
reet responses regnired Tor reinhweement was pradualhv in-
creased wntil the final FRI win reached. The criternm by
discrimination wian st al 3 mivimum of 80%. correcl-lever we-
ket prvr (o the delivery of the e seinlorees e 10 eon-
i ng sexsions. bach salyect was reguired 1o meet
this crifernon Invlore tesang hegan

Festing Pres cihisees

Stimnlus generalization tesis were conducield with seseral
thnes of cocane (UL 15, S0, and 100 mpdg), the Dpueler-
ring agoants, {4 =700 DPAT (001, 003 0,10, :imd 1, U0 mg!
hed (23 7-O0-DPAT (o), o}, 000 and .M mpkg), and
P12 1265907 (001, 003, (L1 snd DX mpke). and the 1D.-selee-
tive apunist, PNUQLIS6 (00E, 008 LT, and 0.8 mgthe ). Fur
siimlus generalization wests, @il imectons were dmmsiered
15 min prior ta lest sessions, Adiditemally, the Deprefernmg
antagonist PNULSHISIA (2.5, 80, F0aL amd Atrmpdky, SO
man i wix administered in combsinamm wah (* ) 7-0H-DIPPA T
() mpshg SC. 1S min) amd in combmaton PD-128907 ¢013




DV RECEPLORS IN COCAINLE DISCRIMINATION

mpdkg 8C, 15 min). Test sessions were conducied in a similar
nunner 1o traininp session with the eaception thal no rein-
torcers were delivered amd cach animal was remeoved from the
chambor upea completion of 2D conseeplive respemses o ci-
ther lever or when X0 mvin clapsed. whichever occursed fimst.
For cach drug tested, the arder ol dhmes wirs counterbalaneed
ameng subjects, iamd half the animab received wests atver drop
maintenance sessions while the other hall received tesis aler
saline mpintcnancee seniony. Subjects were administered al
Ieast Lwn training sessions helween test sessinns. and were re-
gquiresd b maintuin the RB0% eriterion under buth traiving con-
hitivns e fore cach tesl.

Dam Analvsi

Pume=respome diti weee presented as the pereent of total
responrses made on the drug-appropristc lever doring lest ses
gsioms. Respewnize rille was presented as the aumbwer af re-
sposes made fon cither kever) per seomd during st ses-
sivns. For vach e tested. the nwenn and SEM were
ealeulated for cach of these dependent mensures. In the event
that un animal did not complete at least 15 wial responsex
during @ test sexwon, the pereentape ol drag-lever responses
Tor that 1est was not included in the statistical analyses, Drug-
lever sclection thar was RN% o1 greater was considercd cvi-
chenee for stimulus peacralization. Drug-appropriofe respond-
ing hutween 20 and B0 was considered evidenee for partinl
substitubion, For drugs that produecd stimubus generalization,
the duse-respunse curve was alsn analyzed wsing a nonlincur
regression, and EDus and eonfidence intervaly were caleu-
lated, One-way analywes of varinace were conducted on re-
spuairwe rale data, Statstical analyses were conducted using the
sultware GraphPad Prom (CGiraphitad. Inc., San Diego, CA).

RESUIL TS

All subjevis mt 1he discrimination criterion stated above,
The mwean number of sessions (o criterion was S4.67 (SEM
450, ranpe: X5-T0 Afier mecting the initial eriterion lur Jis
crimination, lour snimals hepan to exhibit poor stimulus con-
trol due 10 cyuipment Tailure. Atwer the eyuipment problem
was fixed, These wnimals were reguired 10 meet the discrimi-
nation critcrion { HI consecutive sessions above 8% correcl
lever selection privg to fiest remtorcer ) again befine they were
administered tesl seasions.

The ¢ovnine chwe-response curve and resulis of stimuotus
peneralization ewts are displased in Fig. 1. The EDg, lor co-
caine wan LW mpike (9%% confidence intervals: B39
mpkpd. {2 )-7-O0H DUAT sulstituied for cocaine in ¢ dosce:
dependent manner [ED, = 002 mgehp: Y% confidenee in-
tervaly: D=0 mgih g}, This compound akse dose depen-
tently reduced response rate, and this eflect was statisiically
sigmbeant, FT3 47 = all p - 008, Both L1 and 0.3 mpkg
peoduced complete stimutes peneralization amd reduced re-
spumne rate spnificantly below saline costeol lesels (p - D01,
Lapht of the 12 ammabk tested an ik mpdkg completed the e
speonse reguivement, and all espht exhibsted complete stimulus
generalization. Sesen of the 12 animals tested al 0.8 mpig
completed the responsy requirement, und six of these aninals
ealnbited complete stitnulus gencralizaton,

- FOR-DPAT (P abwo produced dose-dependent in-
cremses In drup-approprale responding: howeser. thiy com-
pound produced only partial substitution at 0.3 merkg. Higher
doses were mot examined becawse cight of The 12 animals pro-
thuced ais or Jrwer rovponwes when Tesied at this dine. OF the
four animals that did complete the FR requirement. three ev-
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FIG. 1 (A Cwcmine duse tospomse cune: poivenl cocamie lever
roypomn b respense gate fae = 124 1103 Resalis of stunalas pomet
alzation sesanth (2 ) TOIE-DEAL 1= w-T-00 DA 12m7
and PNLLSL Yo sats 1roned 10 dis timimale covane (00 mp ket
from saling 1 = 12 €7 Resulis ol stimulus pemscrabization jesis with
[ -7-OH-DIPAT ta ~ 120, PIY 12007 {0 ¢ 10E amd IPNLE DY Wy py -
18 follomane M7 smpection, In I oand © | the perviiaes of v
lever s s ndiewied i e p eraph, sind espore rate ®
indieated 1n the naiom praph dov et far detinks jeeanding i num
hwr af anmak that campleged the respiese ioquirenwents dunng losts,

hibiled complete stimalns peacralization, The revwuse il
suppresiom prsluced by (4 ) 7-OHZDPA T was statisueally
smpnilcant. A, &) = (32, p -2 OO Subjects were aba
tested with Jwe doses of this compouml () and DY mpike)
fulluwing S injection {see Fip, 1) (0 the B animals that

219 -
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completed the FR reguinement. mne exhibiled complete stim-
ulus generalizaiiom Tollowing adaspisteahon of the 1.1 mpiye
dune of (= ) 7-OH-DPA |, Five animals compieied ihe FR re-
yuirement lollowing, S3C administration of N3 mefe. and lour
ol These ammalks exhibited compleie stimmlos generalization.

When admisistered 1%, PLY 128907 alver prowtueedd only par-
tad substitution for cocame. Ten ammals completed al fenst
2 responses during substtubion tesis with 0.3 mekg. Two ul
these ammuls enntted 0% drug-appropriute responses, four
ammaly emilted between 4% and 70% drug-appropriate re-
spomes. and four animals emitted preater than 20%: drup-
appiopriale respinses. Ten animals were aks adminstered
SC impections of P1Y 128907 (011 and 0.2 mpfkg). Nine animals
completed the respomse requirement fllowing the (1LY mpikp
dime, amd 3 nine cxhibined complete generalization. This
cutpound idvo signifieantly reduced response rute, F(d.59) =
25, pr e itk

The selectine D aponint, PNU-MSA, prexluced deose-
depundenl incecuses in Jdrup-appropiale responding and pro-
duced vomplete xubstitution for eocaine when administercd
(1, = (16 nufkp). Nine animubs completcd the responw
requirement dollowing (L3 mglkp, and ait nine exhibited com
plete stimulus generalization at this dose, Subcutancous injuec.
tions of this compound also produced complete substitution a1
huth (1) and DY mp/kg. although only five animaly compleled
the reaponse reguirement folowing 0.3 mpikge (SC). This com-
potnd alsa produced statistically signifscant response rale
suppression, F{4, 59) - ad7 p -0 0001,

Frgure 1 depets the elfects of PNLEWIKA an the stimu-
lus generalization produced by (2 )-7-OH-DIAT (1.1 mgfke)
and 113128907 (.03 mp/kp). this Dy-preferring antaponist i
nod bhiwk the substitution of PD-128N7, and only partially
hlinched the substivntion of { < 1-7-0011-D1A’T, This parntial an-
tapansm only neeurredd at the highest dose of PNU-99T'NMAL
O the s ammals that compleled the respomse reguinement
dunng tesih with 20 mphg PNU-OINA and [2)-7-OH-
PDIPAT. tour eantied beiween 25 and 7005 ol their responsex
an the encaine-appropriate lever, and (wno exhibited greater
than 2% diug-appropriale respending. Three of the six ani-
mith miministered 30 mpfhp PNUIHA with PL-12K007
were severely diseupied and madde no responses, Thus, higher
dises of PNL-S9IWIA were nol caanimed in combinalion
with I"L)-12R12,

DISCUNMON

The resulis of this sty support previous findings that
monderawely selective dopamine [ receplor aponists produce
stimulus gencralization in rals irained 1o decriminale cogaine.
Ax muted by Acri et al, (1), complete substitation uecurs ol
domes that severely disrupt responding. The present results
demunstrnted only partial substitution for cocame with I°D
122007 and €4)3-7-OH-DPAT when these compounds were
admmistered by 11" injection. However, the Two hiphest Jduses
ULt and 0.2 mpfkp) were alwo tested loblowing SO injection,
and evidenee hr pumplete slimulis gencralization was ab-
served. ‘This is likelhy due 1o better drup alworplion via the SC
roule. Fhe racemic mizture of 220H-DPAT was alvo adminis-
tered b A nection, and produeed full sabstitution for covaing.

“The present resulis supzest that the stimulys propertics ol
cocaine nay e disassociated from the locamutur activation
prewfuced by this drup. As mentioned nhve, the DJVD: apo-
nists markedly reduced response rates in the present stuy.
Otwervations of the animals lollowing  sdministration of
higher doses indicated sedalive eflects and a general decline
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FIG. 2. Eflleets ol IPNIRIRMA o the siimnlis penesabzation pre-
Gimed by (2 -7 O0LDPAT L mpikp SO n — 10or P 128807 (00
mphpe 50U, 0 ~ 61in rats iraned oy dcommate cocame (T mehg)
from sahine, The pereentage ol cocme-kever reyonas is imbieatod 1n
tiwe temp raph. and respome saie .oamdieated in the | i paph. e
number of anintak that completead the eosponwe reginterwent and thee
aumbct gl ammals that were tested a0 cach diwe e iepwesented m
the lipure 3s n/N.

in activity. “Thiv is conxistent with previous reports that both
T-OH-UPPA'T and I'1Y 128907 reduce Jocomobor activity in rals
(14). In contrisl, 12; antaponists have een noted 1o produee
lovomotor achivation, especially in rats habitrated twa Dheir siat.
roundings (1831}, Previons stdies clearly indicate that B,
antagoarts <o notl mimic cocaine’s discriminative stimofus of-
lects {34011,

The highly selective 1. aponist, PNLRO1ISS ulwe exhibited
full substitution lur cocaine in the presem study., Fullowing 11

. adminixiration, this compound eahibited more compleie sub-

stitwtion than either (¢ R7-CHEDPAT or 1MD) 125907 at an
cyuivalent dowe. Former rescarch with other 1), receptor aga-
nisis in wss of stimaley peneratization 10 covaine hise pro.
vided incumsistent lindings For example, some investigaton
reporied complete sulstilution with quinprole in rats (394
while othwers reputted onls partial substitution with this com-
puund and a variety of other D- selective apomists (321, Adds-
tinnully. quinpirele did mot substitute lor acaine 1 monkeys
(17). Investigatmnx af 12; antagonists on cocaine discrinnuna-
tion have also produccd some inconsistent lindings. Althoagh
several researchers have reported that the 1); antagonixt iado-
peridol fails 1o completely block the discrimimative stimnlus
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clfeets of coeaine (2.5,12.13,21 323 others have observed hul-
uperivol o bhock The cocaine cuc (9.17).

Despite 1hese sumewhiat cquivoeal resulis, it has been sug-
pusted that 1Y reeeplor getivation alone by insulTicien! Lo pro-
duce cociine-like discriminative stimulus effects (17.32). How-
aver. with the dewlupment of more selective D, reeepior
ligunks, the robe of 12y recepior actions in covaine’s diserimi-
malive stimulis clfcels warranis further investipation. Al-
thuugh previously considered a2 relatively selective 1), agonist,
yuinpirole has an cquivalent binding affinity for 12 and 1, re-
ceptars {24, Furthermore, although the aponisis 7-0H-
DPAT amd 1713 128907 bincd with maxderate selectivily 1o [,
recepiors, they also have relatively high affinities for D re-
ceptors, Thus, the specific role of 13; vs. 14 receptors in the
vuchine-like  discriminative stimulys effects observed with
these compounds (1) are still unclear,

The present study diemipted o differentiate the relatine
importanee of 1, v 13, reeeptoes in the diseriminative stimu-
lus ellects of cocaine by 1) eomparing o highly selective 1, ng-
onist to midkerately sclective L aponists, and 2) hy challenp-
ing the sehsiinion of (= )-7-0H-DPAT and P 128907 Jor
ceenine with a D, antaponist. PNU-21336 has an approxi-
match M-fukl higher K, for 1; receptors than for 1y recep-
tlors (23). Thos, the present resplis sugpest thal seleclive D;
receplor activation may be sufficient 1o produce cocaine-like
discriminative stimlus ctfects. However, investigations utiliz-
ing sclective D, antagonists 10 challenpe the substitution of
1D/, agoniss for coxcaine are required 1o vonfiem this con-
elusin. Reeent investiganions by Spealman (28) cxamined the
sybwtitution aof PI) {28907 for cociine in monkews. then as-
sewed three 13; antagonists (nemonapride, eticlopride, and
YA 42611} with diflering alfinitics for 1, receptons in combi-
nation with ' 128907, ) ic reported that the order of potency
with which these antaganists allenuated the substitution of
1) 128907 1or cocaing corresponded to the arder of alfinity
ol these compounds it cloned human 1, receplors. Other re-
searchvers have also asaessed the effects of eticlopride on the
stimulus peneralization presluced by (= )-T-OH-DPAT in rats

R
(A

77

é

rained o diseriminate d-amphetamine. ol reported that
{23 7-OH-DIA L subwiitition wits partilly Docked by this
T3 antagnmst (D),

Previous investigarions from ouer laberaters 4 imlicate)
thal the relunvely selective 13 antagonist PXULUIA does
n hlock (2 )-7-0H-DPAT substitutiom tor cowaine {3 mp/
kg) or d-amphetamine (1 mpike). However, the present nd.
ings dewnunstrate panial antagonism ol (= -7-OH-DIPA L
sulwtilution o cocaine (10 mpA&g). These rexulls suppest
Teast some involvemuent of 1), receptors in madulating the dis-
criminative stimulus effcets of (= )-7-OH-DIPAT. It ix intrign-
inp. though, that PNUSYNNHA failed 1o blick the sulstitntion
af PI)-128r7, which is reported 1o have a greater 1D, reeeplor
affinity than ( =)-7-OH-DPAT (15.24). Clearly, additional in-
vestipalions are warranicd. T investipate the imporianee of
17 receplors in Lhe stimulus effecis of these DJDY: aponiats,
wy are abs currently investigating the highly seleetive 12, an-
tuponist, remoxipride. for hlockade of PD-12807 and (2)-
7-OH-DPA’ substitution. 'reliminary data supgest that re-
moxiprinke (0.1-30 mprke) does not antagonize the stimulus
generalization produced by these compounds. In addition. To
further examing the role nf 1), receptors in mediating the dis-
criminitive stimulus elivers ol Z20H-DPAT, we itre alv cur-
rently testing the effects of PNTROIIWA in rals trained to
discriminaie the (4 )-isvmer of this compound. Prefiminnry
findinps also indicate partinl amagonism wl the (+)-7-OH-
DPAT cue by PNU-NTHA,
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D3i-receptor test in vitro predicts decreased cocaine
self-administration in rats
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The three dopamine agonists with highest reported D3 receptor
selectivity in vitro, pramipexole, quinelorane and PD128,907,
decreased self-administration of a high dose of cocaine in rats as a
result of a leftward shift in the cocaine dose-effect function. In
contrast the D3 preferring antagonist nafadotride increased cocaine
self-administration. Moreover the relative potencies of these and
other D2-like dopamine agonists (lisuride, 7-OH-DPAT, quinpirole,
apomorphine, bromocriptine) to modulate cocaine self-administration
were highly correlated with their relative potencies for increasing
mitogenesis in vitro in cell lines expressing D3 but not D2
receptors. These results support the hypothesis that the D3
receptor may be an important target for pharmacotherapies for
cocaine abuse and dependence.
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(1)

Tricyclic nitrogen contsining compounds, having central nervous system activity of structural formula (T) and pharmucenti-

cally acceptabie salis thereof, wherein R;, R, and Ry are independ:ntly hydrogen, C, 4 alkyl, alkenyl, or n.Ikynyl. Cy.1p C¥c-
Inalkyl, or R and R3 are joined 10 form a €54 cyclic amine which can contain additiona] heteroatoms; X is hydrogen, C) 4
alkyl, halogen, hydroxy, alkoxy, cyano, carboxamide, carboxyl, or -rbulkoxyl A is 503, N, CH, CH,, CHCH,, C=D,
C=§, C-5CH;, C=NH, C-NH,, C-NHCH;, C-NHCOOCH;, or C-NHCN; B is CH;,CH, C«O, N, NHor N-CH3: n is
Oor1;und Dis CH, CHy, C=0, 0, N, NH or N.CHj;. These new compounds are sujtable for treating schizophrenia, Par-
hnson s disease, anxicty, depression or as compounds for lowering blood pressure in dnimal or human hosts.
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HETEROCYCLIC AMINES HAVING CENTRAL NERVOUS SYSTEM ACTIVITY )
Rackrround of the Invencion
The presant invention is directed toward tricyclic nitrogen
. containing compounds, heterocyclic amines, having central nervous
5 system activiry. These mnew compounds are suitable for treating

schizophrenia, Parkinson's diseasa, anxiety or as compounds for

lowaring blood pressure.

A series of dihydrophenalenes, tricyclic amine substituted
coppounds, and related compounds having central nervous system
10 activity were described in PCT Int. Pub. No: VWOB7/04153 and in PCT
Int, Pub. No. W088/04292, A major difference between those compounds
and the present invention is that the subject compounds have at least
one nitrogen atom in the tricyclic ring structure which is shared by :
two of the ring structures. Generally, the subject compounds have
‘ 15 exhibited antipsychotic activity and better oral bioavailability.
' Information Disclosure Statepent
PCT Inc. Pub. No. WOB7/04153 and PCT Int. Pub. No. WOB8/04292
each describe tricyclic structures having central nervous system
activiry.
20 U.S. Patent 4,110,339 discloses 4-(di-n-propyl)amine-1,3,4,5-
tatrahydrobenz (cd)indole compounds useful as prolactin inhibitors and
in the ¢treatmsnt of Parkinsonism. Eurcpean Patent Application
153,083 and German Patent 3,346,573 disclose mathoxy substitutad &4-
(di-n-propyl)amino-1,3,4,5-tetrahydrobanz(cd)indole compounds.
25 These publications disclose nitrogan containing trieyclie ring
structures but the nitrogsn is not sharsd by any of the rings.
Evans, D. D., Peters, D. J., J,_ Chem, Soc,, Perkin Trams. 1, pp
. 285-88 (1974) discloses nitrogen containing tricyclic ring structures
vhere thes nitrogen iz shared by two ring structures but additionally
30 includes other substituents not commor. to the subject compounds.
Sunmary of the Invention
In one aspsct, ths present invention is directed toward
tricyelic nitrogen containing compounds of Formula I, having central
nervous system activity and pharmsceutically acceptable salts. R,
* 35 Ry, and Ry are independently hydrogen, C;.¢ alkyl, C3.g alkenyl, or
Cy.s alkynyl, Ci3.9 cycloalkyl or Cg. 19 cycloalkyl- or phenyl-sub-
stituted alkyl, or Rj and By are jolnsd to form s C3_7 cyclic amine
which can contain additicnal hstarcatoms and/or unsaturation. X is

NSO Wt GMSDMRATL 1 »
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hydrogen, C;.g alkyl halogen. hydroxy, alkexy, cyano, carboxamide,
carboxyl, or cnrbonlkoiyl. A is S0,, N, CH, CH,, CHCH4, C-~0, GC-§, C-
SCH3, C=NH, C-NH,, C-NHCH3, C-NHCOOCH;, or C-NMHCN. B is CH,, CH,
C=0, N, NH or N-CHy and n is 0 or 1. D is CH, CHy, C=0, O, N, NH or
R-CH3. These new compounds are suitable for treating schizophrenia,
Parkinson's disease, asnxiety, depression, or as compounds for
lowering blood pressure,

In snother aspact, the Iinvention is & novel compound of the
atructural formula XXXV' where W is 0 or H; and Ry’ and R; are
independently hydrogen or a Cjp.;, alkyl group. This compound is
useful as an intermediate in the preparation of compounds of Formula
I. Preferred compounds are whers W is Hy; and R; and Ry, are the same
such as CHy or C3H,; groupa.

In yst mnother aspact, ths present invention iz & mathod for
treating central nervous system (CNS) disorders such as amiety,
depression, hypertension and assocliated high blood pressure, Parkin-
son's dissase and schizophrenia in animal or human hosats by adminis-
tering s pharmaceutically effective amount of a compound of Formula I
including pharmaceutically accaptabls salts. Other uses for these
compounds includs panic attacks, eating disorders, obsessive-compul-
glve disturbances seen in dementia disorders. In addition, central
5-HT receptor activation are belisved to be involved in mediating
sexual bshavior. Thase compounds would be useful to stipulate sexual
activity and to allsviate impotence.

Reralled Degcription of the Invention

The present invention describes compounds having central nervous
system activity. The compounds are identified by a tricyclie ring
structura having a nitrogen atom shared by two rings to which an
amine substirusnt (NRjR;) 1a attachad as structurally dapicted by
Formula 1 on the Formula Sheet, balow. Generally, these structures
include & varisty of fused tricyclic organic compounds; structuras
ars shown in the Formula sheats. The systematic names for the ring
systems in these compounds may be found by consulting the Ring
Systsms Handbook, 1988 edition, published by Chemical Absztracts
Service. These names are derived by combining ths names of benzene
or a monocyclic heterocycle with the name of a bicyclic haterocycis
to vhich it ie fused. The atoms and bonds common to the fused rings
are then specified to distinguish it from isomeric systems with

1
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similar names,

Included in the invention are the S-aminoimidazo-(4,5,1-1§)-
quinolines and 5-aminoimidazo(4,5,1-1j)quinolinones of Structure I
(compounds 6-71), compounds more saimply referred to as imidazo-
guinolines and imidazoquinolinones or 5-aminoimidazoquinolines and 5-
aninoimidazogquinolinones. These particular compounds have besen found
to be active in various central nervous system screans such as
hypothermia and hypoxic stress teste and have been found to be
dopamine and serotonin such as, 5HTy, Teceptor binding assay
antagonists.

The subject compounds are typicilly represented by Formula 1
wherein R;, Ry and Ry are independently hydrogen, C3.g alkyl, Ci.s
alkenyl, C3.y alkynyl, C3.7 cycloalkyl, or C,-Cip ecycloalkyl- eor
phenyl-substituted alkyl, or Ry and Ry are jolned to form a Cj3.7
eyclic amine which can contain additional hetarocatoms and/or uns-
aturation; X is hydrogen, Cj_¢ llk}'l' halogen, hydroxy, alkoxy,
eyano, carboxamide, carboxyl, or carboalkoxyl; n is 0 or 1; and A is
505, N, CH, CHy, CH-halogen, CHCH3, C~0, C~S, C-SCH3, C-NH, C-NH,, C-
NHCHy, C-NHCOOCH3, oxr C-NHCN; B is CHp, CH, CH-halogen, O, C=0, N, NH
or K-CHy; n 15 O or 1; and D iz CH, CHy, CH-halogen, C-0, O, N, NH or
N-CHy.

Examples of <Cy-Cg alkyl" are methyl, ethyl, propyl, butyl,
pantyl and hexyl and isomaric forms thereof.

Examples of "alkenyl® groups are C3_g straight or branched un-
satursted hydrocarbons having at least one double bond asuch as
Propenyl or butenyl.

Examples of "alkynyl® groups are C3_.5 straight or branched un-
saturated hydrocarbons having at least one triple bond such as
propynyl or butynyl.

Examplese of "C3_7 cycloalkyl” are cyclopropyl, cyeclobutyl,
cyclopentyl, cyclohexyl, or cyclcheptyl. Exsmples of cyclaalkyl-
substituted alkyl include (cycloprcpyl)msthyl, or (cyclobutyl)-
methyl. Examples of phenyl-substitutsd alkyl include phenylmethyl
(benzyl), 1-(phenyl)ethyl or 2- (phon'yl)othyl. or 4-(phanyl)butyl.

*C3.7 cyclic amine” means where the R; and Ry groupa are joined
to form a ring including the attached nitrogen atom, examples
azetidine, pyrrolidine, piperidine, 2-methylpyrrolidine. This ring
may alsc contain additional "hetero atoms" which are nitrogen, oxygen

g
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or sulfur and/or unsaturation., eg piperazine, KN-methylpiperazine,
morpholine, imidazole.
"Halogen” is defined as being any of F, C1, Br or 1.
"Alkoxy" is defined as a Cy_g alkyl group attached to an oxygen
5 atom, such as methoxy, ethoxy, isopropoxy.
"Carboxamide" is defined as the group -CONH;.
"Carboalkoxyl"” is defined as the group -COOR, where R is lower
alkyl, such as carbomethoxy, carboethoxy. .
"Thiocarbonyl™ is defined as the group C-S, that Is & carbonyl
10 group in which the oxygen atom is replaced by-sulfur.
*Sulfortyl® is daefined as S0; in which the sulfur atom is
atrtached to the sdjacent ring atom groups.
"Pharmaceutically acceptable salts” are hydrochloride, hydrobro-
mide, hydroiodide, sulfate, phosphate, acetate, propionate, lactate,
. 15 1maleste, malate, succinate, tartrate, eyclohexanasulfamates, mothane-
sulfonates, ethanesulfonates, benzenesulfonates, tolusnesulfonstes
and other pharmaceutically ascceptable counter ions for anmines.
Additionally, the compounds of this invention may be administered in
a suitable hydrated form,

20 The compounds of Formula I may be prepared from methyl-sub-
stituted haterocycles of Formula I1 and substituted 3-sminotetr-
ahydroquinolines of Formula III following the general procedures

. dascribed in Schemes 1-7. Schemes and Formulas are shown balow.
In Formula 11, m is O or 1; wvhen m is O then a double bond joins

25 N to A. 1In Formula I1I, W iz O or Hy and D' may be nitro, amino,
hydroxy or alkoxy; the remaining groups in Formulas II and II1 are as
defined for 1.

Some of tha methyl substitutad heterocycle intermediates
required for the work are described in the chemical literature as

30 indicated. Literature procedures for the synthesas of 3l-auminotetra-
hydroquinolines have besn reported snd can bs used to bulld the 8-
substituted compounds of Structure II1 required in this work:; the
compounds of Structure II1 wvhere D' is nitro, amino, hydroxy or
alkoxy ars mevw compounds.

35 For the praparation of compounds III and for the conversion of
compounds II to I, malonate intermadiates of Formulas VI and VIl axe
required. For the preparation of thaess compounds a nalonic acid
diester 1V, preferably tha dimethyl, diethyl or wmsthyl banzyl

BNSDOCID «WD)  SOTSOARATY 1 »
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diester, 1is reacted with bromine in zarbon tetrachloride to nggﬁ#‘—-
the bromomalonic acid diester V. This is reacted with che ap-

-5

propriate amine in a suitable solvent such as methylene chloride,
. ether, or tetrashydrofuran. After separating the amine hydrochloride
5 by-product and removing any excess amine, the substituted aminomalon-
. ate of Formula VI may be used without further purification, or may be
purified by chromatography before further use. Amines which have
been used in this zxesction include dimethylamine, pyrrolidine,
piperidine, wmorpholine, imidazole, &4-methylpiperazine, propylamine,
10 and (R)- and {(S)-o-methylbenzylamins to give the intermediates VI
1listed in Table 1. The mixed esters of Table 1 (compounds VIi
through Viq) are particularly useful, as the carbobenzyloxy group can .
be removed by catalytic hydrogenation. Intermediates Vid-h give
tertiary amine products which can be debanzylatad by catalytic
15 hydrogenation to the corresponding secondary amine derivatives.
Table 1. Structures of Aminomalonates of Formula VI

Campound Anine R~ RS
Via ~ dimethylamine athyl athyl
VIib dipropylamina ethyl athyl
20 Vie propylamine athyl ethyl
Vid (phenylmathyl )msthylamine athyl athyl
Vie (phenylmethyl)propylamine athyl . ethyl
Vit banzylamine athyl athyl
Vig a-(l-phenylethyl)anine ethyl athyl
25 . VIh (R)-a-{l-phanylethyl)anmine ethyl sthyl
vIi dinsthylanine methyl benzyl
vij dipropylamine mathyl banzyl
Vik pyrrolidine mathyl benzyl
Vim piperidine wathyl benzyl
30 Vin morpholine nathyl benzyl
Vip imidazole pathyl benzyl
Vig 4L -methylpiperazine methyl benzyl

When a primary amine is reacted with a compound of Formula V,

the initislly formed product VI may be reacted with an acyl chlorids,

35 an alkyl- or benzyl-chloroformate, or with di c-butyl dicarbonate to
give the amides and carbamates of Formula VII. In Formula VII, Ry’

is hydrogen, alkyl, alkoxycarbonyl, or banzyloxycarbonyl; compounds
VIIe-VIIf (Tabla 2) hava baen prapared in this way from compound Vie.

BMSDOGI WD DUSNAY 1 -
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Octher aminomalonates of Formula VII may be prepared from dialkyl
aminomalonates such as diethyl aminomalonate VIII. Coupound VIII
reacts with di r-butyl dicarbonate to give carbamate VIIic, a ver-
satile intermediate in which the amine function is protected with the
acid-labile c-butoxycarbonyl Egroup. Reductive alkylation of VIII
wicth propionaldehyde using svdium cyanoborohydride can be controlled
80 a8 to glve secondary amine Vic or tertiary amins VIb as the major
product, Compound VIic may be acylated with propionyl chloride to
give VIiIie or converted to the t-butoxycarbonyl derivacive VI1f.

Table 2. Formulas of Aminomalonates 'of Formula VII

Coppound Rl B2 R. R™
Viia H H ethyl ethyl
VIIb H CH, ethyl ethyl
Vile 0C(CHa)y H athyl sthyl
VIId  CoMg K athyl ethyl
Vile Colig CqHy athyl athyl
VIIf 0C(CHq)» CqHy ethyl athyl

The 2,3,6,7-tetrahydro-1X4,5H-benzo(lJ)quinolizin-2-amines of the
invention, cospounds of Formuls I wvhere A, B, and D are CH; may be
prepared as shown in Scheme 1 for the preparation of compounds 1-5.

Bromination of 8-methylquinoline (IX) with N-bromosuccinimide
afforded 8-(bromomethyl)quincline (X) vhich was reacted wvith diethyl
(formylamino)malonate (VIIa) to give XIa (R;°=H). This was hydrogen-
ated using a platinum catalyst to give XIIa vhich was hydrolyzed to
XIIla. This was hydrolyzed to XIV, methylated to XV, and reduced to
give compound 1. Compound XIIla was also reduced wirh lithium
alumimm hydride to give & mixture of compounds 2 and 3. The
propylamino analogues, compounds 4 and 5, wers preparad as outlined
in Scheme 1 from 8-(bromomethyl)quinoline and diethyl (1-oxoprepyl)-
malonate (VIId).

Analogues may be prespared by substituting aminomslonates VIi-Vig
for Viia and VIId in the above resction sequance.

The 5,6-dihydro-N,N-dipropyl-4i-imidazo(4,5,1-1))quinolin-5-
amines of the invention, compounds of Formula 1 vhere D is nitrogen,
A is CH, n 12 0 and D and A are joined by a double bond, may be
prepared as illustrated in Scheme 2 for the preparation of compound
6. Catalytic hydrogenation of 2-methyl-6-nitroaniline (XVI) using a
palladium catalyst afforded 3-methyl-1,2-benzenedismine (XVII) which

T~
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was heated with formic acid to give 4-methylbenzimidazale (JWII'I).23

This was heated in dioxans with di-z-butyl dicarbonate and the ¢-
butyl 4-methylbenzimidazole-l-carboxylate (XIXa, R is OC(CH3)3) thus
obtained vas brominated with N-bromosuceinimide in carbon tetrachloer-
ide to give t-butyl 4-(bromowmathyl)benzimidazole-l-carboxylate (XXa).
Alkylation of XXa with the potassium salt of diethyl (dipropylamino)-
malonate (Vlb) in refluxing THF afforded XXla vhich was hydrolyzed to
XXI1 using sodium ethoxide in ethanol containing limited amounts of
water. Compound XXII was reduced to the aleohol XXIII using lithium
aluminun hydride. When XXIT1 was treated with carbon tetrabromide
and triphenylphosphine in methylene chlaride compound 6 was obtained
directly.

Modifications may bs made in this reaction sequence, The
hydrolysis of XXIa to XXJ] may be carried out in two steps; under
mild hydrolysis conditlons, ethyl-a-(dipropylamino)-lH-benzimidazol-
4-propanoats, formed by loss of ths t-butoxycarbonyl group. can be
obtainad as the only reaction product, and this may be subssgquently
hydrolyzed to XXII. Compound XVIII was reacted with methyl chloro-
formate to give XIXb (R 1is OCH3) which was convarted in high yield to
XXII as shown in Scheme 2. Acetylation of XVIII gave XIXe (R is CHjy)
which was also convarted to XXII, although the yisld in this resction
was not as high as vhen the t-butoxycarbemyl or carbomethoxy protect-
ing groups vere used.

The reaction sequence of Schese 2 may be used to prepare
analopues in which the dipropylamine substituent is modified. TUsing
the malonates VI1 - Vig in place of Jisthyl (dipropylamino)malonate
(Vib), compounds 7-12 were obtained. In the preparation of theae
compounds the adduct formed by reacting the malonate with XXa wvas
converted to the methyl e-(substituted amine)-lH-benzimidazole-4-
propancate by hydrogenolysis as described in Example 19.

The sequence may also be used to prepare compounds of Formula I
wvhich have s substituent (X) in the benzene ring. For example, using
the substituted benzimidazoles, 5-methoxy-4-pethylbenzimidagole, 6-
methoxy-4-methylbenzinidazole, 4-methexy-6-methylbenzimidazole and 5-
chloro-4-methylbenzimidszole in place of &4-methylbenzimidszole
(XVIII), compounds 14-18 were obtained. Compounds 14-16 were treated
with hydrebromic acid to give the corresponding phenols 19-21
respectivaly.
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An alternate synthesis of 5,6-dihydro-N ,N-dipropyl-4H-im-
1dlzo(h.5.1-1_!)qu1nnl£n-5-ui.nes frox 3-aminoquinoline ({(XXIV) s
shown in Scheme 3. Compound XXIV was formylated to give XXV and this
wvas hydrogenated using platinum oxide as catalyst and formylated to

5 pgiva XXVI in good yield. Bromination of XXVI gave the 6-bromo
compound XXVII which was nitrated to give XXVII1. Hydrogenation of
XXXIX in pressnce of palladium charcoal gave the triamine XXX, vhieh
vas treated with formic acid to give compound 22. The primary amine
reactad with propionaldehydes and sodium cyancborohydrides to give the

10 mono- and di-propylamine derivatives, compounds 23 and 6 respective-
ly. Catalytic reduction of compound 22 in the presence of formal-
dehyde gave the pravicusly described dimethylasine analogus (compound
7).

The sequence of Schems ) may also bs used to prepars compounds
15 of Formula I vhich have a substituent (X) Iin the benzene ring. For
example, using 3-amino-6-methylquinoline in place of 3-aminogquinoli-
ne, compournd 24 was obtained. The 3-aminoc-6-methylquinoline inter-
mediate was prepared using literature procsdures from p-toluidine and
the sodium szalt of nitromalonaldehyds. Other ring-substituted

20 analogues can be preparsd by this procedure.

The 5-amino-5,6-dihydro-4N-imidazo(4,5,1-1J)quinolin-2-ones of
the invention, compounds whare A is carbonyl, n is 0, and D is NH ox
N-(lower alkyl) may be prepared as shown in Scheme 4. Nirroquinoline
XXIX, prepared as outlined in Scheme 3, was protected, reduced, and

25 cyclized using phosgene to give the t-butoxycarbonyl-protected
ipidazogquinolinone XXXII1. This was hydrolyzed te the amine {(com-
pound 26) vhich was alkylatad to give the dimethylamino analogua

. compound 27 snd propylamino analogues, compounds 28 and 29. Further
alkylation of compounds 27 and 29 using potassium hydride/methyl

30 lodide gave compounds 30 and 31 respectively.

6-Bromo-1,2,3,4-tetrahydro-3-quinolinamine (compound XXIX) wvas
alkylated with propyl iodide to give XXIVa and this was raduced to-
1,2,3,4-tetrahydro-N3,N3-dipropyl-3,8-quinolinediamine, Formula XXXVa
vhere R; and R; are C3H;. Alkylation of XXIX with formaldehyde/-

35 formic acid followed by catalytic reduction gave the corresponding
dinethylamino compound Formula XXXVb where R; and R; are CHj;.
Compound XXXVa has also besn prepared from 2-nitrobenzylchlorids in
Example &7,

WNEDOCY »WIE CMSDLRAY 1 ~
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Intermediates XXIXII, XXXVa and XXAVb may be used for the
preparation of the 5-amino-5,6-dihydro-4F-imidazo(4,5,1-1])quinolines
and 5-a|;|1no-5.B-d:l.hydro-kﬂ-iniduo(lu.5,1-1J)qu1nolln-2-ones of the
invention and in the preparation of a variety of new heterocyclic
analoguas where the adjacent nitrogen atoms are joinad to form a five
or six membered heterocyclic ring as shown for compound XXXVa in
Scheme 5. Compound XXXVa was reactad with thiophosgene or di-(2-
pyridyl)thiocarbonate to give 5-(dipropylamino)-5,6-dihydro-4H-1im-
idazo(4,5,1-1))quinolin-2-thione (compound 33) which was further
alkylated to 5,6-dihydro-2-methylthio-N,N-dipropyl-4H-imidazo(4,5,1-
dJiquincline-5-amine (compound 34). Compounds XXXVa reacted with
cyanogen bromide to give compound 35 which was alkylated with methyl
iodide to give compound 36, Compound XXXVa reacted with diphenyl
cyanocerbonimidate to give compound 37 and with sulfamide to give
compound 38,

Conpounds with a six-wembered heterocyclic ring were prepared by
reacting compound XXXVa with ethyl bromoacetate to give compound 39,
chloroacetic anhydrids to give compound 40, butyl glyoxylate to glve
compound 41, ethyl oxalyl chloridae or oxalyl chloride to give
compound 42, ethyl bromoproplonate to give compound 84, and a-
chloropropionyl chloride to give compound B5.

A similar series of compounds (compounds 43-50) were prepared
from 1,2,3,4-tetrahydro-N3 RI-dimathyl-3,8-quinclinedianine; other
products may be obtained by substituting compound XXXII in these
reactions. )

The 5-amino-5,6-dihydro-4K-imidaze(4,5,1-1f)quinolin-2-ones of
the invention may also be prepared by the route shown in Scheme 6.
3-Mathyl-1,2-benzenedianina is reacted with carbonyl dilmidazole or
phosgene to give 4-pethylbenzimidazolone (XXXVI). This iz refluxad
with phosphorus oxychlorids to give XXXVI1 which is protected and
reacted with N-bromosuccinimine to give compound XXXIX. This is
coupled with ViIb and the resulting adduct 1X is hydrolyzed to LI.
Reduction with lithium aluminum hydride aleohol 1XII which was
treatad with carbon tatrabromide/triphenylphosphine to give compound
51. Compound 51 was refluxed in acstic acid vo affect conversion to
compound 6,

Analogues of compounds 51 and 6 may be prapared by tha procedurs
of Scheme 6. By using malonates VIk-q or VIg in place of VIle,

045 254
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The sequence may alsc be used to prepare compounds of Formula I

compounds 52-57 were prepared.

which have a substituent (X) in the benzene ring. For example, using

the substituted benzimidarzoles 2,5-dichlore-4-mathylbenzimidazole, 2-
5 chloro-5-methoxy-4-methylbenzimidazola, 2-chloro-6-methoxy-4-methyl-

benzimidazole and 2-chloro-4-methoxy-6-methylbenzimidazole in place

of 2-chloro-4-methylbenzimidazole (XVIII) compounds 58-63 were

obtained; these compounds have also been prepared from the ring

substituted 1,2,3,4-tetrahydro-3,8-quinolinediamines as described in
10 Examples 82-87.

Compounds with & wmathyl substituent at position 6 in the
imidazoquinoline or imidazoquinolinone ring were prepared from 4-
athylbenzinidazole by the procedurs of Scheme 2 (see Example 88) and
by converting 2-ethylaniline to 1.2.3.k-tetrnhydro-lu-mthyl-ﬂ3,N3-

15 dimethyl-3,8-quinolinediamine using the procedure of Scheme 7 and 4.
Compournds with an alkyl substitusnt at position 4 in the imidazo-
quinoline or imidazoquinolinons ring were prepared from intermediate
XX1I1 and related primary alcochols by oxidation to the aldehyde,
reacting the sldehyds with an alkyl magnesium bromide. and eyclizing

20 the rasulting alcochol (see Example 92). Following these proceduras,
coxpoutds 64-71 were cbtained, ]

The S-mino-s.S-dihydro-kﬂ-oxuolo(s.b,1-1_!)qu1nnlln_—2-onal of
the invention, compounds where A is carbonyl, n 45 O and D is O, may
be prepsrad as outlined in Scheme 7 for the preparation of compound

25 72. 3-Methyl-2-nitroanisole (XLIII) was teduced to XLIV and this was
rafluxad with acetic anhydride to give XLV. This product was
brominated and coupled with VIb to give XILVII. Compound XLVII was
refluxed with sodiun ethoxide in ethanel to give XLVIII which was
convarted to the phenel XLIX and xaduced with lithiun aluminum

30 hydride to L. Compound L was treated with carbonyl diimidazole to
Elve compound 72.

The related compounds 73-79 vere prepared by the procedure of
Scheme 7 from compound XLVI and the appropriate malonate of Formula
VI or VIl. Compounds 80 and 82 were prepared by reacting phenol

35 intermsdiate L with thiophosgene or ethyl bromoacstate.

Compounds 86-%3, were prepared from the 4-methyl heterocycls of
Formula II by the procedurss described in Schemes 2 and 6.

Compounds 95-97 were prepared from 5-(propylamine)-5,6-dihydro-

PNSIENE. « WD SOIS0NGRAT | -
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4H-pyrrolo(3,2,1-1j)quinolin-2,3-dione (compound 94) which was
praparud as described in Example 118.

6- (Dipropylamino}-2,3,6,7-tetrahydro-5H-pyride(3,2,1-1j)quinazo-
1lin-3-ons {(compound 98) was prepared in nine steps from 3-methyl-2-
nitrobenzolic acid as described in Example 122. Compounds 99-105 were
prepared from the same starting materlal wusing the procedures
described in Examples 123-129,

An alternative procedurs for synthesizing the compounds of the
invention is shown in Scheme 8. t-Butyl 1,2,3,4-Tetrahydro-5-
(dipropylamino)quinoline-1l-carboxylate prepared az dascribed in
Example 130 is converted to the anion LI which is further reacted as
shown in Scheme 8 to yiald compounds 87, 92, 95, 97 and 102. The
compounds of the invention can be separated by conventional methods
into R- and S5- lisomers; the invention includeas both racemic and
optically pure products. Resolution can be accomplished using
resolving agents such as optically active dibenzoyltartaric acid,
camphorsulfonic acid, bis-o-toluoyltartaric acid, tartaric acid, and
diacetyl tartaric acid.

A second procedure useful in resolving primary and secondary
anine compounds of Formula I involves thair conversion to dias-
tereomeric mmidas using sn optically active acid. The diastereomeric
anides are separated and the amide bond is cleaved to afford the
opt:'icnlly pure Forwmula I compounds. This procedurs iz illustrated in
Examples 49 and 50 for the preparation of the optical isomers of
compound 29 using t-butoxyclx:honyl-L-phenyll.lln:lne as the resolving
agent. For the resolution, racemic compound 26 was coupled to t-
butoxycarbonyl-L-phenylalanine and the diastereomeric amide products
were separated by chromatography into the (+) and (-) forms; each
isomer was carried forward as described in detall for the *(-)
isomer” balow. The (-} isomer was reacted with trifluoracetic acid
to give (-) N-(5,6-dihydro-2-oxo-4H-inidazo(4,5,1-1j)quinolin-5-y1)-
L-phenylalanineamide. Edman degradation of this compound, by
reaction vith phenyl isothiocyanate followed by trifluoracatic acid,
removed the phenylalanine residue and afforded the (-) form of
compound 26, Further reaction of this product with proplonaldehyde
and sodiun cyanchorohydride gave the (-) form of compound 29, the

moxe active lsomer.

Compounds where the Rj substituent is alkyl exist as dias-
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tereomers in which the alkyl group and amine substituent (NRjRz) can
be cis or trans to one another. The invention includes the use of
such compounds as the isomer mixture (RR, RS, SR 55), the racemic
diastereomars (R.R and 5.S; or R,5 and S,R) and the optically pure
diastersomer. The diastersomer mixture can ba separated by conven-
tional mmans, ag by s5llica gel chromatography. The racemic dia-
stereomers thus obtained may be resolved into optically pure com-
pounds using the procedures described sbovas,

The compounds listed below were tested and found to have
possible useful antipsychotic activity properties as indicated by
their having CNS activity (EDgg numbers of less than 50 mg/kg values)
in the known hypotharmia and/or hypoxic stress tests; several of the
compounds have also shown analgesiec asctivity. For thase teasts,
groups of 4 male CF-1 mice are dosad ip (sc in the hypoxic stress and
HCl writhing tests) with zuspensions or solutions in 0.25% aqueous
methylcellulose. Doses of the compound under study began at 100
mg/kg and wsrs dacreassd at a 0.3 log interval until no responders
wers obtained. The procedure desgcribed by Spearman and Karber,
Finney, D.J. "Statistical Methods in Biological Assay", Chapter 20,
was used to calculate the EDyqg and 958 confidence intervals.

In the hypothermia test, abdominal temperature was wmeasured
after 45 wminutes. Mice with temperatures more rthan 2 standaréd
deviations below ths mean are hypothermic. This test is used to
identify compounds which may be usaful as antipsychotics or as
hypotensivas.

In the hypoxlic stress test, following compound administration
the nlce wera placed individually in stoppered 125 ml Erlenmeysr
flasks 30 min after recelving the test agent. The survival time is
recorded., Mice surviving more than the mean + 2 standard deviations
in parallel run controls are scored as showing a drug effect. This
teat ia used to identify compounds which may be useful as anxio-
lytics.

For determination of analgesic activity, thirty minutes after
test compound injsction, the mice were injectad i.p with 0.15% KCl,
10 ml/kg. Mice were then placed in plastic boxes and obsarved for
fifteen minutes to record the number of animals falling to writhe.
1f st least thres of the mice rsceiving ths test compound failed to
vrithe, the compound was retested at lower dose levals.

.

PCT/US90/02621 7'33



PRSI « W

WO 90/15058 PCT/US90/02621

10

15

57

30

35

Lol T T

. /
1. 00244

In the hypothermia and hypoxic siress tests, compounds of the
invention have been found more potant than related cowpounds, showing
EDsgrg values as low as 0.05 mg/kg. The compounds also had good
activity in the hypothermia test when the animals were dosaed orally
with the drug.

The dosage regimen for treating patients with the compounds of
this invention is selected in accordance with a vnr'l.aty of factors
including the type, age, welght, sex, and medical ceondition of the
patient, the severity of the psychosis, the route of administration
and the particular compound euployad. 7An ordinarily skillad
physician or psychiatrist will readily determine and prescribe the
effective amount of compound to prevant or arrest the progress of ths
condition. In so proceading, the physiclan or psychiatrist could
enploy relatively low dosages at first, subsequently increasing the
doss until 2 maxioum response is obtainad.

Initial dosages of the compounds of the invention are ordinarily
in the area of at least 10 wg up to about 1200 mg per day orally,
vhich may be given in a single dose or in multiple dopes. When other
forms of administration are seaployed equivalent doses are adminiz-
tered. VWhen dosages beyond 600 mg are employed, care should bes taksn
vith sach subsequent dose to manitor possible toxic effects.

The compounds of this invention are administersd in oral unit
dosage forms such as tablets, capsules, pills, powders, or granules.
They may also be Iintroduced parenterally, (e.g., subcutanecusly,
intravenously, or intrasuscularly), using forms known to the phar-
maceutical art. They also may be administerad rectally or vaginally
in such forms as suppositories or bougies. In general, the preferred
route of administration is oral.

The compounds of this invention can alse be adainistered as
Pharmaceutically or therapeutically acceptable salt such as hydro-
chlorida, hydrobromide, hydroledide, sulfate, phosphate, acatate,
propionates, lactate, maleate, malate, succinate, tartrate, cyclohexa-
nesulfamates, methanssulfonates, ethsnesulfonates, benzenesulfonatas,
tolusnesulfonates and the liks. Additiomally, the compounds of this
invention may be administered in a suitable hydrated form.

Example 1. Benzryl methyl malonate

A mixture of dimethyl malonate (100 g, 0.75 mol) and banzyl

aleohol (108 g, 1.0 mol) was hasted for 2 h at 180°C under a distil-

.
.
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lation head so as to remove the methancl generated in the reaction.
The product was then distilled under reduced pressure to give a fore-
run of 55 g (a mixture of dimethyl malonate and benzyl alcohol)
followed by 63 g (40%) of beanzyl methyl malonate, bp 105-115°C/0.2 mm
(98%y pure by GC). The pot realdue consisted of 71 g (33%) of
dibenzyl malonate (90% pure h;; GC).

Exawple 2. Benzyl methyl bromomalonate

Bromine (17.6 g, 0.1l wol) was added to a stirred solution of
benzyl wethyl malonate (20.8 g, 0.10 mol) in carbon tetrachloride.
After 30 minutes the golvent was removed under rsduced pregsure ta
give 2B g of product (B5% pure by gc, containing 7% benzyl methyl
ualonate) vhich vas used without further purification.

Example 3. Diethyl (dipropylamino)malenate (compound VIb)

Dipropylamine (22.3 g, 0.22 mol) was added to a stirred solution
of diethyl bromomalonate (47.8 g, 0.20 wmol) in THF (400 nl) and the
solution was stirred for 18 hours at room temperature. The precipit-
ate of dipropylamine hydrobromide was filtered off and waghed with
THF. The THF phase was evaporatad and the residual oil was parci-
tioned betwaen ethyl acetate (200 ml) and sodium hydroxide solution
(10 ml. of & N). The athyl scetate phase was separated, washed with
water (2 x 10 ml), and the solvent was removed under reduced pres-
sure. The residusl oil was dissolved in sn aqual volume of hexane
and was applied to a silica gel column (420 g) which was eluted
initially with ethyl acetsta:hexane {1:20). The concentration of
ethyl acetate in the eluant was increased slowly until all the
diethyl (dipropylamino)malonate was eluted from the column. Frac-
tions contsining the compound as datermined by TLC and GC ware pooled
and the molvent was removed to give diethyl (dipropylamino)malonats
ag an oll in B0-%90% yield. ]

Compounds Via and Vlie-VIh were obtained using thiz procedure,
but substituting dimethylamine, propylamine, N-methylbenzylamine, N-
propylbenzylamine, benzylamine, a-methylbenzylamine, (R)-a-methylben-
zylanina for dipropylamine.

Compounds VIi-VIp were obtained wusing this procedure, but
substituting benzyl methyl bromomalonate for diathyl bromomalonate
and using dimethylamine, dipropylamine, pyrrolidine, piperidine,
morpholine, 4-mathylpiperszine and imidazole as the amine reaction
component.

00234
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Expmple 4. Diethyl (lI-(1.l-diner.hyle:hoxyclrbunyl)prop::fmié -
malonate (compound VIIf)

Diathyl. aminomalonate {21.1 g, 0.1 mol) was diszsolved in athanol
and sodium ethoxide in ethanol (50 mL of 1 M) was added. Propion-
aldehyde (6.6 g, 0.1l mol) and sodlum cyancborohydride (3.6 g, 0.058
mol) were added to the stirred solutien. After 30 minutes additional
propionaldehyde (6.0 p) and sodium cyanoborohydride (2.6 g) ware
added to complere the rsaction. The solution was svaporated, and the
residue was partitioned between sthyl acetats and water. Evaporation
of the ethyl acetate gave 25.1 g of diethyl (propylamino)malonate,
This was mixed with di t-butyl dicarbonate (34 g, 0.156 mol) and the
mixture was heated at 100°C for 1 hour. The ecrude product was
chromatographed on silica gel using ethyl acetate:hexane as the
eluant to give 21.2 g of diathyl (N-(l,l-dimethylethoxycarbomnyl)pro-
Pylamino)malonate as an oll.

Compound Viia was obtained by following the same procedure, but
substituting propionyl chloride for di t-butyl dicarbonate.

Example S5, Diethyl {l-oxopzropyl)malonate {compound VIId)

Triethylamine (20 g, 0.2 mol) and proplonic anhydride (12.54 g,
0.096 mol) were added to diethyl aminomalonate hydrochloride (20.40
g, 0.096 wmol) in THF (300 ml) and the reaction was stirred at room
temparature for 45 minutes. The solvent wvas removed under reduced
pressurs and the crude product was partitioned batween sthyl acetate
and wvater. The ethyl acstate phase was separatad and svaporatsd to
give 34.64 g of vhite solid. This wvas dissolved in hot ethyl acetate
(60 nl), hexane (60 ml) vas added, and the solution was filtered to
remova insoluble material. The solution was cooled to -10°C and
filtered to give 17.63 g (728) of diethyl (l-oxopropyl)malonats, mp
89-93°C.

Compound VIlc was obtained by Iollowing the same procadure, but
substituting di t-butyl dicarbonate for propionic anhydride.

Exaxple 6. 8- (Bromomsthyl)quineoline (compound X)

A mixture of B-methylquinoline (45 g, 0.314 mol), N-bromosuc-
cinimide (55 §. 0.309 mol) and benzoyl peroxide (1.5 g) in carbon
tetrachloride (250 mlL) was refluxed for 7 hours. The reaction was
filtered and evaporated, and the crude product was crystallized from
methanol (70 oL) to give 37.7 g of preduct. The mother liquars were
chromatographed on silica geal iIn chloroform to give 17 g of material

24°
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vhich was crystallized from ethyl acetate:hexane to give an addition-

al 12.0 g of product.

Example 7. Diethyl (formylamino)(8-quinolinylmethyl)propanedioate
{compound Xla)

Diethyl (formylamino)mslonate (22.0 g, 0.108 mol) was added to a
stirred solution of smodium ethoxide in ethanol (prepared from 2.4 g
of sodium and 250 mL of ethanol, 0.10 mol). After 5 min, 8-(bromome-
thyl)quinoline (22.0 g, 0.10 mel) was added and the solution was
stirred for an additional 15 winutes. The solvent was removed under
reduced pressurs and the product was partitionsd batween aethyl
scetates and water. The ethyl acetste vas removed and the residual
o{l was crystallized from ather to give 19.9 g (584) of disthyl
(formylamino) (B-quinolinylmathyl )propansdicate, mp 120-122°C. Anal.
Calcd. for CjpgHyoN20s: C. 62.78; H, 5.85; N, 8.14., Found: GC,
62.53; H, 6.03; N, 8,07,

Exapule 8, N-(2,3,6,7-Tetrahydro-3-oxo-1H,5R-benzo(l)quinolizin-
2-yl)-formamide (compound XIIlla)
Part &, Ethyl 2,3,6,7-tetrahydro-3-ono-2-(formylamino)-1M4,5H-ben-
zo(lJ)quinolizine-2-carboxylate (compound XIla)

A uixture of diethyl (formylamine)(8-quinolinylmathyl)malonate
(9.2 g, 26.7 mmol) and platimm oxide (0.7 g) in glacial acetic acid
(150 ml) was hydrogenated (50 1lb initial pressure) for 15 minutes
(hydrogen uptake ca. 2 equiv). The amixture was filtered through
celite and the solvant rezoved under reduced pressure., The product
was partitioned betwveen ethyl acetate and sodium hydroxide solution.
The ethyl acetats phase waz washad with water, the ethyl acetate was
evaporated, and the product was crystallized from sther to give 7.8 g
(97%) of ethyl 2,3,6,7-tatrahydro-3-oxo0-2- (formylamino)-1K,58-
benzo(lj)quinolizine-2-carboxylate, mp 103-106°C. Anal. Calecd. for
Cy1gH18N204: C, 63.56; H, 6.00; N, 9.27. Found: C, 63.51; H, 6.09;
N, 9.18.

Part B, NK-(2,3,6,7-Tetrahydro-3-oxo-1N,5H8-benzo(i))quinelizin-2-
yl)formanide (compound XIIIa)

Sodiun hydroxide solution (5.0 mL of 4.0 N, 20 mmol) was sleowly
added to athyl 2,3,6,7-tatrahydxo-3-ox0-2-(formylamino) -1K, 5K -
benzo(lJ)quinolizine-2-carboxylate (3.04 g, 10.0 mmol) in methanol
(25 mL). After stirring at room temperature for 30 min, hydrochloric
acid (5.0 mL of 4.0 N) vas added and the precipitate was filtered

28\
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off, washed with water and alr dried to give 2.4 g of NW-(2,3,6,7-
tatrahydro-3-oxo-1¥,5-benzo(!f)quinolizin-2-yl)formamide, mp 149-
152°C. A portion of the product was recrystallized from ethyl
acetate for analysis; mp 140-143°. Anal. Caled. for Cj3Hy4uN905: C,
67.81; H, 6.,13; N, 12.17. Found: C, 67.67; H, 6.07: R, 11.94.
Example 9, 2,3,6,7-Tetrahydro-R,N-dimethyl-1K,5H-benzo(l j)quino-
lizin-2-amine (Cowpound 1)
Part A, 2,3,6,7-Tetrahydro-3-oxo-18,5F-benzo(ij)quinolizin-2-amine
(compound XIV)

A solution of N-(2,3,6,7-tetrahydro-3-oxo-1N,5N-benzo(4 })quinol-
1zin-2-yl)-formamide (0.8 g, 3.4 mmol) in ethanolic hyédrogen chloride
(10 nL. of 4.2 M) was heated at 50°C for 2 hours. The ethanol was
cooled, an egqual volume of ether was added, and the pracipitate vas
filtered off and washed with ather to give 0.78 g of 2,3,6,7-tatra-
hydro-3-oxo0-14,5H-benzo(l])quinolizin-2-amine hydrochloride, mp 216-
221°C. Thes product vas recrystallized for analysis; wp 219-222°C.
Anal. Calcd. for CjoHiaN20-HCl: C, 60.37; H, 6.33; Cl, 14.85; N,
11.74, Found: C, 59.89; R, 6.42; Cl, 15.41; N, 11.68.

Part B, 2,3,6,7-Tetrahydro-N,N-dimathyl-1H,5F-benzo(i/)quinolizin.
2-anine (compound 1)

A mixture of 2,3,6,7-tetrahydro-3-0x0-1K,5H-benzo(i)quinoelizin-
2-anine (2.0 g), 30% formaldehyds solution (1 mlL) and 10% pal-
ladium/carbon (0.5 g) in ethanel (150 mL) was hydrogenated (50 1b
initial hydrogen pressure) until uptake of hydrogen was complete (2
hours). The solution was filtered te remove the catalyst, evaporat-
ed, the crude product was dizsolved in ether (300 nL) and lithium
alunminum hydride (1.5 g) was added. After 1 hour, ethyl acetate was
added, the solvents were removed under reduced pressure, and the
product was partitioned betwaen ethyl acetates snd water. Evaporation
of the ethyl acetate gave an oll which vas purified by chromatography
on sllica gel to give 1.0 g of 2.,3,6,7-tetrahydro-N,N-dimethyl-
1K ,58-banzo(l ) -quinolizin-2-anins.

The bulk of the product was convertad to the maleata salt, mp
135-137°C from methanocl:ather. A sample was recrystallized for
analysis; mp 135-137°C. Anal. Caled. for CyzHyoN2°ChiH;04: C, 65.04;
H, 7.28; R, 8.43, TFound: C, 64.72; H, 7.43; N, 8,20,

Example 10, 2,3,6,7-Tetrahydro-N-mathyl-1¥,5F-benzo(i /) quinolizin-
2-amins and N-Ethyl-2,3,6,7-tetrahydro-N-nathyl-1K,5H-

N\
Up«z‘;;) ZJ(Z |



WO 90/15058 - /02621

10

15

25

30

a5

-18-

benza(l))quinolizin-2-amine (Compounds 2 and 3)

R-(2,3,6,7-Tetrahydro-3-oxo-1H,5H-benzo(i))quinolizin-2-yl)for-
manide {4 g, 0.017 mol) was added in 0.5 g aliquots every 10 min to a
stirred solution of lithium aluminum hydride (2.77 g. 0.073 mol) in
anhydrous sther (500 mL). After stirring overnight at room tempera-
ture tha reaction was refluxed for 3 hours, ecooled on ice and
quenched with sthyl acetate and methancl. The solvent was evaporated
under reduced pressure and the crude product was partitioned between
ethyl acatate (800 mL) and water (40 mlL). The ethyl acetate was
separated, washed with water, and the sthyl scetate wvas evaporated to
give 3.64 g of crude product. The products were separated by
chromatography on silica gel in chloreform to give, as the first
product eluted from the columm, 1.4 g of N-ethyl-2,3,6,7-tetrahydro-
N-methyl-14,58-benzo(4iJ)~quinolizin-2-amine. The compound was
convarted to the maleate salt, mp 90-100°C from methanol:ather. The
product wvas recrystallized for analysis; mp 94-98"C. Anal. Caled.
for CygHyoNy-CiH;0,: C, 65.87; H, 7.57; N, 8.09. Found: C, 65.53;
H, 7.81; N, 8.08.

Continued elution of the column gave 1.3 g of 2,3,6,7-tetra-
hydro-N-methyl-1H,5H-benzo(4iJ)quinolizin-2-amine which was converted
to the maleate salt, mp 151-155"C from methanol:ether. Anal. Calcd.
for CyaHigNo-CiH,04: C. 64.13; H, 6.97; N, 8.80. Found: C, 63.79;
K, 7.16; N, 8.62.

Exagple 11, Diethyl ((1-oxopropyl)amino)(8-quinoclinylmethyl)prop-
anediocate (compound XIb)

Diethyl (l-exopropyl)malomate (15.14 g, 0.065 mol) was added to
a atirred solution of sodium ethoxide in ethanol (165 mlL of 0.4 X,
0.066 mol). After 5 mirmutes, B.(broemomethyl)quinoline (13.15 g,
0.059 mol) was added and the solution was stirred for an additional
15 minutes. The solvent was ramoved undar reduced pressure and the
product was dissolved in ethyl acetate (300 ml) which was washed with
water (3 = 10 al). The sthyl acetate was removed and the rasidual
solid (27.3 g) was ecrystallized frouw ethyl acetate:hexane to give
21.6 g of tan crystals, mp 80-100°C. Recrystallization of an aliquot
(4 g) from ethyl acetats heaxans gave 2.87 g of tan crystals, mp 104-
106°C. Anal. Caled. for Cooly4N205: C, 64.50; H, 6.50; N, 7.52.
Found: C, 64.25; H, 6.51; N, 7.51,

Example 12, Ethyl 2,3,6,7-tetrahydro--o0xo-2-((1-oxopropyl)amino)-

NSO WYT dDMmAs »
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1H,5K-banzo{ij)quinoliz-ine-2-carboxylate
XIIb) '

A mixture of diethyl ({(l-oxopropyl)amino)(B8-quinolinylmethyl)-
propanediocate (17.1;7 g, 0.047 mol) and platinmum oxide (0.72 g) in
glacial acetic acid (150 mlL) was hydrogenated (50 1b initial pres-
sure) until hydrogen uptake ceased (1.8 equiv). The mixture was
filtered through celite and the solvent rsmoved under raduced
pressure. The product was crystallized from sthyl acetate to give
12.08 g of crystals, mwp 136-140°C. A sample was racrystallized from
athyl acatate for analysis; =mp 137-141°C, Anal. Caled. for
CigtyoN90;: C, 65.44; H, 6.71; N, 8.48. Found: C, 65.66; H, 6.64;
N, 8.4].

Example 13, N-(2,3,6,7-Tetrahydro-3-oxo-18,58-benzo(iJ)quinolizin-
2-yl)-propananids (compound XIIIb)

Sodiun hydroxide solution (10_::1. of 4.0 X, 0.04 mol) was slowly
added to ethyl 2,3,6,7-tetrahydro-3-oxo-2-((l-oxopropyl)amino)-1R,5H4-
benzo{ij)quinolizine-2-carboxylate (3.33 g. 0.010 mol) in methanol
(50 mL). After stirring at room temperature for 30 minutes, the
solvent was removed under reduced prassura. The resulting solid was
dissolvad in water (20 ml) and methanol (tracea), neutralized with 4N
HCl (10 ml, 0.04 mol), cooled to -10°C, and ths precipitate wvas
filtered off and air dried to give 2.86 g of 2,3,6,7-tetrahydro-3.
oxo-2-((l-oxopropyl)amine)-1K,5H-banzo(lj)quinolizine-2-carboxylic
acid. This vas refluxed in ethanol for 20 minutes to effect decar-
boxylation. The ethanol vas removad undar reduced prassure and the
solid was crystallized from ethyl acetate:haxane to give 1.85 g of K-
(2,3,6,7-tetrahydro-3-oxo-1R,50-benzo{l})quinolizin-2-yl)propanamids,
mp 149-152°C. A sample wvas recrystallized for analysis; mp 152-
154°C. Anal. Calcd. for CygHygNqp09: €, 69.74; H, 7.02; N, 10.85.
Found: C, 69.33; H, 7.33; K, 10.68.

Example 14, 2,3,6,7-Tetrahydro-N-propyl-1K,5K-benzo(l {)quinolizin-
2-guine (compound &)

N-(2,3,6,7-Tetrahydro-3-oxo-1H,5f-benzo(i J)quinolizin-2-yl)prop-
ananmide (2.5 g, 0.01 mol) was dissolved in anhydrous sther (500 ml).
The solution was cooled to 0°C, lithiwm aluminum hydride (1.46 g,
0.038 mol) was sdded and the resction vas refluxed for 4 hours. The
rteaction wvas quenched with athyl acetate and methanol, the solvents
were rTemoved under reduced pressurs and the material was partitionsd
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between ethyl acetate (400 ml) and water (50 mL). Evaporation of the
ethyl acetate phase gave 2.35 g of yellow o0il. The product was

purified by chromatography on silica gel. Elution of the columm with
1s and 2.5% methancl:chloroform gave 2.07 g of 2,3,6,7-tetrahydro-N-
5 propyl-1H,5A-benzo(ij)quinolizin-2-amine.

The bulk of the product was converted to the hemifumarate salt
which was recrystallized from methanol:ether; mp 190-194°C. Anal.
Calcd. for CysHpoNg-1/2C,H,0,: C, 70.80; H, B8.39; N, 9.71. Found:
C, 70.37; H, B.256; N, 9.65.

10 Exagvle 15, 2,3,6,7-Tetrahydro-N,N-dipropyl-1¥, 5H-benzo (i f)quino-
. lizin-2-amine (compound §)

A mixture of 2,3,6,7-tetrahydro-N-propyl-1N,5K-benzo(i j)quinoli-
zin-2-amine (2.33 g, 0.01 mol). propyl iodide (5.16 g, 0.03 mol) and
anphydrous potassium carbonate (3 g, 0.02 mol) in dimethylformamide

15 (75 ol) was stirred for 5 hours at 90°C. At this time additional
propyl lodide (1.72 g, 0.01 mol) and potassium carbonate (0.5 g,
0.0036 mol) were added and the reaction was continued for an addi-

@

tional 2 hours. The reaction was cooled, filtered to remove inor-
ganic material, and the solvent vas removed under reduced prasasure,

20 The product wss partitioned betwsen sthyl acetate (B00 ml) and &N
sodiun hydroxidas (20 mlL, 0.08 mol), the organic layer concentrated,
fileared, and chromatographed on silica gel in 5-30% ethyl acetats:-
hexane to give 2.19 g of 2,3,6,7-tetrahydro-N,N-dipropyl-18,5K-
benzo{{f)quinolizin-2-amine.

25 A portion of the product was converted to the fumarate malt, mp
112.5-116°C. Recrystallization from methanol:ethar gavs light browm
crystals, mp 112-116°C. Anal. Caled. for CpglagNp-CaHi0,: C, 68.01;

. H, 8,30; R, 7.2). Found: C, 67.73: H, 8.47; N, 7.14.
' Exazple 16, 4-Hethyl-1H-benzimidazole (compound XVIII)
30 Part A, 3-Methyl-l,2-benzenediamine {compound XVII)
2-Mathyl-6-nitroaniline (15.2 g, 0.1 wmol) wvas disgolved by
heating in ethanol (150 mlL). The solution was cooled, 10% palladitm
on carbon (1.0 g) was added and the sclution was hydrogenated (30 1b
initial hydrogen pressure) until uptake of hydrogen ceased (1 hour).

35 The catalyst wvas filtered off and the ethanol was removed under
reduced prassurs to give 11.9 g (98%) of 3-methyl-l,2-benzenediamine
as a so0lid vhich was used without purification,

Rart B, 4-Methyl-lN-benzimidazole (Compound XVIII)

INEDOCID) WS BrisOiedt | -
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A mixture of 3-methyl-l,2-benzenediamine (11.9 g) and formic
acid (150 nml) was heated st 70°C for 15 minutes. The golvent was
removed under reduced pressure and the residual oll was stirred with
water (100 ml) and sodium hydroxide solution (65 mlL of 4.0 N) was
added until ths solution was just basic. The precipitate was
filtered off, washed with water, and air dried to give 11.6 g (90%)
of 4-methyl-1H-benziwidazole, mp 141-145°C.

Expsmple 17, t-Butyl 4-(bromomethyl)-l1H-benzimidszole-1-carboxylate
{compound XXa)
Part A, t-Butyl A4-methyl-1R-benzimidazole-l-carboxylate (compound
XIXa)

A mixture of &-methyl-lH-benzimidazole (1ll1.6 g. 0.088 wol) and
41 c-buryl dicarbonate (21.1 g, 0.057 mol) was heated at 80°C in
dioxane (200 ml) for 1 hour. The solvent was removed under reduced
pressure and the residual oil (24.3 g} was chromatographed on silica
gel using ethyl acatate:hexana as the eluant to give 18.7 g (92%) of
t-butyl 4-methyl-lN-benzimidazole-l-carboxylate as an oil.

Paxt B, ¢-Butyl 4-(bromomethyl)-1H-benzinidazole-1-carboxylate
(compound XXa)

A mixture of ¢t-butyl 4-methyl-lH-benzimidazolae-l-carboxylate
(11.6 g, 0.05 wol), N-bromosuccinimide (8.9 g, 0.05 mol) and bsnzoyl
paroxida (0.25 g) in carbon -tetrachloride (100 wml) was stirred at
raflux for 1 hour. The solution was cooled and filtered to remove
succinimide by-products and the solvent was removad. The crude
product was chromatographed on silica gsl using sthyl acetats:hexane
(1:20) as tha initial eluant to give, as the first major product
aluted from the column, 1.6 g of t-butyl &-(dibromomethyl)-1N-
benzimidazole-l-carboxylate; recrystallization from hexane gave 1.04
g of product, mp 101-104°C. Anal. Caled. for Cj3Hy4BryRe0,: C,
40.03; R, 3.62; Br, 40.92; N, 7.18. Found: C, 39.87; H, 3.83; Br,
41.18; N, 7.19.

Continued elution of the column gave 10.46 g of c-butyl &4-
(bromomethyl) -1H-benzimidazole-1-carboxylate. The compound was
recrystallized from hexane to give 9.6 g of product, mp 87-89°C.
Anal. Caled. for Cy3HjgBrNy0,: C, 50.18; H, &4.86; Br, 25.68: N,
9.00. Found: C, 50.16; H, 5.04; Br, 25.71; R, 9.11.

Continued elution of the column gave 0.95 g of recovered t-butyl
4- (bromomethyl)-1lF-benzinidazole-1-carboxylate.

" l][lé?‘”? :Zzt‘; R
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Following the procedure of Example 17 part B but substituting
methyl &4-methyl-lH-benzimidazole-l-carboxylate for t-butyl &4-methyl-
1H-benzimidazole-1-carboxylate thera was obtained methyl 4&4-(bromo-
methyl)-1H-benzimidazole-1-carboxylate (compound XXb).

Following the procedure of Example 17 part B but substictuting 1-
acetyl-4-methyl-1A-benzimidazole for t-butyl 4-methyl-lH-benzimidazo-
le-1-carboxylate there was obtained l-acetyl-4-(bromomethyl)ben-
zimidazole (compound XXc), mp 109-112°C. Anal. Calcd. for CypHjgBr-
No0: C, 47.45; H, 3.58; Br, 31.58; R, 11.07. Found: C, 47.47; H,
3.82; Br, 29.17; R, 11.21,

Exagple 1B,  5,6-Dihydro-N,N-dipropyl-4A-imidazo(4,5,1-1])quinolin-
S5-amine (compound 6)
Pert A, Dilethyl ({({(1,l-dimethylethoxycarbonyl)-1N-banzimidazole-&-
yl)methyl)}-(dipropylamino)propanedicate (compound XXIa)

Potassium hydride (3.3 g of 40% oil suspension, washad with
ather to remove oil, 0.0} mol) was added to a stirred solution of
diethyl (dipropylamino)-malonate (10.2 g, 0.039 mol) in dry THF (100
ml)., After 5 minutes, t-butyl &4-(bromomethyl)-1H-benzimidazole-1-
carboxylate (6.22 g, 0.02 wmol) was addad and tha solution was
refluxed for & hours. The solvent vas removad under reduced pressure
and the residual oil was partitioned between athyl acetate and water.
After evaporation of tha ethyl acetats, the crude product was
chromatographed on ailica gel using ethyl ascetate:hexane as the
eluant to give 7.9 g of diethyl (((1,l-dimethylethoxycarbonyl)-1lH-
benzimidazole-4-yl)methyl) (dipropylamino)-propanedicate as an oil.
Part B, Ethyl a-(dipropylamine)-lN-banzimidazole-4-propancate (com-

pound XXII)

A wmixture of diethyl (((l.l-dimethylethoxycarbonyl)-1H-ben-
zimldazole-4-yl)methyl)(dipropylanino)propanedioats (3.4 g, 6.9 mmol)
wvas dissolved :l.n' ethanol (50 ml) and treated with sodium ethoxide in
ethanol (35 mlL of 0.8 M, 4 equiv) and water (1.0 mL) and the reaction
was refluxed for 4 hours. The solutipn was then cooled, nsutralized
by addition of 15 ml of 2.2 R HCI in ethanol, filtersd to ramove
sodiun chloride, and the solvent was removed under reduced pressurs.
The product was partitionsd batween ethyl acetate and water, and the
ethyl acetate was removaed, and the crude product was chromatographed
on silica gel using chloroform as the initial eluant. Elution of the
column with 5% methanol chloroform gave 1.60 g of ethyl e-(dipropyla-

PCT/US90/02621 2 qa-
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mino)-1N-bsnzimidazole-4-propanoate. The product was cry-{alltz-d
from ethyl acetate:hexsne; mp 78-B0°C. Amal. Calcd. for CjgHpyN305:
¢, 68,11;: H, B.57; N, 13.24. Found: €, 68.41: H, 8.51: N, 131.22.
Part €. B-{Dipropylamino)-iH-benzimidazole-4-propanal { compound

XXIII)

Lithium aluminum hydride (250 mg, 6.6 mmol) was added at 0°C to
a stirred solution of ethyl a-(dipropylamino)-lE-benzimidazole-&-
propancate (1.5 g, 4.7 mmol) in dry THF (50 nlL), and the solucion wvas
alloved to warm to room temperature, TLC in 10% mathanol:chloroform
showed that the reaction was comwplete Iin 15 minutes. Ethanol (5 ml)
was added and tha solvents were removed under reduced pressure. The
residue vas partitionsd between athyl acetate and water. Evaporation
of the sthyl acetate gave 1.3 g of §-(dipropylamino)-1H-benzimidazo-
le-4-propancl vhich vas used without further purificatioen.

Part D, 5,6-Dihydro-N,N-dipropyl-4F-ilnidazo(h,5,1-1f)quinolin-3-
amine (compound 6é)

Triphanylphosphine (625 ng, 2.4 mmol) was added to a stirred
solution of pB-(dipropylaminc)-1H-benzinidazole-4-propancl (600 mg,
2.18 mamol) in methylene chloride {12 nal). Aftar sgolution was
complate, carbon tetrsbromide (940 mg, 2.8 maol) was sddsd and the
solution was stirred for .30 minutes. Methylene chloride (20 ml) was
added snd the solution was extracted with 25 ml 1.0 N hydrochlorie
acid. The methylene chloride was separated, resxtracted with 10 =l
1.0 N HCl, and the combined aqueous extracts were basified (20 mlL of
4.0 N NaOH) and extracted with ethyl acetate. After removing the
athyl acetate, the product vas chromatographed on silica gel using
chloroform as the initial sluant to give 380 mg of product. A sample
vas crystallized from haxans for analysis; mp 95-98°C. Anal. Calcd,
for CygHygNy: C, 74.66; H, 9.01; N, 16.33., Found: C, 74.28; H,
9.25; N, 16.36,

Exppple 19, 5,6-Dihydro-N,N-dimethyl-4H-imidazo(4,5,1-1))quinoll-

na-3-amine (cowpound 7)

Part A, (Dimethylamino){((l,1-dimethylethoxycarbonyl)-1R-ben-
zinidazole-4-yl)mathyl)-propanedioic acid methyl benzyl
diester

This compound was obtainsd by following the procedurs of Example
18 part A, but substituting (dimethylamino)propanedioic acid methyl
benzyl diester (compound VIi) for disthyl (dipropylamino)malonate.

1
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Part B, Hethyl a-(dimethylamino)-lH-benzimidazole-4-propancate
A nmixture of (dimethylamine)(((l.l-dimethylethoxycarbonyl)-1H-
benzimidazole-4-yl)methyl) -propanedicic acid mechyl benzyl diester
(6.0 g) and 10% palladium charcoal (1 g) in ethanol (150 mlL) was
hydrogenated until hydrogen uptake ceased. The solution was filtered
and evaporated to give 4.1 g of methyl a-(dimethylamino)-lH-ben-
zimidazole-4-propancate as an oll.
Part C. B-(Dimethylamino)-1R-benzimidazole-4-propanol
This compound was obtained by following the procedure of Example
18 part C, but substituting methyl o-{dimethylamino)-lN-benzimidazo-
le-4-propsncate for ethyl a-{(dipropylamino)-1N-benziuidazole-4-
propanoate.
Part D, 5,6-Dihydro-N,N-dimethyl-4R-imidazo(4,5,1-1))quinalin-5-
amine
This compound was obtained by follewing the procedure of Example
18 part € but substituting p-{dimethylamino)-1H-benzimidarzole-&-
propanol for S-{dipropylamino)-lK-benzimidazole-4-propansl.
The bulk of the product was convertad to the hydrochloride salt,
mp 264-5°C from methanol:ether. Anal. Calcd. for CypHigNy-2HCl: C,
52.56; H, 6.25: Cl, 25.86; R, 15.33. Found: C, 52.44; H, 6.53; Cl,
25.64; N, 15.318.
Exampla 20, 1-(5,6-Dihydro-4R-imidaro(4,5,1-1/)quinolin-5-yl)pyr-
rolidine (compound B)
This compound was prepared by following the procedure of Example
19, but subatituting (l-pyrrolidinyl)propanedioic acid methyl benzyl
diester (compound VIk) for (dimethylamino)propsnedicic acid methyl
banzyl diester (compound Vi), The bulk of the product was converted
to the dihydrochloride salt, mp 291-294°C.
Exsmple 21, 1-(5,6-Dihydro-4F-imidazo(4,5,1-1))quinolin-5-yl)pi-
paridine (compound '9)
This compound was prepared by following the procsdure of Example
19, but substituting (l-piperidinyl)propanedioie acid methyl banzyl
diester (compound Vim) for (dimethylazino)propanedioic acid methyl
benzyl diester (compound VIi), The bulk of the product was converted
to the dihydrochloride salt, mp 287-2%0°C,
Example 22, 4-(5,6-Dihydro-4H-imidazo(4,5,1-1])quinolin-5-yl)mor-
pholine (compoumd 10)
This compound was picplrud by following the procedure of Example

N

OB 249
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19, but substituting (4-morpholinyl)propanedicic acid mathyl benzyl
diester (compound VIn) for (dimethylamino)propanedioic acid methyl
benzyl diester {(compound VIi). The bulk of the product was converted
to tha dihydrochloride salt, mp 290-292°C.
Expmple 23, 1-(5,6-Dihydro-4H-imidazo(4,5,1-1})quinolin-5-yl)-
imidazole (compound 11)
This compound vas prepared by following the procedure of Example
19, but subatituting (l-imidazolyl)propanedicic acid methyl benzyl
diester (compound VIp) for (dimethylamino)propanedioic acid methyl
benzyl diester (compound VI1). The bulk of the product was converted
to the monchydrobromide salt, mp 239-242°C.
Example 24, 1-(5,6-Dihydro-4N-inidazo(4,5,)-if)quinolin-5-yl)-4-
methylpiperazine (compound 12)
This compound was preparad by folloving the procedure of Example
19, but substituting (&4-methyl-l-piperazinyl)propanedioic acid mathyl
benzyl diester (compoumnd VIiq) for (dimethylamino)propansdioic acid
methyl benzyl diester (compound VIi).
Exagple 25, N-{l-Phenylethyl)-5,6-Dihydro-4f-imidazo(4,5,1-
i])quinolin-5-aminae (compound 13)
This cowpound vas prepared by following the procedure of Example
18, bur substituting disthyl (l-phenvliethylanino)malonate (compound
Vig) for diethyl (dipropylsnino)malonate (compound VIb).
Exaxmple 26, t-Butyl &-(bromomethyl)-5-methoxy-li-benzimidazole-l-
carboxylate
Part. A. 3-Chloro-Z-methyl-6-nitrobenzenasmine
A suspension of 2,6-dichloro-3-nitrotolusna (6.0 g, 29 mmol) in
50% methanolic asmonia (60 ml) was stirred at 130°C (340 1b pressure)
for 18 houra. The auroclave was cooled to -30°C, opened, and the
precipitate was filtered off and washed with mathanol to give 4.14 g
(768) of 3-chloro-2-methyl-é-nitrobenzenamine.
Paxt B, 3-Methoxy-2-methyl-6-nitrobsnzenanine
Sodiun pethoxide in methmmal (110 nl of 25% solution, 0.49 mol,
20 sgquiv) was added to a atirred suspension of 3-chlore-2-methyl-6-
nitrobenzensnine (4.0 g, 23.5 mmol) in msthanol (250 nlL) and tha
mixture was stirred at reflux for 18 hours. The solution was cooled,
peutralized with mstharwlic hydrogen chloride, filtersd to remove
sodiun chloride, and the solvent was removed under reduced prassure,
The residual solid was partitiocmed betwsen ethyl scetate and water.

Gozsy 1P
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Evaporatien of the sthyl acetate gave 3.7 g (86%) of 3-methoxy-2-
methyl-6-nitrobenzenamine.
Part ¢, 4-Methoxy-3-methyl-l,2-benzenediamine
A pixture of 3-methoxy-2-methyl-4-nitrobenzanamine (3.5 g, 19.0
5 mmol) and 108 palladius on carbon (1.0 g) in sbsolute ethanol (150
ml) was hydrogenated (50 1b initial hydrogen pressurs) until hydrogen
uptake vas complete (30 minutes). The solution was filtered through
celite and the ethanol was ramoved to give 2.84 g (98%) of 4-methoxy-
3.mathyl-1l,2-banzanadiamins.
10 Part D, S5-Mathoxy-G-wmethyl-lH-benzimidazole-

A mixture of 4-methoxy-3-methyl-1,2-benzenediamine (2.8 g, 18.4
mzol) and formic acid (30 zl) was heated at £0°C for 30 minutes. The
formic acid was removed undar reducsd pressure and the product was
partitioned between chloroform and water containing sufficient sodiua

' 15  hydroxide to basify the solution. After svaporation of the solvent
the crude product was chromatographed (methanol:chloroform) to give
2.55 g (848) of S5-methoxy-4-mathyl-lH-benzimidazele.

Part E. t-Butyl 5-methoxy-4-methyl-lK-benzimidazole-l-carboxylate

A nixzture of 5-methoxy-4-methyl-lH-benzimidazole (2.5 g, 15.4

20 =maol) and di-t-butyl dicarbonate (4.2 g, 19.3 mmol) in dioxane (70
ul) was heated at 100°C for 1 hour. After svaperation of the selvent,
the residus was chromatographad on silica gel to give 3.75 g (93%) of
t-butyl 5-methoxy-4-methyl-lA-benzimidazole-1-carboxylate.

Part F,. t-Butyl 4- (bromomathyl)-5-methoxy-1N-benzimidazole-1-

25 carboxylate

A mixvure of N-bromosuccinimide (2.66 g, 15.0 mmol), benzayl

' peroxide (0.35 g) and t-butyl 5-methoxy-4-methyl-1lN-benzimidazols-1-

‘ carboxylate (3.70 g, 14.]1 mmol) in carbon tetrachloride (70 wl) was
refluxed for 1 hour. The solurion wasz coolad, filtered to Temove

30 succinimide by-products, evaporated, dissalved in ethyl acetate and
chromatographed on silica gel wusing ethyl acetate:hexane as the
elusnt to give 4.8 g of product. This was crystallized from athyl
acetate:hexane to give 3.6 g (758) of t-butyl &-(bromomethyl)-5-
methoxy-1l-benzimidazole-1-carboxylate, mp 127-129°C. Anal. Caled.

35 for CysHy7BrN904: C, 49.28; H, 5.02; Br, 23.42; N, 8.21. Found: C,
49.27; H, 4.98; Br, 26.81; N, 7.71.

Examols 27, 5,6-Dihydro-7-methoxy-N,N-dipropyl-4R-imidazo(4,5,1-
1})quinolin-5-anine (compound 14)

BNSDOCID -WO  BIS0MRAT 1 »
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Thiz compound was prepared by following the procedure of Example
18, but subst!.l:ut:!.rig t-bucyl 4-(bromomethyl)-5-mathoxy-14-ben-
zimidazole-1-carboxylate for t-butyl &4-(bromomethyl)-lH-benzimidazo-
le-1-carboxylate. The product was crystsllized from pentane; wp 46-
49°C. Anal. Caled. for CjyjHpgN30: G, 71.04; H, 8.77; N, 14.62.
Found: C, 70.80; H, 8.89; N, 14.80.
The bulk of the product was converted to the dihydrochloride
salt.
Example 28, 5,6-Dihydro-8-methoxy-N,N-dipropyl-48-imidazo(4,5,1-
ij)quinolin-5-amine {compound 15)
This compound was prepared by followving the procedure of Example
18, but substituting e-butyl &-(bremomethyl)-6-methoxy-1R-ben-
zimidazole-1-carboxylate for t-butyl 4-(bromomethyl)-lN-benzimidazo-
le-l-carboxylate.
Example 2%, 53,6-Dihydro-9-methoxy-N,R-dipropyl-4H-imidazo(4,5,1-
1J)quinolin-S-amine (compound 16)
This compound was prepared by folloving the procedure of Example
18, but sgubstituting c-butyl 4-(bromomethyl) -7 -mathoxy-1N-ben-
zimidazole-l-carboxylate for t-butyl 4-(bromomathyl)-lKH-banziwmidazo-
le-l-earboxylats.
Example 30, 5,6-Dihydro-7-methoxy-K,N-dimethyl-4N-imidazo(4,5,1-
1))quinolin-5-amine (cowpound 17) )
This compound was prepared by following the procedure of Example
18, but substituting t-butyl &4-(bromomsthyl)-5-methoxy-lH-benzimidaz-
ole-l-carboxylate for ¢t-butyl &-(bromomethyl)-lN-beanzimidazole-1-
carboxylate and diethyl (dimethylaminec)malonate for diethyl (dipropy-
lamino)malonate.
Exgmple 31, 7-Chloroe-5,6-dihydro-N,N-dipropyl-4H-imidazo(4,5,1-
1])quinolin-5-amine (compound 18)
This compound vas prepared by following the procedure of Example
18, but substituting t-butyl 5-chloro-4-(bromomethyl)-1lN-benzinidazo-
le-l-carboxylate for c-butyl &-(bromomethyl)-1N-benzimidazole-1-
carboxylate. .
Example 32, 5-(Dipropylamino)-5,6-dihydro-4N-imidazo(4,5,1-
i1J)quinolin-7-0l (compound 19)
5,6-Dihydro-7-mathoxy-R,N-dipropyl-4H-inidazo(4,5,1-1 J)quinolin-
S5-amine (1.0 g) was heated at 130°C in 48% hydrobromic acid for 2
hours. The solution wvas coocled and was then evaporated under reduced

.
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pressure. The solid thus cobtained vas crystallized from methanol:-

ether; mp 270°C.

Example 33, 5,6-Dihydro-5-(dipropylamino)-4H-imidazo(4,5,1-
1f)quinelin-8-01 (compound 20)

This compound was prepared by following the procedure of Example
32, but substituting 5,6-dihydro-8-methoxy-N,N-dipropyl-4K-imida-
zo{4,5,1-1J)quinolin-5-anine for 5,6-dihydro-7-methoxy-N,N-dipropyl-
4F-iuidazo(4,5,1-1f)quinolin-S5-amine.

Exagple 34, 5,6-Dihydro-5-(dipropylamino)-4H-imidazo(&, 5,1-
1j)quinolin-9-0l (compound 21)-

This compound was prepared by following the procedurs of Example
32, but substituting 35,6-dihydro-9-methoxy-N,N-dipropyl-4K-imida-
z0{4,5,1-1J)quinolin-5-anins for 5,6-dihydro-7-methoxy-N,R-dipropyl-
4H-1imidazo(4,5,1-1f)quinolin-5-anina.

Exaople 35, N-(3-quinolyl)formamide (compound XXV)

A solution of acetic formic anhydride was prepared by slowly
adding 95-97% formic acid (20.80 g, 17.05 mlL, 0.45 mol) to acetic
anhydride (40.84 g, 37.7 mlL, 0.40 mol) atr O°C. The solution was
stirred at room temperature for 2 hours, then added to a gtirred
solution of 3-aminoquinoline (28.84 g, 0.20 mol) in dry tetrshydrofu-
ran (300 =ml). After 15 minutes, ths solution was avaporatad,
methancl (50 ml) was added, and the solution stirred for an addition-
al 30 minutes. The solution waes then evaporated under reduced
prassure and the residual oil was triturated with ether. The
resulting white solid was filtered to give 28.7 g (848) of product,
mp 157-160°C. Anal. Caled. for CjgHgRa0: C, 69.75; H, &4.68; N,
16.27. Found: C, 69.45; H, 4.78; N, 16.31.

Example A6, K-(1-Formyl-1,2,3,4-tetrahydro-3-quinolyl)fornamide
(compound XXVI)
A mnixture of N-(3-quinolyl)formamide (30.0 g, 0.175 wol),

* platioum oxide (2.0 g) and acetic acid (300 mL) was hydrogenated

a5

PNSSY T oWt LOISARAY T -

(50 1b. initlial H; prassurs) until 2 equivalents of Hy ware consumed
(reaction time 3 hours). The mixture was filtered through celite and
the acetic acid removed undar reduced pressure. It was dissolved in
ethyl acetate and washed with NaOH solution and water. Evaporation
of the athyl acetate gave 29.4 g of crude material. This was
digssolved in 200 mL THF snd acetic formic anhydride (prepared from
formic acld (27.2 g, 0.59 mol) and acetic anhydride (53.5 g,

-“
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0.52 mol) was added at 0°C. After 15 minutes, the solution was
alloved to warm to room temperature, and afrer an additional 15
minutes, methanol (60 ml) was added. The solution was evaporated and
the resulting oil was partitionad betwaen ethyl acetate and 4N sodium
hydroxide solution. The sodius hydroxide solution was repeatedly
extracted with ethyl acetate. The combined athyl acetate was
evaporated, and the cruds product was purified by chromatography on
silica gel using 2.5% methanol:chloroform as eluant to give 22.55 g
(69%) of product. An analytical ssmple was crystallized from
wmethanol:ether (1:3); mp 125-128°C. Ansl. Galcd. for CyyHN90;3: C,
6h.69; H, 5.92; N, 13,72, Found: C, 64.60; H, 5.97: N, 13.66.

Exanmple 37, N-{1-Formyl-6-bromo-1,2,3,4-tetrahydro-3-quinolyl) for-

mamide (compound XXVII)

Bromine (10.2 g, 0.064 wmol) was added to a gtirred solution of
N-(l-formyl-1,2,3,4-tetrahydro-3-quinelyl)formamide (14.0 g, 0.065
mol) in acetic acid {70 ml) containing anhydrous sodium acatste (10‘.2
E: 0.12 mol). The solution was stirred for 30 minutes and water (500
nL) was added. The precipitate was filtered off and air dried te
give 15.8 g (B6:) of N-(l-formyl-6-bromo-1,2,3,4-tetrahydro-3-
quinolyl)formamide, mp 174-178°C. A sauple was recrystallized from
ethanol for analysis; mp 178-181°C,

Example 3B, 6-Bromo-1,2,3,4-tetrahydro-8-nitro-3-quinolinaaine
{compound XXIX)

A mizture of N-(l-formyl-6-bromo-1,2,3,4~tetrahydro-3-quinolyl)-
formamide (12.8 g, 45.2 mmol) and sodium nitrats (12.8 g, 150 mmol)
in erifluoracetic acid (100 mlL) was stirred at rovom temperaturs for
18 hours. The bulk of the solvent vas removed under reduced pressure
and the residue was partitioned between athyl acetats and vater. The
sthyl acetate was wvashed with sodium hydroxide and water, and the
athyl acetate vas removed to give 14.2 g of N-(l-formyl-6-bromo-
1,2,3,4-tetyahydro-8-nitro-3-quinolyl) formanide (compound XXVII1) as
a solid. This wvas dissolvad in ethanolic hydrogen chleride (100 nl
of 4.0 N), the mixture was refluxed for 1 hour, ether (200 nml) was
added, and the precipitate was filtersd off, washed with ether and
dried to give 12.8 g (82%) of 6-bromo-1,2,3,4-tetrahydro-8-nitro-3-
quinolinamine dihydrochloride, =mp >300°C.

Ezample 39, 5,6-Dihydro-4H-imidazo(4,5,1-1f)quinolin-5-anine
dihydrochloride (compound 22)

1A
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A uixture of 6-bromo-1,2,3,4-tetra-8-nitrohydro-3-quinelinamine
dihydrochloride (10.69 g, 0.031 mol), eand 10% palladium on carbon
(1.0 g) in absolute ethanol {175 mlL) was hydrogenated (50 1lb initial
Hp pressure} umtil the Hy; wuptake had ceasad (reaction time
1.5 houra). The mixture was filtered through celite and the solvent
removed under reduced pressure, The residual foam was partitioned
between ethyl acetate and 1 N sodium hydroxide solution. Evaporation
of the ethyl acetate gave 5.41 g of 3,8-diamino-1,2,3,4-tetrahydro-
quinoline (compound XXX) as a brown ofl.

This oil was dissolved in formic acid -(60 ml) and stirred at
55°C for 5 hours. The formic acid war then removed under high
vacuum, The resulting oil was partitionsd between ethyl acetate
(400 ml) and 4 K sodium hydroxide (60 mlL). The aqueocus phase was
extracted 5 times with ethyl acetate and the combined athyl acetate
extracts were washed with water (2 x 25 ml). The ethyl acetats was
evaporated to Egive 5.5 g of material, a mixture of the degired
product (80%) and itz N-formyl derivative (203). The crude product
vas dissolved in methanolic HCl (150 mL) to hydrolyze the KN-formyl
compound. After 1.5 hours at room temperstura, the precipitate which
formed was filtered Ind vashed with methanol:ether (1:3) to give
6.33 g (828) of 35,6-dihydro-4H-imidazo(4,5,1-1))quinolin-S5-amine
dihydrochloride, mp >300°C. Anal. Caled. for CygH;jN3-2HCL: C,
48.80; H, 5.32; C1, 28.81; R, 17.07. ¥Found: C, 4B.68; H, 5.44; C1,
2B.60; N, 16.92.

Exnumple 40, 53,6-Dihydro-K-propyl-4E-imidazo(4.5,1-1})quinoline-5-
anine (compound 23)

Propionaldahyde (11.0 g, 0.19 mol)} and spodiun cyanoborochydride
(0.85 g, 0.014 mol) were added at 0°C to a stirred solution of 5,6-
dihydro-4N-1midazo(4,5,1-1))quinolin-5-amine dihydrochloride (3.0 g,
0.012 mol) in methanol (250 nl). After 20 wminutez, methanolic
amsonia (10 mlL) wvas addad and the solution was concentrated to an oil
and partitionsd betwsen ethyl acetats -and sodium hydroxide solution,
The athyl acetate phase was vashed with water, evaporated, dizsolved
in chlorofors and chromatographed on silica gel using 5% mathanol:-
chloroform as elusnt to get, as the first product eluted from the
columm, 0.9 g (32%) of 5,6-dihydro-N,N-dipropyl-4F-imidazo(4,5,1-
i1j)quinoline-5-anins.

Continuad elution of the column gave 1.65 g (658%) of the
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monopropylamine derivative. This was dissolved in methanol and
athereal HCl and ether added. The precipitate was filterad off and
recrystallized twice from methanol:ether to give 1.32 g of 5,6-
dihydro-N-propyl-4H-imidazo(4,5,1-if)quinoline-5-anine sesqulhydro-
chloride, mp 294-297°C (dec). Ansl. Calcd. for Cy3H yN3-1.5HC1l: C,
57.83; H, 6.91; Cl, 19.70; N, 15.56. Found: C, 57.84; H, 7.04; Cl,
19.46; N, 15.26.

Exsmple 41, 5,6-Dihydro-8-wethyl-H,N-dipropyl-4H-imidazo(4,5,1-

ij)quinolin-5-amine (Compound 24)

This cowpound was prepared by following the procedure of Example
40, but substituting 3,6-dihydro-8-methyl-4H-1imidaze(4,5,1-1))quinel-
in-5-smine dihydrochloride for 5,6-dihydro-4F-imidazo(4,5,1-1))quino-
lin-5-amine dihydrochloride. The compound was crystallized from
hexane; mp 91-94°C. Anal. Calcd. for Cy9HagN40: C, 75.21; H, 9.28;
N, 15.48. Found: ¢€, 75.08; H, 8.88; N, 13.67.

Example 42, 5,6-Dihydro-2-mathyl-N N-dipropyl-&H-iwidazo(4.5,1-
~ 4))quinelin-3-amine (Compound 25)

t-Butyl (B-amino-1,2,3,4-tetrahydro-3-quinolyl)carbamate (2.72
g) was tresated with acetic anhydride (1.16 g) in THF (150 mlL) for 2.5
hours. The reaction was evaporated and the crude product wvas
dissolved in methanolie hydregen chloride, After 5 hours, the
solvent was removed to give 1.1 g of 5,6-dihydro-2-methyl-4H-im-
idazo(4,.5,1-1))quinolin-5-amins dihydrochlorids.

This was converted to 5,6-dihydro-2-methyl-N,R-dipropyl-4H-inm-
idazo(4,5,1-1])quinolin-5-amine using the procedure of Example 40.
The product was converted to thes dihydrechloride salt, wp 202-205°C.
Anal, Caled. for Cy3Hy7yN3-2HC1: C, 59.28; H, 7.91; Cl 20.59; N,
12.20. Found: C, 58.51; H, 8.02; C1, 21.90; N, 11.41.

Example 43, t-Butyl (6-bromo-1,2,3,4-tatrahydro-8-nitro-3-quinsl-
inyl)carbamate (compound XKXI)

A mixture of 6-bromo-1,2,3,4-tetrahydro-8-nitro-3-quinolinamine
(3.45 g, 0.01 mol), di ec-butyl dicarbonate (3.0 g, 0.014 mol) and
triethylamine (2.0 g, 0.02 mol) in DHF (50 ml) was stirred at room
temperature for 1 hour. Water (7 ml) was slowly added to the stirred
solution. The precipitate vas filtered off and washed with water and
alr dried to give 3.7 g of bright orange solid, mp 193-195°C. Anal.
Calcd. -for Gj4H;gBrN404: €, 45.17; H, 4.87; Br, 21.47; N, 11.29.
Found: C, 45.25: H, 4.97; Br, 2)1.34; N, 11.38.

A}
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Example 44, t-Butyl (1.2,5,6-terrahydro-2-oxo-4H-inidazo(4,5,1-
1J)quinolin-5-yl)carbapate (compound XXXIII)
Part A, ¢t-butyl (8-amino-1,2,3,4-tetrahydro-3-quinolinyl)carbamate
A mixture of ¢t-butyl (6-browmo-1,2.3,4-tetrshydro-8-nitro-3-
5 quinolinyl)-carbamate (3.72 g, 0.01 mol), absolute ethanol (150 ul)
and 10% palladium on carbon (0.60 g) was hydrogenated (50 1lb hydrogen
pressure) for 18 hours. The mixture was filtered through celite snd
the solvent removed. The residual foan was partitioned between ethyl
acetate snd 1 N godium hydroxide, and the ethyl acetata phase was
10 evaporated under reduced pressure to give 2.72 g of t-butyl (B-amino-
1,2,3,4-tetzahydro-3-quinolyl)carbamata (compound XXXII) as an oil.
Bars B, t-Bucyl (1,2,5,6-tetrahydro-2-oxo-4K-imidazo(4,5,1-1])qu-
inolin-5-yl)carbamata (compound XXXIII)
t-Butyl (8-amino-1,2,3,4-tetrahydro-3-quinolyl)carbamate (2.70
15 g) was dissolved in THF (100 nlL) and stirred while a solution of
phosgene in THF (20.7 al of 0.40 M, 0.093 mol) was added. After 5
minutes, triethylamine (2.08 g, 0.020 mol) was added and thea solution
stirred for an additional 10 minutes. The THF was removed under
Teducad pressure and the material was partitioned between chloroforn
20 (250 nlL) and water (20 mL). The chlorcform was washed with 4N modium
hydroxide (5 mL) and evaporated. The crude material was combined
with that of an earlier reaction (0.002 mol scale) and purified by
chromatography on silica gel in 1% methanol:chloroform to give 2.28 g
of product. Crystalllzation from pethanol:ether (1:1) gave 1.60 g
25 (548) white solid, mp 233-36C. Anal. Caled. for CpsHjgN303: C,
62.26; H, 6.62; N, 14.52. Found: C, 61.65; H, 6.94; N, 14.23.
Exsavle 45, 5-Amino-5,6-dihydro-4F-imidazo(4,5,1-1f)quinolin-
2(1H)-one (compound 26)
t-Butyl (1,2,5,6-tetrahydro-2-oxo-4N-imidazo(4,5,1-1))quinolin-
30 5-yl)carbamate (1.65 g, 0.0057 mol) was dissolved in methanolic RCl
(85 nL) and stirred at room temperature for 1 hour. The solvent was
Temoved undsr reduced prassure to give 1.29 g of crude product. An
analytical sample was recrystallized from methanol and ether to give
a pink solid, mp >300°C. Ansl. Caled. for CjpHyjN30-HCl-1/2H,0: C,
35 51.%8; H, 5.58; Cl, 15.11; N, 17.90. Found: C, 51.04; H, 5.47; Cl,
15.10; N, 17.86.
Example 46, 5-(Dimethylaninoe)-5,5-dihydro-4N-imidazo(4,5,1-
1J)quinolin-2(1H)-one hydrochloride (compound 27)

PNESDICID «WD BOIADSRAY T -
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S5«Amino-5,6-dihydro-4H-imidazo(4,5,1-1J)quinolin-2(1N)-one (0.73
g, 3.2 mmol} was dissolved in 1N sodium hydroxide solution (3.2 ml).
To. this vas added absolute ethanol (100 mL), 37% formaldehyde
solution (1.3 ml), 108 palladium om carbon (0.65 g), and the mixture

5 was hydrogenated (50 1b. initial Hp p;l.'as-ure) until Hy uptake ceased
(reaction time 5 hours). The mixture was filtered through caelite and
the solvent removed under reduced pressure to yleld a clear oil. The
crude material was combined with that of a pravious resction (2.5
mmol), dissolved in chloroform and gravity filtered to remove

10 paraformaldshyde. The compound was purified by chromatographing on
silica gel in 10% methanol:chloroform to give 0.88 g (71a) of 5-
{(dimethylamino)-5,6-dihydro-4H-imidaze(4,5,1-1f)quinolin-2(1N)~-one an
evil,

The bulk of the product was convarted to the hydrochloride salt,

15 mp 220-223°C. Anal. Calcd. for CypH1gN40-HCL.1/2H,0: C, 54.85; H,
6.52; C1, 13.49; N, 15.99. Found: C, 54.97; H, 6.33; Cl, 13.08; N,
15.55. .

Example 47.  5- (Propylamine)-5,6-dihydro-4N-inidazo(s,5,1-1f)qui-
nolin-2(1}) -one {compound 28)

20 Sodiun ecyanocborohydride (0.17 g) was added in small portions
over a S-hour pariod to a stirred solution of 1.90 g (8.4 mmol) 5-
saino-5,6-dlhydro-4K-1imidazo(4,5,1-1jJ)quinolin-2(1N)-one, 0.85 ul
sodiun methoxide and 1.5 g propionsldshyde in methanol.- (175 =mL).
Methanolic ammonia solution was added, and after 30 minutes, the

25 solvent was evaporated. The residual oil wvas partitionad betwsen
sthyl acetats and ;nur and the crude product obtained by avaporating
the ethyl acetate vas dissolved in chloroform and chromatographed on
8ilicas gel sluting with 2.5% methanol:chloroform to give 1.24 g (64%
yield) of 5,6-dihydro-5-(propylamino)-4H-imidazo(4,5,1-1f)quinolin.

30 2(1F)-one.

The bulk of the product was comverted to the hydrochloride salt,

mp >300°C from mathanol:ether. Amal. Caled. for CyjHj7N30°HC1: G,

58.31; H, 6.77; C1, 13.24; N, 15.69. Found: C, 58.16: M, 6.92; Cl,
13.17; N, 15.18.

35 Exzmple 48, 5-(Dipropylamine)-5,6-dihydro-4H-1mildazo(4.5.1-

1J)quinolin-2(1¥)-one {compound 29)
Propionaldehyde (12.7 g, 0.21 mol) and sodium cyancborochydrida
(2.22 g, 0.035 mol) were addsd at 0°C to a stirred solution of 5-

BRRICTE (WL GOTRUBMAC P .
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amino-5, 6-dihydro-4H-1imidazo(4,5,1-1}))quinolin-2(1K)-one (2.70 g,
0.012 mol) and sodium methoxide (1L mL of 3.8 M) in methanol (250 wl).

-34-

The splution was allowed to warm to room tepperature and, after 1
hour, methanolic ammonia (10 ml) was addad. The solution was gtirred

5 an additional 30 wminutes and the scolvant removed under reduced
pressure. The mixture was dissolved in EtOAc (500 mL), washed with
4N NaOH (15 ml) and Hy0 (2 x 10 ml) and evaporated. The crude
product was dissolved in chloroform:methanol (2:1) and chromato-
graphed on silica gel eluting with chloroform. The solid obtained

10 was triturated with ether:hexane (1:1, 40 ml) and filtered to give
2.12 g (65%) of product, mp 155-157°C. The analytical sample was
recrystallized from ethyl acetate:hexane; mp 155-158°C. Anal. Calcd.
for GygHpaN40: €, 70.29; K, 8.48; N, 15.37. Found: C, 70.36; K,
8.78; N, 15.30.

15 The bulk of the product was comvarted to the hydrochloride salt,
mp 221-224°C (dac). Anal. Caled. for CjgHyaN30-HCl: G, 62.02: H,
7.81; Cl, 11.44; N, 13.56. Found: G, 61.88; H, 7.79; C1, 11.50: N,
13.48.

Example 49, (-) 5-(Dipropylanino)-5,6-dihydro-4K- imidazo(4,5,1-

20 {))quinolin-2(1N)-one ((-) cowpound 29)

Part A, (+) and (-) t-Butoxycarbemyl N-(1-(1,2,5,6-tetrshydro-2-
oxo-4F-imidazo(4,5,1-1]))quinolin-5-yl) -L-phnnyln}l.ani.mide

A mixturs of t-butoxycarbonyl-L-phemnylalanine (2.9 g, 1l mmol),
5-amino-5,6-dihydro-48-imidazo(4,5,1-1))quinolin-2(1K)-one hydro-

25 chloride (2.25 g, 10 mmol), 1-hydroxybenzotriazole (1.65 g, 11 mmol),
triethylamine (1.1 g, 1l mmol) and dicyelohexylcarbodiimide (3.09 g,
15 mwol) in dimethylformanide (50 mlL) was stirred at room temperature
for 2 hours. The solution was filtered to remove dicyclohexyluraa,
svaporated, and chromatographed to give, as the first product sluted

30 from the column, 1.8 g of (+) t-butoxycarbonyl N-(1,2,5,6-tetrahydro-
2-oxo-4H-imidazo(4,5,1-1))quinolin-5-yl)-L-phenylalaninamide. This
was crystallized from methanol; mp 215-217°C; (a)pH®OH 426°. anal.
Calcd. for CpuHagNi0,: C, 66.03; H, 6.47; N, 12.84. Found: G,
66.01; H, 6.54; R, 13.01.

35 Continued elution of the column gava 1.9 g of (-) t-butoxycar-
bonyl N-(1,2,5,6-tetrahydro-2-oxo-4H-imidazo(4,5,1-4 f)quinolin-5-
y1)-L-phenylalaninamide.

Part 8. (-) 5-amino-3,6-dihydro-4K-imidazo(4,5,1-1f)quinolin-2(1R)-
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(-) t-Butoxycni‘bonyl N-(1,2,5,6-tetrahydro-2-oxo-4F-imidazo-
(4,3,1-1J)quinolin-5-yl)-L-phenylalaninamide (1.8 g) was stirred in
ethanolic hydrogen chloride (50 ml of 4.0 N) for 1 hour. The solvent
5 was removed and the residual oil was partitioned between chloroform
and sodium hydroxida solution. Evaporation of the chloroform gave
1.4 g of (-) N-(1,2,5,6-tetrahydro-2-oxo-4/-imidazo(4,5,1-1})quinol-
in-5-yl)phenylalaninamidse, This wvas dissolved in acetonitrile:THF
(30 oL of 1:1) and phanyl isothiocyanate (675 mg, 5 mmol) was added.
10 Afrter 1 hour, the solvents were rsmoved antl the residual ofl was
chromatographed on silica gel using chloroform as the initial eluant.
Elution of the column with 5% methanol:chloroform gave 1.8 g of (-) :
N-({phanylamino)thiocarbonyl)-N-(1,2,5,6-tetrahydro-2-oxo-4}-1in-
{daro(4,5,1-1))quinolin-5-yl)phenylalaninemide. This was dissolved '
‘ 15 in trifluoreacetic acid (25 xlL). After 1 hour the solvent was
) removed and the residus was dissolved in methanol (5 mL). Ether (50
ul) wvas sdded, the solution was cooled to -10°C, and the precipitate
was flltered off, washed with ether, and air drisd to give 1.2 g of
() 5-smino-5,6-dihydro-4F-imidazo(%,5,1-1))quinolin-2(1H)-one
20 triflucroacetate, mp 247°C (dec). (a)pM*OH .18°. Anal. Calcd. for
C1pH11N30-CoHF305: C, 47.53; H, 3.99; F, 18.80; N, 13.97. Found:
C, 47.31; H, 4.26; F, 17.37; N, 13.48. .
Part €. (-) 5-(Dipropylamino)-5,6-dihydro-4R-1imidazo(4,5,1-1])qu-
inolin-2(1H)-one
25 This wvas prapared following the procedure of Example 47, but
using (-) S5-amine-5,6-dilhydro-4H-imidazo(4,5,1-1))quinolin-2(1K)-one
trifluoroacatate in place of S5-amino-5,6-dihydro-4f-imidazo(4,5,1-
i })quinolin-2(1N)~one. The hydrochlorida salt of the product
crystallized from wmathancl:ether as & hemihydrate (2.89% water
30 content) with an indefinite melting point; (.)DHeDH «16.5°. Anal.
Caled. for cuuz_«,uao-nc'l-umzo: C, 62.02; H, 7.81; N, 13.56; Cl,
11.44. Found: C, 61.88; H, 7.79; N, 13.48; Cl, 11.50. The compound
- vas also converted to the hydrobromides salt vhich vas obtainad as a
monchydrate, mp 190-192°C from methanol/ether.
35 Ezagmple 50, +) 5-(Dipropylamino)-5,6-dihydro-4F-imidazo(4,5,1-
i1))quinolin-2(1H)-ons hydrochloride
This was prepared from (+) t-butoxycarbonyl N-(1,2,5,6-tetrahyd-
ro-2-oxo-4H-1imidaxo(4,5,1-1))quinolin-5-yl)-L-phenylalaninamide using
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the procedures described in Example 49, parts B and G. The
hydrochloride salt of the product erystallizad from methanol:ether as
a hydrate (0.99% water content) with an indefinite melting point;
(0)pH®OH 416.5°. Anal. Calcd. for CygHpaN30-HCl-1/4Hz0: C, 61.13;
H, B.01; Cl, 11.28; N, 13.37. Found: C, 61.17; H, 8.08; €1, 11.12;
N, 13.35.

Exewple 51. 5-(Dipropylamino)-5,6-dihydro-l-methyl-4H-inidazo-

(4,5,1-1))quinelin-2(1H)-one (compound 30)

Potassium hydride (0.28 g of & 358 by wt. mineral oll disper-
sion, washed with ather to remove oil, 2,7 mmol) in dry THF vas addad
to a stirred solution of 5-(dipropylamino)-5,6-dihydro-4F-imidazo-
(4,5,1-1f)quinolin-2(1H)-one (0.60 g, 2.2 mmol) in dry THF (25 ml).
Methyl 1odide (0.31 g, 2.2 mmol) in dry THF was then added. After
stirring at room temperature for 18 hours, methanol was slowly added
to the solution. The solvent was then removed undar reduced pressure
and the material disgolved in methanol:chloroform (1:1) and chromate-
graphad on silica gel using chloroform as eluant to give 0.50 g (79%
yield) of a yellow solid. The product was recrystallized twice from
hexane to give 0.28 g (448) of 5-(dipropylanino)-5,6-dihydre-1-
wmothyl-48-inidazo(4,5,1-1f)quinolin-2(1X)-one, wmp 83-85°C. Anal.
Calcd. for CyyHpsN30: C, 71.04; H, B.77; N, 14.62, Found: C,
71.25; H, 8.91; N, 14.74. .

Exzmple 52, 5-(Dimethylamine)-5,6-dihydro-1l-methyl-4F-1inidazo-
(4,5,1-1)quinolin-2(1¥)-ons (compound 31)

This compound was prepared by folloving the procedure of Example
51, but substituting 5-(dimsthylamine)-5,6-dihydro-4F-inidazo(4,5,1-
1J)quinolin-2(1K) -one for 5-(dipropylamino) -5, 6-dihydro-4K-im-
idazo(4,5,1-1))quinolin-2(1H)-one.

The product was converted to the hydrochloride galt vhich was
crystallized from methanol:ether; =mp 268-271°C. Anal. Caled. for
Cqy3H17N30-HC1: C, 58.31; H, 6.77; Cl, 13.24; N, 15.69. Found: C,
58.40; H, 6.92; C1, 13.05; N, 15.33.

Exanple 53, 5-(Dimethylanine)-5,6-dihydro-8-methyl-4H-inidazo-
(4.5.1-1})quinolin-2{N)-oma (compoumd 32)

This compound was prepared by following the procedure of Example
46, but substituting 5-amino-5,6-dihydro-6-methyl-4H-imidazo(4,5,1-
1j)quinelin-2(1H)-one for S-anino-5,6-dibydro-4F-imidazo(4,5,1-
1])}quinolin-2(1K)-one.

¢l
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The product was converted to the hydrochloride salt which was
crystallized from methanol:ether; mp 281-284°C. Anal. Calcd. for
C13H17N10-HC1: C, 58.31; H, 6.77; Cl, 13.24; N, 15.69. Found: C,
58.00: H, 7.03; C1, 12.94; N, 15.44.
5 Exawple 54, 6-Bromo-1,2,3,4-tetrahydro-8-nicro-N,N-dipropyl-3-
, quinolinamine (compound XXXla)
A nixture of 6-bromo-1,2,3,4-tetrahydro-8-nitro-3-quinolinamine
dihydrochloride (11.5 g, 0.033 mol), iodopropane (21 g, 0.12 mol) and
anhydrous sodium carbonate (20 g, 0.19 wol) in dimethylformamide (100
10 nml) was stirred at 100°C for 5 hours. The solution was then evapo-
rated, partitionsd between ethyl acetate and water, and the ethyl
acetats vas evaporated to give a red oil. This was chromatographed
on silica gel to give 8.2 g of 6-browo-1,2,3,4-tetrahydro-B-nitro-
N,N-dipropyl-3-quinclinamine. The,K product was ecrystallived £from
. 15 ethyl acetate:hexane to give 7.6 g pof product, wp 79-81°C. Anal.
' Caled. for CysHyoBrNi0,: C, 50.57; H, 6.23: Br, 22.43; N, 11.79.
Found: C, 50.59; H, 6.27; Br, 22.53; N, 11.69.
Continued elution of the column afforded 1.5 g of 6-bromo-
1,2,3,4-tetrahydro-8-nitro-N-propyl-3-quinoclinamine as an oil.
20 Exapple S5. 6-Bromo-1,2,3,4-tetrahydro-N,N-dimethyl-8-nitre-3-
quinolinanine (compound XXXIb)
A mixture of 6-bromo-1,2,3,4-tetrahydro-8-nitro-3-quinolinamine
(1.5 g. 5.5 mmol)," 378 aquecucs formaidehyde (1.B ml) and formic acid
(10 aL) vas heated at 100°C for 1 hour. The solution was then evapo-
25 rated, partitioned between ethyl acetate (200 mlL) and 4 N sodium
hydroxide solution (10 mL), and the ethyl acetate was evaporated to
Eive a red oil. This was chromatographed on silica gel to give 1.58
g of é-bromo-1,2,3,4-tetrahydro-N,N-dinathyl-8-nitro-3-quinolinamine.
The product wvas crystallized from ethyl acetate:hexane; mp 83-91°C.
30 Anal. Caled. for CyjHy4BrN30p: €, 44.01; M, 4.70; Br, 26.62; N,
14.00. Found: C, 44.04; H, 4.89; Br, 26.62; N, 13.97.
Exaomle 56, 5-(Dipropylamino)-5,6-dihydro-4H-1nidazo(4,5,1-
. ! 1})quinolin-2(1R)-thicne (Compound 33)
Part A. 1,2,3,4-Tetrahydro-N>,K3.dipropyl-3,8-quinolinediamine
* k. }-) (compound XXXVb)
A mixture of &-browe-1,2,3,4-tetrshydro-8-nitro-N,N-dipropyl-3-
quinolinamine (2.7 g) and 108 palladium charcoal (0.5 g) in ethanmol
(150 mlL) was hydrogenated for 18 hours. The solution was filtered

MNSIXTD oW SR 1 .
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and the sthanol svaporated to glve 1.9 g of 1.2.3.A-te:rnhydro-l€3.!i3-
dipropyl-3,8-quinolinedianine as an oil.
Part B, 5-(Dipropylamino)-5,6-dihydro-4H-imidazo(4,5,1-1f)quinolin-
2(1K)-cthione

5 D1 (2-pyridyl)thiocarbonate (1.6 g, 7.2 mmol) was added to a
stirred solution of 1.2,3,la-t:etruhydru-ﬂ:’.N3-d1propy1-3,l-quinollne-
dismine (1.6 g, 6.7 mmol) in THF (S50 mL). The solution was stirred
for 1 hour, avaporatesd, and partitioned between chlorofornm and water.
The chloroform phase was svaporated and chromatographed on silica gel

10 using ethyl acetate:hexane (1:9) as the initial eluant to give 1.6 g
of product. Crystallization from cyclohexane gave 1.3 g (67%) of 5-
(dipropylamino)-5,6-dihydro-4H-inidezo(4,5,1-1))quinolin-2(1K)-
thione, mp 150-151°"C. Anal. Calcd. for CygHpqN3S: C, 66.39; H,
8.01; N, 14.52; 5, 11.08. Found: €, 66.50; H, 8.18; N, 14.56; S,

15 11.02.
Example 57, 5,6-Dihydro-2-methylthie-N,N-dipropyl-4¥4-imidazo-

(4,5,1-11)quinolin-5-anine (compound 34)
This compound was prepared using the procedure of Example 51,
but substituting 5-{dipropylamine)-5,6-dihydro-4H-inidazo(4,5,1-
20 i}))quinolin-2(1X)-thions for 5-(dipropylamine)-5,6-dihydro-4H-
imidaze(4,5,1-1J)quinolin-2 (1K) -one. The product was crystallized
from pentane; mp 49-52°C.  Anal. Caled. for C;;HysH3S: C, 67.28; H,
8.30; N, 13.85; 5§, 10.57. Found: C, 67.57; H, 8.27: N, 14.00: S,
10.44.
25 Example 58, 5,6-Dihydro-N3 ,N3-dipropyl-4K-imidazo(4,5,1-1))qui-
noline-2,5-dianine (compound 35)

This compound was prepared using the procedure of Exsmple 56
part B, but substituting cyanogen bromide for di (2-pyridyl)thiocar-
bonate, The product was purified by chromatography and tritutated

30 with ather; mp 160-170"C. Anal. Caled. for CygHpiN,: C, 70.55; M,
B.BB; N, 20.57. Found: C, 6B.96; H, 9.03; N, 20.57.

Esample 59.  5,6-Dihydro-N2-methyl-N° N3-diprepyl-4R-imidazo(é,5,1-
1j)quinoline-2,5-dlamine (compound 36)

This compound was prepared using the procedurs of Exmmple 51,

35 but substituting 5,6-dihydro-N3 N3-dipropyl-4H-imidazo(k,5,1-1))qui-

noline-2,5-diamine for 5-(dipropvlanino)-5,6-dihydro-4-imidazo-

(ﬁ.5.1-.1 J)quinolin-2(1#)-one. The product vas separated by chromato-

graphy from the accompanying 5,6-dih:rdro-1-nethy1-!!5.N5-dlpropyl-hﬂ-

WA WD ROIGASRATY 1
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imidazo(4,5,1-1})quinoline-2,5-dlamine,
Examnle 60, 5- (D:I.pro'py.lanino) =3,6-dihydro-4H-imidazo(4,5,1-
ij)quinolin-2-yl)cyananide (compound 37)

This compound was prepared using the procedure of Example 56
part B, but substituting diphenyl cyanocarbonimidate for di (2-
pyridyl)thiocarbonate.

Example 61, 5,6-Dihydro-N,N-dipropyl-1H,4HF-thiadiazolo(4,3,2-
1))quinoline-5-amine 2,2-dioxide (compound 38)

This compound was prepared using the procedure of Example 56
part B, but substituting sulfamide ior di (2-pyridyl)thiocarbonate
and carrying the reactlion out at 150°C in absence of solvent.
Exapple 62, 1,2,6,7-Tetrahydro-6-(dipropylamino)-3H, 5§-pyrido-

(1,2,3-de)quinoxalin-3-ons (compound 39)

This compound was prepared using the procedura of Example 56,
but substituting ethyl bromoacetate for di (2-pyridyl)thiocarbonate
and carrying the reaction out at the reflux temperature. The crude
product was chromatographed to give, as the major product and first
compound eluted from the columm, 1,2,6,7-tetrahydro-6-(dipropylaain-
0)-34,58-pyrido(1,2,3-de)quinoxalin-3-one. The product was crystall-
ized from ethyl acetate:hexane; mp 97-99°C. Anal. Calcd. for
Cy7HasN30: G, 71.04; H, B.77; N, 14.62. Found: C, 71.20: H, 8.90:
N, 14.85,

Continued elution of the column gave a small amount of 1,2,.6.7-
tetrahydro-6-(dipropylamino)-3X,5N-pyrido(l,2,3-de)quinoxalin-2-one.
Example 63, 1,2,6,7-Tetrahydro-6-(dipropylamine)-3X, 5H-pyrido-

(1,2,3-de)quinoxalin-2-one (compound 40)

This compound was prepared using the procedure of Example 56,
but substituting chloroacetic anhydride for di (2-pyridyl)thio-
carbonate. The initially formed ﬂ'-(chlorucetyl)-l,z.3.&-1:0:“-
hydrn-ll3.N3-|!:L'propy1-3.B-quimllmdianlm vas heated at 150°C in DMF
to effect cyclization to 1,2,6,7-tetrahydro-6-(dipropylamino)-3R,5A-
pyrido(l,2,3-de)quinoxalin-2-one vwhich was thereby obtained as the
hydrochloride salt which was crystallized from methanol:sther; mp
250-255°C (dec). Anal. Caled. for Cy7HpsN40-BCl: €, 63.04; H, 8.09;
Cl, 10.95; N, 12.98, Found: C, 62.39; H, 8.34; C1, 10.85; N, 12.84.
Example 64, 6,7-D1hydro-6-(dlpropylmlno)-BH.'SH-pyri.do(l.z.3-da)-

quinoxalin-3-one (compound 41)
This compound was prepared using the procedure of Example 56,
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bur substituting butyl glyoxylate for di (2-pyridyl)thiocarbonate and
carrying the reactien out at the raflux temperature.

The bulk of the preoduct was converted to the p-toluenesulfonate
salt, mp 188-190°C from methanol:ether.

Exgmple 65, 6,7-Dihydro-6-(dipropylamino)-1H,5H-pyrido(l,2,3-de)-
quinoxalin-2 ,3-dione (compound 42)

This compound was prepared using the procedure of Example 56,
but substituting ethyl oxalyl chloride for di (2-pyridyl)chio-
carbonate and carrying the reaction out at the reflux temperature.
Tha product was crystallized from sthyl acetate:hexane; mp 166-168°C.
Ansl. Calcd. for Cy9Hp9N902: €, 67.75; H, 7.69; N, 13,94, Found:
C, 67.66; H, 7.96; N, 13.80.

The bulk of the product was convertsd to the hydrochloride salt
vhich wvas crystallized from mathanol:ather; mp 250-235°C (dec).
Example 66, 5-{Dimethylamino)-5,6-dihydro-4H-imidaze(4,5,1-

1) quinolin-2(1N)-thione (compound 43)
Part A, 1.2.3.h-'.l.'etrlhydto-ll3.Na-dinathyl-S.l-quinolinedianim
(compound XXXVb)

A mixture of 6-brome-1,2,3,4-tetrahydre-8-nitro-N,N-dimethyl-3-
quinolinamine (1.15 g, 3.8 mwol) and 108 palladium charecoal (0.5 g)
in ethanol (150 ml) was hydrogenated for 18 hours. The solution was
filtered and the ethanol evaporated to give 0.73 g of 1,2,3,4-
tnl:t-hydro-ll3.N3-dtnethyl-3.l-qu:lml:lmdllnim as an oil.

Part B, 5-(Dimethylaminc)-5,6-dihydro-4R-inidazo(4,5,1-1])quinelin-
2(1A)-thione

Di (2-pyridyl)thiocarbonate (0.92 g, 4.0 nmol) was mdded to a
stirred solution of 1.2.3,lo—t-trahydro-!3.Hs-d:lnthyl-3.B-quinolinu-
diamine (0.73 g, 3.8 mmol) in THF (50 ml). The solution was stirred
for 1 hour, evaporated, and partitioned between chloroform and water.
The chloroforn phase was evaporated and chromatographed on silica gel
using ethyl acetate:hexans (1:9) as the initial elusant to give 0.68 g
of product. Crystallization from cyclohexane gave 0.60 g of 5-
(dimethylanine)-5,6-dihydro-4F-1iuldazo(4,5,1-1f)quinelin-2(1K)-
thione, mp 203-205°C. Ansl. Calcd. for CyoHigN3S: GC, 61L.77; H,
6.48; N, 18.01; S, 13.74, Foumd: C, 61.77; KR, 6.53; N, 17.73; S.
Exagple §7.  Alternate synthesis of 1,2,3,4-Tetrshydro-N3,n3-

dimethyl-3,8-quinolinedianine (compound XXXVb)
Bart A. Diethyl (formylamino)((2-nitrophenyl)methyl)propanediocate

N
A
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Diethyl (forwylamino)malonate (20.3 g, 0.1 mol) was &dded to a
stirred solution of sodium ethoxide (250 mL of 0.4 M). 2-Nitrobenzyl
chloride (17.2 g, 0.1 mol) was added, the mixture was refluxed for 2
hours and the solvent was then removed under reduced pressure. The
watcrial was partitioned between ecthyl acaetate and water, the ethyl
acetate was separated and evaporated to give 40.3 g of crude produet.
The compound was crystallized from ethyl acetate:hexane to give 25,5
g of diethyl (formylamino){(2-nitrophenyl)methyl)propanedicate; mp
129-132°C.
Part B, Ethyl 3-(formylamino)-1,2,3,4-tetrahydro-2-oxo-3-quinoli-

necarboxylate

A mixture of diethyl (formylamino)({(2-nitrophanyl)mathyl)propa-
nedioats (B.54 g, 0.025 mol) and 108 palladium on carbon (2.0 g) in
absolute ethanol (200 nl) was hydrogenated (5¢ 1lb initial Hy pres-
sure) until hydrogan uptsks ceased. The mixture was filtered through
celite and refluxed for 2 hours to achieve cyclization. The solvent
was removed under reduced pressure to glve 6.6 g of product vhich was
crystallized from methanol to give 5.0 g of white crystals, mp 187-
190°C. Anal. Calcd. for Cy3Hi4No0,: €, 59.53; H, 5.38; N, 10.68.
Found: C, 59.77; H, 5.36; N, 10.75.
Bart C. 3-(Formylamine)-3, 4-dihydre-2{1H)quinolinone

Sodiun hydroxide (50 ml. of 4.0 N, 0.20 mol) was addad to a
stirred solution of ethyl 3-(£omy1ulno)-1.2.3.ﬁ-tetrnhydr.o-2-m-3-
quinolinecarboxylats (11.3 g, 0.043 pol) in methanol (250 ml). After
30 minutes, a vhite precipitats appeared and, after 45 minutes watar
(50 npl) was added to tha rasaction. After refluxing overnight,
hydrochloric acid (50 nmL of 4.0 N, 0.20 mol) was added and the
solvents wvers ramovad under reduced pressure. The residual solid was
refluxsd in ethanol (200 mlL) for 1 hour, filtered to remove salt, and
cooled to afford 6.8 g of product, mp 197-200°C: Anal. Caled. for
CioHioN202: C, 63.15; H, 5.30; N, 14.73. Found: C, 63.03; H, 5.37;
N, 14.71,
Paxt P, 3-(Formylamino)-&-bromo-3,4-dihydro-B-nitro-2(1R)quinoll-

none

Bromine (16.0 g, 0.1 mol) was added to a stirred solution of 3-
(foruylamino)-3,4-dihydro-2(1H)quinolinone (19.0 g, 0.1 wmol) and
anhydrous sodium acetate (12.7 g, 0.2 wol) in acetic acid (500 mlL).
After 1 hour, water (1.5 L) was added and the precipitate was



BNRDOCID - W3

WO 90/15058 PCT/ 2621

788947

10

15

20

25

30

35

WASNMART 1 .

filcarad off and air dried to give 17.8 g of 3l-(formylamino)-6-bromo-
3,46-dihydro-2(14)quinolinone, mp 275-282°C (dec). This was dissolved
in crifluoracetic acid (300 mL) and sedium nitrate (9.0 g) was added
to the stirred solution. Afrer 1 hour, water was added and the
precipitate was filtered off and air dried to give 18.2 g of 3-
(formylamino)-6&-bromo-3,4-dihydro-8-nitro-2(1H)quinolinone, mp 232-
235°C-

Part E. 3-{(Amino)-6-brome-3,4-dihydro-8-nitro-2(1F)quinolinone

This compound was prepared using the procedure of Exsmple 9 part
A, but substituting 3-(formylamino)-6-bromo-3,4-dihydro-8-nitro-
2(1H)quinolinone for N-(2,3,6,7-tetrahydro-3-oxo-1H,5K-benzo(l J)quin-
olizin-2-yl)-formamide,

Part F. 3-(Dimethylamino)-6-bromo-3,4-dihydro-8-nitro-2(1H)quino-
linone

This compound was prepared using the procedure of Example 55,
but substituting 3-(formylamino)-6-bromo-3,4-dihydro-8-nitro-2(1lH)qu-
inclinone for 6-brome-1,2,3,4-tetrshydro-8-nitro-3-quinolinamine.
The product was crystallized from ethyl acetate; mp 162-165"C.

Bart G. 3,8-Diamine-3,4-dihydro-N3 ,N3-dimethyl-2(1¥)quinclinone

This compound vas prepared using the procedure of Example 56
part A, but substituting 3-(dimethylamino)-6-bromo-3,4-dihydro-8-
nitro-2(1lH)quinolinone for 6é-bromeo-1,2,3,4-tetrahydro-8-nitro-N,N-
dipropyl-3-gquinalinamine. '

Part H. 1,2,3,4-Tetrahydro-N3,N3-dimethyl-3,8-quinolinediamine

This coupound was prepared using the procedure of Example 14,
but substituting 3,8-diamino-3,4-dihydro -N3, N3 -dimethyl-2(1K)quinoli-
none for N-(2,3,6,7-tetrahydro-3-oxo-1K,5H-benzo(lj)quinolizin-2-
yl)propanamide.

Exaxple 68, 5.6-Dihydro-N,N-dimethyl-2-methylthic-4f-imidazo-
(4,5,1-1J)quinoline-5-amine (compound 44)

Thiz compound was prepared using the procedurs of Example S1,
but substituting 5-{dinethylanino)-5, 6-dihydro-4H-imidazo(4,5,1-
i1j)quinolin-2(1K)-thione for 5-(aipropylamino)-5, 6-dihydro-4H-
imidazo(4,5,1-1f)quinolin-2(1¥)-one. The product wvas crystallized
from ethyl acetate:hexans; mp 84-86°C. Anal. Caled. for Cj3H;jN3S:
C, 63.12; H, 6.93; N, 16.99; 5, 12.96. Found: C, 63.08; H, 7.02: N,
16.97; S, 12.82.

Exsmple €9,  5,6-Dihydro-N3,N7-dimethyl-4H-imidazo(4,5,1-1])quin-



PNSDOXL. WD

WO 90/15058 PCT/US90/02621

{.‘ .
. %25, 26%

10

15

20

25

35

oline-2,5-diamine (compound 43)

This compound was prepared using the procedure of Example 66,
but substituting cyanogen bromide for di (2-pyridyl)thioecarbenate.
Example 70, 5,6-Dihydro-N,N~dimethyl-4H-thiadiazolo(4,3,2-1])qui-

noline-5-amine 2,2-dioxide (Compound 46)

This compound was prepared using the procedure of Example 66,
but substituting sulfamide £for di (2-pyridyl)thiocarbonate and
carrying the reaction out at 150°C in absence of solvent.

Example 71. 1,2,6,7-Tetrahydro-6-{dinethylasalino)-34,58-pyrido-
(1,2,3-de)quinoxalin-3-one (compound 47)

This compound was prepared using tha procedure of Example 66,
but substituting ethyl bromoacatate for 41 (2-pyridyl)thiocarbonate
and cszrrying the resction out st the reflux temperature, -

Exenple 72, 1,2,6,7-Tetrahydro-6-(dinethylamino)- 3K, 5¥-pyrido-
(1.2,3-de)quinoxalin-2-one (compound 48)

This compound was prepared using the procedure of Example 66,
but substituting chlorcacetic anhydride for di (2-pyridyl)thiocar-
bonate and cyclizing the initially formed N'-(chlornncetyl)-l.Z,S.ﬁ-
tetrahydro-N3 ,N3-dimethyl-3,8-quinolinediamine by heating at 150°C in
DMF.

Example 73, 6,7-Dihydro-6-(dimethylanino)-3N,58-pyrido(l,2,3-de)-
quinoxalin-3-one {(compound 49)

This cowmpound was prepared using the procedure of E-aunple 66,
but substituting butyl glyoxylate for di (2-pyridyl)thiocarbonate and
carrying the reaction out at the reflux temperature.

Examnle 74, 6,7-Dihydro-6-(dimathylaminn)-1H,58-pyrido(l,2,3-de)-
quinoxalin-2,3-dione (compound 50)

This compound was prepared using the procedure of Example 66,
but substituting sthyl oxalyl chloride for di (2-pyridyl)thiocar-
bonate and carrying the reaction ocut at the raflux temparaturs.
Example 75, Alternate synthesis of 5-(dipropylamino)-5,6-dihydro-

4H-imidazo(4,5,1-1 ) quinolin-2(1F)-one (compound 29)
Part A, 4-Methyl-li-benzimidazolidinons

1,1-Carbonyldiimidazele (30.5 g, 0.19 wol) was added, with
cooung.' to a stirresd solution of 3-methyl-l,2-benzensdiamine (22.98
g, 0.19 mol) in dimethylformamide (200 mL) and the mixture was heated
at 100°C for 1 hour. The golvent was removed under reduced pressure
until solid began to appsar. Water (200 mlL) was slowvly added, with

".\‘
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stirring, to precipitate the desired product. The preciplitate was >
filtered off and air-dried overmight to give 26.28 g brown solid, mp
> 2B0°C, which was used without furthar purification.
Part B, 2-Chloro-4-mathyl-lH-benzimidazole
5 Hydrogen chloride gas was bubbled through a stirred mixture of
4-methyl-lH-benzimidazolidinone (5 g, 0.034 mol) in phosphorus
oxychloride (50 mL) for 1 hour at 120°C. The solvent was removed and
the resulting solid was dissolved in water (50 al). Ammonium
hydroxide (20 ml) was carefully added until the mixture was basic.
10 The aqueous phase was then extractsd with chloroform, £filtered
through celite, and evaporated te give 5.2 g of brown oil. The
product was chromatographed on silieca gel in chloroform, and was
eluted with 1% methanol:chloroforn to give 3.96 g of brown oil.
Crystallization from ethyl acetate hexans gave 2.72 g of brown
. 15 crystals, mp 137.5-139.5°C.
Part €. Methyl 2-chloro-4-methyl-l7-benzimidazole-1l-carboxylate
Potassium hydride (0.85 g of 35% in oil, washed with ether to
remove ©0ill, 7.4 mmol) was added to a stirred solution of 2-chloro-&-
methyl-1lH-benzimidazole (1.23 g, 7.4 mmol) in THF (25 mlL). Methyl
20 chloroformate (0.7 g, 7.4 wmol) was addad and the reaction was
stirred 10 minutes. The solvent was rtemovad and the material was
partitioned betwaen ethyl acetate and water. Evaporation of the
organic layer gave 1.68 g of white solid. Cryltclliz.lnlon from
hexane gave 1.42 g of white crystals, mp 90-91°C. Anal. Calcd. for
25 CypHgCINRZ05: C, 53.47; H, 4.04; Cl, 15.78; N, 12.47. Found: C,
53.63; H, 4.1); C1, 15.81; N, 12.45.
Part D, Methyl 4-(bromomethyl)-2-chloro-1lH-benzimidazole-1-carboxy-
late
A mixture of wmethyl 4-methyl-2-chloro-1H-benzimidazole-1-
30 carboxylate (17.5 g, 0.078 mol), N-bromosuccinimide (13.9 g, 0.078
mol) and benzoyl peroxide (2.0 g) in carbon tetrachloride (175 nlL)
vag stirred at reflux for 2 hours. The solution was cooled, filtered
to remove succinimide by-.products, evaporated and crystallized from
athyl acetate:hexane to give 17.1 g of mathyl-4- (bromomethyl)-2-
35 chloro-lli-benzimidazole-l-carboxylate as a pale yellow solid.
Part E. 2-Chloro-5,6-dihydro-N,N-dipropyl-4i-imidazo(4,5,1-1))-
quinolin-5-amine (compound 51)
This compound was prepared using the procedure of Exampla 18,

BNSDOTID +WE BOISDBRAT 1 .
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but substituting methyl-4-(bromomethyl)-2-chlore-l¥-benzimidazole-1-
carboxylate for methyl-4-(bromomethyl)-1H-benzimidazole-1-carboxy-
late. The bulk of the product was converted to the dihydrochloride
salt, mp 165-170°C.
Part F. 5-(Dipropylamino)-5,6-dlhydro-4H- 1ni.d.nzo(b v3,1-1))quinolin-
2(1H)-one (compound 29)
2-Chloro-5,6-dihydro-N,N-dipropyl-4H-imidazo(4,.5,1-1f)quinelin-
S5-amine was refluxed in acetic acid for 1 hour. The solvent was
removed and the residus was partitionad between ethyl acaetate and
sodium hydroxide solution. Evaporation of the athyl acetate afforded
5-(dipropylamino)-5,6-dihydro-4N-imidaze(4,5,1-1f)quinolin-2(1H)-ona.
Exagple 76, 1-(1,2,5,6-Tetrahydro-2-oxo-4i-imidazo(4,5,1-1))qui-
nolin-5-yl)pyrrolidine (compound 52)
This compound was prepared by following the procedure of Example
44 part B, bur substituting 1-{8-amino-1,2,3,4-tetrahydre-3-quino-
lyl)pyrrelidine for t-butyl (B-amino-1,2,3,4-tetrahydro-3-quinolyl)-
carbamatse.
Example 77, 1-(1,2,5,6-Tetrahydro-2-oxo-4§-imidazo(4,5,1-1J)qui-
nolin-5-yl)piperidine (compound 53)
This compound was prepared by following the procedure of Example
44 part B, but substituting l-(8-amino-1,2,3.4-tetrashydro-31-quinel-
yl)piperidine for t-buryl (8-amine-1,2,3,4-tetrahydro-3-quinolyl)car-
bamate. -
Expumle 78, 4-(1,2,5,6-Tetrahydro-2-oxo-4l-~inldazo(4,5,1-1 f)qui-
nolin-5-yl)morpholinae {(compound 54)
This compound vas prepared by following the procedure of Example
44 part B, but substituting 1-(8-amino-1,2,3,4-tetrahydro-3-quinol-
yl)worpholine for t-butyl (8-amino-1,2,3,4-tatrahydro-3-quinolyl)car-
bamats.
Example 79, 1-(1,2,5,6-Tetrahydro-2-oxo-&4H-1imidazeo(4,5,1-1 ) qui-
nolin-5-yl)imidazole (compound 55)
This compound was prepared by following the procedure of Example
45 part B, but substituting 1-(8-amino-1,2,3,4-tetrshydro-3-quinol-
yl)imidazole for t-butyl (8-amino-1,2,3,4-tetrahydro-3-quinolyl)car-
banate.
Example 80, 1-(1,2,5,6-Tetrahydro-2-oxo-4F-imidazo(4,5,1-1f)qui-
nolin-5-yl)-4-methylpiperazine (compound 56)
This compound was prepared by following the procedure of Example
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44 part B, but substituting 1-(8-amino-1,2,3,4-tetrahydro-3-quinol-® 2
yl)-4-methylpiperazine for ¢-butyl (8-amino-1,2,3,4-tetrahydro-3-

quinolyl)carbamate.
Example B1. 5-{(Phenylmethyl)methylamino)-5,6-dihydro-4H-im-
5 1dazo{4,5,1-i))quinolin-2(1K)-one (compound 57)

This compound was prepared by following the procedure of Example
44 part B, but substituting 1.2,3,&-tetrshydro-ﬂ3-nethyl-ﬂ3-(phenyl-
methyl)quinoline-3,8-dianine for t-butyl (B-amino-1,2,3,4-tetrahydro-
l-quinolyl)carbamate. The bulk of the product was converted to the
10 hydrochloride salt, mp 145-149°C from methanol/ether.
Example 82, 5-(Dipropylamino}-7-chloro-5,6-dihydro-4K-imidazo-
(4,5,1-if)quinolin-2(1N)-one (compound 58)
This cou;;ound vas prepared by following the procedure of Example
44 part B, but substituting 5-=hloro-1.2.3.6-:attahydro-ll3.ﬂ3-
. 15 dipropyl-j 8-quinolinediamine for t-butyl (8-amino-1,2,3,4-tetra-
hydro-3-gquinolyl)carbamate.
Example 83, 5-(Dipropylamino)-5,6-dihydro-7-mathoxy-4X-1imidazo-
(4,5,1-1J)quinolin-2(1K)-one (compound 59)
This compound was prepared by following the procedure of Example
20 44 part B, but substituting 1.2.3.lo-t:at:rlhydro-5-|na|:hoxy-ﬂ3,N3-
dipropyl-3,8-quinolinedismine for r-butyl (8-amino-1,2,3,4-tetra-
hydro-3-quinolyl)carbamate.
Exszple 84,  5-(Dipropylamino)-5,6-dihydro-B8-methoxy-4H-inidazo-
(4,5,1-1])quinolin-2(1H) -one (compound 60)
25 This compound was prepared by following the procedure of Example
44 part B, but substitucting 1.2.3.6-tetrahydro-6-nethoxy-n3.N3-
dipropyl-3,8-quinolinedlanine for c-butyl (8-amino-1,2,3,4-tetrahyd-

. ro-3-quinolyl)carbanata.
Example 85, 5-(Dipropylaminn)-5,6-dlhydro-9-mathoxy-4f-imidazo-
30 (4,5.1-1f)quinolin-2(1N)-one (compound 61)

This compound was preparesd by following the procedure of Example

44 part B, but pubstituting 1.2.3,lu-:atnhydro-'l-ne:hoxy-n3.!l3-

dipropyl-3,8-gquinolinediamine for t-butyl (8-smino-1,2,3,4-tetrahyd-
T0-3-quinolyl)carbamate.

35 Example 86, 5- (Dimethylamino)-5,6-dihydro-8-methoxy-4A-imidazo-

(4,5,1-1f)quinolin-2(1H)-one (compound 62)
This compound was prepared by folloving the procedure of Example
44 part B, but substituting 1,2,3,4-tetrahydro-6-methexy-N3,N3-
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dimethyl-3,8-quinolinediamine for t-butyl (8-amino-1,2,3,4-tetrahyd-
To-1-guinolyl)carbamate.

ample §7 5-(Dimethylamino)-5,6-dihydro~4H-imidazo{4,5,1-
1j)quinolin-8-01 {cowpound 63)
5 This compound was prepared by following the procedure of Example

32, but substituting 5-(dimethylamino)-5,6-dihydro-B-methoxy-4H-im-

fdezo(4,5,1-i))quinolin-2(1X)-ona for 5,6-dihydro-7-methoxy-N,N-

dipropyl-4H-imidazo(4,5,1-1))guinolin-5-anine.

Example B8, 5,6-Dihydro-6-methyl-NR,N-dimethyl-4H-imidazo(4,5,1-
10 iJ)quinolin-5-anine (compound 64)

Part A, 4-Ethyl-1H-benzimidazole

This compound was prepared follewing the procedure of Example
16, but substituting &4-browo-2-ethyl-6-nitroaniline for 2-methyl-6-
nitroaniline.

15 Part B, t-Butyl 4-(l-bromosthyl)-lH-benzimidazole-1l-carboxylate

This compound was prepared following the procedure of Example
17, but substituting G-ethyl-lH-benzimidazole for 4-methyl-lK-
benzimidazols.

Part €. 5,6-Dihydro-6-methyl-N,N-dimaethyl-4N-imidazo(4,5,1-1))qu-
20 inolin-3-amine

This compound, & mixture of diastareomers, was prepared follow-
ing ths procadure of Exampla 19, btutr substituting ¢-butyl &-(1-
bromosthyl)-1H-benzimidazole-1-carboxylate for t-butyl .la-(l-hromo-
methyl)-1lN-benzimidazole-1l-carboxylate.

25 Example 89, 5,6-Dihydro-6-methyl-K,N-dipropyl-4H-imldazo(4,5,1-
ij)quinolin-5-amine (compound 65)

This compound., a mixture of disstersomers, was prepared follow-
ing the procedure of Example 88 part C, but substituting methyl
benzyl (dipropylamino)malonate for methyl benzyl (dimethylamino)

30 malonate. The product was crystallized from hexane; mp 7B-84°C.
Anal. Calcd. for Cy7Hp3N30: G, 75.23; H, 9.28; N, 15.48. Found: C,

75.00; H. 9.47: N, 15.54.
. Exagple 90, 5-(Dimethylamino)-5,6-dihydro-6-methyl -4H-imidazo-
(4,5,1-1))quinolin-2(17)-one hydrochloride (compound

. k] 66)

This compound, & mixture of dlastersomesrs, was preparad follow-
ing the procedure of Exsmple 44 part B, but substituting 1,2,3,4-
tetrahydro-4-methyl-N3,N3-dimethyl-3,B-quinolinediamina for t-butyl
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(8-amino-1,2,3,4-tecrahydro-3-quinelyl)carbamate.

Example 91, 5-(Dipropylamino)-5,6-dihydro-6-methyl-4K-inidazo-
(4,5,1-1))quinelin-2(1H)-one hydrochloride (compound

67)
5 This compound, a mixture of dlastarsomerz, wvas prepared follow-

ing the procedure of Example 44 part B, but substituting 1,2,3.4-
tetrahydro-4-methyl -N3, 83 -dipropyl-3,8.quinolinediamine for r-butyl
(8-amino-1,2,3 4-tetrahydro-3-quinolyl)carbamate.
Exagple 92, 5,6-Dihydreo-4-methyl-N,N-dipropyl-4H-imidazo(4,5,1-
10 ij)quinolin-5-amine (compound 68)
Part A, B-(dipropylamine)-1H-benzimidazole-4-propanal
Oxalyl chloride (1.2 mlL, 0.014 mol) was added with stirring te
methylena chloride (20mL) at -78"C. Ten minutes afrer addition was
complete, DMS50 (2 mL) was added and stirring was continued for an
15 additional 10 minutes. ﬂ-Dipropylmino)-H-beﬁzinidazole-k-proplnol
(2.1 g, 7.5 mmol) in methylene chloride was added and, after 30
minutes, the solution was allowed to warm to room temperature. Water
was added, the methylene chloride vas sepsrated and evaporated, and
the residue waz chromatographsd on silica gel to give A-(dipropyl-
20 amino)-1A-benzimidazole-4-propanal as sn oll.
Parr B. B-(dipropylamino)-a-methyl-1H-benzimidazole-4-propanol
Mathyl magnesium bromide (3.3 mlL of 3.0 ¥ in ather, 6 mmol) was
added to & stirred solution of j- (dipropylmino)-lﬂ-henzim'idazoh-h-
propanal (1.45 g, 5 mmol) in THF (25 ml). The salurion was stirred
25 for 1 hour, evaporated, and partitioned batween esthyl acatate and
watar, The athyl acetate was evaporatad and the residue was chroma-
tographed on silica gel to give p-(dipropylamino)-a-methyl-1K-
benzinidazele-4-propancl as an oil.
Bart C. 5,6-Dihydro-4-methyl-N,N-dipropyl-4H-imidazo(4,5,1-1))qu-
30 inolin-5-amine
This compound, a mixture of diastereomsers, was preparsd follow-
ing the procedure of Example 18 part D, but substituting A-(dipropyl-
amino) -a-methyl-1N-benzimidazole-4-propancl for p-(dipropylamino)-
1A-benzimidazole-4-propanol.
35 Example %3, 5,6-Dihydro-4-mathyl-N ,N-dimethyl-4H-imidazo(4,5,1-
1))quinolin-5-anine (compound 69)
This compound, a mixture of diastersomers, was prepared follow-
ing the procedure of Example 18 part D, but substituting S-(dimethyl-
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anino) -a-methyl-14-benzimidazole-4-propanol for f-(dipropylamino) ’ﬁl@g
benzimidazole-4-propanol.
Examplg 94, 5-(Dipropylamino)-5,6-dihydro-4-mechyl -44-imidazo-
{(46,5.1-1J)quinolin-2(1H)-one hydrochloride (compound
5 70)

This compound, & mixture of dimstereomers, was prepared follow-
ing the procedurs of Example 44 part B, but substituting 1,2,3,4-
tetrahydro-2-methyl -N3 .N3 -dipropyl-3,8-quinolinediamine for c-butyl
{B-amino-1,2,3,4-tatrahydro-3-quinolyl)carbamate.

10 Example 95, 5-(Dimethylamino)-5,6-dihydro-4-methyl -4R-imidazo-
(4,5,1-1)quinolin-2(1H)-one hydrochloride (compound
)
This compound, & mixture of diastereomers, was prepared follow-
ing the proceduxe of Example 44 part B, but substituting 1,2,3,4-
15 tetrahydro-2-methyl-N3,N3-dimathyl-3,8-quinolinedianmine for e-butyl
. (8-amino-1,2,3,4-tetrahydro-3-quinolyl)carbamata.
Example 96. 5-(Dipropylamino)-5,6~-dihydro-2H,4H-oxazo0lo(5,4,3-
1j)quinolin-2-one {(compound 72)
Part A. N-Acetyl-N-(2-methoxy-6-methylphenyl)acetamide (compound
20 XLV)

Palladium charcoal (1.0 g of 108) was added to a solution of 3-
methyl-2-nitroanisole (16.8 g, 0.1 mol) in ethanol (150 mlL) and the
solution was hydrogenated (50 1lb initial hydrogen preu'urc) until
hydrogen uptake ceased (2 hours). The solution was filtered and

25 evaporated to give 13.8 g of 2-methoxy-6-methylbenzenamine (compound
XLIV) as an oll. The product was dissolvad in acetic anhydride (100
al) and the resulting solution was refluxed for 1 hour. Part of the
solvent (50 ml) was slowly rewmoved over a l-hour period, after wvhich
time the solution was cooled and the remainder of the solvent wax

30 ramoved under raduced pressurse. The residual oil was crystallized
from ethyl acetate:hexaue (200 mL of 1:2) to give 20.5 g of N-acetyl-
N-(2-methoxy-6-methylphenyl) -acetanide, mp 115-119°C. Anal Caled

L for CyoHigNO3: €, 65.14; H, 6.83; N, 6.33, Foumd: C, 65.44; H,
7.04; N, 6.39.
' 35 Part B, R-Acetyl-H-(2-(bromomethyl)-6-methoxyphenyl)acatamids (com-
' pound XLVI)

A aixture of N-acetyl-N-(2-mothoxy-6-methylphenyl)acetamida
(25.0 g, 0.11 mol), N-bromesuccinimide (20.1 g, 0.11 mol), and
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benzoyl peroxide (4.5 g, 0.019 mol) in carbon tetrachloride (300 mL)
was stirred under reflux for 3 hours. The solution was cooled,
filcered, and evaporated, and the residual solid was crystallized
from ethyl acetste:hexane to give 21.0 g of N-acetyl-N-(2-(bromo-
5 methyl)-6-methoxyphenyl)acetamide, 954 pure by GC analysis.
Part €, Diethyl (dipropylamino) ((2-(dliacetylamino) -3 -methoxyphen-
yl) -methyl}propanediocate (compound XLVII})
Potassium hydride (13.4 g of 35%, 117 mmol) waz added to a
stirred solution of diethyl dipropylaminomalonate (34.6 g, 133 mmol)
10 in THF (200 mlL). N-Acetyl-N-(2- (bromométhyl) - 6-methoxyphenyl) -
acatamide (10.0 g, 33 mmol) was added and the solution was heated
under reflux for 1 hour. The solution was evaporated and the
residual oil was partitioned batween ethyl acetate and wvater. After
evaporation of the ethyl acetate, ths residue was chromatographed on
. 15 silica gel using ethyl acetate:hexans (1:10 as ths eluant to give 9.2
g of diethyl (dipropylamino)((2-{discetylamino)-3-methoxyphenyl)me-
thyl}propansedicate. Crystallization from ethyl acetate:hexans gave
B.4 g of product, mp 72-75°C. Anal Calcd for CoghygNy07: C, 62.74;
H, 8.00; R, 5.85. Found: C, 62.59; H, B.0D; N, 5.87.
20 Part D. 3-(Dipropylamino)-3,4-dihydro-8-methoxy-2(1H)quinolinons
(compound XLVIII)
Disthyl (dipropylamine){(2-(discetylemino)-3-methoxyphenyl)meth-
yl)propanedioate (6.34 g) vas dissolved in sodium ethoxide in ethanocl
(150 mL of 1.4 M). After 20 min, the solution was hsated under
25 reflux for 15 hours; vater was added t> the reaction after 1 hour (1
ml), 3 hours (2 mL), 4 hours (5 ml) and 5 hours (15 mlL). The
solution was filtered to remove preacipitated inorganic material and
the solvents were removed under reduced pressure, and the residue was
partitioned between ethyl acetate and water. The oil obtained after
30 evaporation of the sthyl acetate was chromatographesd on silica gel to
give 3.3 g of 3-(dipropylamine)-3,4-dihydro-8-methoxy-2(1H)quinolino-
i ne., The product was crystallized from pentane to give 2.0 g of
product, mp 50-54°C. Anal Calcd for CigHy4No09: G, 69.53; H, B8.75;
R, 10.14. Foumd: C, 69.56; H, 8.98; N, 10.24.
35 Part E. 1.2,3,4-Tetrahydro-8-methoxy-N,N-dipropyl-3-quinolinamine
(compound XLIX)
Lithium aluminum hydride (1.08 g, 27.7 mmol) was asdded to a
stirred solution of 3-(dipropylamino)-3,4-dihydro-B8-methoxy-2(1H)qui-
s
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nolinene (1.05 g, 3.8 mmol) in THF (50 mlL) and the solution w ’)

heatad at 50°C for 1 hour. After cooling, ethyl acetate followed by

methanol were added to destroy excess hydrids, and the solvent was

evaporated. The reslidue was partitioned between ethyl acetate and

water. Evaporation of the ethyl acetate gave 0.98 g of 1,2,3,4-

tetrahydro-8-methoxy-N,N-dipropyl-3-quinelinamine as an oil.

Part F. 1,2,3,4-Tetrahydro-B8-hydroxy-N,N-dlpropyl-3-quinolinamine
{compound L)

A solurtion of 1,2,3,4-tetrahydro-8-methoxy-N,N-dipropyl-3-
quinolinamine (0.98 g) in hydrobromic acid (20 zL of 4BA) was heated
at 155°C for 6 hours. The solution was cooled, evaporated, and
partitioned betweeen athyl acetate and saturated sodium bicarbonate
solution. The aqueous phass was re-extracted with ethyl acetata and
the combined organic phases were evaporated to give 0.88 g of
1,2,3,4-tetrahydro-8-hydroxy-N,N-dipropyl-3-quinolinamine as an oil.
Part G. 5-(Dipropylamino)-5,6-dihydre-24,4H-oxazelo(5,4,3-1])qul-

nolin-2-one (compound 72)

Carbonyldiimidazole (0.46 g, 2.8 wmol) was added to a stirred
solution of 1,2,3,4-tetrahydro-B-hydroxy-N,N-dipropyl-3-quinclinamine
(0.59 g, 2.4 pmol) in THF (10 ml). Afcer 5 minutes, the solvent was
removed and the residue was diszolved in sthyl acetata and chromatog-
raphed on silica gel using 58 ethyl scetate in hexane as the initial
eluant to give 0.57 g of 5-(dipropylamine)-5,6-dihydro-2K,4N-oxazolo-
(5,4,3-1))quinolin-2-ona as an oil.

The bulk of the product was converted to the p-toluenesulfonate
salt, mp 192-194°C from methanol:ether. Anal Calcd for CygHogNy09-
"C7Hg04S: C, 61.B6; H, 6.77; N, 6.28; 5, 7.18. Foumd: C, 61.90; H,
6.97; N, 6.28; S, 7.18.

Example 97. 5-(Propylamina)-5,6-dihydro-2X,4H-oxaz0lo(5,4,3-
1])quinolin-2-one (compound 73)
Part A, 5-(N-(phenylmethyl)propylamine)-5,6-dihydro-28,4H-0oxazo-
10(5,4,3-1))quinolin-2-one

This compound was obtained by following the procedure of Example
96, but substituting diethyl (N-(phenylmethyl)propylamino)malonats
f.ot disthyl (dipropylamino)malonate.

Part B, 5-(Propylamino)-5,6-dihydro-2K,4H-oxaz0lo(5,4,3-1J)quinol-
in-2-one

This compound was obtalned by folloving the procedure of Example
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66 part A, but substituting 5-(N-(phenylmethyl)propylamino}-5,6- &

dihydro-2H ,4N-oxazolo(5,4,3-1J)quinolin-2-one for 6-bromo-1,2.3.4-
tetrahydro-B8-nitro-N,N-dimethyl-3-quinolinamine.
Example 98, 5-(Dimethylamino)-5,6-dihydro-2H,4N-oxazolo(5,4,3-
1jiquinolin-2-one {(compound 74)
This compound was prepared folleowing the procedure of Example
96, but substituting diethyl (dimethylamino)malonate for diathyl
(dipropylaminc)malonate.
Example 99, 5- (R-methyl-1l-({phenyl)ethylamino)-5,6-dihydro-2¥ 4H-
oxazolo(5,4,3-1J)quinolin-2-one (compound 75)
This compound was prepared following the procedure of Example
96, but substituting diethyl (N-methyl-2-(phenyl)ethylamino)malonate
for diethyl (dipropylamino)malonate.
Example 100, 1-(5,6 -_D!.hydro-z-oxo-z}l,hl-oxuolo(S y0,3-14)quinolin-
5-yl)pyrrolidine (compound 76)
This compound was prepared by following the procedure of Example
96, but substituting (l-pyrrolidinyl)propansdioic acid methyl benzyl
dlester (compound VIk) for disthyl dipropylaminomalonate.
Example 101, 1-(5,6-Dihydro-2-oxo-2R 4H-oxazolo(5,6,3-1])quinolin-
5-yl)piperidine (compound 77)
This compound was prapared by following the procedure of Example
96, but substituting (l-piperidinyl)propanedioic acid methyl benzyl
disster (compound Vim) for diethyl dipropylaminomalonate.
Examole 102, &-(5,6-Dihydro-2-oxo-2K,4H-oxazolo(5,4,3-1f)quinolin-
5-yl)morpholine (compound 78)
This conpound was prepared by following the procedurs of Example
96, but substituting (4-morpholinyl)propanadioic acid methyl benzyl
diester (compound VIin) for diethyl dipropylaminomalonate.
Example 103, 1-(5,6-Dihydro-2-ono-2H,4N-oxazolo(5,4,3-1))quinolin-
5-yl)imidazole (compound 79)
This coxpound was preparad by following the procedure of Example
96, but substituting (l-imidazelyl)prepanedioic acid methyl benzyl
diester (compound VIip) for diethyl dipropylaminomalonate.
Exagple 104, S5-(Dipropylamino)-5,6-dihydro-2K 4H-oxazolo(5,4,3-
iJ)quinelin-2-thiona (compound B0)
This compound was prepared by following the procedure of Example
56 part B, but substituting 1,2,3,&4-tetrahydro-8-hydroxy-N,N-diprop-
yl-3-quinolinamine for 1,2,3,4 -tetra.hydro-N3 N3 -dipropyl-3, 8-quinoli-

- ——
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namine.
Exagple 105, 5-(Dimechylamino)-5,6-dihydro-2H,4N-0xmzole{5,4,3-
1j)quinolin-2-thione (compound Bl)

This compound was prepared by following the procedure of Example
56 part B, but substituting 1,2,3,4-tetrahydro-B-hydroxy-N, N-di-
methyl-3-quinolinamine for 1,2,3,4- tetrahydro-N3,N3 ~dipropyl-3,8-
quinolinediamine.

Exagple 106, 6-(Dipropylamine)-6,7-dihydro-5H-pyride(l,2,3-de)-1.4-
benzoxazin-3(H)-one (compound 82)

This compound was preparad by following the procedure of Example
56 part B, but substituting ethyl bromoscetare for di (2-pyridyl)thi-
ocarbonate and the sodium salt of 1,2,3,4-tetrahydro-8-hydroxy-N,N-
dipropyl-3-quinolinamine for 1.2.3.lo-tal:nhydro-u3,N3-d1propy1-3.l-
qi::lnol:l.mdi.mi.ne. The bulk of the product was converted to the
maleate salt, mp 124-127°C,

Exagple 107, 6-(Dimethylamino)-6,7-dihydro-5H-pyrido(1,2,3-de)-1.4-
benzoxazin-3(2H)-one (compound 83)

This compound was preparsd by following the procedure of Example
56 part B, but substituting ethyl bromoacetate for di (2-pyridyl)thi-
ocarbonate and the sodiun salt of 1,2,3,4-tetrahydro-8-hydroxy-N, K-
dimethyl-3-quinolinamine for 1,2,3,4-tetrahydro-N3,M3.dipropyl-3,8-
gquinolinediamine,

Exagple 108, 1.2.6.7-Tetrlhydro-6-(dipropylulm)-2--at-hy1-311.5ﬂ-
pyrido(l,2,3-de)quinoxalin-3-one (compound 84)

This compound was prepared using the procedurs of Example 56,
but substituting ethyl a-bromopropionate for di (2-pyridyl)thiocar-
bonate and carrying the reaction out at the reflux temperature. The
crude product was chromatographed to give, as the msajor product and
first compound sluted from the column, 1,2,6,7-tetrahydro-6-(diprop-
ylamino)-2-mathyl-3X,5F-pyrido(1,2,3-de)quinoxalin-3-one.

Ezngple 109, 1,2,6,7-Tetrahydro-6-(dipropylamine)-3-methyl-3K,58-
pyrido(l,2,3-de)quinoxalin-2-one (compound 85)

This compound was preparad using the procedure of Example 56,
but substituting chloropropionyl chloride for di (2-pyridyl)thiocarx-
bonata. The initially formed N8-(a-chloropropionyl)-1,2,3,4-tetrahy-
dro-N3,N3-dipropyl-3,8-quinolinediamine vas heated at 150°C in DXF to
effect cyclization to 1,2,86,7-tarrahydro-6-(dipropylamino) -3-pathyl-
3R ,5R-pyrido(l,2,3-de)quinoxalin-2-ons,

b
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Exsmple 110,  5,6-Dihydro-N,N-dipropyl-4H-pyrrole(3,2,1-1J)quinolint’
5-.amine (compound 86)
This compound was prepared by following the procedure of Example
18, but substituting methyl 7-({bromomethyl)-lH#-indole-l-ecarboxylate
for t-butyl 4-(bromomethyl)-1lR-benzimidazole-l-carboxylates.
Exagple 111, 5,6-Dihydro-N,N-dimethyl-4H-pyrrolo(3.2,1-1})quinolin-
5-amine (compound 87)
This compound wvas prepared by following the procedure of Example
18, but substituting methyl 7-(bromomethyl)-lF-indole-l-carboxylate
for t-butyl 4-(bromomethyl)-lN-benzinidazole-l-carboxylate and
disthyl (dimethylamino)malonate for diathyl (dipropylamino)malonate.
The bulk of the product was converted to the maleate salt, mp 1ll4-
115°C from THF/ether.
Example 112, 5.6-Dihydro-N.N-dipropyl-4F-pyrazolo(4,3,2-1J)quinol-
in-5-smina {compound BE8)
This compound was prepared by following ths procesdure of Example
18, but substituting methyl 7-{bromomsthyl)-lN-indazols-l-carboxylate
for t-butyl 4-(bromomethyl)-1lH-benzimidazole-l-carboxylate.
Example 113, 5,6-Dihydro-N,N-dimethyl-4H-pyrazolo(4,3.2-1})quinol-
in-5-amine (compound 89)
Thiz compound vas praparad by following the procedure of Example
18, but substituting methyl 7- (bromomethyl)-1i-indazole-1-carboxylate
for t-butyl 4-(bromomethyl)-lH-benzimidarole-l-carboxylate and
disthyl (dimathylamino)malonate for diethyl (dipropylamino)malonate.
Exsmple 114, 5,6-Dihydro-N,NK-dipropyl-4N-triazolo(4,5,1-1J)quinol-
in-5-amine (compound 90)
This compound was prepared by following the procedurs of Example
18, bdut substituting methyl &4-(bromomethyl)-lH-benzotriazole-1-
carboxylats for t-butyl 4-(bromomethyl)-l¥-benzimidazole-l-carbexy-
late.
Exsmplae 115, 35,6-Dihydro-N,N-dimsthyl-4F-triszolo(4,5,1-1])quinol-
in-5-amina {compound 91)
This compound was preparsd by following the procedure of Example
18, but substituting methyl &-(bromomethyl)-l1R-benzotriazole-1-
carboxylate for ct-butyl 4-(bromemethyl)-1H-benzimidazole-1-carboxy-
late and diethyl (dimethylamino)-malonste for diethyl (dipropyl-
u!.nn)u-louta.

Exsaple 116, 1,2,5,6-Tetrahydro-N,R-dipropyl-&H-pyrrole(3,2,1-
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iJ)quinolin-5-awine (compound 92) "";.v
This compound was prepared by fallowing the procedure of Example
18, but substituting t-butyl 2,3-dihydro-7-(bromomethyl)-1K-indole-1-
carboxylate for ¢t-butyl &4-(bromomethyl)-lH-benzimidazole-l-carboxy-
5 late. The bulk of the product was converted to the maleate salt, mp
139-140°C from THF/ether.
Example 117, 1,2,5,6-Tetrahydro-N,N-dimethyl-4¥-pyrrolo(3,2,1-
iJ)quinolin-5-smine (compound 93)
This cowpound was prepared by following the procedure of Example
10 1B, but substituting t-butyl 2,3-dihydro-7-(bromomethyl)-1KH-indola-1-
carboxylate for t-butyl &4-(bromomethyl)-li-benzimidazole-l-carboxy-
late and diethyl (dimethylamino)malonate for diethyl (dipropylamino)-
malonate.
Example 118, 5-(Propylamino)-5,6-dihydro-4K-pyrrole(3,2,1-1))qui-
15 nolin-2,3K)-dione (compound 94)
Part A, N-Propyl-N-(6-bromo-1,2,3,4-tetrahydro-8-nitroquinolin-3-
yl)formamide
This product was prepared by following the procedure of Example
35, but substituting 6-bromo-1,2,3.4-tetrahydro-8-nitro-N-propyl-3-
20 quinoclinamine for 3-aminoguinocline.
Part B, N-propyl-R-(8-amino-1,2,3,4-tetrahydro-3-quinolyl)forpamide
This product was prepared by foliowing the procedure of Example
56 part A, but substituting N-propyl-N-(6-bromo-1,2,3 .A-ta.:rnhydro-s-
‘nitro-3-quinolyl for 6-bromo-1,2,3,4-tetrahydrxo-B-nitro-N,N-dipropyl-
25 3-quinolinamine,
Part C. N-propyl-N-(5,6-dihydro-2,3-dioxo-4H-pyrrole(3,2,1-1])quin-

olin-5-yl)formamide
Oxalyl chloride (1.26 g, 0.01 mol) was added to a stirred
‘. solution of N-propyl-N-(6-bromo-1,2,3,4-tetrahydro-8-nitrogquinolin-3-

30 yl)formamide (3.14 g, 0.01 mol) in ether (100 al). After 30 minutes,
the ether wvas ramoved and the Tresidue was heated at 100°C for &4 hours
to effeact cyclization. The crude product was partitioned between

1 ethyl acetate and water, the sthyl acetatsa phase vas evaporated, and
the residual product was chromatographed on silica gel to give K-
' 35 propyl-N-(5,6-dihydro-2,3-dioxo-4F-pyrrole(3,2,1-1J)quinolin-5-
yl)formamide.
Part D. 5-(Propylamiuno)-5,6-dihydro-4H-pyrrole(3,2,1-1/)quinolin-
2,3-dione (compound 94)
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N-Propyl-N-(5,6-dihydro-2,3-dioxo-4N-pyrrolo(3,2,1-1J)quinblin-C~
5-yl)formamide was refluxed for 1 hour with ethanolic hydrogen
chloride to give the hydrochloride salt of 5-(propylaminoc)-5,6-
dihydre-4RF-pyrrole(3,2,1-1f)quinolin-2,3-dione.
5 Example 119, 5-(Dipropylamino)-5,6-dihydro-4H-pyrrolo(3,2,1-
1J)quinolin-1,3-dione (compound 95)
This product was prapared by following the procadure of Example
54, but substituting 5-(propylamino)-5,6-dihydro-4H-pyrrolo(3,2,1-
iJ)quinolin-2,3K)-dione hydrochloride for 6-brome-1,2,3,4-tetrahydro-
10 B8-nitro-3-quinclinamine dihydrochlorida.
Examole 120, 5-(Propylamine)-5,6-dihydro-4K-pyrrole(3,2,1-1f)qui-
nolin-2{1KN)-one {compound 96)
This product was preparsd by following the procedurs of Example
36, but substituting 5-(propylamino)-3,6-dihydro-4H-pyrrole(3,2,1-
15 1iJ)quinolin-2,3-dione for N-(3-quinolyl)formamide.
Example 121, 5-(Dipropylamino)-5,5-dihydro-4N-pyrroloe(3,2,1-
i}))quinolin-2(1R)-one (compound 97)
This product was prepared by following the procedure of Example
36, but substituting 5-(dipropylamino)-5,6-dihydro-4N-pyrrolo(3,2,1-
20 1ij)quinolin-2,3-dione for N-(3-quinolyl)formamide. The product was
crystallized from hexane, mp 86-88°C. '
Example 122. 6-(Dipropylamino)-2,3,6,7-tetrahydro-5K-pyrido(3,2,1-
1J)quinazolin-3-cne (compound 98) '
Rart A, Methyl 3-methyl-2-nitrobanzoats
25 3-Methyl 2-nitrobenzoic acid (15.0 g) was stirred overnight with
methanolic hydrogen chloride (150 ml of 2.2 N). The reaction was
then refluxed for 3 hours, cooled and filtered to give 9.0 g of
'. methyl 3-methyl-2-nitrobenzoats, mp 72-75°C. The mother liguors of
the filtration contained a mixture of ths starting acid and ester
30 product.
Part B, Hethyl 3-(bromomethyl)-2-nitrobenzoate
This product was prepared by following the procedure of Example
6, but substituting mathyl 3-methyl-2-nitrobenzoate for B-methylqui-
noline. The product was purified by chromatography on silica gel and
35 was crystallized from ethyl acetate:haxzane; mp 91-95°C,
Baxt C. (Dipropylamino) ((3-carbomathoxy-2-nitrophenyl)methyl)propa-
nadioic acid methyl banzyl disster
This product was prepared by following the procedurs of Exampls

BNSDOCID «WO  WNS04RRY 1 -
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19 part A, but substituting methyl 3-(bromomethyl)-2-nitrobenzoa c&:

for ¢t-butyl 4-(bromomathyl)-lR-benzimidazole-l-carboxylate and

(dipropylamino)propanedioic acid methyl benzyl diester for diethyl

(dipropylaminc)malonate.

Part D, Hethyl 3-(dipropylamino)-1,2,3,4-tecrahydro-2-oxo0-8-
quinolinecarboxylate

A mixture of (dipropylamino)((3-carbomethoxy-2-nitrophenyl)meth-
yl)propanedioic acid methyl banzyl diester (5.0 g), 10% palladium
charcoal (0.5 g) in methanol (150 ml) was hydrogenated until hydrogen
uptake ceased. The solution was flltered and the solvent removed to
give 3.0 g of methyl a-(dipropylamino)-(2-amino-3-carbomethoxyphen-
yl)propanoate as an oil. This was refluxed in DMF for 18 hours to
effect cyeclization. The solvent was removed and the residusl oil was
chromatographed on silica gel to give 2.4 g of methyl 3-(dipropylami-
no)-1,2,3,4-tetrahydro-2-oxo0-8-quinclinecarboxylate.

Part E. 3-(Dipropylamine)-1,2,3,4-tetrahydro-2-oxo-8-quinolinecar-
boxylic acid )

A mixture of methyl 3-(dipropylamino)-1,2,3,4-tetrahydro-2-oxo-
8-quinolinecarboxylate (1.0 z), methanol (15 wlL) and 4.0 N sodiunm
hydroxide solution (3.3 nl) wvas =tirrad at room temparature for 30
minutes. The mathanol was removed and the rasidue wvas reconstituted
in water (5 mL) and neutralized by sddition of 4.0 N hydrochloric
acid (3.3 ml). The precipitate was flltered off, vashed .ulth vater
and air dried to give 0.67 g of 3-(dipropylamino)-1,2,3,4-tetrahydro-
2-oxo0-8-quinolinecarboxylic acid, mp 214-217°C. Anal Caled for
CyrgHaoN203: C, 65.1B; H, 7.64; N, 9.65. Found: C, 65.99; H, 7.67;
N, 9.62.

Part. F. 3-(Dipropylamine)-1,2,3,4-tetrahydro-2-oxo-8-quinolinecar-
boxamide

A nixture of 3-(dipropylamino)-1,2,3,4-tetrahydro-2-oxo-8-
quinolinecarboxylic acid (1.0 g). l-hydroxybemzotriazele (1.65 g, 11
meol) and dicyclohexylcsrbodiimide (3.09 g, 15 smol) in dimethylfor-
mamide (25 ml) was atirred at room temperature for 15 minutes.
Ammonia wvas then bubbled into the golution, and, after 15 minutes the
solution was filtered, evaporated and partitioned between ethyl
acetate and sodiun hydroxide solution. The ethyl acetats wvas
evaporated and the residual solid was purified by chromatography on
silica gel using ethyl acetate as tne elusnt to give 0.98 g of

v
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product. This was crystallized from methanol to give 0.78 g of 3-
(dipropylamino)-1,2,3,4-tetrahydro-2-oxo-8-quinolinecarboxamide, wmp
214-217°C. Anal Caled for CygHy3N30y: C, 66.41; H, 8.01; N, 14.52,
Found: C, 66.46; H, 8.30; N,14.69,

5 Rark G. 1,2,3,4-Tetrshydro-3-(aminomathyl)-N,N-dipropyl-3-guino-

linanmine
Lithiuns aluminum hydride (1.5 g) was added to a stirred solution
of 3-(dipropylamino)-1,2,3,4-tetrahydro-2-oxo-B-quinolinecarboxamide
(0.75 g) in THF (125 ml) and the solution was refluxed for 2 days.

10 The solution was coocled and excess hydride vas destroyed by addition
of mathanol (20 mL) and the solvents wvers removed under raduced
pressure. The residue was partitioned betwean ethyl acetate (400 mlL)
and water (15 mL). The athyl acetate was decanted from the inorganic
solids and the solvent removed under reducsed pressura. The residual

. 15 oil was dissolved in chloroform and chromatographed on silica gel.
Elution of the celumn with 5% methanol:chloroferm gave 0.40 g of
1,2,3,4-tetrahydro-8- (aminomethyl) -N,N-dipropyl-3-quinolinamine.
Fart . 6-(bipropylsaino)-2,3,6,7-tetrahydro-5H-pyrido(3,2,1-

1j)quinazolin-3-one (compound 98)

20 This compound was prepared by following the procedure of Example
96 part G, but substituting 1,2,3,4-tetrshydro-8-(aminomethyl)-N,N-
dipropyl-3-quinolinamine for 1,2,3,4-tetrahydro-8-hydroxy-N,N-
dipropyl-3-quinolinamine. The product was crystallized from hexans;
mp 116-119°C.

25 Example 123, 6-(Dimethylamino)-2,3,6,7-tetrahydro-5H-pyrido(3,2,1-

i1J)quinazoelin-3-ona (compound 99)
This compound was prepared by following the procedure of Example

‘ 122, but substituting (dimethylamino)propanedioic acid methyl benzyl
diester for (dipropylamino)propanedioic acid methyl benzyl diester in

30 part C of the reaction sequence.

Example 124, 6-(Dipropylamino)-6,7-dihydro-1K,5K-pyrida(l,2,3-de)-
2,4-benzoxazine-3-ons (compound 100)
Paxt A. 1,2,3,4-Tetrahydro-8-(hydroxymethyl)-R,R-dipropyl-3-
quinolinamine .

35 This compound was obtainad by following the procedure of Example
122 part G, but substituting methyl 3-(dipropylamine)-1,2,3,4-
tatrahydro-2-oxo-8-quinalinscarboxylats for 3-(dipropylamino)-
1,2,3,4-tetrahydro-2-oxo-8-quinolineoxanids.

BNSDOCY) W) BCI50BRAY 1 -
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Paxt B. 6-(pipropylamino)-6,7-dihydro-1H,5#-pyrido(l,2,3-de)-2,6-
benzoxazine-3-one (compound 100}

This compound was prepared by following the procedure of Example

44 part B, but substituting 1,2,3,4-tetrahydro-8-(hydroxymethyl)-

S5 N,N-dipropyl-3-quinolinamine for t-butyl(8-amino-1,2,3.4-tetrahvdro-

3-quinolyl)carbamate, The bulk of the product was convertad to the
hydrochloride salt, mp 192-195°C.

Example 125, 6-(Dimsthylamino)-6,7-dihydro-1N, S5H-pyride(3,2,1.ef)-

2,4-benzoxazine-3-ons (compound 101)

10 This compound was cbtained by following the procedure of Example
124, but substituting methyl 3-{(dimethylamino)-1,2,3,4-tetrahydro-2-
oxo-B-quinolinecarboxylate for mathyl 3-(dipropylamino)-1,2,3,4-
tetrahydro-2-ox0-8-quinolinecarboxylate,

Exanple 126, 6-(Dipropylamine)-6,7-dihydro-3H,5K-benzo(lj)qu-

15 inolizin-3-one (compound 102)

. Pert A, 5-(Dipropylamino)-1,2,3,4-tetrahydro-8-quinolinecarboxal-

dehyda
This compound was obtained by foliowing the procedurs of Example
92 part A, but substituting 1,2,3,4-tatrahydro-8-(hydroxymathyl)-N,N-

20 dipropyl-3-guinolinamine for S-(dipropylamino)-lH-benzimidazole-4-
propanol,

Paxt B, 6-(Dipropylamino)-6,7-dihydro-3N,5H-benzo({ f)quinolizin-3-
ote (compound 102) '
A mixture of 5-(dipropylamino)-1,2,3,4-tetrahydro-B8-quinoline-

25 carboxaldehyds (2.60 g, 0.0l wol), diethyl malonate (1.76 g, 0.011
mol), piperidine (0.3 g) and acetic acid {0.1 ml) {n sthanol (20 mul)
was rafluxed for 6 hours. The solvents weres removed and the residue

was reconstituted in DMF and refluxed for 3 hours. The DMF was

‘ reumoved and the xesidua was chromatographed to give 6-(dipropyl-

30 amnino)-6,7-dihydro-3-oxao-3¥,5H-benzo (i J)quinolizin-2-carboxylate,
This wvas dissolved in esthanol (50 ml) and treated with sodium
hydroxide solution (10 ml of 4 N) for 1 hour. The solution was

. neutralized with hydrochloric acid te give 6-(dipropylamino)-6,7-

dihydro-3K,5H-benzo({ f)quinolizin-3-one. The product wvas crystall-
* 35 ized from hexans, mp B2-B4°C.
Exawmple 127, 6-(Dimethylamine)-6,7-dihydro-3R,5F-benzo(lj)quinoliz-
in-3-one (compound 103)
This compound vas obtained by following the procedure of Example
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126, but substituting 1,2,3,4-tecrahydro-8- (hydroxymethyl)-N,N- 2~
dimethyl-3-quinolinamine for 1,2,3,4-tetrahydro-8-(hydroxymethyl)-
N,N-dipropyl-3-quinolinamine.

Example 128, 6-(Dipropylamino)-2,3,6,7-tetrahydro-3H,5H-ben-
5 zo(lf)quinelizin-3-one {(compound 104)
This product was prepared by following the procedure of Example
36, but substituting 6-(dipropylamino)-6,7-dihydre-3H,5H-benzo(i})qu-
inolizin-3-one for N-(3-quinolyl)formsmida. The product was
crystallized from pentane, mp 44-46°C.
10 Example 129, 6- (Dimethylamino)-2,3,6,7-tétrahydro-3H,58-benzo-
({J)quinolizin-3-one (compound 105)
This product was prepared by fcollowing the procedure of Example
36, but substituting 6-(dipropylamine)-6,7-dihydre-3N,5F-benzo{i})qu-
inolizin-3-one for N-({3-quinolyl)formamide.
. ’ 15 Exampls 130, t-Butyl 1,2,3,4-Tetrahydro-5-(dipropylanine)quine-

line-l-carboxylate
A mixture of 1.2.3,b-t:ltnhydro-ll:‘,N’-dlpropquui.nolim (31.4 g,
0.135 mol) and di t-butyl dicarbonate (32.5 g, 0.149 mol) was heated
at 100°C for 1 hour. The product was chromatographed on silics gel
20 using ethyl acetats:hexane as the sluant to give 42.6 g of t-butyl
1,2,),4-tertrahydro-5-{dipropylanino)quinoline-} -urboxylat.. , mp A&0D-
42°C.

A portion of the product was converted to the hydrochloride

. salt, mp 168°C (dec) from methanol:ether.
25 Example 131, t-Butyl 1,2,3,6-Tetrahydro-8-methyl-5-(dipropylanino)-

quinoline-l-carboxylate (LII)

s-Butyl lithiwm (17.7 mL of 1.3 M in hexana (0.045 mol) was
. added at -78°C to a mtirred solutiom of t-butyl 1,2,3,4-tetrahydro-5-
(dipropylamino)quinoline-l-carboxylate (10 g, 0.030 mol) in THF (200
30 mL). After 15 minutes, methyl iodide (17.1 g, 0.13 mol) was added
and the solution was sllowed to warm to room temperature. The THF

was rsmoved undsr reduced pressure, and the residual oll was parti-
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tioned between ethyl acetste and water. The ethyl acetats va?ﬁ‘
evaporacted and the residual oil was chromatographed on silica gel to (’:5
afford 10.65 g of t-bucyl 1,2,3,4-cetrahydro-8-methyl-5-(dipropyl-
anino)quinoline-l-carboxylate as an oil.
5 Exapple 132. 5-(Dipropylamine)-5,6-dlhydro-4H-pyrrole([l,2.1-
1 f]quinolin-2(1H)-one (cowpound 97)

Following the procedurs of Example 131, but substituting t-butyl
1,2,3,4-tatrahydro-8-mathyl-5- (diprnpyllnlnojquinoline-l-cl.rboxyhte
for t-buryl 1,2,3,4-tetrahydro-5-(dipropylanino)quinoline-l-carboxy-

10 late and carbon dioxide for methyl iodide there was obtained 1,2,3,4-
tetrahydro-1-(t-butexycarbonyl)-5-(dipropylamino)quineline-8-propio-

. nic meid.

the t-butoxycarbonyl group and sffect cyclization to 5-(dipropylamin-

The product was traated with trifluoracetic acid to remove

0)-5,6-dihydro-44-pyrrolo{3.2,1-1))quinolin-2(1lK¥)-one, mp B4-86"C.
15 Example 133, Lithium alumimm hydride reduction of 5-(Dipropylamin-
e)-5,6-dihydro-4F-pyrroloe[3,.2,1-1§)gquinolin-2(1X)-one
{compound 97-).'
A mixture of 5-(dipropylamino)-5,6-dilhydro-4H-pyrrele([d,2,1-
1J]quinelin-2(1/M)-one (0.75 g) and lithium aluminum hydride (0.21 g)
20 was stirred Iin ether (20 ml) for 45 wminutes. The reaction was
quenched with wmethanol, evaporated and partitioned between athyl
. acetats and -vn:e:'. Evaporation of the ethyl acetate gave an oil
vhich was chromatographed on silica gel using ethyl acetate:hexane
(1:20) as eluant to give, as the filrst compound elutad from the
. 25 column 0.27 g of 5,6-dihydro-N,N-dipropyl-4N-pyrrolo(3,2,1-1j]quinol-
in-5-amine (compound 87). Contimued elution of the column gave 0.34
g of 1,2,5,6-tetrahydro-N,N-dipropyl-4K-pyrrolo[3,2,1-1j]quinolin-5-
aminas (compound 92).
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Exapple 134, 5,6-dihydro-5-(dipropylamino)-4N-pyrrolo[3,2 .1?@

-62-

1j]quinolin-2,3-dione (compound 95). %
Following the procedure of Example 131, but substituting ethyl
oxalate for methyl ilodide, there was obtained 1,2,3,4-tetrahydro-1-
5 (t-butoxycarbonyl) -a-oxo-5- (dipropylamino)quinoline-8-propionic acid
(LI71). The product was treatad with trifluoracetic acid to effect
eyclization to 5,6-dihydro-5-(dipropylamine)-4H-pyrrelo[3,2,1-
1j)quinolin-2,3-dione (compound 95) '
Example 135, 6-(Dipropylamino)-6,7-dihydro-34,5H-banzo[if]quinoliz-
10 in-3-ons (compound 102)
Following the procedure of Example 131, but substituting athyl
. formate for methyl iodide there was obtained t-butyl 8-formyl-
1,2,3,4-tetrahydro-5- (dipropylamine) quinoline-1-carboxylate (LIV) as
an oil. The product (3.6 g) was added to a stirred solution of
15 trimathyl phosphonoacetates (3.64 g) and sodium hydride (0.96 g) in
acetonitrile (75 al). The solution was evaporated, chromatographed
to afford 3.6 g of methyl 1,2,3,4-tetrahydro-1-(t-butoxycarbonyl)-a-
oxo-5-(dipropylamino)quinoline-8-butencate (LV) az an oil. The
product was treated with trifluoracetic acid to remove the t-butoxy-
20 carbonyl protscting group and rafluxed in sthanol to effect cycliza-
. tion to 6-(dipropylamine)-6,7-dihydro-3H,5F-benzo[ij)quinolizin-3-one
{compound 102}.
Exapple 136, Allylation eof 5-(amino)-5,6-dihydro-4A-imidazo[4,5,1-
1j)quinolin-2(1K)-one.
25 Following the procadurs of Example 54, but substituting allyl
bromide £or iodopropane and 5-(amine)-5,6-dihydro-4F-imidaro[4.5,1-
1J1guinolin-2(1H)-one for 6-bromo-1,2,3,4-tetrahydro-B8-nitre-3-

quinoclinamine dihydrochloride thers ware obtained 5-(diallylamino)-
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5,6-dihydro-4}-1imidazo[4,5,1-!flquinolin-2(1H)-one, mp 150-152 from
ethyl acetate and  5- (allylamino)-5,6-dilhydro-4K-imidazo[4,5,1-
1Jlquinelin-2(1H)-one. The latter compound was converted to the
hydrochloride salt, mp 260°C from methanol:ether.
Example 137, Reaction of 5-(amino)-5,6-dlhydro-4N-imidazo[4,5,1-
1J]quinolin-2(1K)-one with cyclopropylmethyl bromide.
Following the procedure of Example 54, but substituting cyelopr-
opylmethyl bromide for iodopropane and 5-(aﬁ1no)-5.B-dlhyd:o-hn-im-
idazo(4,5,1-1)]quinolin-2(1F)-one for 6-bromo-1,2,3,4-tetrahydro-8-
nitre-3-quinolinamine dihydrochloride there weres obtained 5-[bis(cy-
clopropylmethyl)amino)-5,6-dihydro-4H-imidazo[4,5,1-1])quinolin-
2(1N)-ona, mp 132-154 from ethyl acetate:hexane and 5-{cyclopropyl-
nathylnnino)-s.S-dlhyd:o-&ﬂ-lnida:olb.5.1-1J]qu1n011n-2(lﬂ)-ong. The
latter compound was converted to the hydrochloride salt, mp 309°C

{dac) from methanecl:athsr.
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FORMULAS - Continued '
0 o o
I I |
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SCHEME 1 005,
Synthesis of 2,3,6,7-Tetrahydro-1H, 5H-tenzo(1])quinolizin-2-amines
[+)
I
C-0-CH;CHy o 0

R’ -cmlcco«:uzcu;, rlcmi cocnzcu;._

Koo = -t 20

B2709
ﬁ CH3CHpCHp _CHaCHaCHy
R’y-C-NK NH-CH9-R'1
0
1 NaOH 7 L1AIN,
— N, — c,u-,x
i1 HC1
R’y = CpHs)
X111 2. R'l-ﬂ . 5.
4, R'] = CaHig
HCl
(R = H) .
n,c cu; H3C cu;,
L)

0
N CHZ0 Lﬂl“‘.
—
Hz , Pg/C r

X1V
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SCHEME 2 43
Synthesis of 5,6-Dihydro-N,N-dipropyl-4H-imidazo(4,5,1-1j)quinolin-5-
amine
CH3
NHZ
Hy Pd/C Mcoow
—_——
NO
2
xvi XVIiI XVIl1
Tt
. CJH_,\ fooczﬂs cﬂz
H-FH
C_.H
? 7 C00C2H5
l KH, THFP
c-R c
XX i XIx )
o 0
CH3CH2CEa\
N-C-COOCzlls CI'ISCI'I2 \{ ﬁ .
cnacnzc 2 Cﬂz H—CH—C-O-CH CH
CH,CR, c(
NaOH
J ag Etoﬁ
) )
XXI C-R
. E‘, XXII
LIAIH4
CHJCH2CH3/FH2CH2CHJ THF
i CHSCHz \z\“
B -CH-CI'I '0"
CH CH CH

A\

IC H “Tcaqr P ’J

6 XXI111
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SCHEME 3 4
Synthesis of 5,6-Dihydro-4H-imidazo(4,5,1-1j)quinolin-5-amines
|
ﬁ nu-E-n
B, Pto,
a'c'oﬂcn m )
XXIV Ar:OI-I Icl-“
2. B-c-o-c-cH, X1
0
Bré
AcOH
Br NH-E-&
Br NH 9
2 .Br -&-
MeOH, HC1 N n-E-n
A |- o,
o -
| 2 | 0 f
H (o] 2
No, C-%
XXIX XXVZIX il
XXVII
u!
ra/
"
E, N-CH,
1 ncoon 50%¢
7.Meon.ACL 7 378 _HCHO
N H: JPa/C N
"-_:I "_ﬂ
22 CE_CH_CHO 7
ilcinll
) h "
/guzcuzcua ,
- N
“‘CHZCH2CH3 “CR,CH,CK,
<
N N

n—|

.
[
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SCHENE & J
Synthesis of 5-Amino-5,6-dihydro-4H-imidazo(4,5,1-1))quinolin-2-ones
Br NH, Br NH- BOC NH-BOC
BOC,0 Hy, Pd/C
5 N ——— N ——— N
| THF . EtaN | |
RO, B NOg H N'Hz R
XXIX XXx1 XXXII
. . CoCl,
CHI THF
37 Et:ﬂ
or
10 Clizo, HCOOH
4' NH-BOC
B "/“1
r N
N HN §0
| el
no, H cu, on XXXT11
3
15
XXxX1v
!2. pd/C
mz m-QIzCHzCHs
L N
~n, N c,H,CHo
20 Nacuea_ ? m&
N “N—'K 3 o
0
| 26 28
NHq H
XXXV /
1 (‘1
25 L)
---..lt2 \lz
N N
—
HN N-———l§
ko | Hyc” 0

R) and Ry are both (a) CqHy or (b) CHjy
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N 9

-~

A compound of the following structural formula:

R R
N4

o~

and pharmaceutically acceptable salts thereof vherein,

R), Ry,
a)
b)
c)

and Ry are independently

hydrogen,

Cy.¢6 alkyl, C3.s5 alkenyl, or Cy_g5 alkymyl,

C3.7 cycloalkyl, C4.10 cycloalkyl- or phenyl- substituted

C1.6 alkyl, or

d)

R) and Ry are joined to form a C3.7 cyclic amine which can

contain additional hetercatoms and/or unsaturartion;

X is
a)
b)
c)
d)
e)
£)
g)
h)
1)

A is

a)

C-NHCHy, C-NHCODCH3, or C-NHCN;

b)

e) K;

B is
a)

hydrogen,
€1.¢ 2lkyl
halogen,
hydroxy,
alkoxy,
cyana,
carboxamids,
carboxyl, or
carboalkoxyl;

CH, CHy, CH-halogen, CHCH3, C=0, G=5, C-SCHy, C=NH, C-Ni,,

502 , O

CH,, CH, CH-halogen, or C=0, or
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75 Go;,g.
b) N, NH or N-CHi;
e) 0 )
nis 0 or 1; and
D is
a) CH, CHy, CH-halogen or C=0,
b) 0,

c) N, NH or N-CHj.
2. The compound of Claim 1 wherain D is N or NH, and n is O,

3. The compound of Claim 2 wherein A is CH, CHp, CHCH3, C=0, C=S,
C-SCHy, C=NH, C-NHp, C-NHCH3, C-RHCOOCH3, or C-RHCN.

4, The compound of Claim 3 wherein A iz CH or (=D,

5. The compound of Claim 4 which is
a) 5-(Dimethylamine)-5,6-dihydro-4H-imidszo(4,5,1-1))quinolin-
2(1M)-one hydrochloride

b) 5-(Propylamino)-5,6-dihydro-4F-imidszo(4,5,1-1])quinolin-
2(18)-one

e) 5-(Dipropylaminc)-5,6-dihydro-4H-imidazo(4,5,1-1f)quinolin-
2{1H)-one

d)  (-)5-(Dipropylasino)-5,6-dihydro-4H-imidazo(4,5,1-1 ) qui-
nolin-2(1X)-one

s) 5,6-Dihydro-N,N-dipropyl-4f-imidaxzo(4,5,1-1])quinolin-5-
anine

£) 5,6-Dihydro-N-propyl-4f-imidazo(4,5,1-1))quinoline-5-amine

g) 5,6-Dihydro-5- (dipropylamino) -4H-imidszo(4,5,1-1J)quinolin-
8-0l

6. The compound of Claim ] wherein D is K and n is 1.

7. Ths compound of Claim 6 vhich is

a) 1,2,6,7-Tatrahydro-6-(dipropylanine)-3%,58-pyrido(1,2,3-
de)quinoxalin-3-one

b) 1,2,6,7-Tetrahydro-6-(dipropylamine)-3¥,58-pyrido(l,2,3-
de)quinoxalin-2-one
e} 6,7-Dihydro-6-(dipropylamine)-3X,5K-pyrido(l,2,3-de)-
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quinoxalin-3-one

6,7-Dihydro-6-(dipropylamino)-3H,5R-pyrido(1,2,3-de)-

quinoxalin-2,3-dione

The compound of 611-1:: 1 wherein D is 0, n 13 O and A is CH, CHj,

CHCHy, C=-0, C=5, G-SCH3, C=NH, C-NH;, C-NHCH,, C-NHCOOCH3, or

Ths compound of Claim B wherein A is C=0 or C=5.

The compound of Claim 9 wvhich is

5-(Dipropylamino)-5, 6-dihydro-2H, 4H-0xazolo(5,4,3- 1 J)quino-
1lin-2-one

5-(Propylamino)-5,6-dihydro-2H, 4H-oxazoloe(5,4,3-1f)quinol -
in-2-one

5-(Dimethylamino)-5, 6-dihydro-2H, 4H-oxazolo(5,4,3- 1) quino-
lin-2-ona.

The compound of Claim 1 wharein D is CH, CHz or C=0 and n 1s 0.

The compound of Claim 11 which is

WO 90/15058
d)
5 8.
C-NHGN.
9.
10
10.
a)
b)
15
c)
11,
20
12.
a)
b)
25
c)
d)
30 e)
T)
B)
as
h)
1)

PNSDOCID «WD  S0W305BA1Y | »

5,6-Dihydro-N,N-dipropyl-4H-pyrrolo(3,2.1-1))quinolin.5-
amine '
5,6-Dihydro-N,N-dimethyl -4H-pyrrolo(3,2.1-1})quinolin-5-
amine
5,6-Dihydro-N,N-dipropyl-4N-pyrazolo(4,3,2-1j)quinolin-5-
amins
3,6-Dihydro-N,N-dimathyl-4H-pyraxzolo(4,3,2-1])quinolin-5-
amina

1,2,5,6-Tetrahydro-N,N-dipropyl-4H-pyrrelo(3,2,1-1 f)quinol-
in-5-amine
1,2,5,6-Tetrahydro-N,N-dinethyl-4H-pyTrole(3,2,1-1J)quinol-
in-5-anine '
5-(Propylamino)-5, 6-dihydro-4H-pyrrolo(3,2,1-1f)quinolin-
2.3-dione

5-(Dipropylamine)-5, 6-dihydro-4f-pyrrolo(3,2,1-1})quinelin-
2,3-dione

5-(Propylamino)-5, 6-dihydro-48-pyrrole(3,2,1-1 f)quinolin-

2
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2(1H) -one ' a

1 5-(Dipropylamino)-5, q- dihydro-4H-pyrrolo(3,2,1-1j)quinolin-
2(1H) -one

5 13. The compound of Clalm 1 vherein D is CH, CHy, or C=0 and n i5 1.

14. The compound of Clzim 13 vhich is
a) 2,3,6,7-Tetrahydro-N,N-dimethyl-1H,5H-benzo(l f)quinolizin-
2-amine
10 B 2,3,5,7-Tetrahydro-N-methyl-1KF,5K-benzo(} j)quinolixin.2-
amine
e) N-Bthyl-2,3,6,7-tetrahydro-N-methyl-18,5F-benzo(l})quinoli-
zin-2-amine
4) 2,3,6,7-Tetrahydro-R-propyl-1#,58-benzo(l))quinolizin-2-
15 amine
) 2,3,6,7-Tetrahydro-R,N-dipropyl-1K,5H-benzo(l J)quinolizin-
2-amine
£) 6-(Dipropylanino)-2,3,6,7-tetrahydro-5i-pyride(3,2,1-
1j)quinazolin-3-one
20 B) €-(Dimethylamino)-2,3,6,7-tetrahydro-5H-pyrido(3,2,1-
1})quinazolin-3-one )
h) 6-(Dipropylamine)-6,7-dihydro-1H,5H-pyrido(l,2,3-ds)-2,4-
benzoxazine-3-one '
1) 6- (Dimethylanino)-6,7-dihydro-1H,5H-pyrido(l,2,3-de)-2,4-
25 benzoxazine-3-one
b ) 6-{Dipropylamine)-6,7-dihydroe-3H,5H-benzo(i])quinolizin-3-
one

k) 6-(Dimsathylamino)-6,7-dihydro-3H,5H-benzo(1])quinolizin.}-
ane

k 14) 1) 6-(Dipropylamino)-2,3,6,7-tetrahydro-3H,5H-benzo(i])quinol-
izin-3-one
m) 6-(Dimethylamino)-2,3,6,7-tetrahydro-3H,5H-benzo(i])quino-

. b 1izin-3-one

' 35 15. A compound of the following structural formula XXXV

BNSOOCID WO ENBMAAT I -
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b L 4

NHz

vhere W is 0 or Hy; and R’y and Ry are indepandently hydrogen or a
Ci1-4 nlkfl group.

16. The compounds according to Claim 15 which are
a) 1,2,3,4-tetrahydro-N3,N3-dimethyl-3,8-quinolinediamine
b) 1,2,3,4-tetrahydro-N3,N3-dipropyl-3,8-quinolinadianine
e) ¢t-buryl(f-smino-1,2,3,4-tatrahydro-3-quinolinyl)carbamate
d) N-propyl-N-(8-amino-1,2,3,4-tatrahydro-3-quinolyl)formanide.

17. A use of a compound of Formula I for the manufacturs of a
medicament for treating central nervous system disorders in animal or
human hosts comprising the administration of a pharmsceutically
effactive amount of a compound of Formmla I.
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Levodopa or D2 agonist induced dyskincsia in MPTP monkeys:
correlation with changes in dopaminc and GABA , receplors in the
striatopallidal complex.
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T. Di Paolo **
* Schonl of Pharmany, Lut al Linweraty and Centre de recherche on enddocrmnlogee smdecubare, Le Centre Hoypraher de PUnnera’ Lo al,
(ndber. € anwda GV 302

¥ Depariment of Phurmacology, Fuowiy of Medwmie, Lacal Unn eruty ami Neurobikyn, Research Center, Higutal dr VEnfunt-Jiw, (dnher. Canadu
* NS Rescarch Daisiems, Thre Uppohin Co . Kulnmazim, Al 1L5.A

Accepicd M Januany JWWA

Absiract

Dopamine D! and D2 receplors as well as the GABA benadiizepine receptor complex in the striatum and the plobus
pallidus (internal: GPi und external: GPe) were studicd by autoradsgraphy using ['HISCH 23390, |‘*Hhpipcrone, and
[ ‘*H)Nunitrazcpam G HIFNZ) respectively, in five proups of cynomalpux monkeys. These inchuded (i) untreated 1-methyl-d-
phenyl-1,2. .6-1etrahydropyridine (MPTP monkeys: (i) MIPTP monheys treated chronicully with levinlopa inpections; (i) MIPTP
monkeys treated chronically with injections of the novel D2 agonist U9IYS6A: Ov) MPTP munkevs troated chromcally with
LI91356A delhvercd through an asmntic mini-pump: and (5) naive controh, Anmals treated i o pubsatile moade with US1YS6A or
levodopa injectioms showed progresive senstization (o their respective drug ond developed chureie Jdyshinesia. In contrast,
ammalx treated in a continuous minde with LI913IS6A showed behavioral wicrance but did not develop dyskinesia. A trend [or o
down-regulation of puiaminal D2 receptors was ohserved folloming D2 agomst stimulation with UY1330A. Striaal { *HIFNZ
binding wus sipnificantly decreased only in ammals treated in 8 conhinuous mode with LUHIShA, The dopanuine  reeeptor
decrease in the striatum could be implicated with the development of 1olcramee hut canma expln the appearance o) dyshuiesi.
Dencrvainm by MPTP wan aswcted with it decrease ol the GPe ZCGPi [ 'HIENZ binding 1atin which reficets an imbalance of
striatal vutput pathways: this ratio was not reversed by any of the tzeatments although chanpes were obsernved i the GPe and
GPi. Indeed, pubalile U91356A treatment resorcd the decreased | 'THENZ himding in the GPe near control salues and levodopa
showed a similar wendency. A significant increase of ['15IFNZ, inding ie the GPi only of dvskinetic monkeys, namely thine
trcated with pabatile L91356A or levendopa was wen compared e untreated MPTP or mnve controbs. Thin GABA , receplur
up-regulation might lead o a supersenative state of the GProw gabacrgie input which may be imvolved m the mechanivm
underlying the development of dopaminomimenic-inhduccd dywkinesia,

1
Aevwordy' Parkinon's discasc: Basal pangha; Dyskinewa: GARA , recepior, Dopamine receptor: Cilobus Pallidus: 1 Mcthyl-d
phenvl-1.2.3.6-tetrabydropyrichne

1. Introduction anti-parkimsonian response to levodopa, a progressive
narrowing of the levodopa therapeutic window and

Dyskinesia is one of the main side-c!fects following cven  unpredictuble “on-off phenomenon [51.521.
chronic levodupa treatment of Packinson's discuse [52). Chronic dopaminomimetic treatment. normal striatal
Murcover. dyskinesin usually accompanies other lung outllow and severe dopaminergic dencrvation seem o
tcrm complications such as a gradual shoriening ot the be requircd for the develupment of dyskinesia {52].

However, the precise neurichemicnl mechanisms un-
derlying the development of dopaminomimetic-induced
dyskincaia still remain unknown.
Supcrsensitivity of striatzl dopamine (DA) recepiors
° Correspamiing sullen Fax (1114608) 454 78] resulting from postsynaptic adaptation [ollowing ni-
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grostriatal denenation and dopaminergic treatment has
been hypothesized 1o be i crucial facton in the induc-
nion of dyskinesia [10,42). Indecd, 122 receplors have
been shown o be increased in the brain of 1-methyl-4-
phenyl 1,2 6-tetrahydropyridine {(MPTP}Y monkeys.
{27-29.37] t-hydroxvdopamine (6-OHDA )-lesioncd rats
|39] and human Parkinwmnians [40.56]. However, no
dyskinesiz 1s usually scen al the beginning  of
dopiminemimetic treatment when DA receptors would
be expecied to be supcrsensitive.

A desceyuilibrium in the relative proportion of 1]
versus D2 DA receptars following dopaminomimetic
treatment has been postulated 10 be associated with
susceptibility 1o develop dyskinesia [30.501.

It has been suggested thal the development of dyski-
nesia is associated with preferential activation of DI
receptors [12,37.50] whercas ather authors have impli-
cated rather the D2 receptor sublype [K,18]. However,
studlies in MITP' monkeys have clcarly shown that
chronic treatment with either D1 or D2 aponists can
induce dyskinesia amilar to those olnened following
levndops adminisiration [7.35,45) This suppests that
the neunwhemieal mechanisms involved in the devel-
apment of dyskinesia are not srictly related w the
specific stimulation of one DA receptor subtype,

Although most of the work 10 date has [ocused on
striatal DA rcceplors. basal ganglia compuoneniy down-
siream from these receptors are also altered by nigral
denervation or dopaminomimetic treatments and ap-
pear o be inwlved in the process of dyskinesin
[2,18.20,4).46.47.57.5K].

Fluctuation of plasma concentrations ol &
dupaminumimetic scem w be relevant o the onsct ol
dyskinesia. Indecd. the made of administration of
dopamimomimetics 1n a pulsatile or comtinuous fashion
thduces a different bhasal panglia functional state in
6-OHDA-lesioned rats [23-26.3241] Moreowver, it i
penerally agreed that continuous steady-state icdmini.
trabion o} levedopa in human Parkinsonians reduces
the Muctuations in motor performance such as dyskine-
1 but ean induge tolerance o levadopa | 15,49,

Tuhire 1

In the present report, we Sludied biochemical mark-
crs of basal ganglia function such as striatal D1 and D2
rcceptors as well as pallidal aned striatal GABA , re-
ceptors in groups of MPTP monkeys after different
chronic dupaminergic treatment regimens, some of
which led to the development of dyskinesia and others
which did not, the purpose bing 1w {ind changes tha
cuuld be correlated.

2. Materjols and methods
2.1. Animals and trearmenis

Sixteen ovaricctomized female cynomolgous man-
keys { Macacu fascicularis; 2.34-305 kp) were houscd
individually and exposcd 10 a 12 h light /dark eyclc.
They woere fed once per day and had free nocess to
water. Three ovariectomized animals reccived no treat-
ment and served as normal conirols, Thirteen monkeys
reccived repeated standard 2 mp subcutancous doses
ol MPT? unltil a satisfaciory and stable parkinsonian
syndrome duveloped (Table 1). Nine of these animals
reccived experimental drugs whercas four served us
untreated MPTP controls. Dopaminergic trcatmenis

- were initiated after a drug-free observation period of

at least one month following the lav MPTP injection.
UYI1356A  ((R)-S-(propylamino}-5,6-dihydro-4H-im-
idazol4.5, )-ijl-quinolin-20' H)-une  hydrochloride, The
Upjohn Co., Kalamazoo, MI) [48] which has high alfin-
ity for thc D2 receptor (A, = 1.3 nM) and modcrate
affinity to the S-HT,, site (K, = S8 nM) was adminis-
tered in u continuous (n = 3; PUMP group) or pulsatile
{(n = 3; PULSE group) mode for one month. Continu-
ous infusion of UY1356A (50-63 ug/kg/h) was given
by an asmotic minipump (Alza Co., Palo Alo, CA,
Model 2ML4) implanted intramuscularly under a light
ketamine anesthesia. The PULSE group received twice
daily s.c. injections of UYIAS6A (M0 mg/kp each time)
al 7-R h intervals, for a iotal a daily dose roughly
cquivalcat ¢ the PUMP group. Concurrently, 1.oev.

Lieneral evatuating o parkinwwian wvndrome 10 mankeys 1ollowmg ingevtum of MITTP and subwequent behavioral etlect ol Treatment wath the

2 agoms LI AA LU e lewichopa ax well s stnatal catechnlamine level

Cirompe n MI'TPdow  Final Parkinsonian  Dwlonesa sinatal watechalamime keve)
tmEg. hg! parkmsonian - wmploms Ing 7mp of protein?
: sure vehef A DOPAC  HVA

Comtonl v - " - ) IS752 191 TTMIand 1904087
MPTP Intreated 4 SN- 1D dnapd - 50=-08" 15208 MWMHa 134"
MITP =t Thma oAl [T I P LK) L HY 21=-00" 1L.5+A" 239K
MPTP = 1M lulhe 1 X224d2 A nG ' ves Wh=12" L7+04" A1 3129°
MPTP « NI Pump 3 55+ 14 Atan? + ¢ " 81, 13" 1.2:04% 333+ 77*

' Animal treated conbmpoudy with U1 130A devehped behwviniral wlerance
" - 000) v contnd (Sheffc # 1est tolhowing o lacior ANOVA)
P2 VIS w cuntiol {Fnher PLSIY 1031 lulkiming one Tacior ANOVAY Values shown are the mean | 8 FM
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odopa (1K} mg/kg/day) as well ay a peripheral dopa
decarboxylose inhibitor Benscrazide (25 mg/kp/day)
were given 1o three other MPTP monkeys (1 -DOPA
group) during 1 month.

22 Behavioral measurey

Monkeys were ohserved at least 6 b daily through a
onc-way screen and scored cvery M) min to oblain a
guantitative assessment of the antiparkinsonian re-
sponsc as described before [36]. The normal status is
rated 0, and maximal disability 10. Monkeys had a
baselinc parkinsonian syndrome of variable intcnsity
with scores from 5 (u 7. Relicl of parkinsonism from
drug treatment was considered dcfinitc when this score
improved by at Jeast 2 points.

Home cages equipped with photoclectric eells were
used in order to record the mobility of animals contin-
uvously throughout the experiment, A light beum is
interrupted by thc movements of the animal and sig-
nals are cumulated hy a computer which provides a
mobility count cvery 15 min.

Dopamine agonist-induced dyskinesia wes alvo eval-
vated according to a modified Abnormal Involuntary
Movements Scale for MPIP monkeys. ‘The intensity
was rated as (ollows: absent = 0: mild, occasional = 1;
moderate. intermittent = 2: severe, frequent = 3. Enler-
mediale scores (0.5, 1.5, 2.5) were allowed 1o reflect
slight bodily asymmetrics. Each body sepment was
scored individually (cach imb. face. neck, trunk) every
30 min. We also distinguished chorea lrom dystonia. ax
defincd by the Research Group uon Extrapyramidal
Disorders of the World Federation of Neurology [43].
The dyskincsia scorc provided at a given time is the
sum of the scores for all scgments.

2.1. Binchemical studies

After the end of the chronic dopaminomimetic
treatment and after a 3 day drog washout. all monkeys
were sacrificed by an overdose of pentobarhital, The
brains were removed and placed in isopentane {( — 40° C)
and kept frozen at — R0 C. Coronal scctions (20 pm)
were cut on a cryostat (= 18° () and slices were thaw-
mounted vnto gelatin and chrome alum coated slides
for autoradiographic studics. Small tissue picces werc
taken and kept frozen in perchloric acid for cate-
cholamine contents determination. Caudate and puta-
men concentrations of DA and its metubolites, dihy-
droxyphenylacetic acid (DOPAC) and humavanillic acid
(HVA) were quantificd by HPLC with elcctrochemical
detection as previously described [21].

Density of D1 and D2 antagonisl sites as well as D2
agonist siles, was mcasured by autoradiography of
[‘HISCH 23390 (Amersham; 72.8 Ci/mmuD,
(*Hspipcrone (Amersham; 108 Ci/mmol), and [ "H]A-

AEDOGID <X 1amMiA | »

n-propylnorapomorphine  ((*HJNPA: NEN-Dupont,
53.4 Ci/mmol) binding. respectnely, essentially as pre-
viously described [29). GABA , receptor densily was
evaluated with [‘H]Munitrazepam (Amcrsham; X4
Ci/mmol) binding to the benzodiazepine site of the
GABA , /benzadiazepine receptor complex. [*H] fluni-
trazepam binding cxperimenis were performed with
slight modifications of previous assays [59]. Sections
were preincubated for 15 min. in a ‘U'ris-HCI bulfer
(pH = 7.3-7.4). Then, they were incubated 45 min. at
room lemperature with 10 nM of [ *Hfunitrazcpam.
Non-specific binding was determined in presence of |
mM clonazcpam. Sections were washed twice for 10
min. in cold buffer (4° C) and then rinsed 10 s in cold
distilled water. After this step for all ligands, the
slide-mounted tissuc scctions were dried overnight at
room temperature and then exposcd to {*H] sensitive
films (Hypurfilm, Amersham) along with tritium stan-
dards {microscales Amersham) during 3 weeks for
[*HINPA and 2 weeks for the other ligands, Films were
developed and autoradiograms anulysed as previously
described [29). Specific binding 10 DA und GABA ,
receptors was measured at three rostrocaudal coordi-
naten: anterior (A19.0-A22.0); mediul (A17.0-A19.0)
and posterior (A17.0-Al14.0) |61l Caudate and puta-
men were cach divided in two sub-regions along a
medinl-lateral axis. The external scgment of the plabus
pallidus (GPe) was divided into a rostral and a caudal
part with respect (o the anterior margin of the internal
segment globus pallidus (GPi). Data were computed
scparately for each suh-region and were grouped when
regional effects were similar. In total, at least 6U slices
were quantified for each animal for cach ligand.

2.4, Siaristics

[ *HISCH 230 and | *Hspiperone binding data were
statistically compitred using & two-fuctor ANOVA in-
cluding treatment and assay batch as the wo depen-
dent variables to account for interassay variability. The
D1/D2 receptor ratios. catccholamine concentrations
and [ ']flunitrazepam binding data were statistically
compared with a Fisher probability of least significant
dificrence (PLSD) test and /or Shefle’s F-test Tollow-
ing a one factor ANOVA,

3. Results

Striatal catecholamine levels and Parkinsonian
seores were comparable between cach group of MPTP
monkeys (Table 1). Therefore, the extent of denerva-
tion was considered to be roughly cquivalent for all
MPTP monkcys.

Continuouy infusion of UYI356A induced a pood
rclicl of Parkinsonian symptoms lest than two days
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after the pump implant. Thereafter, the response grad.
ually decrensed. suggesting behavioral tolerance (Fig. |
and Table 1) lLewdopa or UYI356A given in a pul-
satilc schedule produced very good motor recovery
with a- progressive ipcrease in lbeomotion  counts
thraughout the trial and induced dyskingsia (Fig. 1 and
Table 1). A detailed report of the behavioral assess-
ment of these monkeys is described clsewhere [9).

3.1, Awroradiograpiv of D1 and D2 recepiors

No significant viriation of striatal DI or D2 recep-
tors was seen between the various treatmenl groups.
Nevertheless. D2 seceplors 1ended o decrease in the
stnialum ol monkeys of the PUMP and PULSE groups.
Indeed. | *H]spipemnc binding tended o decrcase more
specihically in the putamen and more so in the PUMP
group (Table 2) The DI /D2 ratios. however, under-
went slight but significant changes mostly in the puta-
men. The ratios decreased in untreated MPTP mon-
keys, and increased in all the U9l-treated animals.
These chunges are mainly due to D2 receptor varia-
nwons cather than changes of the DI receptor subiype.
No signilicant change of ['H|SCH 23390 and
{ *Hispiperone binding was seen in GPe. GPi and nu-
cleus accumbens (data not shown). [ 'HINPA binding 1o

Lmug‘HOTIAON
MT 356
1908 4 ' J— ma-m-u.ln-unn_l
T t - Commann thuuon 0" Bt
1600 { D
- .
=
2
=]
x
g
=
=2
[o]
o

Fig. | Lincar reprosentatun oof the total daily counts af kcomaun
avimity recorded lor iwo monkeys trealed chronwcally with the 32
sponial UYIMS6A, one 1n a ermtinuius manner wath 2 mamipump
throken ling) and annther by inectinnx twice daily (snlid hine). Notr
the progrossive increane in respomse afier pulkatle admimstrahion
and the imual sirong response Joliowed) by b of cfficacy after
contimnosy auminisiratinn. (CONT': saline conind; D1, DX, elc.. day
une, dav thiee. cte. of drug tréaimenl.

the agonmist site of D2 receptors showed changes similar
to |*Hlspiperone binding following MPTP und drug
treatments (data not shown),

Tahle 2

I'tiect ol chumn teeatment ol MPTP monkeys wath the 132 apoast TN13SHA LU o0 Tesswdaps o camlate amt pamtamen D1 amil D7 recepust
denuly v measurer by sulorathography
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[3H] Flunitrazepam autoradiagraphy

CONTROL MPTP

MPTP
+
L-DOPA

.

MPTP
L]
U91356A puise

MI:TP
US1356A pump

Fig. 2. Autoradwpeams of [*H¥lunuruzepam hinding w0 bran shees Uneluding Gy, CGPe. caudate. putamen) of a contrd moakey Leentral), an
unireated MPTP monkey (MPTF), a MPTP monkey treated chroncully with 1 -DOPFA mjections. (MPTP + 1 -DOPA), u« MPTP monhey treated
chromcally with UVII30A injechons (MPTP-L'91356A pulse) or with U'913SOA delivered through an oamatie mim-pumip AMPTT + UY11560A

pump),

1.2 Awmoradiography: GABA , receptors

The GABA , /henzodiazepine receptor complex as
quantificd with ["H]JFNZ binding tended to decrensc in
the GPe but increased in the GiPi in untreated MPTP
monkeys withoul rcaching statistical significance in ci-
ther area (Fips. 2 and 3). However. in the rostral part
of thc GPe this dcercase of [*HIFNZ binding was
swatistically sipnificant (- 26%:; P <0.05 vs. control;
data not shown). Nevertheless, [ "HIFNZ binding in the
GPc gencrally showed & very similar pattern of varia-
tion along the rostrocaudal axis.

Treatment with U91356A in a pulsatile regimen
restablished [*HIFNZ binding in the GPe near control
values (+32%: P < 0.05 vs. MPTP) and the levidopa
group showed o similar tendency. 1n the GP1 of mon-
keys from the L.-DOPA and PULSE groups, [ 'HIFNZ
binding was signilicantly clevated { + 55% and + 58%
vs. control, 4 36% and +38% wi. untrcatcd MPTP
monkeys. respectively; P < 0.05) (Figs. 2 and 3). In
animals of thc PUMP group, GGABA , reeepturs in the
GPe and GPi were less affecied by treatment with
values close to untreated-MPTP monkeys. Denervation
induced by MPTP led to a decrease of GPe/GP
[*HIFNZ hinding rativ (- 31% vs. control, n =13, P <
0.001) in all MPTP-treated animals whatever the sub-
scqucent treatment (Figs. 2 and ).

In the caudate and the putamen. [*H]FNZ hinding
was significantly decreased in monkeys of the PUMP
group [ — 13% vs. MPTP, —21% vs. control { P < 0.05)
to1al striatum) but less strikingly in the animals of the
PULSE group (~3% vs. MPTP, -12% ws. control;
total striatum). These changes appeared more pro-
nounced in the caudatc than in the putamen (Table 3)
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Nou change wis obscrved in the nucleus accumbens
(data not shown).

4. Discussion

Dyskinctogenic properties of selective D2 agonists
similar to those we have observed have heen reporied
previvusly in MPTP-1rcated primates [6.7.35,45), In-
deed. with the notable exception of bromocriptine, all
dopaminomimetics tested o dale chronically which
show pood antiparkinsonian cfficacy also induce simi-
lar dyskinesia in animals and humans [6.7). Therefore,
the relative specificity for cither the D1 or D2 reeeptor
subtype of a DA agonist j» probably not a major
indication of its dyskingtogenic potentiality.

o 1. Seriaval D). D2 and GABA , recepters

It is penerally agreed thiat MPTP-induced dencrva-
tion in monkeys causes an up-regulation of striatal D2
receptors mostly in the lateral putamen whilst the D1
receptor density is less or pot ot all affected [3.4.27-
30371, In the putamen, the decrease of the D1/D2
ratio ubserved here reffects a greater fncrease for )2
than D1 receptors following nigral dencrvation which
i in accordance with previous ohservations. Moreover,
also in the putumen. chronic D2 receptor stimulation
in MPTP monkeys led to an increase of the D1 /D2
rativ in monkeys of the PUMP and PULSE groups due
 a preater decrcase of D2 than D1 receptors. How-
ever in the present cxperiment, levadopa (restment did
not alter striatal D1 nor 32 receptor densitics as
reported previously [4.6.27.37]. The fact that slight
D1/D2 ratin changes have reached statistical signifi-
cance, whercas 1J1 and D2 receptor variations sepi-
rately cid not. can mostly be explained by a critical
decrease of interindividual variability resulting from
compulting ratio. The use of D1/D2 ratios gives also a
belter indicition of the balance of the twa DA recep-
tor subtypes in a specific animal.

Bchaviora) 1olcrance observed in the presen) experi-
muent in monkeys treated continugusly with UY1356A is
in agrecment with previous studies with other D2 ago-
nists piven in a continuous fashion in humans [14) or
MPTP monkeys [3] which reportied a4 marked loss of
cfficacy with time but an improvement of dyskincsia. A
study with anothcr D2 aponist. lisunide. reported no
behavioril 1olerance hut patients undergoing the treat-
ment were given lower dnscs ut night {5). Bchavioral
toierance has been assaciated with a4 decrease of stri-
otal [*Hkpipcrone binding following treatment of
MPTP moakeys [3] or 6-OHDA mice [63} with continu-
ous infusion of s D2 agonist. Moreuver, the D2 agonist
quinpirole given continuously to normal mice induces a
decreasc ol striatal [*Hlspiperonc binding and D2 re-
ceplor mRNA [17). In contrast, studies in 6-OHDA
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raty report no change of D2 receptors [ollowing contin-
uows administration of the D2 agonist quinpirolc |24)
or levodopa [41). Our results, however, show a trend
for pulaminal [*Hjpipcrone binding 1o decrcase in
monkeys of the PUMP or the PULSE groups. Thesc
autoradiographic results are consistent with saturation
binding data performcd on striatal homogenates from
the other cerebral hemisphere of the same animals [R].
This tendency of [*H)spiperone binding to decrcase
scems to be caused mostly by the specific D2 receptor
stimuiution rather than the mode of udministration in a
pulsatilc or conlinuous regimen. Henee, the decrease
of senxitivity 1o UP1356A ohserved in the PUMP group
could be cxplaincd in part by o down-reguluation phe-
nomcnon. Changes in celiviar responsc mechanisms
downstream from the receptor-ligand interaction such
as transduction processcs could also be involved. Fur-
thermore, DA receptor autaradiography strongly sug-
gests that dyskinesia obaerved in animals of PULSE
and 1-DOPA groups canngt he attribuled to supersen-
sitivity of D2 receplors.

MPTP-induced dcnervation did not alier siriatal
GABA , reccptor density levels us previously reported
in MPTP monkcys (§9]. Marecover, levodopa treatment
also had no eflcct which is in accordance with results
in 6-OHDA rats rcporting that levodopa given in an
intermittent or continwous fashion does not change
strinial {*11]JFNZ binding | 34). The decrcusc of [ 'HJFNZ
binding in monkeys of the PUMP group was maore
intensc i the medial part of the caudale, and less in
the lateral side of the putamen. The caudatc especially
in the medial part reccivex a prominent input from the
associative cortex in contrast with the putamen which
reccive) innervation mostly from the scnsorimotor cor-
tex [54]. Henee, the changes obscrved might be related
to an alicration of the input from associative areas of
the ceretral cortex.

Striatal GABA , rcceptors are thought to respond
mainly to colluteral of striatopallidil and striatonipral
neurons | 2,10,33]. Hence, changes of GABA , recepior
density could reflect gencral changes of the total stri-
atal outllew but have no specific relationship with
either of the two mujor clicrem pathways uf the stria-
tum. Therefore, stimulation of D2 receptors in a con-
tinuous fashiun would ephance the overall striatal
gabacrgic activity thought the exact location of these
responding D2 receptors is unclear. Further investiga-
tion arc nceded 1o understand these results.

4.2. GABA,, receptors in the globus pallidus and dyskine-

Dyskinesia occuring aflter chronic dopaminecrgic
treatment could be explained by an exagerated reversal
of ncural function patterns cnsuing 2 transient “overre-
sponsc’ to dopaminergic stimulation since dyskinesia is
commonly seen at peak-dose of levodopa. Other patho-
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lopicul states such as ballism. Huntinglon discasc. and
tardive dyskinesia producing abnormal basal ganglia
function are known (o induce chorecic dyskinesia simi-
lar to dopaminominetic-induced dyskinesia. Most of
the work on these motor disorders suggests that all
forms of choreic dyskinesia whatever their origin share
a common underlying neural mechanism involving loys
of activity ol the plutamatergic suhthalamicopallidal
pathway [2.18.20)]. Moreover. direct ablation of the
STN [13,62]. dircct GABA antagonist injection in the
GPe or the STN [19]. and direct glutamatcrgic antago-
nist injcction in the GPi |60} clicit dyskinesiu in normal
primates. ‘These experimental procedures tre thought
to induce dyskinesia in normal subjects by decreasing
the STN-GPi glutamatergic activity.

Most of the experimental evidence sugpests that all
forms of choreic dyskinesia including dopaminomi-
nctic-induced dyskinesia imply a (transicnt) lowered
gabacrgic output from the GPi to the thalamus [2.18,20).
This loss of GPi activity can be in response to (i) an
hypotxcitation from subthalamic glutamatergic neu-
rons (indirect gutput puthway from the striatum)
aml/or {ii) an hyperinhibition of the GPi by striatoni-
gral gabaergic ncurons (direct output pathway from the
stristum) and /or (iii) un hyperinhibition of the GPi by
the GPe-GPi pathway rccently characterized by Parent
and Hazrati [55). Glutamatergic receptor desensitiza-
tion or gabaergic receplor (GABA ,, and/or GABA )
supcrsensilizution in the GPi following long term
dupamincrgic treatment might therefore be involved in
the triggering of dyskinesia.

The GABA , receptor changes after MPTP-induced
denervation ubserved in this study are consistent with
thc gencral panern of neural changes underlying the
parkinsonian syndrome. )t is expecied that nigral den-
crvation causes the striatopallidal pathway t be over-
active and thus down-regulatc GARA , receptors in
the GPe whereas it has the opposite effect in the GPi.
To suppornt this, in the ipsilatcral hemisphere of rats
with a uniluteral 6-QHDA Iesion, [*HJFNZ binding 10
GABA , rcceptors was shown 10 be decreased in the
globux pullidus and increased in the SNr and in the
cntopedancular nucleus (EP) which is the radem
cquivalent of GPi [34.53]. Studies in munkeys followinp
systemic MPTP administration [59] and in patients
suffering from idiopathic Parkinson™s discase [IR] re-
port a decrease of [*HJFNZ binding in the GPe bul no
change was scen in the GPi. However, in hemipurkin-
sonizn monkeys a significant elevation of {*IIJFNZ
binding in the GPi has also been demonstrated [59)]. In
the present study we obscrved a down-regulation of
[*HIFNZ binding in the GPe although statistically sip-
nificant only in the more rostral part whereas an oppu-
sitc trend is abscrved in the GPi.

Assuming that a change of receplor density is de-
pendent of the level of affcrent activity, the differential
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output drive of the two major striatul cfferents can be
correlated or visualized with the GABA , receptor
density ratio between the GPe and the GPi. The im-
partant decrease of the GPe/GPi ralio of ["HJFNZ
binding reported here in all MPTP-exposcd primates
further supports the idea of a desequilibrium berween
the wwu siriatal cfferent pathways generated by loss of
sufficicnt dopaminergic activity. Surprisingly. the de-
crcase of GPe/GPi (*HJFNZ binding ratio was not
corrected by any of the present treatments. [ndeed. it
seems that whatcver thc GABA ,, receptor variation in
one scgment of the globus pallidus there is a4 concomi-
tant change in the other segment which keeps Lhe ratio
decreased comparcd 10 unlesioned animals.

By contrust to the intermittent treatment with lev-
odopa or UY91356A. continuous stimulation of D2 re-
ccptors had no effect on [*HJFNZ binding in either
segments. of the globus pallidus. Hence, striatal outflow
as cstimuated with GPe and GPi {*H]FNZ binding ap-
pears very similar to untreatcd MPTP monkeys. This
suggcsls that the desensitization mediating the dc-
crcase in response to continuous D2 agonist stimula-
tion is related to the D2 receptor site.

Gnanalinghum et al. [34] have shown that intermit-
tent treatment with levodopx in 6-OHDA rats does not
rcverse the lowered [*HJFNZ binding in the GP in-
duced by the lesion but restores the [YHJFNZ binding
increase in the EP and SNr to pormal levels. Assuming
that [*HJFNZ binding changes reflect the gabaergic
output activity level of the striatum, these authors
supgest Lthat levadopo treatment may alleviate the dys-
function of the striatonigral but not the striatopallidal
output in rodents. In contrasi, our results in primates
show that intermittent treniment with levodopa or a
D2 a agonixt resiores the [*HJFNZ binding in GPe 10
narmal values but fucther cnhances the clevation seen
in the GPi. Indced, these lindings suggest that lev-
odopa trestment in MIPTP monkceys tends to rectify the
cnhianced inhibitory drive from the strigtopallidal
medium.spiny output neurons to the GPc whilc it does
not seem to correct the abnormal striatonigral activity.
Muorcover, levodopa and U91356A intermitlent treat-
ments induced similar eftects on ['HIFNZ hinding
sugpesting u 1)2-like activity of levodopa in primates.
In rodents, however, the levodopa activily which is
more procrinent on the striatonipral pathway could
imply u D1-like action. Neurophysiological diffcrences
between ridents and primates could account lor these
discrepincics. Indeed, rodents Jo not develop dyskine-
s, thus implying important differcnces in their basal
panglia function as comparcd to primatcs.

Of prime interest is the significant elevation ob-
served in monkeys of the two dyskinetic groups (L-
DOPA and PULSE) of [?HIFNZ binding in the GPi.
With thc striatal DA receptor segregation hypothesis
in mind, D2 specific stimulation could have becen ex-
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pecied to have no modulatory effect on gabaergic GPi
receptors lewated postsvnaptically from  striatonigral
medium spiny output ncurons which are more sensitive
to DI stimulation. Most surprisingly. levodopi, a
D)/D2 mixed agonis) induced ['HJFNZ binding
chunges similar 10 those of w D2 agonist. This suggests
that a mech:inism mare related to the D2 stimulation is
responsible for the up-regulation of the GABA , /ben-
zdiazepine receptar complex in the GPi. A fraction of
D2 receptors located on striatonigral medium spiny
output neurons [31.44] could acvount at least in pan
for these cffects. [*HJFNZ binding studies in the two
segments of the globus paullidus following chronic treat-
ment with 2 full D] agonist could help 1o elucidale
thesc questions.

It can be postulated that the high [*11JFNZ binding
observed in the GPi indicales an up-regulation of
GABA , rcceptors reflecting long wrm compensatory
mechanisms to either a very low activity level or even a
‘disturbed’ {Muctuating) gabacergic input. This up-regu-
lation of [*HJFNZ binding could reflect a supersensi-
live state of the GABA ,/benzodinzepine receptor
complex in the GPi. Thus, striatal or (iPe gabacrgic
projections to the GPi could generatc an exagerited
inhibitory response. An ensuing underactivity of Lthe
GPi-Thilamus gabacrpic pathway might produce an
amplified thalamo-cortical transmission to thc motor
curtex that could e involved in the generation of
abnormal movement patterns such as chorcic dyskine-
sia,

Indeed, 2-deoxyglucosc uptake studics have shown a
high level of glucose consumption in the GPi of MPIP
monkeys 45 min afier levadopy or apomorphine treal-
menr {46,58]. This elevation, reflecting changes in over-
all level of intrinsic synaptic aclivity, is most likely due
to increased terminad activity of an alferent input
[40,47]). The threc main projectiont to the GPi come
from the STN, the striatum and thc GPe [31,54.55]
Since the STN-GPi pathway has been shown to be
concomitantly vndcractive [46,58), this would supgest
that the GPc-CiPi and/ar the striztonigral gabaergic
inputs mcdiate an overinhibition of the GPi during the
dvskinetic process

It is imporiant to note however that besides the
GABA , /benzodiazepine receptor complex, GAHBA ,
receptors are also present in the globus pallidus of rats
[11). Furthermore, excilatory amino acid receplors are
also lound in the CP as well as in all basal ganglia
auclei in rats [1]. The overactivity of the STN-GPi
pathway which has heen shown 1o be a consequence of
nigral dencrvation could generate down-regulation of
giutamatergic receptors in the GPi which has becen
alreudy found in the SNr of human parkinsonians [22).
Such a down-regulation of glutamate receptors could
be hypothesized 1o also account for the overinhibition
of GGPi neurons. Henee, further studics of these recep-

tor systems will be necessary to draw any conclusion on
a4 the state of sensitivity of the GPi associatcd with
dyskinesia.

5. Conclusion

The present results show that D2 receplors re-
mained unchanged or tended to decreasc in responsc
o chronic stimulation of D2 rceeptors. Thus, clearly
dyskinesia cannot be ascribed 10 supersensitivily of DA
receptors at least in term of density.

However, our results show for the first time that
GABA , rcceptors located downstream from DA re-
ceptars in the GPi are significantly up-repulated in
dyskinctic monkeys after chronic levodopa or D2 ago-
nist administration in a pulsatile regimen. This suggests
that GPi GABA , receptor supersensitivity rather than
the long postulatcd DA receptor supersensitivity might
be involved in the neurochemical mechanism underly-
ing the developmemt of dyskinesia alter long-term
chronic dopaminergic treatment,
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