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SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
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1. Me refbero 8 " sohatud amba mencionada de fecha 21 de
Diccembre de 2000.

2  Anaxos me permito presentar 8 usted:

(1)

@

3

Copwa Certificada, de o solictud de patente presentade pare
ol mvento arnba nombredo respecto de la cual reclamo
priovidad, a sober ia sohctud estadnense ndmero
60/171.9068 de 23 de Dwclembre de 1999, junto con su

naﬁammmmaumy
relvindicaciones de dicho documento;

Coa Cartificada, de ia solicitud de patents presentada para
ol mvento amba nombrado respecto da la cunl reciamo
prioridad, a saber I» sobchtud estadinense néGmero
60/236.835 de 29 de Sepbembre de 2000, jJunto con su

traducadén ohcal correspondients 2 las legahkzaciones Yy
relvindicacionas de decho documanto;

Copia debudamente autenticade por el Notano Sexto del
Crculo de Bogotd, de los documentos que acreditan la
cabdad de Traductor Ofcial de ia sefiora Marfa Luisa Bngard
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(4)

(5)

(6)

o 7)

de Restrepo quien elabord la traduccién de las legalizaclones
Y reivindicacionqs de las solicitudes estadinenses numero
60/171.906 y 60/236.835 de 23 de Diclembre de 1999 y 29
de Septiembre de 2000 respectivamente;

Documento que acredita el traspaso que los autores del
invento de la referencla hacen a favor de ml representando,
de sus derechos sobre el mismo, debldamente legallizado
hasta por el Ministerio de Relaclones Exterlores de Colombia
bajo el nimero 214838 de 30 de Enero de 2001;

Traduccién Oficial No. 420, debldamente legallzada hasta por
el Ministerio de Relaciones Exteriores de Colombia bajo el
numero 408339 de 9 de Febrero de 2001 correspondiente a
las legallzaciones de dicho documento de traspaso;

Documento que acredita el traspaso que el autor del Invento
de la referencla hace a favor de mi representando, de sus
derechos sobre el mismo, debidamente legallzado hasta por
el Ministerlo de Relaciones Exterlores de Colombia bajo el
numero 214837 de 30 de Enero de 2001; y

Traducclon Oficlal No. 419, debidamente legalizada hasta por
el Ministerlo de Relaclones Exteriores de Colombla bajo el
nimero 408340 de 9 de Febrero de 2001, correspondiente a
las legallzaclones de dicho documento de traspaso.

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

conformidad.

Sefior Superintendente,

Cédigo 231



REPUBLICA DE COLOMBIA
MINSTERIO DE RELACIONES EXTERIORES

EL SUSCRITO JEFE DEL AREA DE
LEGALIZACIONES DEL MINISTERIO DE
RELACIONES EXTERIORES

CERTIFICA

Que ravisados ios registros que se flevan an la oficina de Legalizaciones aparece ia
frma de la sefiora MARIA LUISA DE BRIGARD DE RESTREPO, como
traductora e lntérprete oficial para los idiomas INGLES - ESPANOL, ESPM'IOL-
INGLES, segin resolucién 0793 del 21 de marzo de 1958

La anterlor certificacién se expide a solichud de la interesada quien se Identificd
con cédula de ciudadania No. 20.024.691 expedida en Santa Fe de Bogota.
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TRADUCCION OFICIAL No. 5.801
de un documento escrito en INGLES, el cual para su identificacién se sella con el setlo
del Traductor al mismo tiempo que la presente. -

ESTADOS UNIDOS DE AMERICA
A CUANTOS LLEGAREN LAS PRESENTES:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS - /

POR LA PRESENTE SE CERTIFICA QUE ANEXA AQUI SE ENCUENTRA UNA
COPIA FIEL , TOMADA DE LOS REGISTROS DE LA OFICINA DE PATENTES Y
MARCAS DE FABRICA DE LOS ESTADOS UNIDOS, DE LOS DOCUMENTOS DE
LA SOLICITUD DE PATENTE IDENTIFICADA ABAJO QUE SATISFACEN LOS
REQUISITOS PARA QUE SEA OTORGADA UNA FECHA DE REGISTRO SEGUN
35 USC 111.

NUMERO DE SOLICITUD: 60/171,906

FECHA DE REGISTRO: 23 de diciembre de 1999.

Por Auntorizacién del
COMISIONADO DE PATENTES Y MARCAS DE FABRICA



(Firma)
L. EDELEN
Funcionario Certificador

Sello: OFICINA DE PATENTES Y MARCAS DE FABRICA - ESTADOS UNIDOS DE
AMERICA -

Por el presente certifico que los documentos y/o derechos anexos se esthn depom?:lg.of
en 1a "Oficina de Correo Expreso para el Destinatario” del sewicioi%-l

Unidos en la fecha indicada arriba en un sobre dirigido a Ia Casilla P
Comisionado Auxiliar de Patentes, Washingtor, D.C., 20231.

23 de diciembre de 1999 Kemmeth F. Mitchel | (Firma)
(Fecha) (Nombre Impreso) (Firma)
Zeneca Inc.
Expediente No.
EN LA OFICINA DE PATENTES Y MARCAS DE FABRICA
DE L.0OS ESTADQOS UNIDOS
CASILLA PROVISIONAL
Comisionado Auxiliar para Patentes

Washington, DC 20231




TRANSMISION DE SOLICITUD DE PATENTE PROVISIONAL
SEGUN 37 CFR §1.53(c)

Con la presente se transmite para un registro de Solicitud Provisional la solicitud
de patente de: Inventor(es). Thomas Michael Bare, 1057 Windy Knoll Road, West
Chester, Pennsylvania 19382; Rebecca Urbaneck, 1800 Concord Pike, Wilmington,
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Pars: COMPUESTOS DI PIRIDAZINO-QUINOLINO-DIONA PARABEDOLOR

Dirigir toda la correspondencia a:

Nimero del Cliente 22466

Sirvase dirigir todas las llamadas telefonicas a Kenneth F. Mitchell al teléfono nimero
(302) 866-7466.

1. Anexos estin:
X  Descripcién (77 phginas)
X  Otros (especificar) T'arjeta de Devolucién Postal



2. Los derechos totales por la suma de $150.00 deben cargarse a la Cuenta de
Depésito No. 26-0166. Esta hoja se incluye en duplicado.

2. X El Comisionado Auxiliar es autorizado por la presente para cobrar
cualesquiera derechos adicionales requeridos o acreditar cualquier
excedente de pago ala Cuenta de Depésito Nimero 26-0166. Esta hoja se

-

LainvmciénnoﬁlehechapormaagenciadelGobiemodeloMni -~

incluye en duplicado.

un contrato con una agencia del Gobiemo de los Estados Unidos. e L s S
[ ot
Presentado respetuosamente,
ZENECA Inc.
Fechado: 23 de diciembre de 1999 Por: (Finna)
Kenneth F. Mitchell, Ph. D.
Reg. No. 42,007
Apoderado de los Solicitantes
Teléfono: 302/886-7466
Zeneca, Inc.
Expediente No.
ANEXO:



KFM.1999004
REIVINDICACIONES
1. Un método para el tratamiento del dolor que consiste en administrar a un individuo

necesitado de elio una cantidad efectiva de cualquier compuesto acorde con el diagrama
estructural I,

o sales farmaceuticamente aceptables de tales compuestos, tautdmeros de tales compuestos
o isémeros dpticos de tales compuestos,

en donde:

R' es escogido, en cada caso independientemente, entre hidrégeno, halo y NO,, y
el anillo A tiene cuatro grupos R';

R es escogido entre (CH,),L, y C(R?XCH,) L, en donde n es un entero escogido
entre la escala de 0 a 6, y R? es escogido, en cada caso independientemente, entre

hidrégeno, halégeno, alquilo C, , y cicloalquilo C, 4;



L es fenilo sustituido con uno, dos, tres o cuatro grupos escogidos eni;e: OR? en
donde R’ es escogido entre hidrdgeno y piridil-metilo, N(R*), en donde R* es escogido,
en cada caso independientemente, entre hidrégeno y alquilo C,_,, halégeno, carboxilo,
alquilo C,,, O-alquilo C,_, alquenilo C,, alquinilo C,,, un grupo heteroarilo escogido
entre furanilo, oxazolilo, oxadiazolilo, tiadiazola, tetrazolilo, morfolinilo y
bencimidazolilo, morfolino-N-carbonilo, el grupo OC(O)N(R®), en donde R’ es escogido,
en cada caso independientemente, entre hidrégeno, alquilo C,, y fenilo; o

L es heteroarilo escogido entre piridilo, isooxazolilo, oxadiazolilo, tiofenilo,
benzo[bltiofenilo, benzofuranilo y pirazinilo; en donde dicho hetcmq]m -df
con uno, dos o tres grapos escogidos entre: hidroxi, alquilo C,_, hi

metoxifenilo; o w

L es tetrahidrofuranilo; y

RS es escogido entre OH y OC(O)N(R™),, en donde R es escogido, en cada caso
independientemente, entre hidrégeno y alquilo C, .

2.  Unmétodo acorde con Ia Reivindicacion 1 en el que en dicho compuesto acorde
con ¢l diagrama estructural I:

R' y el anillo A en combinacién son 7-halofenilo y L es escogido entre grupos
fenilo, piridilo, isooxazolilo, oxadiazolilo, tiofenilo, benzofb]tiofenilo, benzofuranilo y
pirazinilo, en donde, cuando estin sustituidos, dichos grupos estin sustitnidos con una,



dos o tres mitades escogidas independientemente en cada caso entra halo, hidroxi, oxo,
carbonilo, carbonilamino, alquilo C,, € hidroxialquilo C, ,.

3.  Un método acorde con la Reivindicacion 2 en el que en dicho compuesto acorde
con ¢l diagrama estructural I:

R' y el anillo A en combinacién son 7-clorofenilo.

4. Unmétodoacordeoonlakemnd:cnclénlmelquemdlchooompuestoacorde)jo‘

wt P

con el diagrama estructural I:

"'{.oﬁ“d
. . L e S
Res(CHz).LmdondenesunenMescogldomuelaemlmoﬂé'ﬂes

fenilo sustituido con uno, dos, tres o cuatro grupos escogidos entre: OR’ en donde R%es .
escogido entre hidrégeno y piridil-metilo, N(R*), en donde R* es escogido, en cada caso
independientemente, entre hidrégeno y alquile C, ,, halégeno, carboxilo, alquilo C, ,, O-
alquilo C,, alguenilo C, ,, alquinilo C,,, un grupo heteroarilo escogido entre furanilo,
oxazolilo, oxadiazolilo, tiadiazola, tetrazolilo, morfolinilo y bencimidazolilo, morfolino-
N-carbonilo, el grupo OC(O)N(R?, en donde R® es escogido, en cada caso
independientemente, entre hidrégeno, alguilo C,, y fenilo y R es hidroxi.

5. Un método acorde con la Reivindicacién 1 en el que en dicho compuesto acorde
con ¢l diagrama estructural L

R es (CH,).L. en donde » es un entero escogido entre la escalade 02 6, y L es



RS

heteroarilo escogido entre piridilo, isooxazolilo, oxadiazolilo, tiofenilo, benzo[b]tiofenilo,
benzofuranilo y pirazinilo; en donde dicho heteroarilo estd sustituido con uno, dos o tres
grupos escogidos entre: hidroxi, alquilo C,_,, hidroxialquile C,, y metoxifenilo y R es
hidroxi.

6. Un método acorde con la Reivindicacién 1 en el que en dicho compuesto acorde
con el diagrama estructural I

tetrahidrofuranilo y R® es hidroxi.

p
7. Un método acorde con la Reivindicacion 1 en el que en dicho compuesto acorde
con el diagrama estructural I:

R es C(R®)(CH,),L, en donde » es un entero escogido entre la escala de 0 a 6, y R?
es escogido, en cada caso independientemente, entre hidrogeno, halégeno, alquilo C,, y
cicloalquilo C, .

8. Un método acorde con la Reivindicacién 1 en el que dicho compuesto es escogido
entre:

7-cloro-4-hidroxi-2-(2,4,6-trimetilfenil)-1,2,5,10-tetrahidropiridazino[4,5 -
blquinolino-1,10-diona,



R

7.9-dicloro-4-hidroxi-2-(4-metoxi-2-metilfenil)-1,2,5, 10-tetrahidropiridazino[4,5-
b]quinolino-1,10-diona;

7-cloro-4-hidroxi-2-{2-cloro-4-metilfenil)-1,2,5, 10-tetrahidropiridazino[4,5 -
b]quinolino-1,10-diona;

metil-4-[(7-cloro-4-hidroxi-1,10-dioxo-2,5-dihidropiridazino{4,5-b]quinolin-2-
iDmetil]benzoato;

tetrahidropiridazino{4,5-blquinolino-1,10-diona (7);

7-cloro-4-hidroxi-2-|4-(morfolino-4-carbonil)bencil]-1,2,5,10 -
tetrahidropiridazino[4,5-b]quinolino-1,10-diona (7);

7-cloro-4-hidroxi-2-{3-(1h-tetrazol-5-il)-bencil}- 1,2,5, 10-tetrahidropiridazinof4,5-
b]quinolino-1,10-diona (7);

4-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro-1A-piridazino[4,5-b]quinolin-2-
ilmetil)-n-furan-2-ilmetil-benzamida;

preparacion de metanosulfonato de 7-cloro-4-hidroxi-2-(4-dimetilamimobencil)-
1,2,5,10-tetrahidropiridazino[4,5-b]quinolino-1,10-diona (4);



T.

metanosulfonato de  7-cloro-4-hidroxi-2-(bencimidazol-5-ilmetil)-1,2,5,10-
tetrahidropiridazinof4,5-blquinolino-1,10-diona;

7-cloro-4-hidroxi-2-(4-hidroxi-3-metil-bencil)-1,2,5, 10-tetrahidropiridazino[4, 5-
blquinolino-1,10-diona (2);

7-cloro-4-hidroxi-2-[3-metil-4-(piridin-2-ilmetoxi)-bencil)-1,2,5,10 -
tetrahidropiridazino[4,5-b]quinolino-1,10-diona (2);

L vol® o -
ilmetil)-2-metilfeniléster de dcido dimetilcarbémico (7) (método 8] #= w2t v

4~(7-cloro-4-hidroxi-1, 10-dioxo-5,10-dihidro-1h-piridazino[4,5-b]quinolin-2-
itmetil)-2-metilfeniléster de dcido dimetitcarbimico (7) (método b)

3-(7-cloro4-hidroxi-1, 10-dioxo-5,10-dihidro-1h-piridazino[4,5-b]quinolin-2-
ilmetil)-feniléster de &cido dimetilcarbémico;

4-(7-cloro-4-hidroxi- 1, 10-dioxo-5,10-dihidro- Lh-piridazino[4,5-b]quinolin-2-
ilmetit)-feniléster de &cido metilfenilcarbémico;

4-(7-cloro-4-hidroxi- 1, 10-dioxo-5, 10-dihidro- 1 h-piridazino[4,5-blquinolin-2-
ilmetil)-feniléster de dcido dietilcarbdmico;

10



3-(7-cloro-4-hidroxi-1,10-dioxo-5,10-dihidro- 1 h-piridazino{4,5-b]quinolin-2-

ilmetil)-feniléster de &cido dietilcarbamico;

3-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro-1h-piridazino[4,5-b]quinolin-2-
ilmetil)-feniléster de &cido morfolino-4-carboxilico; '

3-(7-cloro-4-hidroxi-1, 10-dioxo-5, 10-dihidro- Lh-piridazino[4,5-b]quinolin-2-
ilmetil)-feniléster de Acido metilfenilcarbéamico;

ilmetil)-feniléster de 4cido difenilcarbdmico;

3-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro- Lh-piridazino{4,5-b]quinolin-2-
ilmetil)-feniléster de dcido pirrodinilo-1-carboxilico;

4-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro- 1h-piridazino[4,5-b]quinolin-2-
ilmetil)-2-metilfeniléster de dcido morfolino-4-carboxilico;

4-(7-cloro-4-hidroxi-1, 10-dioxo-5, 10-dihidro- Lh-piridazino{4,5-b]quinolin-2-
ilmetil)-2-metilfeniléster de cido metilfenilcarbamico;

5-(7-cloro-4-hidroxi-1,10-dioxo-5,10-dihidro- 1h-piridazino[4,5-b]quinolin-2-
ilmetil)-2-metoxifeniléster de cido dimetilcarbmico;

1
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5-(7-cloro-4-hidroxi-1, 10-dioxo-5, 10-dihidro- Lh-piridazino[4,5-b]quinolin-2-
ilmetil)-2-metoxifeniléster de acido dietilcarbémico;

5-(7-cloro-4-hidroxi-1,10-dioxo-5, 10-dihidro-1h-piridazino[4,5-b]quinolin-2-
ilmetil)-2-metoxifeniléster de 4cido morfolino-4-carboxilico;

metanosulfonato de 7-cloro-4-hidroxi-2-(4-piridilmetil)-1,2,5,10-
tetrahidropiridazino[4,5-b]quinolino-1,10-diona;

el )
metanosulfonato de 7-cloro-4-hidroxi-2-(3-piridilmeti

LA ot L
tetrahidropiridazino[4,5-b]quinolino-1,10-diona; i

metanosulfonato de 7-cloro-4-hidroxi-2-(2-piridilmetil)-1,2,5,10-
tetrahidropiridazino[4,5-bjquinolino-1,10-diona;

metanosulfonato de 7-cloro-4-hidroxi-2-[3-hidroxi-S(hidroximetif)-2-metil(4-
piridil)Jmetil)-1,2,5,10-tetrahidropiridazinof4,5-b]quinclino-1,10-diona;

(7-cloro-1,10-dioxo-2-piridin-4-ilmetil-1,2,5, 10-tetrahidropiridazinol4,5 -
blquinolin-4-11-éster de dcido dimetilcarbdmico (2);

7-cloro-4-hidroxi-2-(4-piridiletil)-1,2,5, 10-tetrahidropiridazino[4,5-b]quinolino-
1,10-diona;

12
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metanosulfonato de 7-cloro-4-hidroxi-2-(pirazin-2-ilmetil)-1,2,5,10-
tetrahidropiridazino[4,5-b]quinolino-1,10-diona (5);

7-cloro-4-hidroxi-2-(furan-2-ilmetil)-1,2,5,10-tetrahidropiridazino[ 4,5-b]quinolino-
1,10-diona;

7-cloro-4-hidroxi-242 5-dimetil(3-furanil)jmetil-1,2. 5, 10-tetrahidropiridazino|4,5-
blquinolino-1,10-diona (4);

b]quinolino-1,10-diona;

7-cloro-4-hidroxi-2-(5-isoxazolino)-1,2, 5, 10-tetrahidropiridazino|4,5-b]quinolino-
1,10-diona (3);

7-cloro-4-hidroxi-2-[5-(4-metoxi-fenil)-[1,3,4 joxadiazol-2-ilmetil)-1,2,5,10 -
tetrahidropiridazinof4,5-bjquinolino-1, 10-diona (6);

2-(benzo[b]tiofen-2-ilmetil)-7-cloro-4-hidroxi-2,5-dihidropiridazino[4,5 -
blquinolino-1,10-diona;

7-cloro-10-hidroxi-2-[(3-metil(2-tienil)metil]-2,3-dihidropiridazino[4,5 -
bjquinolino-1,4-diona;

13



7-cloro-4-hidroxi-2-[4-(carbometoxi)fenil-2-etil)-1,2.5, 10-tetrahidropiridazino{4,5-
b]lquinolino-1,10-diona;

metanosulfonate de (+-) 7-cloro-4-hidroxi-2-(3-piridilet-1-il)-1,2,5,10-
tetrahidropiridazino[4,5-b]quinolino-1,10-diona;

metanosulfonato de (+-)  7-cloro4-hidroxi-2-(2-piridileti)-1,2,5,10-
tetrahidropiridazino[4,5-blquinotino-1,10-diona; 49 ’

-

metanosulfonato de  (H-)  7-cloro4-hidroxi-2-X piridiletif)-{,2

. ,o\"“‘.

tetrahidropiridazinof4,5-bjquinolino-1,10-diona; st L e O

™
nt®
- -

metanosulfonato de (+-) 7-cloro-4-hidroxi-2-(4-piridilpropil)-1,2,5,10-
tetrahidropiridazinof4,5-blquinolino-1,10-diona; y

7-cloro-4_-hidroxi-z-(z-benmfurmil)metiI-1,2.5,10-tetrahidropiridnzino[4,5 -
b]quinolino-1,10-diona.

9. Una composicién fanmacéutica que tiene como ingrediente activo un compuesto
acorde con el, diagrama estructoral [

14



o sales farmaceuticamente aceptables de tales compuestos, tantdmeros de tales compuestos
o0 isémeros Opticos de tales compuestos, }o H
3

o .".ahl\- e
en donde: il _ Rosir et
W oy )

R! es escogido, en cada caso independientemente, entre hidrdgeno, haloy NO,, y
el anillo A tiene cuatro grupos R';

R es escogido entre (CH,),L, y C(R*}CH,),L, en donde » es un entero escogido
entre la escala de 0 a 6, y R? es escogido, en cada caso independientemente, entre
hidrégeno, halégeno, alquilo C,, y cicloalquilo C,;

L es fenilo sustituido con uno, dos, tres o cuatro grupos escogidos entre: OR? en
donde R” es escogido entre hidrégeno y piridil-metilo, N(R*), en donde R* es escogido,
en cada caso independientemente, entre hidrégeno y alquile C,, halégeno, carboxilo,
alquilo C,, O-slquilo C,_, alquenilo C,,, alquinilo C,,, un grupo heteroarilo escogido
entre furanilo, oxazolilo, oxadiazolilo, tiadiazola, tetrazolilo, morfolinilo y

15



bencimidazolilo, morfolino-N-carbonilo, €l grupo OC(O)N(R?), en donde R? es escogido,
en cada caso independientemente, entre hidrégeno, alquilo C,_, y fenilo; o

L es heteroarilo escogido entre piridilo, isooxazolilo, oxadiazolilo, tiofenilo,
benzo{bJtiofenilo, benzofuranilo y pirazinilo; en donde dicho heteroarilo esta sustituido
con uno, dos o tres grupos escogidos entre: hidroxi, alquilo C,,, hidroxialquilo C,, y
metoxifenilo; o

L es tetrahidrofuranilo; y

R® es escogido entre OH y OC(O)N(R"),, en donde R” es escogido, en cada caso
independientemente, entre hidrégeno y alquilo C, , ¥

un excipiente o diluente farmaceuticamente aceptable.

ES TRADUCCION FIEL Y COMPLETA, de la cual queda copia en los archivos de esta
oficina de traducciones, para su confrontacién y a la que me remito.

Derechos de Traduccitn: $144.000,00

BOGOTA, 9 DE ENERO DEL 2001.

BTGV, OPTGIAL mﬂb /
o Snis O A
) Earia Luiia Brigevd de ;

intarprets
wnp @a OTSR dal Win. du Smetinin
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FOBK LL.OREDA OAMACHO & 60
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M 1990

UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

December 13, 2000

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 60/171,966
FILING DATE: December 23, 1999

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS

L. EDELEN
Certifying Officer
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CERTIFICATE OF EXPFRESS MAIL (37 CFR 1.10) Label No. EI7T2917203US

I hereby cextify that the attached papers and/or fee are being deposited with the United States Postal Service
"Express Mail Poat Office to Addresses” service on the date shown below in an envelope addresasd to Box 2
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BACKGROUND

FIELD OF THE INVENTION

This invention relates to the' trestment or prevention of pain or nociception.

RELATED ART

Puincmsungtutdulofmﬂﬂingandi:ummapuiumdi:ﬁmtﬁom
sensations of touch, pressure, heat and cold. It is often described by sufferers by such terms
a3 bright, dull, aching, pricking, cutting or burning and is generally considered to include both
the original sensation and the reaction to that sensation. This range of sensations, as well as
the variation in perception of pain by different individuals, renders a precise definition of pain
difficult. Where pain is "caused” by the stimulation of nociceptive receptors and transmitted
over intact neural pathways, this is termed nociceptive pain. A second from of pain may be
caused by damage to neural structurcs, and often is manifested as neuml supersensitivity; this
form of pain is referred to as neuropathic pain.

Thelevelofshmulnhmatwhchpmnumavdmrefumdtouﬂw'pnn
threshold". Where the pain threshold is raised, for instance, by the administration of an
analgesic drug, & greater intensity or more prolonged stimulus is required before pain is
experienced. Analgesics are a class of pharmaceutical agent which, following administration
to a patient in need of such treatment, relieve pain without loss of consciousness. This is in
contrast to other pain-relieving drugs, for example, general enaesthetics which obtund pain by
producing a hiatus in consciousness, or local anaesthetics which block transmission in
peripherel nerve fibres thereby preventing pein.

Tachykinin antagonists have been reported to induce antinociception in animals,
which is believed to be analogous to analgesia in man (for review sce Maggi et al, J. Auton.
Pharmacol. (1993) 13, 23-93). In particular, non-peptide NK-1 receptor antagonists have been
shown to produce such analgesia, thus, for example, in classical tests of chamo-nociception
(phenylbenzoquinone-induced writhing and formalin test) the NK-1 receptor antagonist RP
67,580 produced analgesia with potency comparsble to that of morphine (Garret et al, Proc.
Natl. Acad Sci. USA (1993) 88, 10208-10212).

The opiocid analgesics are a well-established class of analgesic agent. These
compomnds gre sometimes referred to as opistes although this term should be reserved for
chemical relatives of morphine. The term opioid is generally sccepted to refer in a generic
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sense to all drugs, natural or synthestic, with morphine-like actions. The synthetic and semi-
synthetic opioid analgesics are derivatives of five chemical classes of compound:
phensuthrenes; phenylheptylamiues; phenylpiperidines; morphinans; and berzomorphans,
Pharmacologically these compounds have diverse activitics, tinzy some are strong agonists at
the opioid receptors (e.g. morphine); others are moderate to mild agonists (e.g. codeine); still
others exhibit mixext sgonist-entmgonist activity (¢.g. nalbuphine); and yet others are partial
agonists (e.g. nalorphine). Whilst an opioid partial agonist such as nalorphine, (the N-alkyl
analogue of morphine) will antagonise the analgesic effects of morphine, when given alone it
can be a potent analgesic in its own right.

Of all of the opioid analgesics, morphine remains the most widely used and is a
miiteble archetype compound. Unfortunately, apart from its useful therapeutic properties,
morphine also has a mumber of drawbacks including respiratory depression, decreased
gastrointestingl motility (resulting in constipation) and, in some individuals, nausea and
vomiting may occur. Another characteristic is the development of tolerance and physical

' dependence which may limit the clinical use of such compounds. There is therefore a need to

develop methods which enable the clinician to use lower doses of opioid analgesics such as
morphine, thereby reducing the likelihood of tolerance and dependence, and thus avoiding the
major problem of drug withdrawal associated with cessation of administration.

Morphine-induced emesis may be effectively blocked by the administration of a non-
peptide NK-1 receptor antagonist but it is believed that other effects of morphine, notably
morphine-induced analgesia, are not blocked by en NK-1 receptor entagonist. Thus, treatment
with morphine and an NK-1 receptor antagonist relieves pain without reduction of the
morphine analgesic activity, and with the added benefit of enabling lower doses of morphine
to be used, as well as reducing the likelihood of nauses and vomiting.

Presently, the primary method of treating the rheumatoid diseases and arthritis is by
drug therapy using anti-inflammatory compounds directed at blocking or reducing synovial
inflammation thereby improving function and analgesics directed to reducing pain. Aspirin
and other salicylate compounds sre frequently used in treatment to interrupt amplification of
the inflammatory process and temporarily relieve the pain. Other drug compounds used for
these purposes include phenylpropionic acid derivatives such as Ibuprofen and Naproxin,
Sulindac, phenyl butezone, corticosteroids, antimalarials such as chloroquine and

-2
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lydroxychlaroquine sulfate, and fenemates. For a thorough review of various drugs utilized in
treating rheumatic diseases, reference is made to J. Hosp. Pharm., 36:622 (May 1979).

‘While kmown drug therapies have utility, there are drawbacks to their use. For
instance, it may take up to six months of consistent use of some of these medications in order |
for the product to have effect in relieving the petient's pain. Consequently if a trestment is
without effect in particular subject, up to six months may elapse before the physician is aware
of treatment failure. Many of existing drugs also have serious side effects in certain patients,
and subject must be carefully monitored to ensure that any side cffects are not unduly
threatening. Most existing drugs bring only temparary relief to sufferers and nmst be taken
consistently on a daily or weekly besis for continued relief. With disease progression, the
amount of medication needed to alleviate the pain may increase thus increasing the potential
for adverse side effects.

SUMMARY OF THE INVENTION .
The present invention provides a method for the treatment of pain and compounds and
The present invention is a method for treating a subject suffering from pain
comprising administering to said subject an effective amount of any compound in accord with

I
or a pharmaceutically-accepteble galt thereof, wherein:
R' at each occurrence is independently selected from hydrogen, halo and NO,, and
ring-A has four R groups;
R is selected from (CH,),L, and C{R?),(CH,),L wherein n is an integer selected from
the range 0 to 6 and R? st each occurrence is independently selected from hydrogen, halogen,
C,.alkyl and C, cycloalkyl; and
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L is phenyl substitted with one, two, three or four groups selected from: OR® where
R® is selected from hydrogen and pyridyl-methyl, N(R*), where R* at each occurrence is
independently selected from hydrogen and C,_alkyl, halogen, carboxyl, C, alkyl, 0-C, alkyl,
C,alkenyl, C, ;alkynyl, a heteroaryl group sclected from furanyl, oxazolyl, oxadiazolyl,
thiadiazole, tetrazolyl, morpholinyl and benzimidazolyl, morpholino-N-carbonyl, the group
OC(O)N(R"), where R at each occurrence is independently selected from hydrogen, C, alkyl
and phenyl; or

L is heteroaryl selected from pyridyl, isooxazolyl, oxadiazolyl, thiophenyl,
benzo[b]thiophenyl, benzofuranyl and pyrazinyl; where any said heteroaryl is substituted with
one, two or three groups selected from: hydroxy, C, alkyl, hydroxyC, ,alkyl and
methoxyphenyl; or

L is tetrahydrofuranyl;

R® is selected from OH or OC(O)N(R), wherein R at each occurrence is
independently selected from hydrogen or C, ,alkyl.

In particular compounds in accord with structural diagram I useful in the method of
the present invention, ring-A has a 7-linked halo group and L is selected from substituted or
unsubstituted phenyl, pyridyl, isooxazolyl, axadiazolyl, thiophenyl, benzo[bjthiophenyl,
benzofurany! and pyrezinyl groups, where, when substituted, said groups are substituted with
om,two_mﬂnumoieﬁuhdependmﬂyselecmdnmhmﬁmhﬂo,hydmxy,m
carbonyl, carbonylamino,C, alkyl and hydroxyC, .alkyl.

In other particular compounds in accord with structural diagram I useful in the method
of the present invention, n is an integer selected from 1, 2 or 3 and L is selected from
substituted or unsubstituted furanyl, thiopherryl, pyridyl, pyrrolidinyl, benzimidazolyl,
benzothiophenyl and phenyl moieties, R’ is rydrogen or chloro, and ring-A has a 7-linked
chloro group.

In yet other particular compounds in accord with structural diagram I useful in the
method of the present invention, R' and ring-A in combination are 7-halophenyl. In more
particular compounds useful in the method of the invention R and ring-A in combination are
7-chlorophenyl.

In still other particular compounds in accord with structural diagram I useful in the
method of the present invention, R is (CH,),L, wherein n is an integer selected from the range
0 to 6, and L is phenyl substituted with one, two, three or four groups selected from: OR?

i
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where R? is selected from hydrogen and pyridyl-methyl, N(R*), where R* st each occurrence is
independently selected from hydrogen and C, ,alkyl, halogen, carboxyl, C, jalkyl, O-C, lkyl,
C, salkenyl, C, ,alkynyl, s heteroaryl group selected from furanyl, oxazolyl, oxadiazolyl,
thisdiazole, tetrazolyl, morpholinyl and benzimidazolyl, morpholino-N-carbony], the group
OC(O)N(R"), where R? at each occurrence is independently selected from hydrogen, C, alkyl
and phenyl, and R is hydroxy.

In further particular compounds in accord with structural diagram I useful in the
method of the present invention, R is (CH,),L, wherein n is an integer selected from the range
0 to 6, and L is heteroaryl selected from pyridyl, iscoxazolyl, oxadizrolyl, thiophenyl,
benzo[b]thiophenyl, benzofuranyl and pyrazinyl; where any said heteroaryl is substituted with
one, two or three groups selected from: hydroxy, C, alkyl, hydroxyC, alkyl and
methoxyphenyl and R is hydroxy.

In yet further particular compounds in accord with structural diagram I useful in the
method of the present invention R is (CH,),L, wherein n is an integer selected from the range
0 to 6, L is tetrahydrofuranyl and R* is hydroxy.

In other compounds in accord with structural diagram I useful in the method of the
present invention, R is C(R?),(CH,),L. wherein n is an integer selected from the range 0 to 6
and R? at each occurrence is independemtly selected from hydrogen, halogen, C, ,alkyl and C,_
Lycloalkyl.

Compounds in accord with structural diegram I useful in the method of the present
invention, include pharmaceutically-aceptable salts of such compounds, tautomers of such
compounds and optical isomers of such compounds.

Particular compounds in accord with structural diagram I useftil in the method of the
present invention, are those in the Examples described hereinafier.

Pharmaceutical compositions having as an active ingredient compounds in accord with
structural diagram I are within the scope of the present invention.

The method of the present invention and compounds used therein are useful for the
treatment of pain of any etiology, inchuding acute and chronic pain and any pain with an
inflammatory component. Examples of acute pain include neuropathic pain and pain
associsted with inflammatory diseases, such as irritable bowel syndrome and rheumatoid-
Examples of chronic pain include, in particulsr, pain associated with musculo-skeletal

—5-
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disorders such as theumatoid arthritis, osteoarthritis, ankylosing spondylitis, sero-negative,
that is, non-rheumatoid, arthropathies, non-articuler rheymatism and peri-articular disorders,
and pain associsted with cancer, pexipheral neuropathy and post-herpetic neuralgia. In
addition to some of those described above, cxamples of pain with an inflammatory component
include rheumnstic pain, dental pain and dysmenorrhoea.

DETAILED DESCRIPTION OF THE INVENTION

The invention comprises a method of treating a subject suffering from pein with an
effective amount of a compound of formula I, as described heretofore.

Compounds of the invention are active in a number of preclinical pain models in
rodents. For example, such compounds are active at 15 mg/kg/d x S days (po) in the chronic
constriction injury (CCT) model of neuropathic pain. Furthes, in the rat formalin test,
compounds have ED,,'s of less then 100 mg/kg (po) and have a duration of action of greater
than 6 hrs.

Compounds of the present invention are potent, selective and novel antagonists at the
glycine site of the NMDA receptor complex. They inhibit the binding of "H-Glycine] to rat
or luman brain NMDA receptors in the 100 nM range. Compounds of the invention are more
potent in inhibiting NMDA-induced calcium flux through the NR2A and NR2C subtype than
the NR2B and NR2D subtypes. When tested at 10 pM, compounds of the invention do not
show enry significant binding activity in in vifro binding assays to 85 different receptors,
including kainate, glutamsate and strychnine-sensitive glycine binding sites.

Compounds of the invention show little toxicity after administration of single doses up
t0 1000 mg/kg (po), and no effects on cardiovascular parameters (br, bp) are seen after single
doses of 30 and 300 mg/kg (po).

As used herein the term “halo” means chloro, bromo, iodo or fluoro.

As used herein the term “range 0 to 6,” or the like, means the integral values in the
stated range, in this exampie the values 0, 1, 2, 3, 4, 5 and 6.

Compounds useful in the method of the invention are illustrated by the particular
compounds of the Examples.
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in satursted aqueous NeHCO, was stitred for 10 mimates and then trested with solid K,CO,
(18.97 g, 137.25 mmol). The resulting fine light yellow suspension was stirred for 10
mimuteg. A solution of di+-butyldicarbonate (25.03 g, 89.00 mmol) in 375 mL
tetrahydrofuran was added over 5 minutes and the resulting biphasic mixture was vigorously
gtirred for 3 hours. The reaction mixture was partitioned in water and the aqueous layer was
extracted with ether (3 x 75 mL). The combined organic layers were washed with saturated
NaCl (2 x 100 mL) end distilled water (2 x 100 mL), dried over MgSO,, and concentrated
under reduced pressure. Drying under high vacuum afforded an orange oil which crystallized
upon standing. The material was triturated in 5% ether in hexanes ovemight to afford » beige
solid which was isolated by filtration (13.82 g). The solid was recrystallized from
ether/hexanes to afford 11.85 g (5936) of the desired product (2) as a cream colored solid. The
filtrates from the trituration and crystallization were combined and concentrated to afford
13.50 g of material which was purified by flash chromatography on silica gel using 25:75
cther-hexanes as eluent. This afforded an additional 4.69 g (23%) of the title compound. 'H
NMR (300 MHz,CDCl,) d 6.79 (8, 2 H), 6.25 (bs, 1 H), 5.65 (bs, 1 H), 2.34 (3, 6 H), 2.22 (s, 3
H), 1.40 (3, 9 H); MS (CI) nv/z 249.

_ 2.4.6-srimethviphenylcarboxamide (4
To u stirred suspension of 7-chioro-4-oxo-2-{pyrrolidinylcarbony)hydroquinoline-3-
carboxylic acid (3, 1525 g, 47.55mmol) in anhydrous tetrahydrofuran (730 mL) under
nitrogen way added 1,3-dicyclohexylearbodiimide (11.66 g, 55.5]1 mmol). The (fer-toxy)-
N-[(2.4,6-trimethy] phenyl)amino]carboxsmide (2, 16.54 g, 66.07 mmol) was dissolved in
270 mL enhydrous tetrahydrofuren and added to the bright yellow reaction mixture. The
reaction mixture was stirred st room temperature for 5 hours and then hested at 60 °C for 20
hours. After cooling to room temperature, the nrixture was filtered and solids (dicyclohexyl
urea, DCU) were washed with ether. The filtrate was concentrated end then dried under high
vacuum to afford a brown oil. The material was purified by flash chromatography on silica
gel nxing a gradient of 99:1 to 95:5 methylene chloride:methano] as eluent, Conceniration of
the appropriate fractions provided a tan solid (21.40 g) which was sonicated in methanol and
filtered to remove the remaining DCU from the desired solid product. This purification

.
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procedure was repeated until all of the DCU was removed. A total of 18.04 g (69%) of N-
[(rert-butoxy)carbonylamino][7-chloro-4-cxo-2-(pyrrolidinylcarbonyl)(3-hrydroquinolyl)}-N-
(2,4,6-trimethy! phenyl)carboxamide (4) was obtained. 'H NMR (300 MHz, DMSO, d,) d
13.14 (s, 1 H), 9.08 (bs, 1 ), 8.28 (d, 1 H, J,=8.7 Hz), 7.69 (d, 1 H, J_=1.6 Hz), 7.56 (dd, 1
H, J=8.7 Hz, J_=1.6 Hz), 6.88 (s, 2 H), 3.44 (m, 4 H), 2.32 (s, 6 H), 2.24 (s, 3 H), 1.86 (m, 4
H), 1.09 (bs, 9 H); MS (-CT) m/z 552.

To a stirred suspension of N-[(terz-butoxy)carbonylamino]{7-chloro-4-oxo0-2-
(pyrrolidinylcarbonyl)(3-hydroquinolyl)]-N+(2,4,6-trimethry]l phemyDcarboxamide (4, 3.72 g,
6.65 mmol) in 180 mL anhydrous tetrahydrofuran under nitrogen was added methanesulfonic
acid (21.0 mL, 32.40 mmol). The resulting bright yellow solution was stirred at room
temperature for 18 hours. The solution was poured into 1700 mL watez, stirred 1 hour, and
filtered to afford a yellow solid. After sonication in methanol, pure 7-chloro-4-hydroxy-2-
(2,4,6-trimethylphenyl)-1,2,5,10-tetrahydropyridazino[4,5-b]quinoline-1,10-dione (5) was
obtained by filtration as a beige solid (1.21g, 47%), m.p. 187-189 °C. 'H NMR (300 MHz,
DMSO, d)d 12.79 (bs, 1 H), 12.06 (bs, 1 H), 8.16(d, 1 H,J=8.7Hz), 8.07(d,1 H,J =13
Hz), 7.46 (4d, 1 H, J=8.7 Hz, J,=1.3 Hz), 2.29 (s, 3 H), 2.02 (s, 6 H); MS (CT) m/r 382/384.

Cale’d. far CxH,CIN,0,#03H,0: C, 62.04; H, 4.32; N, 10.85. Found C, 62.01; H,
422; N, 10.71.

Mviethy nethoxyphenylhydmazine hydroehlagide (7)
To a suspension of 4-methoxy-2-methyl aniline (67.0 mL, 71.36 g, 0.52 mole) in 400
mL water at 0 °C was added 378 mL 12N HCI over 30 minutes. The teraperature was kept

below 10 °C during the addition and then lowered to -10 °C. A solution of sodium nitrite
(35.46 g, 0.51 mole) in 350 mL water was added over 25 minutes while maintaining the
reaction mixture temperature at -10 to -5 °C. The derk purple solution was stirred at -10 to -5
*C for 1 hour and then cooled to -1 5 to -20 *C. A solution of tin(IT) chloride dihydrate
(341.54 g, 1.51 mole) in 227 m{, HCI was added dropwise to the stirred reaction mixture over
45 minutes. The resulting dark lavender mixture was stirred at -10 to -20 °C for 2.5 hours.
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The reaction mixture was quenched with 158 mL ethanol (added dropwise over 15 mimutes),
stirred at -20 °C for 45 mintes, and filtered through a pre-chilled fritted glass funnel. The
solids were washed with cold 1:1 ethanol:ether (4 x 350 mL) and cold ether (2 L) and air dried
for 30 minutes. After drying under high vacuum, the 2-methyl-4-methoxyphenylhydrazine
hydrochloride (7) was obtained as a white solid (51.90 g, 53%). "H NMR (300 MHz, CDCl,)
d 10.12 (bs, 2 H), 7.14 (m, 1 H), 6.72 (m, 1 H), 6.70 (s, 1 H), 3.76 (s, 3 H), 2.30 (s, 3 H); MS
(Ch) m/z 153.

The 2-methyl-4-methoxyphenylhydrazine hydrochloride (7, 49.25 g, 0.26 mole) was
partitioned between 1 L 1.5N sodium hydroxide and 500 mL ether. The aqueous layer was
extracted with ether until all the solids were taken into ether (9 x 500 mL). The organic layers
were dried over Na,SO, and concentrated to a white slurry. The solid was isolated by
filtration and dried under high vacuum to afford 33.19 g (218.10 mmol) of the free base. This
was dissolved in 1 L anhydrous tetrahydrofuran and cooled to 0 “C. A solution of methyl 5,7-
dichloro-2-(chlorocarbonyl)-4-oxohydroquinoline-3-carboxylate 8 (26.69 g, 80.02 mmol) in
450 mL anhydrous tetrahydrofirran was added dropwise over two hours, The reaction mixture
was allowed to warm to room temperature and stirred overnight (18 hours). The resulting
mixture was poured into 2 L of ice water and 3 L of IN HCl was added, After 6 hours of
stirring, the solids were isolated by filtration, washed with water and ether (2 L each), and
dried under high vacuum to afford methyl 5,7-dichloro-2- {N-[(4-methoxy-2-
methylphenyl)amino)carbamoyl} -4-oxohydroquinoline-3-carboxylate (9) as a pale yellow
salid (28.42 g, 79%). "H NMR (300 MHz, CDCl,) d 12.22 (s, 1 H), 10.38 (d, 1 H, /~4.5 Hz),

.62 (d, 1 H, Jp=1.9 Hz), 7.23 (d, 1 H, Jp=1.9 Hz), 7.08 (d, 1 H, J;=8.1 Hz), 6.71 (d, 1 H,

Jo=8.1 Hz), 6.93 (s, 1 H), 628 (d, 1 H, J=4.5 Hz), 3.85 (s, 3 H), 3.76 (s, 3 H), 2.32 (s, 3 H).
7.9-Dichloro-4-hydroxy-2-{4-methoxv-2-methyiphenyl}-1.2.5.]1(

Lt S e, \-a10ne
To a suspension of compound (9, 14.30 g, 31.76 mmol) in 1200 mL. aphydrous
tetrahydrofuran under nitrogen was added methanesulfonic acid (150 mL, 2.31 mole). The
solution was hested at reflux for 12 hours, cooled to room temperature, and concentrated to
half of its original volume, Methanol (500 mL) was added and the solution was poured into 3
L ice water. After 30 mimutes of stirring, the pale yellow solid which formed was isolated by

-
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filtration. HPLC indicated that a 26:1 ratio of the N-2:N-3 isomers had been obtained. The
solid was sonicated end then refluxed in methanol, isolated by filtration, and dried under high
" vacuum to afford 7,9-dichloro-4-hydroxy-2-(4-methoxy-2-methylphenyl)-1,2,5,10-
tetrahydropyridazino[4,5-bjquinoline-1,10-dione (10) (9.70 g, 71%), m.p. >250 °C. 'H NMR
(300 MHz, DMSO, d) d 12.74 (s, 1 H), 11.94 (s, 1 H), 8.04 (d, 1 H, Jyy=1.7 Hz), 7.52(d, 1 H,
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Jm1.7 Hz), 7.19 (d, 1 H, J,=8.7 Hz), 6.91 (d, 1 H, Jpy=2.7 Hz), 6.85 (dd, 1 H, J,=8.7 Hz,

Jpi=2.7 Hz), 3.79 (8, 3 H), 2.08 (3, 3 H); MS (CI) m/x 418/420/422.
Cale*d. for CiH,;CLN,O,: C, 54.56; H, 3.13; N, 10.05. Found C, 54.32; H, 3.16; N,
9.96.

Annpmnonon—cthmethylnﬂme(lOlmL.llGBg.SZlmmol)m“mL
water and 60 mL 12N HCl was cooled to -5 °C (intemnal temperature) and stirred with a
mechanical stirrer. A solution of sodium nitrite (8.26 g, 119.7 mmol) in 56 mL water was
added over 30 minutes. The solution becamne more clear but some solid remained. The
mixture wes stirred at -5 °C for 20 minutes and then cooled to -10 °C. A solution of tin{II)
chioride dihydrate (53.60 g, 237.6 mmol) in 36 mL 12N HCl was added dropwise over 30
minutes while maintaining an internal temperature of -5 to -10 °C. The resulting pinkish
brown mixture was stirred at -5 to -10 *C for 2 hours and then filtered cold through a pre-
chilled fritted glass funnel. The collected solids were washed with cold 1%6 ethanol in ether
(100mL) followed by cold ether (500 mL) and air dried for 30 mimutes. After drying onder
high vacuum, the desired product (1) was obtained as a very pale yellow crystalline solid
(7.76 g, 49%). 'H NMR (300 MHz, CDCl,) d 10.09 (bs, 2 H), 7.89 (s, 1 H), 7.25(d, 1 H,
J=12 Hz), 7.13 (34, 1 H, J=8.4 Hz, J_=1.2 Hz), 7.02 (d, 1 H, J,=8.4 Hz), 2.24 (s, 3 H); MS
(CD) miz 1571159.

Asuspmnonofz-chlm-meﬂ:ylphmylhydmhydmehlmdeﬂﬂg,wm
mmol) in 95 mL saturated aqueous NaHCO, was stirred for 10 minutes and then treated with
solid K,CO, (9.45 g, 68.37 mmol). The resulting fine light yellow suspension was stirred for
10 minutes. A solution of di+-butyldicarbonate (12.97 g, 46.12 mmol) in 195 mL
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tetrahydrofuran was added over S minutes and the resulting biphasic mixture was vigoroualy
stirred for 3 hours. The reaction mixture was partitioned and the aqueous layer was extracted
with ether (5 x 25 mL). The combined organic Inyers were washed with distilled water (2 x
75 mL), dried over MgSO,, and concentrated under reduced pressure. Drying under high
vacuum afforded a light orange oil (14.07 g). The material was purified by flash
chromatography on silica gel using 10:90 ether:hexanes as the eluent. The product (Z) was
obtained as a light yellow oil which solidified upon standing (9.92 g, 96%). 'HNMR (300
MHz,CDCl,)d8.88(s, 1 H), 7.15(s, 1 H), 7.09(d, 1 H,/.=1.2 Hz), 6.97 (d, ] H,JJ=8.1 Hz),
6.64 (d, 1 H,J=8.1 Hz), 2.18 (s, 3 H), 1.41 (s, 9 H); MS (CI) m/z 279/281.
- _ -

sinolyl)}-N-{2-chloro-4-methyl phenvl)carboxamide

To a stirred suspension of 7-chlore-4-0xo0-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (3, 14.57 g, 45.43 mmol) in anhydrous tetrahydrofuran (300 mL) under
nitrogen was added 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-
toluenesulfonate (CMC, 34.89 g, 82.37 mmol). The white suspension immediately became
bright yellow. The (fers-butoxy)-N-[(2-chlaro-4-methyl phenyl)emino]carboxemide (2, 13.89
£, 54.10 mmol) was added as a solid followed by 50 mL anhydrous tetrehydrofuran. The
bright yellow reaction mixture was stirred at room temperature for 22 hours. A second
portion of CMC (16.77 g, 39.59 mmol) was added to the reaction mixture. After 2.5 hours st
room temperature, the reaction was heated at 60 °C for 5.5 hours. After cooling to room
temperature, the reaction mixture was filtered and the collected solids were washed with THF.
The filtrate and washes were concentrated and dried under high vacuum to afford a light
yellow foam. The material was dissolved in methylene chloride (400 mL), washed with
distilled water (2 x 150 mL), and extracted with 10% NaHCO, (2 x 500 mL). The crganic
Inyer was dried over Na;SO,, concentrated and dried under high vacuum to afford a light tan
foam. The material was purified by flash chromatography on silica gel using a gradient of
95:5 1o 85:15 chloroform:methanol as eluent to afford 15.42 g (619) of the desired product
(4) a3 a white solid. 'H NMR (300 MHz, DMSO, dJ) d 13.03 (bs, 1 H), 9.19 (bs, 1 H), 8.25
(d, 1 H,J=8.7 Hz), 7.68 (d, | H, J,=1.8 Hz), 7.54 (dd, 1 H,J,=8.7 Hz, J =1.8 Hz), 7.50 (4, 1
H,J =18 Hz), 745 (d, 1 H,J=7.8 Hz), 6.81 (d, 1 H, J=7.8 Hz), 3.47 (m, 4 H), 234 (s, 3 H),
1.90 (m, 4 H), 1.40 (s, 9 H); MS (-CI) m/z 559/561.
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To a stirred suspension of N-{(fert-butoxy)carbonylamino][7-chloro-4-oxo-2-
{pyrmrolidinylcarbonyl)(3-hydroquinolyl)]-N-(2-chloro-4-methy| phenyl)carboxamide (4, 21.16
g 37.82 mmol) in 900 mL anhydrous tetrahydrofuran under nitrogen was slowly added
methanesulfonic acid (120.0 mL, 184.9 mmol). The resulting dark yellow solution was stirred
at room temperature for 18 hours. The solution was poured into 7 L water, stirred 3 hours,
and filtered to afford a light yellow solid. The solid was sonicated in methanol, isolated by
filtration, and dried under high vacuum (30 mm) at 40 *C to afford the product (5) as a white
solid (12.93 g, 88 %). 'H NMR (300 MHz, DMSO, d) d 12.90 (bs, 1 H), 12.10 (bs, 1 H),
8.16 (4, 1 H, J=8.7 Hz), 8.07 (4, 1 H, J_=1.8 Hz), 747 (dd, 1 H, J=8.7 Hz, J ~1.8 Hz), 747
(d, ! H, J =12 Hz), 742 (d, 1 H, J=8.1 Hz), 7.29 (dd, 1 H, J=8.1 Hz, J,=1.2 Hz), 238 (3, 3
H); M8 (CI) m/z 388/390/392.

Calc’d. for C,,H,,CLLN,Oy: C, 55.69; H, 2.86; N, 10.82. Found C, 55.78; H, 2.89; N,
10.79.

Methyl 4-({[(tert-butoxy)carbonvlaminolamine Y methvDbenzoate (4

A solution of methyl 4-bromomethylbenzoate (25.0 g, 0.11 moles) and t-
butylcarbazate (68.65 g, 0.52 moles) in N,N-dimethylforamide (170 mL) was stirred and
heated to 50°C under nitrogen. Triethylamine (21.1 g, 0.21moles) was added and the reaction
mixture was heated st 50°C for an additional 10 minutes. The reaction mixture was poured
into water (1 L) and the resulting mixture extracted with dichloromethane (4 x 350 mL). The
combined organic layers were washed with water (4 x 200 mL) and saline (1 x 300 mL) and
then dried (MgSO,). Concentration of the filtered organic layer under vacuum provided a
yellow oil. This material was purified by silica gel column chromatography using
diethylether/hexane (1/1) as the eluant to obtain the title compound (2) as & cloar coloriess oil
(26.50 g, 87% yield). "H NMR (300 MHz, DMSO-d,): § 1.38 (s, 9H); 3, 84 (s, 3H,); 3.92 (d,
2H,J=42Hz);495(d, 1H,J=42Hz); 747(d, 2H, ] = 8.4 Hz); 7.90(d, 2H, ] = 8.1 Hz);
829 (s, 1H).

-] -
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carbaxylic acid (3, 18.38 g, 57 mmole) and dry tetrahydrofuran (800 ml,) under nitrogen was
added 1,3-dicyclohexylcarbodiimide (15.25 g, 74 mmole) in one portion. After stirring the
reaction mixture for 5 mimutes, & solution of methyl 4<({[(tert-butoxy)-
carbonylaminojamino}methyl)benzoate (2, 24.1 g, 86 mmole) and tetrahydrofuran (200 mL)
was rapidly added and the mixture was stirred overnight at room temperature. The reaction
mixture was concentrated under reduced pressure to a solid-oil mixture. Using methanol the
material was preabsorbed onto silice gel. Silica gel column chromatography using
methanol/chloroform (5/95) as eluant gave the title compound (4) as an tan solid (33.43g, 100
%) contaminated with dicyclohexyhurea. This material was used in the subsequent reaction.

- ] - a
VALY . ' LA =4 AW LLLLLR W= ‘-t LR Al otgr npaqinl Fare o 4 =y IR LARRRE] i

To a stirred mixture of N-[(tert-butoxy)carbonylamino][7-chtoro-4-oxo-2-
(pyrrolidinyicarbonyl)3-hydroquinolyl)J-N-(4-carbamethoxybenzyl)carboxamide
(4, 33.6 g, 57.3 mmole) and dry tetrahydrofuran (1156 mL) under nitrogen was added
methanesulfonic acid (140 mL, 207.3 g, 2.16 moles) all at once. The mixture was stirred
ovemight at room tempexature. The reaction mixture was poured into ice water (3 L) and the
resulting solid filtered. The collected solids were suspended in methano] (300 mL), sonicated
for 30 minutes and filtered. The collected solids were submitted to the identical sonication
proceas two more times and the collected solids were air dried to give the pure title compound
(5) as a white solid (13.38 g, 40 % yield), m.p. > 290°C. MS:) 412 (M+1, small parent jon),
410 (M-1, large parent ion) 'H NMR (300 MHz, DMSQO-d,): 5 3.83 (s, 3H), 5.18 (s, 2H);
7.43 (m, 3H, ); 7.92 (4, 2H, J= 8.1 Hz); 8.02 (S, 1H); 8.14 (d, 1H,J=8.4 Hz)

Calc'd. for C,H,,CIN,0,: C, 5827; H, 3.56; N, 10.00 Found: C, 5821; H, 3.5]; N,
10.00.
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Triethy! orthoformate (5 mL) was added o p-toluic hydrazide (1,2.0 g, 13.3 mmo))
and the solution was hested to reflux far 6 hours. The volatiles were removed under reduced
pressure, and the arganic materials dissolved in ethyl scetate (100 mL). The organic layer
was extracted with 109 aqueous potassium carbongte, washed with aqueous sodium chloride
(satarated, 1 x 10 mL.), and dried over Na,SO,. The organic layer was filtered and removed
under reduced pressure to give the title compound as a tan solid (2.1 g, 99%). 'HNMR (300
MHz, DMSO-dy): § 2.40 (s, 3H); 7.42 (d, 2H, J=8.1 Hz); 7.88 (d, 2H, ] = 8.1 Hz); 9.30 (s,
1H).

2 = 1

2-p-Toly}-[1,3,4]oxadiazole (2, 1.4 g, 9.03 mmol) was shuried in carbon tetrachloride
(40 mL) and to this was added N-bromosuccinimide (1.68 g, 9.45 mmol), and benzoyl
perostide (0.21 g, 0.90 mmol). The mixture was hested to reflux for 6 hours, and then cooled
to room temperatare. The solids were filtered off and discarded. The remaining material was
dissolved into methylene chloride (100 mL) and extracted with aqueous sodium bicarbonate
(satursted, 2 x 50 mL). The organic layer was washed with aqueous sodium chloride
{saturted), and dried over Ne,SO,. The organic layer was filtered and removed under reduced
pressure to give the title compound as a tan solid (1.70 g, 79%). (Contains roughly 5-10 % of
the a2 -dibrominated material). "H NMR (300 MHz, DMSO-d,): 8 4.79 (s, 2H), 7.67 (d, 2H,
J=8.4 Hz); 8.02 (d, 2H, J = 8.4 Hz); 9.32 (s, 1H).

. £10xadi .

NN-dimethyformamide (8 mL) and to this was added eri-buty! carbazate (0.28 g, 2.11
mmol) followed by N N-diisopropylethylamine (0.3 g, 0.45 mL, 2.62 mmol). The solution
was bested to 90 °C for 12 hours and then cooled to room temperature. The material was
dissolved into ethyl ecetate (150 mL) and extracted with water (3 x 40 mL) and aqueous
sodium chloride (saturated, 1 x 15 mL). The organic layer was dried over Na,SO,, and
evapareted to a thick oil. ‘I‘his:uidmwud:romﬂoglphed(SiO,..l:l hexanes:ethy! acetate)
to give the title compound as a white solid (0.12 g, 20%). 'H NMR (300 MHz, DMSO-d,): 8
1.37 (s, 9H); 3.96 (d, 2H, J = 3.9 Hz); 4.93 (m, 1H); 7.55 (d, 2H, =84 Hz); 793 (d,2H, ] =

8.4 Hz); 931 (s, 1H).

e ———
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To a stirred slurry of 7-chloro-4-oxo-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (5, 0.12 g, 0.39 mmol,) in tetrahydrofuran (8 mL) was added 1-cyclohexyl-3-
(2-morpholinocthyl)carbodiimide metho-p-toluenesulfonate (0.19 g, 0.45 mmol) and the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, a
solution of N*-(4-[1,3,4Joxadiazol-2-yl-benzyl)-hydrazinecarboxylic acid rert-butyl ester (4,
0.11 g, 0.45 mmol) and 4-dimethlyaminopyridine (ca. 0.003 g) in tetrahydrofuran (2mL). The
mixture was then refluxed for 16 hours. The sohition was filtered, washed with methylene
chloride (5 mL) and the insolubles collected. This insoluble material was then washed with
water (50 mlL.) and then diethyl ether (20 mL). The remaining insoluble material was dried
under vacuum to give the title compound as a white solid. (0.20 g, 89%6). The material was
usedmthefoﬂomngmmhoutﬁmherpmﬁmm.

To a stirred solution of N'-[?-chlmo—4-mo—2—(-pymhdme—l-cubonyl)—l A-dihydro-
quinoline-3-carbonyl]-N'-(4-[1,3,4Joxadiazol-2-yl-benzyl)-hydrazinecarboxylic acid fers-butyl
ester (6, 0.20 g, 0.33 mmol) in tetrahydrofuran (5 mL) was added methanesulfonic acid (0.80
mL) end the reaction was heated to 70 °C for 1 hour. The mixture was cooled to room
temperature and stirred for 16 hours. The resultant oramge solid was collected by filtration
and washed with tetrahydrofuran. The material was sonicated for 20 minutes in diethyl
cther/methyl alcohol (1:1, 5 mL) and then filtered. The material was dried to give the title
compound as an off-white solid (0.56 g, 17%). '"H NMR (300 MHz, DMSO-dy): 8 2.31 (s,
3H); 5.18 (s, 2H); 744 (m , 3H); 7.83 (d, 2H, 1= 8.1 Hz); 8.04 (s, 1H); 8.14 (d, 1H, J=8.7
Hz); 10.38 (br s, 1H); 11.30 (5, 1H); 11.95 (br's, 1HD).

4-Cn'boxybmnldehyde(l 2.05,133mmol)wnddedtotetmhydmﬁm(60mL)
and to this was added fert-butylcarbazate (1.76 g, 13.3 mmol) followed by aqueous
hrydrochloric acid (2N, 2 drops from a Pastuer pipette). The reaction mixture was stirred for 16
hours and then the solvent was removed under reduced pressure. The residual solid was
triturated with hexanes and collected to give a white solid (3.1 g, 89%). 'H NMR (300 MHz,

-15—~
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DMSO-dy): 5 1.47 (s, 9H); 7.70 (d, 2H, J = 8.4 Hz); 7.94 (d, 2H, J = 8.4 Hz); 8.05 (s, 1H);
11.03 (br s, 1H); 12.98 (bn, 1H).

4-(tert-Butoxycarbonyl-hydrazonomethyl)-benzoic acid (2, 1.0 g, 3.78 mmol) was
shurried in tetrahydrofuran (10 mL) and to this was added 1-cyclobexy1-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (1.67 g, 3.96 mmol). The mixture
was stirred overnight and a precipitate formed. The precipitate was collected and washed with
tetrahydrofuran (20 mL) to give the title compound as & white solid (0.80 g, 64%). This
mﬂendwuaedmtheﬁﬂomngmchmmthmﬂﬂmhmp\mﬁmMS(Kﬂ)m334

N-[4-(Morphohm-4—elrbonyl)-benzyhdem] l:ydnzmeurboxylw scid tert-butyl ester
(3, 0.80 g, 2.4 mimol) was added to & Parr shaker bottle and slurried in methyl alcohol (30
mL). To this was added 10% palladium-on-carbon (~100 mg) and the reaction was
hydrogenated at 40 psi for 4 hours. The catalyst was filtered on Celite®, washed with methyl
alcohol (2 x 100 mL), and the solvents were removed in vacwo to give a oil. The oil was
subjected to flash chromstography (Si0,, ethy] acetate/hexanes as eluent) to give the title
compound a3 an oil (0.46 g, 58%). 'H NMR (300 MHz, DMSO-d): 8 1.37 (s, 9H); 3.22 (t,
2H, J = 5.1 Hz); 3.50 (¢, 2H, J = 5.1 Hz); 3.52 (m, 4H); 3.88 (d, 2H, J =4.5 Hz); 4.82 (m, 1H);
733(d.21-I,I=84Hz),138(d.2H,J 8.4 Hz); 821 (brs, 1H).

To a stirred slurry of7-chloro-4—oxo—2-(pynolldmylurbonyl)hyqummhne-3-
carboxylic acid (5, 0.47 g, 1.47 mmol) in tetrabydrofuran (10roL) was added 1-cyclobexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.71 g, 1.68 mmol) and the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, a
solution of N'-{[4-(morpholine-4-carbomyl)-benzyl]-hydrezinecarboxylic acid rart-butyl ester
(4, 0.46 g, 1.40 mmol) and 4-dimethlyaminopyridine (0.005 g, 0.04 mmol) in tetrahydrofirran
(5 mL), and the mixtire was then refluxed for 16 hours. The solution was filtered and the
insolubles washed with tetrahydrofuran (2 x 20 mL), water (2 x 20 ml.) and dietiryl ether (2 x
20 mL). The solids were collected to give the titie compound as a white solid (0.42 g, 47%).
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This material was used in the following reaction without further purification. MS (-CI) mv/z
637/638

quinoline-3-carbonyl]-N'-[4-(morpholine-4-carbonyl)-benzyl]-hydrazinecarboxylic acid rerz-
butyl ester (6, 0.42 g, 0.65 mmol) in tetrahydrofuran (20 mL) was added methanesulfonic acid
(1.2 mL) and the reaction was heated to 70 °C for 1 hour. The reaction was then cooled to
room temperature and stirred for 3 hours. The tetrahydrofuran was removed under reduced
pressure 1o vield an orange oil. To this was added diethyl ether (50 mL) and the reaction
stirred for 10 minutes. The diethy] ether was carefully decanted to leave a thick orange oil.
To this was added water (5 mL) and a fluffy yellow precipitate formed. The mixture was
stirred for 10 mimutes and then filtered. The solids were washed with water (10 mL) followed
by diethyl ether (20 mL). The solids were collected and sonicated in methyl alcohol/diethyl
ether (1:1, 5 mL) for 10 minutes. The solids were collected and dried under reduced pressure
to give the title compound as a cream-colored solid (0.147 g, 49%6). 'H NMR (300 MHz,
DMSO0-dy): 8 3.33 (m, 4H); 3.51 (m, 4H); 5.14 (s, 2H); 7.36 (m, 4H); 7.43 (4, 1H, ] =8.7 Hz);
8.02 (s, 1H); 814 (d, 1H, ] = 8.7 Hz); 11.94 (br s, 1H); 12. 67 (br s, 1H). MS (+CT) m&
467/469

3-Cyanobenzzldehyde (1, 2.0 g, 15.2 mmol) was dissotved in 2-methoxyethanol (8
mL) and to this was added sodium azide (0.91 g, 152 mmol) and lithium chloride (0.96 g,
22.8 mmol). The mixture was stirred and heated to reflux for 16 hours and then poured into &
mixtare of concentrated hydrochloric acid (3 mL) and crushed ice (~30 g). The thick
suspension was stirred umtil a fine pink solid had formed. The solids were filtered, washed
with water and diethyl ether to give the title compound (1.21 g, 46%). 'H NMR (300 MHz,
DMSO-d,): 8 7.86 (t, 1H, J="7. 8 Hz); 8.13 (d4, 1H, } = 1.5, 7.8 Hz); 8.37 (ddd, 1H,J =15,
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3-(1 H-Tetrazol-5-yl)-benzaldehyde (2, 1.21 g, 6.95 mmol) was dissolved in
tetrahydrofuran (40 mL) and to this was added ferr-buty] carbazate (0.96 g, 7.30 mmol). The
reaction was stirmed at room temperature for 16 hours and the tetrahydroforan removed under
reduced pressure. The residual solid was triturated with hexanes to give the title compound as
an off-white solid (2.0 g, 100%). 'H NMR (300 MHz, DMSO-d,): 8 1.48 (s, 9H); 7.69 (t, 1H,
J=7.8Hz); 7.78 (d, 1H, J = 7.3 Hz); 8.03 (d, 1B, J = 7.8 Hz); 8.09 (5, 1H); 8.31 (s, 1H);
11.08 (br s, 1H).

N—[!-(lH-Teml—S-yl)-benzyhdm:]-hydmnmbmth acid tert-butyl ester (3,
0.50 g, 1.7 mmol) was added to a Parr shaker bottle and alurried in methyl alcohol (20 mL).
To this was added 10% palladium-on-carbon (~100 mg) and the reaction was hydrogenated at
42 psi for 5 bours. The catalyst was filtered on Celite®, washed with methyl alcohol (2 x 100
mL), and the solvents were removed I# vacuo to give a oil. The oil was dissolved in
methrylene chloride (20 mL) and this was removed under reduced pressure to azeotrope away
any residual methyl alcohol. The title compound was isolated as en oil (040 g, 60%). 'H
NMR (300 MHz, DMSO-d,): 8 3.96 (br 5, 2H); 4.94 (br a, 1H); 7.50 (m, 2H); 7.89 (m, 1H);
8.01 (s, 1H); 8.27 (br s, 1H). MS (-Cl)m/z289 290.

To a stirred shury of 7—chlom-4-oxo-2-(pynohdmylcurbmy!)hyquumohne—3—
carboxylic acid (S, 0.43 g, 1.34 mmol) in tetrahydrofuran (20ml) was added 1-cyclohexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.68 g, 1.60 mmol) and the
reaction was stirred for five minntes. To this mixture was added, via dropwise addition, a
solution of N'-[3-(1H-tetrazol-5-yI)-benzyl]-hydrazinecarbaxylic acid sert-butyl ester (0.42 g,
1.47 mmol) and 4-dimethlyeminopyridine (4, 0.05 g, 0.41 mmol) in tetrahydrofuran (5 mL),
and the mixture was then refluxed for 16 hours. The solution was filtered and the insolubles
washed with tetrahydrofiran. The tetrahydrofuran was removed under reduced pressure to
give a sticky yellow oil. This material was chromatographed (8i0s, 90/10) to give the title
compound as a yellow solid (0.48 g, 60%). The material was used without further purification
in the following reaction.
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To a stirred solution of N'-{7-chloro-4-oxo-2<(pyrrolidine-1-carbonyl)-1,4-dihydro-

quinoline-3-carbonyl]-N'-[3-(1 H-tetrazn!-5-yl)}-benzyl |-hydrazinecarboxylic acid terr-utyl

ester (6, 0.48 g, 0.81 mmol) in tetrahydrofuran (15 mL) was added methanesulfonic acid (1.9
mL) ang the reaction was stirred at room temperature for 16 hours. The tetrahydrofuran was
removed under reduced pressure to yield an orange oil. To this was added diethyl ether (50
mL) and the reaction stirred for 10 minutes. The diethy| ether was carefully decanted to leave
a thick orange oil. To this was added water (5 mL) and a fluffy yellow precipitate formed.
The mixture was stirred for 10 minutes and then filtered. The solids were washed with water
(10 ml) followed by diethyl ether (20 mL). The solids were collected and sonicated in
methyl alcohol/diethyl ether (1:5, 5 mL) for 10 mimutes. The solids were collected and dried
under reduced pressure to give the title compound as a cream-colored solid (0.14 g, 41%, m.p.
>275C). "H NMR (300 MHz, DMSO-d):  5.22 (s, 2H); 7.4 (d, 1H, J = 8.1 Hz); 7.56 (m,
2H); 7.95 (m, 2H); 8.03 (s, LH); 8.15 (d, 1H, J = 8.7 Hz), 11.97 (br s, 1H); 12.69 (br s, 1H).

To a stirred suspension of 7-Chloro-4-hydroxy-2-(4-carbomethoxy-methylphenyl)-
1,2,5,10-tetrahydropyridazinof4,5-blquinoline-1,10-dicne (4.24 g, 10.2 mmol) in water (500
mL) at room tempersture sodium hydroxide was added (1.22 g, 30.5mmol). The slurry was
stirred st 50 °C for 1.5 hours then the reaction acidified to pH ~ 1 with aqueous hydrochloric
acid (12 N). The slurry was filiered and the solid dried jm varuo at 55 °C. Analyxis by ‘H
NMR showed the solid to be a mixture of starting ester and desired product (2) of the ratio
33/66% respectively. The reaction material was resubjected to the above conditions for 18
hours then scidified to pH ~ 1 with aqueous hydrochloric acid (12 N). The alurry was filteyed
to give the title compound as a tan solid (1.60 g, 39%). 'H NMR (300 MHz, DMSO-d,): §
5.18 (s, 2H); 7.46 (m, 3H); 7.92 (d, 1H, J=8.1 Hz); 8.03 (d, 1H,J = 1.8 Hz); 8.15(d, 1H,J=
8.7H2)
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To a stirred suspension of PS-carbodiimide (77 mg, 0.75 mmol, 0.98 mmol/g, /
Argonaut Technologies Inc., lot no. 113-78) in N,N-dimethylformamide (3 mL) at room
temperature was added 7-chloro-4-hydroxy-2-(4-carboxy-phenyl)-1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline-1,10-dione (2, 100 mg, 0.25 mmol). The reaction was
stirred at 50 °C for 4 hours. The slurry was filtered and the resin washed with N,N-
dimethylformamide (4 x 10 mL). The resin was added to N,N-dimethylforamide (3 mL)
treated with furfurylamine (97 mg, 1.0 mmol) and hested at 50 °C for 1 hour. The reaction
wes filtered, washed with N, N-dimethylformamide (2 x 3 mL), and the solvents were
evaporated to dryness. The residual oil was treated with aqueous hydrochloric acid (1 mL,
IN) to give the title compound as & tan solid (5 mg, 4 %). MS (-CI) m4 474 'H NMR (300
MHz, DMSO-d,): 8 4.45 (d, 2H, J= 5.4 H2); 5.16 (s, 2H); 6.26 (d, 1H, J =3 Hz); 6.39 (dd,
1H,J~1.8,3.0 Hz); 7.37 (d, 2H, ] = 8.1 Hz); 7.45 (dd, 1H, J= 7.2, 9.0 Hz); 7.57 (s, 1H); 7.84
(d, 2H, J = 8.4 Hz); 8.03 (d, 1H, ] = 1.8 Hz); 8.14 (d, 1H, J = 8.7 Hz); 8.94 (m, 1H); 11.95 (br
s, 1H); 12.66 (br s,1H).

To a stirred solution of t-butylcarbazate (3.14 g, 23.8 mmol) in ethanol (40 mL) at
reflux was added 4-dimethylaminobenaaldehyde (2.50 g, 16.8 mmol) over 5 minutes and the
mixture stirred at reflux for 2 days. The reaction mixture was cooled to room temperature,
then added to 5% palladivm-on-carbon (425 mg) and ethanol (20 mL) in a Parr shaker bottle.
The reaction was hydrogenated at 50 pai for 24 h. The mixture was filtered through celite,
which was washed with methyl alcohol. The combined filtrate and washes were concentrated
in vacwo. The material was subjected to flash chrometngraphy (silica gel, 25% ethyl
acetate/toluene) to yield the title compound as an oil (1, 3.5 g, 78%). "H NMR (300 MHz,
DMSO-dy): 8 1.39 (s, 9H); 2.86 (s, 6H); 3.71 (d, 2H, ] = 5.1 Hz); 440 (dt, 1H,J=4.8, 5.1
Hz); 6.67 (d, 2H, J = 8.7 Hz); 7.11 (d, 2H, J = 8.7 Hz); 8.18 (s, 1H, br).

-[{ fert-butoxycarbonylamino [ 7-chloro-4-oxg oYIrolidm

Ano -N-{4-dimethylgmipobenzyl)carboxamide (3).
To a stirred mixture of 7-chloro-4-oxo-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (2, 2.8 g, 8.7 mmol) and dry tetrahydrofuran (130 mL) under nitrogen was
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added 1-cyclohexy1-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (5.6 g,
13.1 mmol). The yellow reaction mixture was treated rapidly with (ferv-butoxy)-N-{(4-
dimethylaminobenzylamino]carboxamide (1, 1.6 g, 7.1 mmol) in tetrahydrofuran (40 mL).
Affter stirring overnight, the reaction mixture was filtered, and the filtrate was concentrated to
give a crusty yellow foum (6.85 g). The material was subjected to flash chromatographry

To a stirred mixture of N-[(fers-butoxy)carbonylamino]{7-chloro-4-oxo-2-
(pymolidinylcarbonyl)(3-hydroquinolyl)]-N-(4-dimethylaminobenzyl)carboxamide (3, 3.5 g,
6.2 mmol) and dry tetrahydrofuran (120 mL} under nitrogen was added methanesulfonic acid
(15.3 mL, 0.23 mol). The clear yellow solution was stirred for 2 days at room temperature.
The precipitate that formed was collected by suction filtration and washed with
tetrahydrofuran and cther. The solid was treated with methanol and sonicated for 30 minutes.
The solid was again collected by filtration, washed with methanol and ether, and dried at 90
°C under vacuum to give the title compound (4, 2.3 g, 7294) as a white powder, m.p. softens
218-225 °C, decomposes 270-280 °C. 'H NMR (300 MHz, DMSO-d,, TFA shake): § 2.54
(CH,CO,H, 3, 3H)3.23 (s, 6H), 5.18 (s, 2H); 7.44 (dd, 1H,J=1.8, 8.7 Hz); 7.51 (d, 2H, ) =
8.4 Hz); 7.67(d,2H,I=84 Hz); 8.08 (d, 1H,J~ 1.8 H2); 8.19(d, 1 H,] =8.7 H2).

Calc'd. for CoH,,CIN,O;*CH,SO,HeH,0: C, 49.36; H, 4.54; N, 10.96. Found: C,
49.22; H,4.51; N, 10.93

o m » -
[N =i avAlnh el ‘A l.‘; LRSS L= LR Y 0 DA RN R

To a stirred solution of rerr-butylcarbazate (2.49 g, 18.9 mmol) in tetralrydrofuren (40
mlL) was added benzimidazole-5-carboxaldehyde (2.77 g, 18.9 mmol) in tetrahydrofuran (20
mL). The reaction was stirred ovemnight and the solvent evaporated to give the title
compound as a white solid (3.88 g, 79%). 'H NMR (300 Mz, DMSO-d)): 5 1.48 (s, 9H);
7.57 (d, 1H, J = 7.2 Hz); 7.62 (4, 1H, J =7.2 Hz); 7.79 (s, 1H); 8.12 (s, 1H); 8.23 (s, 1H);
10.83 (s, 1H)
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N-{((1-Aza-2-benzimidazole-5-yl)vinylXtert-butoxy) carboxamide (0.500 g , was
dissolved in ethyl alcohol (80 mL) and placed in a Parr shaker bottle. Hydrochloric acid (1.92
mL of 1M solution in ethyl alcohol) was added, followed by 10% palladium-on-carbon (750
mg). The reaction was hydrogenated at 40 psi for 2.5 hr and then filtered through celite to
remove the catalyst. The catalyst/celite was washed with ethyl alcobol (3 x 100 mL) and the
combined filtrate and washes were concentrated in vacuo. The residual oil (ce. 0.54 g) was
dissolved in water (3 mL) to which a small portion of saturated sodium bicarbonate was then
added (ca. 2 mL) followed by saturated sodium chloride (ca. 2 mL). The resulting aqueous
Iayer was then extracted with ethyl acetate (200 mL). The organic extract was dried over
MgSO,, filtered and evaporated to dryness to give the title compound (2) as a white solid
(0.27 g, 47%). 'H NMR (300 MHz, DMSO-d,): 5 (TFA shake) 1.36 (s, 9H); 4.51 (s, 2H);

"';‘ l' t':'_L-‘J'.'_..”_‘._. b d110 000} g 'J‘_' F}

To a stirred shury of 7-chloro-4-oxo-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carbaxylic acid (0.95 g, 3.00 mmol) in tetrahydrofiran (40 mL) was added 1-cyclohexyl-3-
(2-marpholinoethyl)cerbodiimide metho-p-toluenesulfonste (1.88 g, 4.50 mmol) and the
reaction was stirred for five minutes. To this mixture was added dropwise a solution of (tert-
butoxy)-N-[(benzimidazol-5-ylmethyl)jcarboxsmide (0.77 g, 3.00 mmol) and 4-
dimethlyaminopyridine (ca. 0.020 g) in tetrahydrofuran (20 mL). The mixture was stirred
ovemight at room temperature and then filtered. The collected solids were washed with _
methylene chloride (2 x 150 mL). The combined filtrate and washes were washed with water
(100 mL) wnd brine and then dried over MgSO,, fikered and concentrated. The residual
yellow foem was subjected to chromatography (silica gel, gradient of chloroform/methyl
alcoho] beginning from 95/5and ending at 90/10 respectively) to give the title compound (3)

W-a100¢ methancNUIONAL

To a stirred solution of (+/-)-N-[(rert-butoxy)carbonylamino][7-chloro-4-oxo-2-
(pyrrolidinylcarbonyI)(3-hydroquinolyl]}-N-(benzimidazo]-5-ylmethyl) carboacamide (0.300 g,
0.53 mmol) in tetrahydrofuran (15 mL) was added methanesulfonic acid (1.4 mL) and the
reaction was stirred overnight. The reaction mixiure was filtered to separate a yellow solid
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This material was washed with tetrahydrofuran and the resultant solid dried under vacum.
The material was then sonicated in 5 ml of 1/1 diethyl ether/methy} alcohol for fifteen
minutes, filtered and washed with the seme salvent system (40 mL) to give the title compound
(4) as a yellow solid (0.07 g, 25%; m.p. > 280 °C). 'H NMR (300 MHz, DMSO-d,): 5 2.32
(CH,SO,H); 5.29 (s, 2H); 7.45 (dd, 1H, J= 1.8, 8.7 Hz); 7.56 (d, 1H, J = 7.2 Hz); 7.81 (m,
2H); 8.03 (d, 1H, J=2.0 Hz); 8.16 (d, 1H, J = 8.7 Hz); 9.53 (s, 1H); 12.00 (s, 1H); 12.75 (s,
1H).

etrabvdropyridazing(4.5-blquinoline-1,10-diong (2

To a stirred solution of N-[7-chioro-4-cxo-2-{pyrrolidine-1-carbomyl)-1,4-dihydro-
quinoline-3-carbonyl}-N'<(4-hydroxy-3-methyl-benzyl)-hydrazinecarboxylic acid fert-butyl
estez (1, 0.30 g, 0.54 mmol) in tetrahydrofuran (10 mL) was added methanesulfonic scid (1.2
mL) and the resction was stirred st room temperature for 16 hours. The tetrahydrofuran was
removed under reduced pressure to yield an orange oil. To this was added diethyl ether (50
mL) and the reaction stirred for 10 minutes. The diethyl ether was carefully decanted to leave
a thick orange oil. To this was added water (5 mL) and a fluffy yellow precipitate formed.
The mixture was stirred for 10 minutes and then filtered. The solids were washed with water
(10 mL}) followed by dicthyl ether (20 mL). The solids were collected and sonicated in
methy] lcohol/diethy] ether (1:10, S mL) for 10 mimites. The solids were collected and dried
under reduced pressure to give the title compound as a cream-colored solid (0.06 g, 30%). 'H
NMR (300 MHz, DMSO-d,): § 2.07 (s, 3H); 4.94 (s, 2H); 6.69 (d, 1H, J =8.1 Hz); 696 (4,
1H, J = 8.1 Hz); 7.03 (s, 1H); 742 (d, 1H, J = 8.4 Hz); B.01 (s, 1H); 8.14 (d, 1H, J = 8.4 Hz);
9.23 (s, 1H); 11. 89 (s, 1H); 12.54 (s, 1H). MS (-CI): m/z 382/383.

-tetrahvdronvridazinal4.5-b louinoling dione (3

To a stirred solution of N'-{7-chloro-4-0xo0-2-(pyrrolidine-1-carbonyl)-1,4-dihydro-
quinoline-3-carbonyl}-NV-(4-hydroxy-3-methyl-benzyl)-hydrazinecarboxylic acid fers-butyl
ester (1, 0.30 g, 0.53 mmol) in N,N-dimethylformamide (5 mL) was added 2-picolyl chloride
hydrochloride (0.11 g, 0.66 mmol) followed by potassium carbonate (0.500 g, 3.61 mmol).
The mixture was heated to 100 °C for 8 hours. The solution was cooled to room temperature

-23-
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end diluted with methylene chloride (50 mL). The organic layer was extracted with water (2 x
30 mL), brine (1 x 30 ml.) and dried over Na,SO,. The volatiles were removed under reduced
pressure to give a dark yellow oil. MS (-CI): m/z 644/647. The oil was subsequently
dissolved in tetrahydrofitran (5 mi) and to this was added methanesuifonic acid (1 mL). The
mixture was stirred for 16 hours and the volatiles removed under reduced pressure. The
residual oil was triturated with diethyl ether (10 mL) for ten minutes and then the ether layer
was carefully decented away from the oil. The oil was then treated with water (5 mL) which
induced precipitation to occur. The solids were collected by filtration, and washed with
diethyl ether. The material was then sonicated in diethyl ether/methyl aicohol (4:1, 5 mL, 5
minutes) and filtered to give a brown solid (0.006 g, 3% yield for two steps). 'H NMR (300
MHz, DMSO-d,): 8 2.21 (s, 3H); 2.30 (s, 3H); 5.00 (s, 2H); 5.21 (s, 2H); 6.93 (d, 1H, J=8.7
Hz); 7.09 (d, 1H, J = 8.7 Hz); 7.14 (s, 1H); 7.43 (m, 2H); 7.59 (d, 1H, J =7.8 Hz); 7.95 (app ¢,
1H, J=7.8 Hz); 8.01 (s, 1H); 8.14 (d, 1H, ] = 8.7 Hz); 8.61 (d, 1H, J = 4.8 Hz); 11.95 (br s,
1H); 12. 53 (br s). MS (-CI): m/z 473/474.

tetrahydrofuran (80 mL) was added terr-butyl carbazate (2.72 g, 20.5 mmol) and hydrochlaric
acid (conc., approximately 2 drops fram a Pastuer pipette). The solution was stirred overnight
&t room temperature and the volatiles removed under reduced pressure. The resultant solid
was triturated with hexanes and collected to give the title compound as a tan solid (4.7 g,
100%). 'H NMR (300 MHz, DMSO-d,): 5 1.45 (s, 9H); 6.77 (d, 2H, J = 8.7 Hz); 740 (d,
2H, 1 = 8.7 Hz); 7.88 (br s, 1H); 9.78 (s, 1H); 10.66 (br s, 1H).

4 . 'J RN NI Y AT DRTE RN VY AN Wl TS AR AR =1 (1}

)]

To a shurry of N'-{4-hydroxy-benzylidene)-hydmzinecarboxylic acid fer-butyl ester (2,
1.0 g, 423 mmol) in anhydrous pyridine (5 mL) was slowly added N, N-diemthylcarbarmyl
chloride (0.45 g, 039 mL, 423 mmol). The mixture was refluxed for 5 hours and then cooled
to room temperature. Over time, a solid fell out of solution. The solid was collected, washed
with water (20 mL) and then disthyl ether (20 mL). This material was then dried under
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reduced pressure to give the title compound as a cream colored solid (1.01 g, 76%). 'H NMR
(300 MHz, DMSO-d,): 5 1.46 (s, 9H); 2.91 (s, 3H); 3.04 (s, 3H); 7.15 (d, 2H, J = 8.7 H2);
7550, 2H,)= 87Hz),798(h‘gll-l).1089(lls.ll-l).

N-(d-Dmcthylmrbmoy!oxy bmz;yhdmc)—bydrmnmboxyhc acid fert-butyl ester
(3, 1.0 g, 3.25 mmol) was dissolved in methyl alcohol (60 mL) and placed in a Parr shaker
bottle. To this was added 10% palladium-on-carbon (250 mg) and the reaction was
hydrogenated at 40 pai for 6 hours. The catalyst was filtered on CELITE, washed with methyl
alcohol (2 x 100 mL), and the solvents were removed in vacwo to give a white solid (0.62 g,
62%). 'H NMR (300 MHz, DMSO-dy): 8 1.38 (s, 9H); 2.84 (s, 3H); 3.03 (s, 3H); 3.84 (d,
2H, J = 3.9 Hz); 4.75 (m, 1H); 7.06 (d, 2H, ] = 8.7 Hz); 726 (d, 2H, J = 8.7 Hz); 8.25 (brs,

To a stirred :lurry of 1-0hlmo-4-m:o—2—(pynohdmyleubonyl)hyqummhm—3—
carboxylic acid (8, 0.53 g, 1.67 mmol) in tetrahydrofuren (30 mL) was added 1-cyclohexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.92 g, 2.17 mmol) and the
reaction was stirred for five mimrtes. To this mixture was added, via dropwise addition, a
sohition of N'{4-dimethylcarbamoyloxy-benzyl)-hydmzinecarboxylic acid rers-butyl ester (4,
0.62 g, 2.00 mmol) and 4-dimethlyaminopyridine (ca. .005 g} in tetrahydrofuran (10 mL).
The mixture was then refluxed overnight. The solution was filtered, washed with
tetrahydrofuran (15 ml) and the insolubles collected. The insoluble material was then
washed with water (100 ml.) and tetralyydrofuran (20 mL). The remaining insoluble material
was dried under vacuum to give the title compound as a white solid (0.785 g, 76%). The
mmﬂwusdmlhefoﬂomgmcuonwnhmﬁmhupmﬂm

To a stirred solution of N'-[7-chloro-4-oxo-2-(pyrrolidine-1-carbonyl)-1,4-dihydro-
quinoline-3-carbonyl]-N-(4-dimethylcarbamoyloxy-benzyl)-hydrazinecarboxylic acid zerr-
butyl ester (6, 0.78 g, 0.33 mmol) in tetrahydrofuran (10 mL) was added methanesulfonic acid
(2.88 mL) and the reaction was heated to 70 °C for 15 minutes. The mixture was cooled to
room temperature and stirred for 4 hours. The tetrahydrofuran was removed under reduced
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pressure to yield an orenge oil. To this was added diethyl ether (50 mL) and the reaction
stirred for 10 mintues. The dicthyl ether was carefully decanted to lesve s thick orenge oil.
To this was added water (15 mL) and a fluffy yellow precipitate formed. The mixture was
stirred for 10 mintues and then filtered. The solids were washed with water (10 mL) followed
by disthyl ether (20 mL). The solids were collected and sonicated in methyl alcobol/diethyl
ether (1:1, 20 mL) for 15 minutes. The solids were collected and dried under reduced pressure
to give the title compound as a cream-colored solid (0.30 g, 55%). 'H NMR (300 MHz,
DMSO-d,): 5 2.89 (s, 3H); 3.02 (s, 3H); 5.10 (s, 2H); 7.03 (d, 2H, ] = 8.7 Hz); 7.29 (¢, 2H, J
= 8.7 Hz); 742 (4, 1H, ] = 8.7 Hz); 8.01 (s, 1H); 8.14 (d, 1H, J= 8.7 Hz); 11.92 (s, 1H); 12. 65
(s, 1H).

Calc’d. for C,,H,,CIN,O,» 0.4H,0: C, 56.29; H,4.00; N, 12.50. Found: C, 56.46; H,
3.84)N,12.38.

mnhydmﬂm(SOmL)wulddedmr-butylarblma.OSg. 15.4 mmol). The solution
was stirred for 16 hours at room temperature and the volatiles removed under reduced
pressure. The resultant solid was triturated with hexanss and collected to give the title
compound as a tan solid (3.5 g, 95%). The material was used without further purification in

N'-(4-Hydroxy-3 mhyl-bmyndm)-hyd:mboxylm acid tert-butyl ester (2, 2.0
& 799 mmol) was dissolved in methyl alcohol (60 mL) and placed in a Parr shaker bottle. To
this was added 10% palladium-on-carbon (250 mg) and the reaction was hydrogenated at 40
psi for 4 hours. The catalyst was filtered on Celite®, washed with methy! alcobol (2 x 100
mL), and the solvents were removed in vacuo to give a white solid (1.89 g, 94%). ‘H NMR

(300 MHz, DMSO-d,): 8 1.38 (s, 9H); 2.08 (s, 3H); 3.62 (br s, 2H); 4.40 (brs, 1H); 6.65 (s,
1H, J=8.1 Hz); 6.89 (dd, 1H J =1 st.amz), 698 (s, m) snan.lm
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To a stirred slurry of 7-chloro-4-ox0-2-(pyrrolidinylcarbonyDhydroquinoline-3-
carboxylic acid (4, 1.89 g, 5.91 mmol) in tetrahydrofuram (50 mL) was added 1-cyclohexy1-3-
(2-marpholinoethyl)carbodiimide metho-p-tolusnesulfonate (2.99 g, 7.09 mmol) and the
reaction was stirred for five minutes, To this mixture was added, via dropwise addition, a
solution of N'-(4-hydroxy-3-methyl-benzyl)-hydrezinecarboxylic acid rert-butyl ester (3, 1.61
g, 638 mmol) and 4-dimethlyaminopyridine (0.08 g, 0.65 mmol) in tetrahydrofuran (5 mL),
and the mixture was then refluxed for 8 hours. The solution was filtered and the insolubles
washed with methylene chloride (2 x 150 mL). The mother liquor was collected and
concentrated to dryness. The resultant yellow foam was subjected to chromsatogrephy (SiO,,
95/5 chloroform/methyl alcohol) to give the title compound as a yellow foam (2.10 g, 65%).
MS (-CI) m/ 551/552

To a stirred solution of mclhylmechlondemdN‘-[’l—chlom—#oxo—Z—(pynohd;m—l-
carbonyl)-1,4-dihydro-quinoline-3-carbonyl]-N'-(4-lrydroxy-3-methyl-benzyl)-
hydrazinecarboxylic acid fert-butyl ester (5, 0.35 g, 0.63 mmol) was added triethylamine (0.10
mL, 0.72 mmol) and 4-dimethylaminopyridine (0.03 g, 0.24 mmol) and N,N-
dimethylcarbamyl chloride (0.07 mL, 0.78 mmol). The solution was stirred for 16 hours and
thea diluted with methylene chloride (50 mL). The organic layer was extractad with aqueous
ammonium chloride (saturated, 1 x 15 mL), aqueous ammonium hydroxide (15 %, 1 x 15
mL), and aqueous sodium chloride (saturated, 1 x 15 mL). The organic layer was then dried
aver Na,SO, and concentrated to dryness. The resultant oil was used without further
pumﬁcﬂonmthefollomngmcuon. MS (-cnmszuszs

To a stirred solution of N'-[7-chloro-4-oxo-2-(pyrrolidine-1-carbonyl)-1,4-dihydro-
quinoline-3-carbonyl]-N'-{4-dimethylcarbarnoyloxy-3-methyl-benzyl)-hydrazinecarboxylic
acid fert-butyl ester (6, 0.25 g, 0.40 mmol) in tetrahydrofuran (10 mL) was added
methancsulfonic acid (1.2 mL) and the reaction was stirred at room temperature for 16 hours.
The tetrakrydrofuran was removed under reduced pressure to yield an orange 0il. To this was
added diethy] ether (50 mL) and the reaction stirred for 10 minutes. The dicthyl ether was
carefully decanted to leave a thick orange oil. To this was added water (5 mL) and a fiuffy

-27-

1o



n
&)
ba
"\I

v
in

{1]
]
W
W)
(%)

10

KFM. 1999004

yellow precipitate formed. The mixture was stirred for 10 minutes and then filtered. The
solids were washed with water (10 mL) followed by dicthy! ether (20 mL). The solids were
collected and sonicated in methyt alcohol/diethyl ether (1:10, 5 mL) for 10 mimutes. The
solids were collected and dried under reduced pressure to give the title compound as a cream-
colored solid (0.06 g, 30%). 'H NMR (300 MHz, DMSO-d,):  2.09 (s, 3H); 2.89 (s, 3H);
3.05 (s, 3H); 5.07 (s, 2H); 6.98 (d, 1H, J=8.1 Hz); 7.13 (d, 1H, J= 8.1 Hz); 7.18 (s, 1H); 7.42
(d, 1H, J= 8.4 Hz); 8.02 (5, 1H); 8.14 (d, 1H, J = 8.4 Hz); 11.93 (br 5, 1H); 12. 64 (brs). MS
(-CD): m/z 453/454.

Examples 15 - 27;
Table 1 shows carbamate-containing pyridazino quinoline diones of the present
invention end the physical characteristics thereof.

Jable 1:
Ex. Compound Name Y NMR . MS | M’
(300 MHz, DMSO-d): 8

15 | Dimethyl-carbamic acid 3- | 45% | 2.88 (s, 3H); 3.01 (s, 3H); |(<D| A
(7-chioro-4-hydroxy-1,10- 5.11 (s, 2H); 7.02 (m, 2H); | m%
dioxo-5,10-dihydro-1H- 713(4,1H,J=78Hz); {439/
pyridazino[4,5-bjquinolin-2- 7.33 (1, 1H, J= 7.8 Hz); 41
ylmethyl)-pheny] ester. 7.43 (¢, 1H, ) = 8.7 Hz);

8.02(s, 1H); 8.15(d, 1H,J
= 8.7 Hz); 11.94 (br s, 1H);
12. 70 (br &, 1H).

16 | Mcthyl-phenyl-carbamic 40% [ 3.39(s, 3H); 5.10(s,2H); [(CD| A
acid 4-(7-chloro-4-kydroxy- 709(d,2H,]=84Hz); |mik
1,10-dioxo-5,10-dihydro-1H- 7.24 (m, 3H); 7.43 (m, SH); | 501/
pyridazino[4,5-b)quinolin-2- 8.01 (s, 1H); 8.14 (d, 1H,J | 503
ylmethyl)-phenyl ester. = 8.7 Hz); 11.92 (br s, 1H);

12. 66 (br s, 1H).
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17 | Diethyl-carbamic acid 4(7- | 38% | 1.10 (m ,3 H); 1.16 (m, &y
chloro-4-hydroxy-1,10- 3H); 3.30 (m, 4H); 5.10 (s, | m&
dioxo-5,10-dihydro-1H4- 2H); 706 (4, 2H, I =84 | 467/
pyridazino[4,5-b]quinolin-2- Hz);733(d, 1H,}J=84 | 46%
ylmethyl)-pheny] ester. Hz); 742(d, 1H,J=8.7 | 469

Hz); 8.02 (s, 1H); 8.14 (d,
1H, J=8.7Hz); 11.92 (br s,
1H); 12.66 (br s, 1H).

18 | Diethyl-carbamic acid 3-(7- | 38% | 1.09 (m, 3H); 1.17 (m, 3H); | (-C)
chloro-4-hydroxy-1,10- 3.27 (m, 2H); 337 (m, 2H); | mA
dioxo~5,10-dilrydro-1H- 5.11 (s, 2H); 7.01 (d, 1H,J | 468/
pyridazino[4,5-bjquinolin-2- = 8.1 Hz); 7.05 (s, 1H); 469/
yimethyl)-phenyl ester. 7.13(d, 1H,J=7.8Hz); . | 470

733 (t, 1H, ] = 7.8 Hz);
743 (d, 1H, ] = 8.7 Hz),
8.02 (d, 1H, J = 1.8 Hz);
8.15(d, 1H, J = 8.7 Hz);
11.94 (br s, 1H); 12.68 (br
s, 1H).

19 | Morpholine4-carboxylic 18% | 2.31 (MsORB adduct); 3.39 | (-CI)
acid 3-(7-chloro-4-hydroxy- (br m, 2H); 3.55 (brm, m/z
1,10-dioxo-5,10-dihydro-14- 2H); 3.82 (br m , 4H); 5.11 | 481/
pyridazinof4,5-b]quinolin-2- (s, 2H); 7.04 (m, 2H); 7.15 | 482/
ylmethy])-phenyl ester. (4, 1H,T=7.8H2z); 735 (t, | 483

1H, J = 7.8 Hz); 7.44 (d,
1H, ] = 8.7 Hz); 8.03 (s,
1H); 8.15(d, 1H,J = 8.7
Hz).
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20 | Methyl-phenyl-carbamic 31% |3.32(s, 3H);5.10(s,2H); [(CD) | B |
acid 3-(7-chloro-4-hydroxy- 7.06 (m, 3H); 7.14 (4, 11 J | mA
1,10-dioxo-5,10-dikydro-1H- =7.8Hz); 730 (m, 2H); | 501/
pyridazino[4,5-b]quinolin-2- 7.43 (m, 4H); 8.02 (s, 1H); | 502
yimethyl)-phenyl ester. 8.14 (d, 1H, ) =8.7 Hx);

11.95 (brs, 1H); 12.68 (br
s, 1H).

21 | Diphenyl-carbamic acid 3- | 16% | 5.10 (s, 2H); 7.13 (m, 3H); |(<CD) | B
(7-chloro-4-hydroxy-1,10- 7.27 (m, 2H); 7.40 (m, i
dioxo-5,10-dihydro-1H- 10H); 8.02 (s, 1H); 8.14 (d, | 563/
pyridazino[4,5-b]quinolin-2- 1H, J=8.7 Hz); 11.93 (br s, | 564
yimethyl)-pheny] ester. 1H); 12, 66 (br s, 1H).

22 | Pymolidine-1-carboxylic acid | 23% | 1.85 (m, 4H); 3.30(d,2H,J [(-<CD | B |
3-(7-chloro-4-hydroxy-1,10- =63 Hz);346 (d,2H,]J= |mk
dioxo-5,10-dilydro-1H- 6.3 Hz); 5.11 (s, 2H); 7.04 | 466/
pyridazino{4,5-bJquinolin-2- (m, 1H); 7.12 (m, 1H); 7.36 | 467
yimethryl)-phenryl ester. (¢, 1H, 1 =7.8 Hz); 7.44 (d,

1H, ] = 8.7 Hz); 8.04 (s,
1H); 8.13(d, 1H, ) = 8.7
Hz); 11.92 (br s, 1H); 12.68
(brs, 1H).

23 | Morpholine-4-carboxylic 26% | 2.10(s, 3H); 342 (m,4H); |(C) | B
acid 4(7-chloro-4-hydroxy- 3.62 (m, 2H); 7.02 (d, 1H, ] | mAs
1,10-dioxo-5,10-dihydro-1H- =8.1 Hz); 7.14 (d, 1H, J= | 495/
pyridazino[4,5-b]quinolin-2- 8.1 Hz); 7.19 (s, 1H); 7.44 | 496
yimethyl)-2-methyl-pheny (d, 1H, J = 8.7 Hz); 8.03 (8,
ester. 1H); 8.14 (d, 1H, I1=8.7

Hz); 11.94 (br s, 1H); 12.
64 (br s, 1H).
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24 | Methyl-phenyl-carbamic 18% | 2.08 (s, 3H); 3.33 (s, 3H); |(CD)| B |
ecid 4-(7-chloro-4-hydroxy- 7.04 (m, 2H); 7.13 (m, ZH); | m2
1,10-dioxo-5,10-dikydro-1H- 7.17 (s, 1H); 729 (m, 1H); | 514/
pyridazino[4,5-b)quinolin-2- 7.44 (m, 5H); 8.02 (s, 1H); | 515
yimethyl)-2-methyl-phenyl 8.15 (d, 1H, J = 8.7 Hz);
cater. 11.91 (br s, 1H); 12. 63 (br

s, 1H).

28 | Dimethyl-carbamic ecid 5- | 41% | 2.86 (s, 3H); 3.00 (5, 3H); | (<) | B
(7-chloro-4-hydroxy-1,10- 3.73(3,3H), 5.03 (s, 2HD); |m&
dioxo-5,10-dihydro-1H- 7.02 (m, 2H); 7.15 (d, 1H, J | 469/
pyridazino[4,5-b]quinolin-2- =8.1 Hz); 742(d, 1H,J = | 470/
yimethyl)-2-methoxy-phenyl 8.7 Hz); 8.03 (s, 1H); 8.14 | 471
ester. (s, 1H); 11.90 (br s, 1H);

12.64 (br s, 1H).

26 | Diethyl-carbamic acid 5(7- [ 3% | 1.09 (m, 3H); 1.17(m, 3H); [(-CD) | B |
chloro4-hydroxy-1,10- 3.26 (m, 2H); 3,37 (m, 2H); | mz
dioxo-5,10-dihydro-1H- 3.73 (s, 3H); 5.03 (s, 2H); | 497/
pyridazino[4,5-b]quinolin-2- 7.04 (m, 2H); 7.13 (m, 1H); | 498/
ylmethyl)-2-methoxy-phenyl 743(d,1H,J=8.THz); |499
ester. 8.03 (s, 1H): 8.14 (d, 1H, J

=87 Hz); 11.90 (br s, 1H);
12.63 (br s, 1H).

27 | Morpholine-4-carboxylic 10% [ 3.37 (m, 4H); 3.62 (m, 2H); [(<CD | B |
acid 5-(7-chloro-4-hydroxy- 5.03 (s, 2H); 7.05 (m, 2H); | mk
1,10-dioxo-5,10-dihydro-1H- 7.15 (m, 1H); 743 (d, 1H, J | 511/
pyridszino[4,5-bjquinolin-2- = 8.7 Hz); 8.02 (s, 1H); 512
yimethyl)-2-methoxy-phenyl 8.14 (d, 1H, ] = 8.7 Hz);
ester. 11.89 (br s, 1H); 12.61 (br

s, 1H).

! is Yield (given is for final step). * (given for final two stcps). © Method of Example 13 (A)

ar 14 (B).
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To a stirred solution of t-butylcarbazate (174 g, 1.36 mole) and dry N, N-
dimethylformamide (400 mL) under nitrogen was added triethylamine (108 mL, 0.78 mole)
followed by 4-picolyl chloride hydrochloride (1, 40.0 g, 0.243 mole). The reaction mixture
was then heated et 75 °C for 5 hours and allowed to cool to room temperature. The reaction
mixture was diluted with water (2 L) and the resulting mixture extracted with ethyl acetate (4
x 500 mL). The combined ethyl acetate extracts were concentrated under reduced pressure
and the residue was dissolved in cther (1 L). The resulting solution was washed successively
with watey (3 x 400 mL) and brine (400 mL) and then dried over Na,SO,. The Na,SO, was
filtered off and the filtrate was concentrated under reduced pressure to give an amber oil
(130.4 g). This product was prified by flash chromatography on silica gel eluting with
hexane:ethyl ecetate (1:1) to give the title compound (2) as a solid off-white foam (24.46 g,
45%). 'H NMR (300 MHz, DMSO-dy): 5 1.36 (s, 9H); 3, 90 (d, 2H, = 4.0 Hz); 5, 04 (d, 1H,

To a stirred mixture of 7-chlaro-4-oxo0-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (3, 24.29 g, 75.73 mmole) and dry tetrahydrofuran (1175 mL) under nitrogen
was added 1-cyclohexy]-3-(2-morpholincethyl)carbodiimide metho-p-toluenesulfonate (50.55
& 119.34 mmole) in portions (35 g followed by 15.55 g after 10 min.). After stirring the
reaction mixture for an additional 20 mimutes, a solution of (fert-butoxy)-N-[(4-
pyridylmethyl)amino]carboxamide (2, 22.0 g, 98.5 mmale) and tetrahydrofuran (580 mL) was
rapidly added and the mixture was stirred overnight. The reaction mixture was filtered and
the filter cake was washed with methylene chloride (300 mL). The filtrate and washings were
combined and additional methylenc chloride (800 mL) was added. The resulting solution was
washed with water (2 x 500 mL) and then dried over N, SO,, filtered and concentrated under
reduced pressure to give 28.90 g of yellow foam. This foam was treated with ether (300 mL)
and the resulting mixture was stirred and then filtered. The filter cake was dried at 45 °C
under vacuum to give the desired N-[(fers-butoxy)carbonylamino)[7-chioro-4-oxo-2-
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(pyrrolidinylearbonyT)(3-hydroquinoly1)}-N~(4-pyridylmethyl)carboxamide (4) (24.3 g, 61%)

(pymolidinylcarbonyl)(3-hydroquinolyl)}-N-(4-pyridylmethyl)carboxamide (4, 24.0 g, 45.62
mmole) and dry tetrahydrofisran (960 mL) under nitrogen was added methanesulfonic acid
(120 mL, 177.7 g, 1.85 moles) all at once. The mixture was stirred overnight and then filtered
to scparate the solids. The collected solids were successively washed with tetrahydrofuren (2
x 100 mL), methanol (2 x 50 mL), and ether (100 mL). The filter cake (13.4 g) was then
suspended in methano! (250 mL) and the resulting mixture sonicated for 20 minutes end then
filtered. The collected solids were washed with methanol (2 x 100 mL) and ether (100 mL)
and then dried at 45 °C under vacuum to give 7-chloro-4-hydroxy-2-(4-pyridylmethyl)-
1,2,5,10-tetrahydropyridazinof4,5-b]quinoline-1,10-dione methanesulfonate (5, 12.1g, 59%)
as a yellow powder, m.p. > 250 °C. 'H NMR (300 MHz, DMSO-dy): 8 2.32 (s, 3H), 5.36 (s,
2H); 749(dd, 1H,J=8.1 Hz, ] =2.1 Hz); 7.86 (d, 1H, } = 6.6 H=); 8.06 (d, 1H, J=2.] Hz);
8.12(d, 1H, J = 8.1 Hz); 8.82 (d, 1H, J = 6.6 Hz); 126 (br 5, 1H); 12.84 (br 5, 1H).

Calc’d. for C,,H,,CIN,0;*CH,S0,H«0.8H,0: C,4647; H, 3.60; N, 12.04 Found:
C,46.39; H,3.65;N, 11.98

\ ; l;}! ' lll. 0 mid

To a stirred solution of t-butylcarbazate (203.6 g, 1.54 mole) and dry N, N-
dimethylformamide (300 mL) under nitrogen was added triethylamine (128 mL, 0.92 mole)
followed by 3-picolyl chloride hydrochloride (1, 50.0 g, 0.30 mole) as a slurry in N,N-
dimethylformamide (300 mL). The reaction mixture was heated at 75 °C for 3 hours, caoled
to room femperature, and diluted with water (2.4 L). The resulting mixture was extracted with
ether (3 x 800 mL). The aqueous layer was saturated with salt and extracted with ether (3 x
800 mL). The combined extracts were washed with water (1 x 1L), brine (1 x 1L) and then
dried over Na,SO,. The Na,SO, was filtered off and the filtrate was concentrated under
reduced pressure. The product was purified by flash chromatography on silica gel cluting

Suton gavimethy
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with ether to give the title compound (2) as an off-white solid (23.3 g, 34%). "H NMR (300
MEz, DMSO-d): d 1.36 (s, 9H); 3.88 (d, 2H, J=4.0 Hz); 4.96 (d, 1H, § = 4.0 Hz); 7.33 (dd,
1H,J=7.7 Hz, J=4.8 Hz); 7.71 (d, 1H,1=7.7Hz); 744 (4, lH.J = 4.7 Hz); 8.49 (s, LH).

To a stirred mixture of 7-chloro-4-oxo-2-(pymolidinylcarbonyDhy<droquinoline-3-
carboxylic acid (3, 20 g, 62.4 mmole) and tetrahydrofuran (800 mL) under nitrogen was added
1-cyclohexy1-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (40.0 g, 94.4
mmole). A solution of (ferr-butoxy)-N-{(3-pyridylmethyl)aminojcarboxamide (2, 20.9 g, 93.6
mmole) and tetrahydrofuran (450 ml) was rapidly added and the mixture stirred overnight.
The reaction mixture was filtered and the filter cake was washed with tetrahydrofuran. The
filter cake was shuried with methylens chloride and filtered. The filtrates were combined and
evaporated under reduced pressure. The residuc was dissolved in methylene chloride, dried
over Ne,SO,, filtered and evaporated under reduced pressure to give a foam. The foam was
stirred with ether (200 mL) and filtered. The filter cake was sonicated with ether (200 mL),
filtered, washed with ether and was dried at 40 °C under vacuum to give N-[(tert-
butoxy)carbonylemino][7-chloro-4-oxo-2-(pyrrolidinylcarbonyi)(3-hydroquinolyl)]-N-(3-
pyridylmethyl)carboxamide (4) es an off-white powder (32.8 g, 100%)

To a stirred solution of N-[{tert-butoxy)carbonylamino][7-chloro-4-axo-2-
(pyrrolidinylcarbonyl)(3-hydroquinoty)]-N-(3-pyridylmethyl)carboxamide (4, 32.8 g, mole)
and tetrahydrofuran (1L) under nitrogen was added methanesulfonic acid (150 mL, 222 g,
2.31 moles) over 10 mimtes, The mixture was stirred overnight and then filtered to separate
the solids. The collected solids were washed with tetrahydrofuran. The filter cake was
suspended in methanol, sonicated (30 mimutes) and filtered. The solids were resuspended in
methanol, sonicated (30 minutes) and filtered. The collected solids were washed with
methanol and then dried at 100 °C under vacuum to give 7-chloro-4-hydroxy-2-(3-
pyridylmethyl)-1,2,5,10-tetrahydropyridazinof4,5-blquinoline-1,10-dione methanesulfonate
(5) (19.4, 66%) as & white solid, m.p. > 300 °C. 'H NMR (300 MHz, DMSO-d,): d 2.33 (s,
3H); 5.29 (s, 2H)); 7.46 (dd, 1H, J=9.0 Hz, J=2.1 Hz); 7.94 (dd, 1H, J = 9.0 Hz, J = 5.6 Hz);
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8.04(d,1H,)=1.8Hz); 8.16(d, 1HJ =~ 8.7 Hz); 8.37(d, 1H,J=8.1 Hz);8.82(d, IH) =48
Hz); 8.89 (s, 1H).

Calc'd. for C,,H,,CIN,Oye CH,SO,He H,O: C, 46.11; H,3.66; N, 11.95 Found: C,
46.34;H,3.61; N, 11.94

orf-Butoxy}-N nvridvimethyDaminolcarboxamide (2)
To s stirred solution of t-butylcarbazate (174 g, 1.53 moie) and dry N, N-
dimethylformamide (400 mL) under nitrogen was added triethylamine (130 mL, 0.94 mole)
followed by 2-picolyl chloride hydrochloride (1, 54.0 g, .33 mole). The reaction mixture was
allowed to stir at ambient temperature for 1 hour, then heated at 70 °C for 3 hours and allowed
to cool to room temperture. The reaction mixture was diluted with 1:1 mixture of ethyl
acetate/cther and washed with brine and extracted. The aqueous layer was monitored by TLC
(eluént: 100% ether) and was extracted several times with ethyl acetate (200 mL) until no
product was observed. The combined organic extracts were washed with brine, dried over
Na,SO, and filteved. The filtrate was concentrated under reduced pressure to give an amber
oil (~100 g) which crystallized. The material was triturgted with 1:1 ether/hexanes, filtered
and dried under reduced pressure to afford the title compound (2) as an off-white solid (33.4
£, 45% yield). "H NMR (300 MHz, DMSO-4,): 5 1.38 (s, 9H); 3.96 (d, 2H, J = 4.0 Hz); 4.98
(d, 1H,J=4.0H2); 724 (dd, 1H,J= 7.8 Hz, J= 7.8 H2); 7.48 (d, 1H); 7.74 (dd,1H,J = 7.5

inolyl 2-pyridylmethylcarbon

To a stitred mixture of 7-chloro-4-oxo-2-(pymolidinylcerbonyl)hydroquinoline-3-
carboxylic acid (3, 17.5 g, 54.7 mmole) and dry tetrahydrofuran (900 mL) under nitrogen was
added 1-cyclohexy1-3-(2-marpholinoethyl)carbodiimide metho-p-toluenesulfonate (35.7 g,
81.2 mmole) in portions (25.0 g followed by 10.7 g after 10 minutes). After stirring the
reaction mixture for an additional hour, a solution of (fert-butoxy)-N-[(2-
pynidylmethyDamino)carboxamide (2, 16.5 g, 73.9 mmoie) and tetrahydrofuran (400 ml.) was
added and the mixture was stirred vigorously overnight. The reaction was monitored by TLC
(10% methanol/methylene chiaride) and determined to be complete. To separate the
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precipitated solids, the reaction mixture was filtered and the collected solids were washed
with tetrahydrofiran. The fiitrate and washings were combined and concentrated in vacuo.
The filter cake was suspended in aqueous bicerbonate and brine solutions and extracted with
methylene chloride (3 x 300 mL). These extracts were combined with the previously
concentrated orgenic extracts and were washed with bicarbonate, brine (3x) and dried over
N8,SO,. The N&,SO, was filtered off and the filtrate was concentrated under reduced pressure
to provide a residue which was purified by flash chromatography on silica gel eluting with
5% isopropanol/chloroform. After concentration of the desired fractions i vacuo the desired
N-{(terv-butoxy)carbonylsmino]{7-chloro-4-oxo-2~(pymolidinylcarbomyl)(3-hydroquinolyl)]-
N-(2-pyridylmethyi)carboxamide (4) was isolated as a light tan powder (24.3 g, 61% yield).

To a stirred mixture of N-{(tert-butoxy)earbonylamino][7-chloro-4-oxo-2-
(pyrrolidinylcarbonyl)(3-hydroquinolyl)]-N-(2-pyridylmethyl)carboxamide (4, 24.0 g, .045
mole) and dry tetrahydrofuran (800 mL) under nitrogen was added methanesulfonic acid (100
ml, 148 g, 1.54 moles) all at once. The mixture was stirred overnight and then filtered to
separate the solids. The collected solids were successively washed with tetrahydrofuran (2 x
100 mL) and ether (2 x 100 mL). The filter cake (15.8 g) was then suspended in methanol
(250 mL) and the resulting mixture sonjcated for 30 migutes and then filtered. The collected
solids were washed with methanol (2 x 100 mL) and ether (100 mL) and then dried at 35 °C
under vacuum to give the methane sulfonate salt of 7-chloro-4-hydroxy-2-(2-pyridylmethyl)-
1,2,5,10-tetrahrydropyridazino[4,5-b]quinoline-1,10-dione (S, 12.1g, 59%) as an orenge
powder, m p. >300 °C. '"H NMR (300 MHz, DMSO-d,): 52.33 (s, 3H), 5.35 (s, 2H); 7.46 (d,
1H, J=8.7Hz); 7.64 (d, 1H, J = 7.8 H2); 7.68 (dd, 1H, J = 4.8 Hz, ] = 6.6 Hz ); 8.02 (3, 1H);
8.14(d, 1H, J=8.7 Hz); 8.19 (dd, 1H, J=6.6 Hz, ] = 7.8 Hz); 8.73 (d, 1H, J = 4.8 Hz); 10.06
(s, be, 1H); 12.84 (s, br, 1H).

Calc’d. for C,,H,,CIN,O,eCH,SOH: C, 47.95; H, 3.35; N, 12.43 Found: C, 47.93;
H.34Z;)N, 12.01
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To a stirred solution of fert-butylcarbazate (1.2 g, 9.82 mmol) in tetrahydrofuran (40
mL) was added pyridoxal hydrochloride (2.00 g, 9.82 mmol). After2 h at room temperature,
the reaction was refluxed for 4 b, and the solvent was removed in vacuo. The resultant solid
wan tritureted with hexanes and filtered to give the title compound (2) as a white solid (3.00 g,
96%). 'H NMR (300 MHz, DMSO-d,): 5 1.50 (s, SH); 2.59 (s, 3H); 4.70 (s, 2H); 8.19 (s,
1H); 8.51 (s, 1H); 12.06 (s, 1H); 12.72 (s, 1H).

N-{1-Aza-2-[3-hydroxy-5(hydroxymethyl)-2-methyl(4-pyridyl)]vinyl } (¢err-butoxy)-
carboxamide hydrochloride (3.0 g, 9.46 mmol) was dissolved in methyl alcohol (90 mL) and
placed in a Perr shaker bottle. To this was added 10% palladium-on-carbon (300 mg) and the
reaction was hydrogenated at 40 psi for 24 h. The mixture was filtered through celite, which
was then washed with methyl alcohol (3 x 100 mL). The combine filtrate and washes were
concentrated in vacuo. The resulting solid residue was dissolved in metirylene chloride (400
mL) and the resulting solution washed with saturated sodium bicarbonate. The organic layer
was washed with brine, dried over MgSO, and concentrated to give the title compound (3) as
a white solid (1.4 g, 52%). '"H NMR (300 MHz, DMSO-d,): 8 1.39 (s, 9H); 2.53 (s, 3H); 3.16
(s, 1H); 4.16 (s, 2H); 4.61 (s, 2H); 8.11 (s, 1H); 8.76 (br s, 1H).

DUto; rbanylamingl[7-ch

To a stirred slurry of 7-chloro-4-oxo-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (1.5 g, 4.94 mmol) in tetrahydrofuran (100 mL) was added 1-cyclobexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (2.4 g, 5.68 mmol) and the
reaction was stirred for five minutes. To this mixture was added via dropwise addition a
solution of (+/-)-(tert-butoxy)-N-[3-hydroxy-5(hydroxymethyl)-2-methryl(4-
pyridylmethyl))carboxamide (1.4 g, 4.94 mmol) and 4-dimetblyaminopyridine (0.250 g, 2.04
mmol) in tetrahydrofuran (20 mL), end the mixture was stirred at room tempersture for 1
hour. The reaction mixture was filtered and the collected solids washed with methylene
chloride (2 x 150 mL). The combined filtrate and washes were washed with water (100 mL)
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and brine gnd then dried over MgSO, and filtered. The filtrate was concentrated to dryness to
give the title compound (4) as a yellow foam (1.7 g, 58%).

(pyrrolidinylcarbonyl)(3-hydroquinolyl}-N-[3-hydroxy-5(hydroxymetiryl)-2-methy(4-
pyridylmethyl)] carboxamide (1.72 g, 1.5 mmol) in tetrahydrofuran (40 mL) was added
methanesylfonic acid (5 mL) and the reaction was stirred overnight. The volatiles were
removed In vacuo and the resultant oil was poured on to crushed ice. To this mixture was
carcfully added 10N sodium hydroxide until a solid precipitate formed. The solution was
filtered to give an orange solid. The resultant aqueous layer formed & fine precipitate which
was collected by filtration, washed with diethyl ether and dried to give the title compound (5)
as an off-white powder (m.p. dec at 275 °C). '"H NMR (300 MHz, DMSO-d,): 5 2.30 (s,
CH,SO,H); 2.39 (s, 3H); 4.84 (s, 2H); 521 (s, 2H); 7.45 (dd, 1H, I = 2.1, 9.0 Hz); 8.03 (m,
2H); 8.13(d, 1H,J =72 Hz).

Calc"d. for C,,H,,CIN,0,#0.5CH,80,Hes H,O: C, 49.63; H, 3.87; N, 11.84. Found:
C,49.74; H, 3.84; N, 11.74.

tetrahydropyridazino(4,5-bjquinoline-1,10-dicne (1, 0.50 g, 1.07 mmol) in pyridine (5 mL)
was added N, N-dimethylcarbamy! chloride (0.15 g, 0.13 mL, 1.45 mmol). The mixture was
heated to reflux for 8 hours, cooled to room temperature and stirred for 16 hours. The
resultant golid was collected by filtration and washed with water (20 mL) and diethyl ether (20
mL). This material was subjected to chromatography (SiO,, 90/10 chloroform/methyl
alcobol) to give the title compound as a yellow powder (0.10 g, 229%). 'H NMR (300 MHz,
DMSO-d,): § 2.97 (s, 3H); 3.15 (s, 3H); 5.22 (3, 2H); 724 (d, 2H, 5.7 H, ) =5.7Hz); 746 (d,
1H, J =8.7 Hz); 7.91 (s, 1H); 8.16 (d, 1H, ] =8.7 Hz); 8.50 (d, IH, J= 5.7 Hz); 11.87 (br s,
1H). MS (-CT) v/ 424/425.
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To a stirred solution of 4-(2-hydroxyethyl)pyridine (4.95 g, 40.19 mmole) and
chloroform (30 mL) under nitrogen was added thionyl chloride (8.04 g, 67.58 mmole). The
resction mixture was then heated at 60 *C for 0.5 hour. The reaction mixture was
concentrated under reduced pressure and the residue was dissolved in water. The resulting
solution was neutralized with concentrated ammonium hydroxide and extracted with ethyl
acetate (2 x 30 mL). The combined ethyl acetate extracts were dried over Na,S0O,. The
Na,S0, was filtered off and the filtrate was concentrated under reduced pressure to give the
title compound (2) as an amber oil (5.47 g, 96%). 'H NMR (300 MHz, DMSO-d,): 5 3.16 (t,
2H,J=6.9 Hz); §3.93, (£ 2, J = 6.9 Hz); 5 7.34 (d, 2H, J = 1.5 Hz); 5 8.50 (d, 2H, J= 1.5 Hz2)

tert-Butoxy)}-N-I4 pyridvlethvllamimolcarboxamide (3

To a stirred solution of t-butylcarbazate (12.64 g, 95.34 mmole) and N,)N-
dimethylformamide (50 mL) under nitrogen was added 2-chloroethylpyridine 2 (5.4 g, 38.14
mmole). The reaction mixture was then heated at 75 °C for 18 hours and allowed to cool to
room temperature. The reaction mixture was diluted with water (400 mL) and the resulting
mixture extracted with ethy] acetate (2 x 125mL). The combined ethyl acetate extracts were
concentrated under reduced pressure and the residue was dissolved in ether (200 mL). The
resulting sohution was washed with 1IN sodium bicarbonate (2 x 50 mL) and concentrated
under reduced pressure to give an amber oil (10.24 gms). This product was purified by flash
chromatography on silica gel eluding with chloroform;methanol (93:7 to 95:5) to give the title
compound (3) as a solid light amber foam (4.88 g, 54%). '"HNMR (300 MHz, DMSO-d;: 5
1.4 (m, 9H); 5 2.66 (t, 2H, J=6.9 Hz); § 2.90 (t, 2H, J=6.91 Hz); 5 4.84 (s, 1H); 5 7.26 (d, 2H,
J=4.80 Hz); 6 828 (s, 1H); 3 8.43 (d, 2H, J=4.80 Hz)

N-[(ters-butoxy)carbonylamino)[7-chloro-4

ninolyl)}-N-{4-pyridviethycarboxamide (5).

To a stirred mixture of 7-chloro-4-ox0-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (4, 2.7 g, 8.42 mmole) and dry tetrahydrofuran (132 mL) under nitrogen was
added 1-cyclohexyl-3-(2-morpholinoethy[)carbodiimide metho-p-toluenesuifonate (7.13 g,
16.24 mmole) in portions (10.0 g followed by 6.84 g after 10 min.). After stirring the reaction
mixture for an additionsl 20 minutes, a solution of (fert-butoxy)-N-[4-
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pyridylethyl)aminojcarboxamide (3, 2.0 g, 8.43 mmole) and tetrahydrofuran (64 mL) was
rapidly added and the mixture was stirred overnight. The reaction mixture was filtered and
the filter cake was washed with methylene chloride (40 mL). The filtrate and washings were
combined and additional methylene chloride (80 mL) was added. The resulting solution was
washed with water (2 x 50 mL) and then dried over Na,SO,, filtered and concentrated under
reduced pressure to give 3.8 g of yellow foam. This foam was treated with ether (80 mL) end
the resulting mixture was stirred and filtered. This product was purified by flash
chromatography on silca gel eluting with chloroform:metharol (95:5) to give the title
compound (5) as a solid yellow foam (120 g, 34%). MS m/z 538 (M-1); TLC, R;=0.62
chloroform:methanol (90:10) ailica

To a stirred mixture of N-[(tert-butoxy)carbonylamino][7-chloro-4-oxo0-2-
(pyrrolidinylcarbonyl)(3-hydroquinolyl) FN-(4-pyridylethyl)carboxamide (5, 1.15 g, 2.18
mmole) and dry tetrahydrofizran (40 mL) under nitrogen was added methanesulfonic acid (5
mL, 7.4 g, 77 mmoles) all at once. The mixture was stirred overnight and then concentrated
under reduced pressure. The residue (0il) was washed with ether (2 x 50 mL) and the ether
was decanted off. The regidual il was treated with water (60 mL) and stirred for 1 hr. then
filtered. The filter cake was washed with water (2 x 20 mL) and dried under vacuum at 45 °C
to give 7-chloro-4-hydroxy-2-(4-pyridylethyl)-1,2,5,10-tetrahydropyridazino[4,5-b]quinoline-
1,10-dione (6, 620 mg, 48% yiekd) as a yellow powder, m.p. 223-225 °C. 'HNMR (300 MHz,
DMSO0-d,, TFAD) & 3.37 (1, 2H, J=6.0 Hz); & 4.38 (1, 2H, J=6.0 Hz); § 7.43 (dd, 1H, J=8.4
Hz, J=1.8 Hz); § 7.%4 (d, 2H, J=6.6 Hz); & 8.03 (d, 1H, J=1.8 Hz); 5 8.12 (d, IH, J-8.4 Hz) 3
8.78 (d, 2H, J=6.6 Hz)

Cale’d for C, H,,CIN,0,¢CH,S0,He1.25 H,O: C, 46.82; H, 4.03; N, 11.50. Found:
C,46.71;H,4.02; N, 11.48.

2-Methylpyrazine (1.0 mL, 22 mmol) in carbon tetrachloride (80 mL) was treated with
N-chlorosuccinimide (4.27g, 31.5 mmol) snd benzoyl peroxide (0.26 g, 1.1 mmol). The
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mixture was heated to reflux for 7 hours, and then cooled to room temperature. The solids
were filtered through celite and washed with methylene chloride. The filtrate was washed
with aqueous sodium thiosulfate (sat., 1X), aqueous sodium bicarbonate (sat., 1X), water
(1X), and equeous sodium chioride (sat., 1X). The organic layer was dried over sodium
sulfate, filtered, concentrated nnder reduced pressure, and used directly in the following
reaction. (Contains 5-10% of the aa,-dichlorinated material). 'H NMR (300 MHz, DMSO-
dy): 8 4.88 (s, 2H), 8.65-8.68 (m, 2H); 8.85 (s, 1H).

{ et 211N Y b YA RLEL] L L1 RELLISLEAY (G401 DN ”J'_ (&)

To a stirred solution of 2-chloromethylpyrazine (1, 1.2 g, 93 mmol) and dry N,N-
dimethylformamide (16 mL) was added t-butylcarbazate (6.3 g, 48 mmol) and triethylamine
(2.6 mL, 19 ramol) under nitrogen. The reaction mixture was then heated at 75 °C for 17
hours and cooled to room temperature. The reaction mixture was diluted with water and
extracted with ether (5X). The combined ether extracts were washed with brine and dried
over Na,SO,. The Na,SO, was filtered off and the filtrate was concentrated under reduced
preagure to give a brown 0il (1 g). The oil was subjected to flash chromatography (silica gel,

2-5% gradient of methano! in methylene chloride) to give the title compound as & waxy brown

solid (2, 1.64 g, 79%). 'H NMR (300 MHz, DMSO-d,, TFA shake): 5 1.44 (s, 9H); 4.53 (s,
2H); 8.71-8.78 (m, 2H); 8.81 (s, 1H).

carboxylic acid (3, 2.3 g, 7.2 mmol) and dry tetrahydrofuren (100 mL) under nitrogen was
added 1-cyclohexy1-3-(2-morpholinoethyl)carbodiimide metho-p-toluencsulfonate (4.56 g,
10.8 mmol). After stirring 20 mimutes, the reaction mixture was treated with a solution of
(tert-butoxy)-N-{(pymzin-2-ylmethylJamino]carboxamide (2, 1.6 g, 7.1 mmol) and 4-
dimethylaminopyridine (46 mg, 0.4 mmol) in tetrahyydrofuran (10 mL). The reaction mixture
was stirred at reflux for 2 days and cooled to room temperature. The reaction mixiure was
filtered and the filter cake was washed with tetrahydrofuran. The combined filtrate and
washes weve concentrated to give a brown foam (4.9 g). The foam was subjected to flash
chromatography (silica gel, 2% methanol/methylene chloride) to give the title compound (4,
3.1 g, 82%).
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inoline-1.10-dione methanesolfonate (5

To a stirred mixture of N-[(fert-butoxy)carbonylamino][7-chioro-4-oxo-2-
(pymolidinylcarbonyl)(3-hydroquinolyl)}-N-(pyrazin-2-ylmethyl)carboxamide (4, 3.1 g, 5.9
mmol) and dry tetrahydrofuran (100 mL) under nitrogen was added methanesulfonic acid
(13.5mL, 0.21 mol). The mixture was stirred overnight, filtered, and the collected solid
washed with tetrahydrofuran. The solid was treated with methanol and the mixture sonicated
for 1 h. The solid was again collected by filtration, washed with methanol, and dried at 50 °C
under vacuum to give the title compound (5, 2.0 g, 80%) as a white powder, m.p. 235-245 °C.
'H NMR (300 MHz, DMSO-d,): 8 238 (CH,CO.H, s, 3H), 527 (s, 2H); 7.44 (dd, 1H, I =
1.8, 8.7 Hz2); 8.04 (d, 1H, )= 1.8 Hz); 8.14 (d, 1H, J =8.7 Hz); 8.58 (dd, 2H, J = 2.4, 7.5 H2);
8.63 (s, 1 H). Calc'd. for C,H,CIN,0,eCH,SO,HeH,0: C, 43.46; H, 3.43; N, 14.90.
Found: C,43.28;H,3.34; N, 15.17

added 2-furaldehyde (91.9 g, 0.95 mol). The slurry was refluxed for 2.5 b, and then cooled to
room temperature. The resultant tan solid was filtered, dried and used without further
purification in the following reaction (1, 200 g, 99%). 'H NMR (300 MEz, DMSO-d,): § 1.52
(s, 9H); 6.45 (44, 1H, J =33, 1.2 Hz); 6.71 {d, 1H, } = 3.3 Hz); 7.47 (d, 1H, J > 1.2 Hz); 7.91
(s, 1H).

nitrogen inlet aud an overhead mechsnical stirrer. The epparatus was dried under vecuum and
ftushed with a steady stream of nitrogen gas. The fiask was charged with lithium aluminum
hydride (7.75 g, 0.20 mol) and tetrshydrofuran (30 mL). N-1-Aza-2-2-furanyljvinyl)(rert-
butoxy)carboxamide (20 g, 0.095 mol) was dissolved in tetrshydrofuran (250 mL) and then
slowly added to the stirred lithium aluminum hydride suspension over a 30 minute period.
Any residual material remaining in the addition funne] was washed into the flask by rinsing
with tetrahydrofuren (2 x 30 mL). The reaction was stirred overnight, cooled with an ice bath
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and then carefully quenched with a saturated aqueous solution 0f Na,SO,. The resulting
mixture was filtered and the collected solids washed with tetrahydrofursn. The combined
filtrate and washes were concentrated to am 0il, which was stirred for 18 hours with hexanes
(ca. 600 mL). The resulting mixture was filtered and the filtrate concentrated to give the
desired material 2 as a yellow oil (10.0 g, 50%). "H NMR (300 MHz, DMSO-dy): 5 1.46 (s,
9H); 3.99 (d, 2H, J = 4.9 Hz); 4.21 (br s, 1H); 6.17 (br s, 1H); 6.24 (d, 1H, J = 3.0 Hz); 6.32
(dd, 1H, J = 3.0, 1.2 Hz); 7.38 (d, 1H, ] = 1.2 Hz).

-} N-{(fer-Butoxy)carbonylamino][?
fydroguinolyl]l-N-(2-furanylmethyl)carboxamide (3)
To = stitred shary of 7-chloro-4-oxo-2-(pymrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (26.99 g, 84.3 mmol) in tetrahydrofuran (1300 mL) was added di-
isopropylcarbodiimide (13.94 g, 110 mmol) and the reaction was stirred for ten minutes. To
this mixture was added dropwise a solution of (terz-butoxy)-N-[(2-
furanylmethyl)amino]carboxamide (22.9 g, 103 mmol) in tetrahydrofuran (200 mL). After
stirring the reaction for 18 hours, it was concentrated in wacuo to a brown tar which was
triturated with chloroform. The resulting mixture was filtered, washed with chloroform and
dried. This material (3) was used without further purification in the following reaction (mass
of materia] approximately 30 g).

blquinoline-1.10-di )

To a stirred solution of (+/-)-N-[(fert-butoxy)carbonylamino][7-chloro-4-oxo0-2-
(pymolidinylcarbonyl)(3-hydroquinolyl]-N-(2-furany!methy[)carboxamide. (29.00 g, 56.3
mmol) in tetrahydrofuran (1000 mlL) was added methanesulfonic acid (118 mL) and the
reaction was stirred for 18 hours at room temperature. The reaction mixture was poured on 3
liters of ice-water and the resulting mixture was filtered to give an off-white solid. This
material was dissolved in hot tetrahydrofuran (ca. 1 liter) and then concentrated to half-
volume. The resultant slurry was poured on ice-water (2 liters) and after twenty minutes the
mixture was filtered. The collected material was dried to give the title compound (4) as a
white solid (14.4 g, 74%; m.p. >265 °C). 'HNMR (300 MHz, DMSO-d,): § 5.08 (s, 2H);
6.37 (d, 1H, J=3.0 Hz); 6.42 (dd, 1H, ] =13.0, 1.5 H2); 7.43 (d, 1H, J= 7.8 Hz); 7.54 (3, 1H);
8.00(d, 1H,J=1.5 Hz); 8.14 (d, 1H, J = 8.7 Hz).
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Cale'd. for C,H,,CIN;O,: C, 55.91; H, 2.93; N, 12.23 Found: C, 56.10; H,2.98; N,
12.03,

To a 0 °C solution of methyl 2,5-dimethyl-3-furoate (2.0 g, 13.0 mmol) in THF (130
mL) under N, was added lithium aluminum hydride (39 mL of a 1.0 M solution in THF, 38.9
mmol) dropwise. The reaction was stirred at 0 °C for 3.5 h, st which time it was quenched
cautiously with saturated aqueous Na,SO, solution and allowed to warm to room temperature.
The reaction mixturcwas filtered and rinsed with ethyl acetate, the filtrate was diluted with
more ethyl acetate and the layers seperated. The organic layer was washed with saturated
aqueous NH,C], water and brine and dried over Na,8O,. The solution was filtered and
concentrated to afford 2,5-dimethyl-3-furanmethenol as a clear liquid (1.54 g, 12.2 mmol, 94
%). 'H NMR (300 MHz, DMSO-d,): d 5.93 (s, 1H); 4.18 (s, 2H); 2.17 (8, 3H); 2.15 (s, 3H).

'\ [ 2. 3=-Lhmethvi-Iuran-3-yimetn AVOrAZI DCCEIDoOxy RC1O I¢rT=-DUn pater (2):

To a 0 °C solution of 2,5-dimethyl-3-furanmethanol (750 mg, 5.95 mmol) in THF (60 -

mL) under N, was added phosphorus tribromide (169 mL, 1.78 mmol). After 0.5 hour, water
was added and the solution was warmed to room temperature. The reaction was diluted with
otiry] acetate and washed with saturated aqueous NaHCO,, water and brine and dried over
Na,;SO,. It was then filtered and concentrated to afford & yellow-brown oil which was used in
the following reaction without further purification.

To a stirred solution of 2,5-dimethy]-3-bromomethylfuran (5.95 mmol theor.) in DMF
(30 mL) was added K,CO, (1.64 g, 11.9 mmol) and terz-butylcarbazate (3.1 g, 23.8 mmol).
The reaction was heated to 65 °C for 1 h. The reaction was cooled to room temperature,
diluted with ethyl acetate and the layers separated. The orgenic layer was washed with
satureted aqueous NH,Cl, water and brine and dried over Na,SO,. The mixture was filtered,
concentrated and distilted on a Kuglerohr apparatus at 100 °C and 35 mTorr to remove the
excess DMF and rert-butylcarbazate. This materia] was then purified using silica gel column
chromsatography (hexanes - 4:1 hexanes:cthyl acetate as eluant) to afford N°-(2,5-dimethyl-
furan-3-ylmethyl)-hydrazinecarboxylic acid fert-buty] ester as a dark yellow oil (670 mg, 2.79
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mmol, 47 % for the two steps). 'H NMR (300 MHz, DMSO-dy): d 8.11 (brs, 1H); 5.91 (s,

carboxylic acid (900 mg, 2.79 mmol) in THF (10 mL) was added 1-cyclohexyl-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (2.36 g, 5.58 mmeol). To this canary
yellow mixture was added a solution of N"-(2,5-dimethy]-furan-3-ylmethyl)-
hydrazinecarboxylic acid terr-butyl ester (670 mg, 2.79 mmol) and N, N-dimethy]-
aminopyridine (51 mg, 420 mmol) in THF (20 mL). The resultant mixture was refluxed
under N, for 3.5 h, then cooled and filtered. The filtrate was concentrated and filtered through
& small column of silica gel (CH,Cl, - 5% MeOH/CH,Cl,) to afford N*-[7-chloro-4-oxo-2-
(pyrrolidine-1-carbonyl)-1,4-dibydro-quinoline-3-carbonyl}-N"-(2,5-dimethylfuran-3-
ylmethy])-hydmzinecarboxylic acid fert-butyl ester as a yellow solid; this material was used in
the following resction without further purification. MS m/z 5432 (M+1)

' dazino(4.5-blquigoline dione (4):

To a stirred solution of N'-[7-chloro-4-0xo-2-(pyrrolidine-1-carbonyl)-1,4-dihydro-
quinoline-3-carbonyl}-N"~(2,5-dimethylfuran-3-ylmethyl)-hydrazinccarboxylic acid fers-butyl
ester (2.79 mmo] theor.) in THF (60 mL) was added methanesulfonic acid (7.25 mL, 112
mmol) dropwise. This solution was sticred at room temperature overnight, at which time
water (ca. 150 mL) was added to induce precipitation of the product. The material was
filtered to give a tan powder; this powder was dried at 30 °C under 500 mTorr overnight to
afford the title compound &s a tan powder (680 mg, 1.82 mmol, 66 % for two steps). 'H NMR
(300 MHz, DMSO-dy): d 12.51 (br s, 1H); 11.88 (br 5, 1H); 8.14 (d, J= 8.7 Hz, 1H); 8.01 (d,
J=2.1Hz, 1H); 7.42 (dd, /= 1.8, 8.7 Hz, 1H); 5.94 (s, 1H); 4.79 (8, 2H); 2.27 (3, 3H); 2.14
(s, 3H). MS m/z 370.0 (M-1)
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1-(2-Hydroxy-cthyl)-piperazine (1, 2.00 g, 1.88 mL, 15.3 mmol) was dissolved in
methylene chloride (80 mL) and to this was added di-tert-butyl dicarbonate (3.35 g, 15. 3
mmol). The reaction was stirred at room temperature for 72 hours, diluted with methylene
chloride (100 mL) and extracted with water (1 x 50 mL). The organic layer was then washed
with aqueous sodium chloride (saturated, 1 x 50 mL) and dried over Na,SO,. The arganic
layer was collected and removed under reduced pressure to give the title compound as sn oil
(3.5 g, 99%). "H NMR (300 MHz, DMSO-d,): 8 1.38 (s, 9H); 2.39 (m, 6H); 3.28 (t,4H, ] =
5.1 Hz); 3.46 (dd,2H = 6.0 I-Iz); 4.39 (s, 1H, ] = 6.0 Hz).

%Hy&weﬁyl}mmlwboxyhc scid rert-butyl ester (2,33 g, 14.3
mmol) was dissolved in tetrahydrofuran (80 mL}) and to this was added solid potassium terr-
butoxide (1.57 g, 13.9 mmol). The mixture was stirred for 30 minutes at 0 °C, and then at
room temperature for 2 bours. The reaction mixture wes then transferred to an Erlenmeyer
flask which was cherged with chloromethylated styrene/divinylbenzene copolymer (196 cross
linked, 1 meq./gram, 2.8 g). The reaction flask was shaken for 48 hotxrs, and the resin
collected by filtration. The resin was washed with tetrehydrofuran (2 x 50 mL), water (2 x 50
mL), water/N,N-dimethylformamide (1/1, 2 x 50 mL), methylene chloride (2 x 50 mL) and
ethy] acetate (2 x 50 mL). The resin was dried under reduced pressure to give polystyrene
resin bound 4-(2-hydroxy-ethyl)-piperazine-1-carboxylic acid fers-butyl ester (3.1 g). IR (on
resin) 1696 (s); 1492 (w); 1452 (w); 1242 (s); 1172 () e

Polystyrene bound 4-(2-hydroxy-ethyl)-piperazine- 1 -carboxylic acid M’t—butyl ester
(3.1 g) was slurried in methylene chloride (50 mL) and trifluoracetic acid (10 mL) at room
temperatare for 2 howrs. The resin was collected by filtration and washed with ammoniated
methanol (2N, 2 x 30 mL), NN-dimethylformamide (1 x 40 mL), and methylene chloride (3 x
30 mL). The resin was dried under reduced pressure to give the title compound (2.45 g). IR
(on resin) 1601 (w); 1493 (w); 1452 (w).

7-Chloro-4-cxo-1,4-dihydro-quinoline-2,3-dicarboxylic acid 3-methyl ester (1.00 g,
3.55 mmol) was ahirried in chloroform (25 mL, ethanol free) and to this was added thionyl
chloride (~ 2 mL). The mixture was heated to reflux for 6 hours, and then cooled to room
temperature. The volatiles were removed under reduced pressure to give the title compound
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as a solid. This material was used in the following reaction without further purification. 'H
NMR (300 MHz, CDCL): & 4.06 (s, 3H); 7.58 (dd, 1H, J = 8.1 Hz); 8.06 (dd, 1H, T =1.8 Hz);
829(d, 1H, J= 8.1 Hz); 12.59 (s, 1H).

Polystyrene bound 1-2-hydroxy-ethyl)-piperazine (3, 2.45 g) was slurried in
tetrahydrofuren (50 mL) and to this was added 7-chloro-2-chlorocarbonyl-4-oxo-1,4-dihydro-
quinoline-3-carboxylic acid methyl ester (1.0 g, 3.55 mmol). The mixture was shaken for 16
hours, and the resin was collected by filtration. The resin was washed with tetrahydrofuran
(50 mL), N,N-dimethylformamide/water (1/1, 50 mL), N,N-dimethylformamide (50 mL),

methyl alcohel (50 mL), and methanolic ammonia (0.5 N, 2 x 50 mL). The resin was dried
under reduced pressure to give polystyrene resin bound 7-chloro-2-[4-(2-hydroxy-ethyl)-
piperazine-1-carbonyl]-4-oxo-1,4-dilydro-quinoline-3-carboxylic acid methyl ester (2.10 g).
IR (on resin) 1656 (w); 1601 (w); 1492 (w); 1467 (w); 1452 (w).

Polystyrene bound 7-chloro-2-[4-(2-hydroxy-ethyl)-piperazine-1-carbonyl}-4-oxo-1,4-
dihydro-quinoline-3-carboxylic acid methyl ester (2.10 g) was added to a mixture of
tetrahydrofuran (10 mL) end water (4 mL). To this was added potassium hydroxide (0.35 g,
6.3 mmol) and the reaction stirred at reflux for 6 hours. The reaction was quenched by the
addition of aqueous hydrochloric acid (3.10 mL, 2N) and the resin collected by filtration. The
resin was washed with water (30 mL), N, N-dimethylformamide/water (1/1, 50 mL), N,N-
dimethylformamide (50 mL), methyl alcohol (50 mL), and methylene chloride (50 mL). The
resin was then dried under reduced pressure to give the title compound (0.75 g). IR (on resin)
1666 (w); 1602 (w); 1582 (w); 1492 (w); 1452 (w).

(Tetahydro-furan-2-vimethyD>-hvdmzinecarboxylic acid ter-butvl ester (6
A solution of N'-furan-2-ylmethylene-hydrazinecarboxylic acid fert-butyl ester (2.05 g,
9.80 mmol) was dissolved in 50 methyl alcohol (50 mi.) and charged into a Parr shaker bottle.
To this was added paliadium on carbon (1034, 0.310 g) and the mixture shaken at 40 psi for 4
hours. The mixture was filtered on CELITE and solvent removed under reduced pressure to
give the title compound as an oil. The materia] was used in the following reaction without
further purification.

—47-



RT— ,L};

Polystyrene resin bound 7-chloro-2-[4-(2-hrydroxy-ethyl)-piperazine-1-carbonyl]-4-
oxo-1,4-dihydro-quinoline-3-carboxylic acid (5, 0.50 g) was added to tetrabrydrofuran (30 mL)
and to this was added 1-cyclobexy1-3-(2-morpholinoethyl)carbodiimide metho-p-
toluenesulfonate (1.0 g, 2.3 mmol). The reaction was allowed to shake for 15 minutes at
which point the resin turned bright yellow. To this was added N'-(tetratrydro-firan-2-
ylmethyl)-hydrazinecarboxylic acid zert-butyl ester (6, 0.44 g, 2.05 mmol) and N, N-
dimethylaminopyridine (0.10 g, 0.08 mmol) and the mixture was shaken for 16 hours. The
resin was collected by filtration and washed with water (30 mL), N,N-
dimsthylformamide/water (1/1, S0 mL), N, N-dimethylformamide (30 mL), methyl aleohol (2
% 30 mL) and methylene chloride (2 x 30 mL). The resin was dried under reduced pressure to
give the title compound (0.40 g). IR (on resin) 1666 (w); 1602 (w); 1582 (w); 1492 (w); 1451

4-oxn-1 4-dihydro-quinoline-3-carbonyl }-N'(tetrahydro-furan-2-ylmethyl)-
hydrzinecarboxylic acid sert-butyl ester 7, 0.40 g) was added to tetrahydrofiran (15 mL) and
to this was added methanesulfonic acid (1 mL). The mixture was shaken st room temperature
for 24 hours. The resin was filtered and washed with tetrabydrofuran. The solvent was
evaporated and the residual oil dihxted with of tetrahydrofuran (3 mL). This mixture was
poured into mixture of ice/water (80 mL) and stirred for 10 minutes. The resultant solid that
formed was filtered and washed with diethylether (5 mL). The material was dried under
reduced pressure to give the title compound as an off-white solid (0.01 g). 'H NMR (300
MHz2, DMSO-d)): § 1.65 (m, 1H); 1.85 (m, 3H); 3.61 (m, 1H); 3.75 (m, 1H); 3.87 (m, 1H);
3.95 (m, 1H); 420 (m, 1H); 7.42 (d, 1H, J =8.1 Hz); 8.02 (s, 1H); 8.14 (d, 1H, J = 8.1 Hz);
12. 35 (br, 5). MS (+CI) m/r 348/349.
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A mixture ofs-hmmomnthyl-mle (1.62g, 10 mmol), rm-butylarbnm (529,
40 mmol) and sodium carbonate (2.76 g, 20 mmol) in DMF (25 mlL.) was heated to 80°C
under a nitrogen atmosphere for 6 hours. The mixture was cooled and partitioned between
ethyl acetate (100 mL) and water (200 mL). The organic layer was washed with brine (3 X 50
mL) and dried over MgSO,. The solvent was removed by rotary evaporation. The residual
DMF and excess tert-butylcarbazate was removed by vacuum distillation (50 mTorr, 80°C).
The residue was subjected to chromatography (silica gel, 1/1 ethyl acetate/hexanc) to give the
title compound (1) as & white solid (1.01 g, 49%). 'H NMR (300 MHz, DMSO-d,): 5 1.38 (s,
SH); 4.01 (3,21-1),5 13 (bs, 1H); 6.38 (3, lI-I).8.38(s, 1H); 848(:, 1H).

To a stirred shury of7-chlum-4-om-2-(pynohdmylenbouyl)hyquulmlme-3-
carboxylic acid (1.51 g, 4.7 mmol) in tetrahydrofursn (50 mL) was added 1-cyclobexy1-3-2-
morpholinocthyl)carbodiimide metho-p-toluenesulfonate (4.24 g, 10 mmol) and the reaction
was stirred for five minutes. To this mixture wes added a solution of N*-Isoxazol-5-ylmethyl-
hydrazinecaboxylic acid rerz-butyl ester (1.0 g, 4.7 mmol) and 4-dimethlyaminopyridine (0.06
g 0.5 mmol) in tetrahydrofuran (10 mL). The mixture was heated to refhux for 1.5 hours then
allow to stand at room temperature for 16 hours. The solids were filteared off and washed with
methylene chloride (2 X 50 mL). The combined filtrate was evaporated to dryness by rotary
evaporation, The residual solid was subjected to chromatography (silica gel, 1/9
methanol/methylene chloride) to give the title compound (2) as an off-white fosm (2.09 g,
86%). MS (CI) m/z 514/516.

To a solution of N"-[7-chloro-4-hydroxy-2-(pyrrolidine-1-carbonyl)-quinoline-3-
carboxyi]-N'-isoxazo]-5-ylmethyl-hydrazinecarboxylic acid serr-buty] ester (1.0 g, 1.94
mmol) in THF (50 mL) was added methanesulfonic acid (5.2 mL). After 18 hours the solvent
was removed by rotary evaporation and the product was precipitated by the addition of water
(100 mL). The solid was collected by vacuum filtration and washed with water (2 X 50 mL)
then dried in vacuo (500 mTorr, 30°C) for 16 hours. The solid was suspended in ether (45
mL) and methanol (5 ml) and sonicated for 10 minutes. The solid was collected by vacuum
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filtration, washed with ether (2 X 30 mL), and dried in wacuo (500 mTorr, 30°C) for 18 hours.
This gave the title compound as a yellow solid (0.54 g, 81%). "H NMR (300 MHz, DMSO-
d): 8 5.27 (s, 2H); 6.44 (s, 1H); 7.45 (dd, 1H, J;=8.7 Hz, J,=1.8 Hz); 8.03 (d, 1H, J.=1.8 Hz);
8.15 (d, 1H, J=8.7 Hz); 8.53 (s, 1H, J,=1.8 Hz); 11.99 (s, 1H); 12.82 (s, 1H).

Calc'd. for C,,;H,CIN,0,:0.40H,0: C, 51.20; H, 2.81; N, 15.92; Found: C, 51.48-
51.33; H, 2.79-2.77; N, 15.60-15.57.

(10 mL) and to this was added 2-chloramethyl acetimidate hydrochloride (1.0 g, 6.36 mmol).
The solution was stirred end heated to reflux for 2 hours. The mixture was dissolved in cthyl
ecctate (100 mL) and extracted with aqueous sodium bicarbonste (saturated, 1 x 20 mL),
water (1 x 20 mL) and aqueous sodium chloride (saturated, 1 x 20 mL). The organic layer
was dried over Na, SO, and solvent removed under reduced pressure to give the title
compound as a white solid. (0.83 g, 94%). "H NMR (300 MHz, DMSO-d,): 5 3.86 (s, 3H);
5.12 (s, 2H); 7.16 (d, 2H, J = 8.4 Hz); 7.92 (d, 2H, ] = 8.4 Hz).

2-Chloromethyl-5-(4-methoxy-phenyl)-[1,3,4loxadiazole (2, 0.83 g, 3.70 mmol) was
dissolved in N, N-dimethylformamide (5 mL) and to this was added fers-butyl carbazate (1.22
8, 9.26 mmol) and N, N-diisopropylethylamine (0.71 g, 0.96 mL, 5.55 mmol). The solution
was stirred and heated to 90 °C far 5 hours. The mixture was dissolved in ethyl acetate (150
mL) and extracted with water (3 x 15 mL), and brioe (1 x 20 mL). The material was dried
over Na,SO, and the organic solvent removed under reduced pressure. The residual oil was
triturated with hexanes/cthyl acetate (7:3, 10 mL) giving riso to a white precipitate. The
precipitate was filtered and washed with small portions of hexanes/ethyl acetate (3 x 5 mL)
giving the title compound as a white solid (0.75 g, 64%). *H NMR (300 MHz, DMSO-d,): &
1.34 (5, 9H); 3.85 (s, 3H); 4.08 (d, 2H, J = 4.2 Hz); 527 (m, 1H); 7.15 (d, 2H, J = 8.4 Hz);
7.93 (d, 2H, J = 8.4 Hz); 8.39 (br s, 1H).
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To a stirred slurry of 7-chloro-4-oxo0-2-{pymrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (4, 0.54 g, 1.66 mmal) in tetrahydrofuran (10 mL) was added 1-cyclohexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.87 g, 2.07 mmol) and the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, a
solution of N'-[5-(4-methoxy-phenyl)-[1,3,4]Joxadiazol-2-ylmethyl]-hydrazinecarboxylic acid
tert-butyl ester (3, 0.56 g, 1.75 mmol) and 4-dimethlyaminopyridine (0.01 g, 0.08 mmol) in
tetrahydrofuren (2 mL), and the mixture was then refluxed for 6 hours. The solution was
filtered and the insolubles washed with tetrahydrofuran. The tetrahydrofuran was removed
under reduced pressure to give a sticky yellow oil. The material was used without further
purification in the following reaction (~ 1 gram material isolated).

W AN =8--IV UTOX Y=, EANDNY =EM1E3] UARALEEA D =g 1!

setrabivd jdazinof4.S-blquinoline-1.10-dione (6) .

To a stirred solution of N°-[7-chloro-4-axo-2-(pyrrolidine-1-carbonyl)-1,4-dihydro-
quinoline-3-carbonyl]-N'-[S(4-methoxy-phenyl)-[1,3,4]oxadiazol-2-yImethyl]-
hydrazinecarboxylic acid fert-butyl ester (5, 0.30 g, 0.48 mmol) in tetrahydrofuren (15 mL)
was added methanesulfonic acid (1.0 mL) and the reaction was stirred at room temperature for
2 hours, The tetrahydrofuran was removed under reduced pressure to yicld an omange oil. To
this was added diethyt ether (50 mL) and the reaction stirred for 10 minutes. The diethyl ether
was carefully decanted to leave a thick orange oil. To this was sdded water (20 mL) and o
fluffy yellow precipitate formed. The mixture was stirred for 10 minutes and then filtered.
The solids were washed with water (10 mL) followed by dicthy] ether (20 mL). The solids
were collected and sonicated in methyl aleohol/diethyl ether (1:9, 5 mL) for 10 minutes. The
solids were collected and dried under reduced pressure to give the titie compound as & cream-
colored solid (0.53 g, 25%). 'H NMR (300 MHz, DMSO-d,): 8 3.33 (s, 3H); 5.42 (s, 2H):
7.13 (d, 2H, J = 8.7 Hz); 7.45 (d, 1H, ] = 8.7 Hz); 7.89 (d, 2H, J= 8.7 Hz); 8.04 (s, 1H); 8.15
(d, 1H, J = 8.7 Hz); 12.03 (br s, 1H); 12.89 (br s, 1H). MS (+-CI) m/z 452/454.
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To a solution of benzo[bJthiophene (10 g, 74.5 mmole ) in dry tetrabrydrofirren (12
mL) at -78 °C was added 65 mL of 1.6M n-buty! lithium in hexanes. Ten minutes later N,N-
dimethylforamide (23 mlL, 298 mmole) was edded. The reaction was warmed to room
temperature and then refluxed for 3 hours. The tetrahydrofuran was evaporated and the
residue was poured into IN HCl and ice. The acidic solution was extracted with ether (2x).
The combined cther solution was washed with 1 N HC] (3x), saturated NaHCO, (1x), brine
(1x), and then dried with MgSO,. The MgSO, was filtered off and the filtrate concentrated to
an oil which was treated with NaHSO,. The solid that formed was collected, treated with
aqueous NaHCO;, then extracted with methylene chloride. The methylene chloride solution
was dried over MgSO, and evaporated to give the title compound (2) ss a yellow oil (32 g,
26% yield). '"H NMR (300 MHz, CDC,): d 7.44 (dd, 1H, J=6.9, 7.2 Hz); 7.51 (dd, 14, J =
6.9,8.1 Hz); 791 (d, 1H,J=8.1 Hz); 7.95(d, 1H, J="7.8 Hz); 8.04 (s, 1H); 10.12 (s, 1H).

ert-Dutoxy 2 )-1-a7g-2-benzn| bithiophen-2-yiviiyl JCarboxamae (5).

To a stirred solution of benzo[bjthiophene-2-carbaldehyde (2, 3.2 g, 19.7 mumole) and
t-butylcarbazate (2.6 g, 19.7 mmole) in ethanol (20 mL) was added 3 drops of concentrated
HCIL After 30 mimutes the mixture was filtered, the solid washed with ether, and dried under
vacuum to give the title compound (3, 3.8 g, 70% yield). 'H NMR (300 MHz, CDCl,): d 1.54
(s, SH); 7.30 - 7.36 (m, 2H); 7.40 (s, 1H); 7.71 - 7.74 (m, 1H); 7.78-7.81 (m, 1H); 7.89 (s,
1H); 8.31 (brs, 1H).

l)"

RGO |CATN

To a slurry of (tert-butoxy)-N-((1E)-1-aza-2- Jthiophen-2-ylvinyl)carboxamide
(3, 1.8 g., 6.5 mmole) in tetrahydrofuran (6 mL) was added sodium cyanoborohydride (0.75 g,
11.9 mmole). A solution of p-toluene sulfonic acid (1.86g, 9.8 mmole) in tetrahydrofuran (6
mL) was added dropwise. After stirring overnight, the reaction was diluted with ethyl acetate
snd washed with saturated NaHCO, (1x) end saturated NaCl (1x). The ethyl acetate solution
was dried over K,CO,. The K,CO, was filtared off and the filtrate was concentrated under
reduced pressure. The resulting solid was treated with saturated NaHCO, overnight and
extracted with methylene chloride. The methylene chloride solution was dried over Na,SO,.
The Na,SO, was filtered off and the filtrate concentrated to give the title compound (4) as a
white solid (1.7 g, 76% yield). 'H NMR (300 MHz, CDCL,): d 1.44 (s, 9H); 4.68 (s, 2H); 7.36
- 7.45 (m, 2H); 7.45 (s, 1H); 7.78 - 7.86 (m, 2H).

-5
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To a stirred mixture of 7-d1lnm-4—mw-2-{pynohdmylwbouyl)hyqummhne—3—
carboxylic acid (5, 1.59 g, 5.0 mmole) and dry tetrahydrofuran (60 mL) under nitrogen was
added 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (3.19 g,
7.0 mmole). This was followed by a solution of (tert-butaxy)-N-{(benzo[bjthiophen-2-
ylmethyl)amino)carboxamide (4, 1.37 g, 5.0 mmole) and dimethylaminopyridine (27.8 mg,
0.21 mmole) in tetrahydrofuran (15 mL). The reaction was hested at reflux ovemight and the
mixture was filtered. The concentrated fiitrate was purified by chromatography
(MeOH/CH,CL,, 5/95, viv) to give the title compound (6) as a yellow solid (771 mg, 24%

To a stirred mixture of N'-benzo[b]thiophen-2-ylmethyl-N’-[7-chlor-4-oxo-2-
(pymrolidine-1-carbonyl)- 1,4-dihydroquinoline-3-carbonyl]hydrazinecarboxylic acid tert-butyl
ester {6, 760 mg, 1.3 mmole) and dry tetrehydrofiran (16 mL) at 0 °C under nitrogen was
added methanesulfonic acid (3.0 mL, 4.44 g, 46.2 mmole). After stirring overnight, the
tetrahydrofuran was evaporated and the residue cooled in an ice bath, Water was added and
the resulting precipitate was collected, sonicated with methanol, and dried under vacuum to
give the title compound (7) as an off-white solid (470 mg, 83% vield), m.p. > 300°C. 'H
NMR (300 MHz, DMSO-do): d 5.38 (s, 2H); 7.30 -7.38 (m, 2H,); 7.40 (s, 1H); 7.44 (d, 1H,J
= 8.7 Hz); 7.90 (d, 1H, J = 72 Hz); 7.82 (d, 1H, 7.2 Hz); 8.06 (3, 1H); 8.15(d, 1H, }J=8.7
Hz).

Calc'd. for C,H,,CIN,0,8: C, 58.61; H, 2.95; N, 10.25. Found: C,5842; H,3.19;
N, 1020.

To a stirred solution of 3 methylthwphme-Z-cnbuldebyde (1, 5.03 g, 39.86 mmole)
and absolute ethanol (75 mL) under nitrogen was added 3 drops of concentrated HCI,
foliowed by the addition of t-butylcarbazate (4.75 g, 35.94 mmole). After 30 minutes the

~S3-
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reaction mixture was filtered and washed with ethanol (10 mL). The product was dried at 30

*C under vacuum to give the title compound (2) as an off-white powder (6.92 g, 80% yield).

'H NMR (300 MHz, DMSO-d,): 5 1.45 (s, 9H); 2.24 (s, 3H); 6.91 (d, 1H, J = 5.1 Hz); 7.46 (d,

1H,J=5.1 Hz),szS(s. 1H); 10.70 (s, ll-l)

To a stirred solution of (urr-h:my)—N—[(lE}-l-m—Z—(‘S—mﬂhyl(Z—
thienyl)vinyl]carboxamide (2, 2.60 g, 10.82 mmole) and dry tetrahydrofuran (40 mL) under
nitrogen was added p-toluene sulfonic acid monohydmte (2.09 g, 10.99 mmole) followed by
sodium cyanoborohydride (1.78 g, 28.33 mmole). The reaction mixture was stirred at room
temperature for 4 hours and then diluted with 2N NaOH (40 mL). The resulting solution was
extracted with ethyl acetate (3 x 40 mL) and the combined organic extracts were washed with
brine (50 mL), then dried over Ns,SO,. The Ne,SO, was filtered off and the filtrate was
concentrated under reduced pressure to give an off-white solid (2.79 g). This product was
purified by flash chramatography on silica gel eluting with hexane:ethyl acetate (3:1) to give
the title compound (3) as a coloriess oil (2.44 g, 92% yield). 'H NMR (300 MHz, DMSO-d,):
51.39(s, 9H); 2.14 (8, 3H); 3.95(d, 2H, ] = 4.5 Hz); 4.69 (d, 1H, 1= 3.9 Hz); 6.82 (d, I1H, ] =
5.1 Hz); 7.29 (d, 1H, ] = 5.1 Hz); 8.26 (s, 1H).

To a stirred mixture of 7-chlom-4-cn:o—2-(pyn'ohdmylclrbonyl)hyqummlme-3-
carbaxylic acid (4, 3.56 g, 11.10 mmole) and dry tetrahydrofuran (80 ml.) under nitrogen was
added 1-cyclohexy1-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (7.11 g,
16.78 mmole). After stirring the reaction mixture for an additional 20 minutes, a solution of
(tert-butoxy)-N-{[(3-methyl(2-thieny]))methyl]amino} carboxamide (3, 2.44 g, 10.07 mmole)
and tetrahydrofuran (15 mL) was rapidly added. The mixture was heated to 70 °C and stirred
ovemnight. The reaction was cooled toroom temperature, filtered, and the filter cake was
washed with tetrahrydrofuran (30 mL). The filtrate and washings were combined and
concentrated under reduced pressure to give a yellow solid (6.72 g). The product was purified
by flash chromatography on silica gel eluting with methylene chloride:methanol (95:5) to give
the desired compound (fers-butoxy)-N-{[7-chloro-4-irydroxy-2-(pyrrolidinylcarbonyl)(3-
quinolyl)]-N-[(3-methyl(2-thienyl))methyl}carbonylamino} carboxamide (S, 3.22 g, 59%
yicld) as a yellow powder.
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To a stirred mixture of (ferr-butoxy)-N-{[7-chloro-4-hydroxy-2-
(pyrrolidinylcarbonyl)(3-quinoly])]-N-{(3-methyl(2-
thienyl))methyl]carbonylamino} carboxamide (3, 3.68 g, 6.77 mmole) and dry tetralrydrofuren
(150 mL) under nitrogen was added methanesulfonic acid (10 mL, 14.8 g, 77.8 mmole) all at
was diluted with weter (80 mL) and then filtered to separate the solids. The collected solids
were successively washed with water (30 mL), methanol (20 mL), and ether (150 mL) and
then dried at 50 "C under vacuum to give 7-chioro-10-hydroxy-2-{(3-methyi(2-
thienyl))methyl{]-2,3-dihydropyridazino{4,5-blquinoline-1,4-dione (6, 1.98 g, 78% yield) as an
off-white powder, m.p. > 250 °C. 'H NMR (300 MHz, DMSO-dy): 5 2.32 (s, 3H), 5.17 (s,
2H); 6.84 (d, 1H, J=5.1 Hz); 7.32 (d, 1H, J = 5.1 Hz); 7.43 (d, 1H, J = 8.7 Hz); 8.02 (3, 1H);
8.14 (d, 1H, J = 8.7 Hz); 11.92 (br 3, 1H); 12,62 (br 5, 1H).

Cale'd. for C,,H,,CIN,0,8¢0.0SCH,SO,He0.05H,0: C,54.62; H,3.24;N, 11.24.
Found: C, 53.96; H, 327; N, 11.07.

4-[1-(tert-Butoxycarbonyl-hydmzino)-cthvll-benzoic acid methyl ester (1

To a sohition of methyl 4-acetylbenzoate (5.20 g, 29.2 mmol) and tert-butylcerbazate
(3.85 g, 292 mmol) in THF (70 mL) was added concentrated HCI (3 drops). Upon stirring 2
hours a solid formed. At that time the mixture was cvaporated to dryness by rotary
evaporation. The resulting solid was triturated with hexanes (3 X 50 mL) and dried in vacuo

(500 mTorr, 30°C) for 30 minutes to give the title compound 1 as an off-white solid (8.36 g,
98%). 'H NMR (300 MHz, DMSO-d,): 5 1.49 (s, SH); 2.22 (s, 3H); 3.34(s, 1H); 3.86 (s, 3H);
7.87 (d, 2H, J~8.4 Hz), 7.97 (d, 2H, J=8.4 Hz); 9.97 (s, 1H).

. erf-HutoXVYCaArnonyl-nyars ;._‘u =&ihyY1 1=-DET n} :____| Teth —10

To a suspension of 4-[1-(terr-butoxycarbonyl-hydrazino)-cthyl]benzoic acid methyl
ester (8.35 g, 28.6 mmol) in ethanol (200 mL) was added 10 % palladium on carbon (ca. 0.5
) and the mixture was shaken under hydrogen at 50 psig on a Parr shaker for 3.5 hours. All
the organic material dissolved during this time. The catalyst was removed by vacuum

—55_
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filtration through celite. The filtrate was evaporated by rotary eveporation. The residual solid
was subjected to chromatography (silica gel, gradient of ethryl acetate/methylene chloride
beginning from 10/90 and ending at 20/80, respectively) to give the title compound 2 asa
white solid (6.41 g, 76%). 'H NMR (300 MHz, DMSO-d,): 8 1.18 (d, 3H, /=<6.6 Hz); 1.35 (s,
OH); 3.84 (s, IH); 4.16 (m, 1H); 4.71 (m, 1H); 7.48 (d, 2H, J=8.3 Hz); 7.89 (d, 2H, /=8.3
Hz); 8.15 (s, 1H).

rydmzino }-ethyl}-benzoic aci
To a stirred slwrry of 7-chloro-4-0x0-
carboxylic acid (2.15 g, 6.7 mmol) in THF (50 mL) was added 1-cyclobexyl-3-(2-
morpholinoethy)carbodiimide metho-p-toluenesulfonate (5.72 g, 13.5 mmol) and the reaction
was stirred for five mintrtes. To this mixture was added a solution of 4-[1-(tert-
butoxycarboryl-hrydrazino)-ethyl}-benzoic acid methyl ester (1.97 g, 6.7 mmol) and 4-
dimethylaminopyridine (0.10 g, 0.84 mmol) in THF (10 mL), and the mixture was heated to
reflux for 3 hours. The reaction mixture was allowed to cool, then the solids were filtered off
and washed with methylene chloride (2 X 50 mL). The combined filtrates were evaporated to
dryness by rotary eveporation. The residual solid was subjected to chromatography (silica gel,
5/95 methanol/methylene chloride) to give the title compound (3) as an off-white solid (3.53
& 71%). MS (CI) m/x 597/599.

ropyridszino[4.5-dlquingline-1.10-dione (4

To a solution of 4-(1-{ N"-tert-butaxycarbomyl-N-[ 7-chloro-4-hydroxy-2-(pyrrolidine-
1-carbontyl)-quinoline-3-carboxyl}-hydrazino} -ethyl)-benzoic acid methyl ester (3.45 g, 5.78
mrmool) in THF (50 mL) was added methanesulfonic acid (5 mL). After 18 hours the solvent
was removed by rotary evapomation and the product was precipitated by addition of water (100
mL). The solid was collected by vacuum filtration and washed with water (2 X 50 mL) then
ether (50 mL), and dried in wacuo (500 mTorr, 30 °C) for 1.5 hours, The solid was suspended
in ether (175 mL) and methanol (25 mL) and sonicated for 20 minutes. The solid was
collected by vacuum filtration and dried in vacuo (S00 mTorr, 30°C) for 18 hours. The
resulting yetlow solid (2.05 g, 83%) was found to be of insufficient purity by HNMR. A
portion of this material (1.73 g) was suspended in acetonitrile (10 mL) and water (10 mL) to
which was added 20% choline hydraxide in water dropwise until all the solids dissolved, then
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purified by preparative HPLC (41.4 mm X 25 cm C-18 Dynamax 60A column using a
gradient 10-35% of acetonitrile in water with 0.196 TFA over 50 mimutes with a flow rate of
20 ml/min, monitoring 210 nM). Product was precipitated from the fractions containing pure
mﬂniﬂbyaddiﬁmofﬁMHClhplﬂ.Thcwﬁdmeoﬂemdbyvmmﬂmﬁon.wﬂed
with water (2 X 50 mi) then ether (2 X 50 ml) and dried in vacuo (500 mTorr, 30 °C) for 18
hours to give the title compound as a yellow solid (1.23 g, 59%). 'H NMR (300 MHz,
DMSO0-d,): 8 1.69 (d, 3H, /=6.9 Hz); 3.84 (s, 3H); 6.26 (q, 1H, /72 Hz); 7.38-7.50 (m,
3H,); 7.92 (4, 2H, /=8 .4 Hz); 8.03 (d, 1H, J,=1.8 HZ); 8.15 (d, 1H, J,=8.7 Hz); 11.94 (s, 1H);
12.57 (s, 1H). MS (CI) m/z 426/428.

Celc’d. for C,,H,,CIN,0,:0.20H,0: C 58.74 H 3.85 N 9.79. Found C 58.71-58.85 H
3.89-3.90 N 9.93-9.95.

To a stirred solution of ferr-butylcarbazate (2.18 g, 16.5 mmol) in tetrahydrofuran (40
mL) was added 3-acetylpyrdine (2.00 g, 16.5 mmol), followed by 3 drops of hydrochloric acid
(conc.). After 1 b, the reaction turned cloudy, and the solvent was removed in vacuo. The
resultant solid was triturated with hexanes and filtered to give the title compound as s white
solid (3.58 g, 93%). 'H NMR (300 MHz, DMSO-d,): 5 1.48 (s, 9H); 7.43 (dd, 1H, J=4.2,80
Hz); 8.10 (dt, 1H, J=1.5, 80Hz).855(d.1H J-42Hz).890(s. IH), 10.00 (s, 1H).

N~((1Z)-1-Aza-2-(3-pyridyl}prop-1-enyl)Xtert-butoxy)carboxamide(1.0 g, 4.2 mmol)
was dissolved in methyl alcoho! (80 mL) and placed in a Parr shaker bottle. To this was
added 10% palladium-on-carbon (250 mg) and the reaction was hydrogenated at 40 pai for 24
h. The mixture was filtered through celite, which was washed with methyl alcohol (3 x 100
mL). The combined filtrate and washes were concentrated in vacwo. The resultant oil (ca. 1.0
£) was used in the following reaction without further purification. 'H NMR (300 MHz,
DMSO-d): § 1.19 (d, 3H, J =9 Hz); 1.33 (s, 9H); 4.14 (m, 1H); 4.81 (m, 1H); 7.31 (m, 1H);
7.31 (m, 1H); 8.43 (dd, 1H, J = 1.5, 24Hz).849(d 1H, J=1.5 Hz).
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To a stirred slurry of 7-chloro-4-oxo-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (1.2 g, 3.82 mmol) in tetrahydrofuran (40 ml) was added 1-cyclohexy1-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (2.42 g, 5.73 mmol) and the reaction
was stirred for five minutes. To this mixture was added, via dropwise addition, a solution of
(+/-)(text-butoxy)-N-[(3-pyridylethyl)amino]carboxamide (1.0 g, 4.21 mmol) and 4-
dimethlyaminopyridine (0.080 g, 0.65 mmol) in tetrahydrofuran (20 mL). The mixture was
stirred overnight at room temperature and then refluxed for three hours. The reaction mixture
was filtered and the collected solids washed with methylene chloride (2 x 150 mL). The
combined filtrate and washes were concentrated in vacuo to dryness. The resultant yellow
foam was subjected to chromatogrephy (silica gel, 95/5 chloroform/methyl alcohol) to give

To a stirred solution of (+/-)-N-{(sert-butoxy)carbonylamino][7-chloro-4-oxo-2-
(pyrrolidinylcarbonyl)(3-hydroguinolyl]-N-(3-pyridylethyl)carboxamide (0.860 g, 1.50 mmol)
in tetrahrydrofuran (30 mL) was added methenesulfonic acid (4 mL) and the reaction was
stirred ovemnight  The volatiles were removed in vacuo and the resultant oil was poured on to
crushed ice. To this mixture was carefully added 10N sodium hydroxide until a solid
precipitate formed. The solution was filtered to give an orange solid. This material was
washed with diethyl ether, and then sonicated in 20 mL of 1/1 diethyl ether/methy] alcohol for
fifteen minutes. The insoluble materials were collected and washed with the same solvent
system to give the title compowund (5) (0.402 g, 549) a3 an off-white powder (m.p. >280 °C).
'H NMR (300 MHz, DMSO-d,): 8 1.75 (d, 3H, J = 6.9 Hz); 2.34 (s, 3H, CH,SO,H); 633 (q,
1H, 1 = 6.9 Hz); 7.45 (dd, 1H, J = 1,5, 8.7 Hz); 7.96 (m, 1H); 8.03 (s, 1H); 8.15(d, 1H, J=8.7
Hz); 8.42 (d, 1H, J= 7.8 Hz); 8.82 (d, 1H, ] = 4.8 Hz); 8.91 (3, 1H), 12.04 (s, 1H); 12.72
(s1H).

Calc'd. for C,,H,,CIN,O,+CH,SO,He1.5H,0: C, 46.39; H, 4.09; N, 11.38. Found:
C,46.35;H,3.94; N, 11.21.




10

15

30

KFM. 1999004

To a stirred solution of rert-butylcarbazate (2.18 g, 16.5 mmol) in tetrahydrofuran (40
mL) was added 2-acetylpyrdine (2.00 g, 16.5 mmol), followed by 3 drops of hydrochloric acid
(conc.). After 1 h, the reaction tumned cloudy, and the solvent was removed in vacuo. The
resultant solid was triturated with hexanes and filtered to give the title compound as a white
solid (3.12 g, 80%). 'H NMR (300 MHz, DMSO-d,): 5 1.49 (s, 9H); 7.38 (dd, 1H, ] = 4.8, 6.7

N-(1Z)-1-Aza-2-2-pyridyl)prop-1-enyl)ert Yoarboxamide (2.0 g, 8.5 mmol)
was dissolved in methyl alcohol (80 mL) and placed in a Parr sheker bottle. To this was
added 10% palladium-on-carbon (850 mg) and the reaction was hydrogenated at 40 pai for 24
b The mixture was filtered through celite, which was washed with methyl alcobol (3 x 100
mL). The combined filtrate and washes were concentrated in vacua. The resultant oil (2, ca.
1.8 g) was used in the following reaction without further purification. 'H NMR (300 MHz,
DMSO0-d,): 8 1.19 (d, 3H, J = 6.6 Hz); 133 (s, 9H); 4.11 (m, 1H); 4.79 (m, 1H); 7.22 (m, 1H);

KUING pyridvlethvcarboxamide (3)

To a stirred shury of 7-chloro-4-oxo-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid (2.43 g, 7.57 mmol) in tetrahydrofiran (100 mL) was added 1-cyclohexyl-3-
(2-morpholinoethryDcarbodiimide metho-p-toluenesulfonate (3.69 g, 8.72 mmol) and the
reaction was stirred for five minutes. To this mixture was added dropwise a solution of (+/-)-
(tert-butoxy)-N-[(2-pyridylethyl)amino]earboxemide (1.8 g, 7.59 mamol) and 4-
dimethlyaminopyridine (0.160 g, 1.30 mmol) in tetrahydrofuren (20 mL). The mixture was
stirred at room temperature for 45 minutes and then refluxed overnight. The cooled solution
waes filtered and the collected insolubles washed with methylene chloride (2 x 150 mL). The
combined filtrate and washes were concentrated in vacuo to dryness. The resultant yellow
foam was subjected to chromatography (silica gel, 95/5 chloroform/methyl alcohol) to give
the title compound (3) as a yellow foam (3.3 g, 81%).

inoline-1,10-dione methanesulfonate (4
To a stirred solution of (+/~)-N-[(ferr-butoxy)carbonylamino][7-chloro-4-0x0-2-
(pymrolidinylcarbonyl)(3-hydroquinolyl]-N-(2-pyridylethyl)carboxamide (3.0 g, 5.56 mmol) in
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tetrahydrofuran (100 mL) was added methanesulfonic acid (15 mL) and the reaction was
stirred overnight. The volatiles were removed in vacuo and the resultant oil was poured on to
crushed ice. A fine precipitate formed which was filtered to give an orange solid. This
material was washed with diethy] ether, and then sonicated in 20 mL of 1/1 dietiryl
cther/methy] alcohol for fifteen minutes and filtered. The collected solids were sonicated
again in 85 mL of the same solvent system for an additional fifteen minutes. The insoluble
materials were collected, washed with the same solvent system and dried at 55°C for 12h to
give the title compound (4, 1.29 g, 48%) as an off-white powder (m.p. >290 °C). '"H NMR
(300 MHz, DMS0-d,): 5 1.77 (d, 3H, ] = 6.9 Hz); 2.34 (s, 3H, CH,80,H); 6.38 (q, 1H, J=6.9
Hz); 744 (dd, IH, J= 1,5, 8.7 Hz); 7.82 (m, 2H); 790 (d, 1H, J]=8.1 Hz); 8.04 (d, 1H, ] =8.7
Hz); 8.38 (appt, 1H,J = 7.5 Hz); 8.82 (d, 1H, J=5.1 Hz); 11.98 (s, 1H); 12.80 (s, 1H).

Calc'd. for C,,H,,CIN,O;CH,SO,HeH,0: C, 4725; H, 3.96; N, 11.60. Found: C,
4726; H,3.67; N, 11.50.

Toashnedsohmmofun-hnylmbnmalsg,ISSmmol)mtenhy:h'uﬁnn(w
mL) was added 4-acetylpyrdine (2.00 g, 16.5 mmol), followed by 3 drops of hydrochloric acid
(conc.). After 1 h, the reaction turned cloudy, and the solvent was removed in vacuo. The
resultant solid was triturated with hexanes and filtered to give the title compound 1 as a white
solid (3.88 g, 100%). 'H NMR (300 MHz, DMSO-dy): 8 1.47 (s, 9H); 7.55 (dd, 2H, J = 1.5,
4.5 Hz); 7.97 (s, lH); 7.99 (d.ZH,J =4.5 Hz); 11.22 (s, 1H).

N{{(1Z)-1 An-Z{prndyl)prop-l-mylxrai-hmoxy)mbomde (2.0 g, 8.51 mmo})
was dissolved in ethyl alcohol (90 mL) and pleced in a Parr sheker bottle. To this was added
10% palladium-on-carbon (500 mg) and the reaction was hydrogenated at 40 psi for 24 b
The mixture was filtcred through celite, which was washed with methyl elcohol (3 x 100 mL).
The combined filtrate and washes were concentrated in vacuo. The resultant material was
triturated with 90/10 hexanes/methylene chioride to give the title compound (2) as a white
solid (1.34 g, 66%). 'H NMR (300 MHz, DMSO-dy): 8 1.19 (d, 3H, J = 6.6 Hz); 1.34 (s, 9H);
4.09 (m, 1H); 4.86 (m, 1H); 7.35 (d, 2H, ] = 5.7 Hz); 8.21 (s, 1H); 8.47 (d, 2H, J = 5.7 H2).
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carboxylic acid (1.66 g, 5.17 mmol) in tetrahydrofuran (40 mL) was added 1-cyclohexyl-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (2.82 g, 6.72 mmol) and the
reaction was stirred for five minutes. To this mixture was added dropwise a solution of (+/-)-
(tert-butoxy)-N-[(4-pyridylethyl)amino]carboxamide (1.3 g, 5.69 mmol) and 4-
dimethlyaminopyridine (0.080 g, 0.65 mmol) in tetrahydrofuran (20 mL). After stirring the
reaction mixture at room temperature for 2 hours, an additional portion of 1-cyclohexy1-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.500 g) was added and the mixture
was refluxed overnight The solution was cooled to 50 °C, another portion of diimide added
(0.500 g) and the mixture was refluxed for 3b. The cooled reaction mixture was filtered and
the collected insolubles washed with methylene chloride (2 x 150 mL). The combined filtrate
and washes were concentrated in vacuo to dryness. The resultant yellow foam was subjected
to chromatography (silica gel, 92/8 chloroform/methyl slcohol) to give the title compound (3)
as a yellow foam (2.04 g, 73%).

pline-1.10-dione methepesulfopete (4).

To a stirred solution of (+/-)-N-[(rert-butoxy)carbonylamino][ 7-chloro-4-oxo0-2-
(pyrrolidinylcarbonyl)(3-hydroquinolyl]-N-(4-pyridylethyl)carboxamide (2.04 g, 3.8 mmol) in
tetrahydrofaran (100 mL) was added methanesulfonic acid (13.5 mL) and the reaction was
stirred ovemnight The volatiles were removed i vacuo and the resultant oil was poured on to
crushed ice. A fine precipitate formed which was filtered to give an orange solid. This
material was washed with diethyl ether, and then sonicated in 40 mL of 1/1 diethyl
ether/methyl alcohol for fifteen minutes. The material was washed with diethyl ether to give
the title compound (4, 0.715 g, 40%) as an off-white powder (m.p. 245-248 °C). '"HNMR
(300 MHz, DMSO-d,): 8 1.74 (d, 3H, ] = 6.9 Hz); 2.31 (8, 3H, CH,SO,H); 6.24 (q, 1H, J=6.9
Hz); 7.45 (dd, 1H, J = 1.8, 8.7 Hz); 7.86 (m, 2H); 8.05(d, 1H,J= 1.8 Hz); 8.14(d, 1H, ] =8.7
Hz); 8.82 (m, 2H); 12.03 (3, 1H); 12.71 (s, 1H).

Cale’d. for C,,H,,CIN,0,oCH,SO,He0.8H,0: C, 47.61; H,3.91; N, 11.68. Found:
C,47.84; H, 3.79; N, 11.54.
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To a stirred solution of N-1 m—2—(4-pyndyl)vmyl)(mr—hnmry)urbmde (208,
9.40 mmol) in tetrahydrofuran at 0 ‘C was slowly added ethylmagnesium bromide (18.0 mL,
18.8 mmol, 2M solution in tetrahydrofuran). This solution was stirred 4h during which time it
was warmed to room temperature. The volatiles were removed, and the reaction was carefully
quenched with saturated ammonium chloride solution (30 mL). The aqueous layer was
extracted with ethyl acetate (300 mL) and then the organic layers washed with brine. The
organic layer was then dried over MgSO, and the solution concentrated /n vacuo. The
material was chromatographed (SiO,, ethyl acetate as eluent) to give the title compound as a
yellow oil (0.400 g, 18%). 'H NMR (300 MHz, DMSO-dy): § 0.73 (t, 3H, J = 7.5 Hz); 1.44

" (m, 2H); 3.92 (br s, 1H); 4.78 (m, 11'1).731 (m, 2H); 8.48 (m, 21),

To a stirred slurry of 7-chloro-4-ox0-2-(pyrrolidinylcarbornyl)hydroquinoline-3-
carboxylic acid (1.22 g, 3.82 mmol) in tetrshydrofuran (80 mL) was added 1-cyclohexy1-3-
(2-morpholinoethyl)carbodiimide metho-p-tolusnesulfonate (1.77 g, 4.20 mmol) and the
reaction was stirred for five minutes. To this mixture was added, via dropwise addition, &
solution of (+/-)-(tert-butoxy)-N-[(4-pyridylpropyl)amino]carboxamide (0.96 g, 3.82 mmol)
and 4-dimethlyaminopyridine (0.080 g, 0.65 mmol) in tetrahydrofuran (20 mL), and the
mixture was stirred at room temperature for 1 hour. An additional portion of 1-cyclohexy1-3-
(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate (0.300 g) was added and the
mixture was refluxed overnight. The solution was filtered and the insolubles washed with
methylene chloride (2 x 150 mL). The mother liquor was collected and concentrated to
dryness. The resultant yellow foam was subjected to chromatography (Si0,, 95/5
chlarofonnlmﬁhylulcubol)mgwetheuﬂewmpoundulyellowfom(l 72 3,81%)

To a stirred solution of (H-}N-[(m—bm:y)eubonylmimln-chlmz-
(pyrrolidinylcarbonyl)(3-hydroguinolyl}-N-(4-pyridylpropyl)carboxamide (1.72 g, 1.5 mmol)
in tetrahydrofuran (60 mL) was added methanesulfonic acid (9 mL) and the reaction was
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stirred overnight The volatiles were removed /1 vacuo and the resultant oil was poured on to
crushed ice. To this mixture was carefully added 10N sodium hydroxide until a solid
precipitate formed. The solution was filtered to give an orange solid. This material was
washed with diethy! ether, and then sonicated in 40 mL of 3/1 diethy] ether/methyl alcohol for
fifteen minutes. The material was washed with diethyl ether to give the title compound (0.557
g, 28%) as an off-white powder (m.p. >265 °C). 'H NMR (300 MHz, DMSO-d,): 8 0.88 (t,
3H, ] = 7.2 Hz); 2.16 (m, 2H); 2.31 (5, 3H, CH,SO,H); 5.98 (dd, 1H, J= 5.7, 9.46 Hz); 7.44
(m, 3H); 8.05 (d, 1H, J=1.5 Hz); 8.15 (4, 1H, ] = 8.7 Hz); 8.58 (m, 2H); 12.04 (s, 1H); 12.69
(s, 1H).

Cale'd. for C,H,;CIN,0,02CH,SO,Nes H;O: C, 39.59; H, 3.63; N, 8.79. Found: C,
39.73; H,3.33; N, 8.94.

was added erz-butyl carbazate (4.1 g, 31 mmol), followed by conc. HCl (10 drops). This
reaction was stirmed overnight at room temperature, at which time the THF was removed in

vacuo end the resultant solid was triturated with hexanes and filtered to afford N'<(1-
benzofuran-2-yl-ethylidene)-hydrazinecarboxylic acid rers-butyl ester as a white solid (8.2 g,
30 mmol, 96 %). 'H NMR (300 MHz, DMSO-d,): d 10.03 (s, 1H); 7.65 (d, /= 7.8 Hz, 1H);
7.60 (d, /= 8.1 Hz, 1H); 7.35 (dd, J= 7.2, 7.2 Hz, 1H); 7.26 (8, 1H); 7.26 (m, 1H); 2.17 (s,
3H); 1.50 (s, 9H).

ester (3.0 g, 11 mmol) in MeOH (55 mL) was added sodium cysnoborohydride (3.4 g, 55
mmol) followed by enough acetic acid to adjust to pH 3 (ca. 7 mL). This solution was heated
to 65 °C; at 1 h and 3 h, more sodium cysnoborohydride was added (ca. 2 g each time). After
a reaction time of 4 h, the reaction was then cooled to room temperature, diluted with water
and the methanol was removed under reduced pressure. The remaining material was diluted
with ethyl acetate and washed with saturated aqueous NaHCO,, water, brine and dried over
Na,S0,. The mixture was filtered and concentrated to give N'<(1-benzofuran-2-yl-ethyl)-

—63—
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hydrazinecarboxylic acid fert-butyl ester as a white solid (3.1 g, 11 mmol, 100 %). This

carboxylic acid (1.77 g, 5.51 mmol) in THF (30 mL) was added I-cyclohexyl-3-(2-
morpholinoethyl)carbodiimide metho-p-toluencsulfonate (4.67 g, 11.0 mmol). To this canary
yellow mixture was added a solution of 2 (1.5 g, 5.51 mmol) and N, N-dimethyl-
eminopyridine (100 mg, 827 mmol) in THF (25 mL). The resultant mixture was refluxed
under N, for 3 h, then cooled and filtered. The filtrate was concentrated and filtered through &
small column of silica gel (10% MeQOH/CH,CI,) to afford N°<(1-benzofuran-3-yl-cthyl)-N"-{7-
chloro-4-oxo-2-(pyrrolidine-1-carbonyl)-1,4-dihydro-quinoline-3-carbonyl}-
hydrazinecarboxylic acid fert-butyl ester as a pale yellow solid; this material was in the
following reaction without further purification. MS m/z §79.2 (M+1)

To a 0 °C solution of N’-(1-benzofuran-3-yl-ethyl)-N"-| 7-chloro-4-ox0-2-(pyrrolidine-
1-carbonyl)-1,4-dihydro-quinoline-3-carbonyl]-hydrazinecarboxylic acid ferr-butyl ester (1.0
£, 1.74 mmol) in MeOH (20 mL) was added dropwise a room temperature solution of
methanesulfonic acid (3.4 mL, 52.3 mmol) in MeOH (10 mL). This mixture was allowed to
warm to room tempersture and stirred for 24 h, at which time water (ca. 100 mL) was added
and the precipitate collected. This solid was sonicated (50 mL of 10% MeOH/Et,0) for 20
min and the solid collected. This sonication step was repeated, and ultimately a tan solid was
collected. This material was dried at 30 “C at 500 mTorr for 1.5 h to afford pure 7-chloro-10-
hydroxy-2-(2-benzofuranyl)methyl-2,3-dihydropyridazino[4,5-b]quinoline-1,10-dione (260
mg, 630 mmol, 36 3%). ‘H NMR (300 MHz, DMSO-d,): d 12.56 (s, 1H); 11.93 (s, 1H); 8.16
(d, J=8.7 Hz, 1H); 3.02 (d, /= 1.8 Hz, 1H); 7.60 (dd, /= 1.5, 5.7 Hz, 1H); 7.50 (d, /= 7.5
Hz, 1H); 7.44 (d, J=7.2 Hz, 1H); 7.25 (m, 2H); 6.88 (s, 1H); 6.41 (q,J=7.2 Hz, 1H); 1.71
(d, /=69 Hz, 3H).

Cale'd. for C,,H,,CIN,0,-02H,0: C, 61.31; H, 3.53; N, 10.21. Found: C, 61.14,
61.19; H, 3.54, 3.53; N, 10.25, 10.25.
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N-methyl-D-aspartute receptor. In the [*H]-glycine binding assay, neuronal synaptic
membranes are prepared from adult (about 250 g) male Sprague-Dawley rats. Freshly
dissected cortices and hippocampi are homogenised in 0.32 M sucrose (110 mg/ml).
Synaptosomes are isolated by centrifugation (1000 xg, 10 min), the supernatant is pelleted
(20,000 xg, 20 min) and resuspended in double-distilled water. The suspension was
centrifuged for 20 minutes at 8,000 xg. The resulting supernatant and buffy coat are washed
twice (48,000 xg, 10 mins, resuspension in double-deionized water). The final pellet is
quickly frozen (dry ice/ethanol bath) under double-deionized water and stored at -70 °C.

On the day of the experiment, thawed synaptic membranes are homogenized with a
Brinkmann Polytron (tm, Brinkmann Instruments, Westbury, N.Y.) tissue homogenizer in 50

with 0.04% Sufact-AMPS X100 (tm, Pierce, Rockford, IL) in buffer for 20 mimutes at 37 °C
and washed six times by centrifugation (48,000 xg, 10 min) and resuspended in buffer. The
final pellet is homogenized at 200 mg wet weight/m! of the buffer for the binding assay.

For [°H]-glycine binding at the N-methyl-D-aspartate receptor, 20 nanomolar
[*H]-glycine (40-60 Ci/mmol, New England Nuclear, Boston, MA) is incubated with the
membranes suspended in 50 millimolar tris (hydroxymethyl)aminomethane citrate, pH 7.1 for
30 minutes at 4 °C. Glycine, 1 millimoler, is used to define the non-specific binding. Bound
[H]-glycine is isolated from the free form using a Brandel (Biomedical Research and
Development Laboratories, Gaithersburg, MD) cell harvester for vacuum filtration over glass
fibre filters (Whatman GF/B from Brandel, Gaithersburg, MD) pre-soaked in 0.025%
polyethylenimine. The samples retained on the glass fibre filters are rinsed 3 times with a
total of 2.5 ml ics cold buffer. Redioactivity is estimated by liquid scintillation counting. IC,,
values are obtained from a Jeast-squares regression of a logit-log trensformation of the data.
Typical IC,, values for compounds of the invention are usually less than 50 pM (micromolar).
The examples disclosed herein are glycine antagonists.

TestB: -Methyl-D-aspartate (NMDA) Evoked Behavigr Test:

The NMDA -cvoked behavior test is a functional assay performed with rats to
determine antagonism of the NMDA receptor in vivo. This test measures the ability of

-65-
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various unknown compounds to inhibit aversive behaviors evoked by the injection of NMDA
Male rats weighting 90-150 gm are used in this study. Animals are pretreated with glycine
antagonists (by either intrathecal, systemic or oral routes) at various times before the
intrathecal injection (0.25 - 10 nmol/rat) of NMDA which elicits aversive behaviors. NMDA
is injected into the spinal cord by free hand intrathecal injection. The aversive behaviors
typically observed immediately following the intrathecal NMDA injection include: biting at
the injection sits, biting response lasting longer than 90 seconds, rigid teil weave, scratching
behavior, vocalization, sbnormal motor activity, back arching behavior, circling behavior,
flipping or rolling behavior, stretching behavior, kicking end jumping behaviors. The
manifestation of each behavior is scored and the maximum possible score is 13 behaviors. In
a standard assay used for compound screening, 2.5 nanomolar NMDA is injected intrathecally
into enimals and the average aversive behavioral score observed is typically 10 out of 13. All
data for a specific compound of interest are calculated as percentage inhibition compared with
a vehicle group. The statistical analysis of vehicle and compound-treated groups is the t-test.
Compounds ere considered active based on their ability to inhibit the NMDA-evoked behavior
and their potency by the route of interest.

The Formalin test assesses the inhibitory effects of orally administered glycine
antagonists on formalin-induced nocifensive behaviors in rats. The formalin test is a well
ostablished pain test (Dubuisson and Demmis, 1977; Wheeler-Aceto ef al., 1990; Coderre et al,
1993). This test consists of two distinctive phases of formalin-induced behaviors. The first
phase response, occurring between 0 to 5 minutes, is caused by acute nociception to the
noxious chemical (formalin) injected into the paw. There is a quicscent period between 5 to
15 min post injection. A second phase response, occurring after 15 minutes and lasting up to
60 minutes, is caused by sensitization of the central neurons in the dorsal hom. Central
sensitization sugments the noxious afferent input and a stronger pain barrege is transmitted
into the brain. Inhibition of the second phase response indicates a spinal mechanism of drug
action.

‘The procedure for the formalin test is as follows: male rats are placed in a plexiglass
chamber and obeerved for 30-45 min. to observe their baseline activity. Multiple groups of
animals are pretreated with either vehicle or different doses of a test compound. Animals are
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dosed 3 hours prior to injection of formalin into a hind paw (under the dorsal skin) with
0.05ml of sterile 19 formalin. The number of paw flinches and licks during first phase (0-5
min ) and second phase (20-35 min.) are scored and recorded. Flinch and lick responses are
calculated as percentage of inhibition compared with the mean score of a saline control group.
Student t-tests are used for statistical analysis to determine the significance of drug effects.
Compounds are considered active based on their ability to inhibit both flinch and lick
responses.

TeatD: suropathic pain model (Chronic Constriction Injury):

The Chronic Constriction Injury (“CCI") test assesses neuropathic pain associated
with nerve injuries that can arise directly from trauma and compression, or indirectly from a
wide range of diseases such as infection, cancer, metabolic conditions, toxins, mutritional
deficiencies, immmnologicsl dysfunction, and mmsculoskeletal changes. A unilateral
peripheral neuropathy is produced in rats by the nerve ligation in the chronic constriction
injury (CCI) model (Bennett and Xie, 1988).

Sprague-Dawley rats (250-350 g) are anesthetized with sodium pentobarbital and the
common sciatic nerve is exposed at the level of the mid thigh by blunt dissection through the
biceps femoris. A section of nerve (about 7 mm), proximal to the sciatic trifucation, is freed
of tissue and ligated 4 times with chromic gut suture. The suture is tied with about 1 mm
spacing between ligatures. The incision is closed in layers and the animals are allowed to
recover. Thermal hypemigesia is measured using the paw-withdrawal test (Hargreaves et al,
1988). Animals are babituated on en elevated glass floor. A radiant heat source is aimed at
the mid-plantar hindpaw (sciatic nerve temritory) through the glass floor. The latencies for the
withdrawal reflex in both paws are recorded. A 20 second cut-off is used to prevent
permanent injury to the skin. Injured paws with ligated nerves show shorter paw withdrawal
latencies compared to the uminjured or sham operated paws. Response to test compounds are
evaluated by time following oral administration to determine onset and duration of drug
effect. Dose response studies are conducted with multiple groups of CCI rats dosed crally
with either vehicle or the test compound for 5 days. Paw withdrawal latencies are measured
each day prior to the first daily dose. Data analysis is performed by multiple means
comperison (Dunnett's test) and compound potencies are expressed by their minimum
effective dose.

-67-
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Table 2 shows the results from Tests A, B, C and D for certain compounds of the
invention. In table 1, results from test A are given as the nanomolar (“nM”) concentration of
compound that provided a 50% inhibition of [*H]-glycine binding; results from test B are
given as concentration mg/Kg administered intrathecally that gave an inhibition (%6) of
NMDA evoked behaviors in the test; results from test C are given & concentration mg/Kg
administered orally that gave an inhibition (3) of formalin-induced nocifensive behaviors in
the test, and results from test D are given as concentration mg/Kg administered orally that
gave an inhibition (%) of heat-induced responses in the test. Where no data is provided the
test was not performed.

Isble 2:
Ex. No. TestA |TestBmg/Kg| TestC TestD
ICn (nM) (%) mg/Kg (%) | mg/Kg (%)
1 399 | 0.004 (81)
2 108.4 0.004(56) | 200(55)
3 0.005 (50) 190 (39) 2(83 1:6)_‘
a 0.004 (100) 200 (33)
5 95.8
6 §7.7 0.014 (22)
7 42.7 | 0013(63)
10 67.9
11 62.5
12
13 59 0.013 (63)
14 165
15 146
16 86.6
17 75.9
18 106
19 166
20 83.4
21 248
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22 574 0.014 (39)
23 158
24 205
25 37.3
26 279
27 31.9
28 0.005 (52) 200(48) Active*
29 99.7 0.005 (58) 200(74) | 30(59%15)
30 1463 0.005 (44) 200 (56)
31 1150 0.014 (41)
32 5960
33 793
34 30 (64 £ 21)
35 70.8 0.1(78) 200(59) | 30(124%5)
36 24.3
37 449
38 30.5 0.011 33)
39 146
40 652
a1 12.7 0.011 (74)
7] 268
43 272 0.015 (54)
“ 282 0.005 (48) 200(83) | 3 (56 10)
45 249 0.014 (35)
46 1940 0.06 (41)
47 63.5

* compound showed measurable activity.
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1. A method for treatment of pain comprising, administering to an individual in need
therof an effective amount of any compoumd in accord with structural diagram I,

optical isomers of such compounds, wherein:
R at each occurrence is independently selected from hydrogen, halo and NO,, and
ring-A has four R’ groups;

- ' R is selected from (CH,),L, and C(R?),(CH,).L wherein n is an integer sclegted from
the range 0 to 6 and R? at each occurrence is independently selected from hydrogen, halogen,
C,.alkyl and C, (cycloalkyl;

L is phenyl substituted with one, two, three or four groups selected from: OR? where
R! is selected from hydrogen and pyridyl-methyl, N(R*), where R* at each occurrence is
independently selected from hydrogen and C, ,afkyl, halogen, carboxyl, C, alkyl, O-C,_alkyl,
C,.alkenyl, C, ;alkynyl, & heteroery] group selected from firany), oxazolyl, oxadiazolyl,
thiadinzole, tetrazotyl, morpholinyl and benzimidazolyt, morpholino-N-carbonyl, the group
OC(O)N(R?), where R® at each occurrence is independently selected from hydrogen, C, alkyl
and phenyl; or

L is heteroaryl selected from pyridyl, isooxazolyl, oxadiazolyl, thiophenyl,
benzo[bjthiophenyl, benzofuranyl and pyrazinyl; where any said heteroaryl is substintted with
one, two or three groups selected from: hydroxy, C, ,alkyl, hydraxyC, ,alkyl and
methoxyphenyl; or

L is tetrahydrofuranyl; and

R® is selected from OH or OC(O)N(R?), wherein R at each occurrence is
independently selected from hydrogen or C, alkyl



10

15

20

30

diagram 1.

KFM.1999004 )é}
4

2. A method according to Claim 1, wherein in said compound in accord with structural ,

diagram I:

R! and ring-A in combination are 7-halophenyl and L is selected from substituted or

unsubstituted pheuyl, pyridyl, isooxazolyl, oxadiazolyl, thiophenyl, benzo[bjthiophenyl,

benzofurany! and pyrazinyl groups, where, when substituted, said groups are substitited with

one, two or three moieties independently selected at each occurrence from halo, hydroxy, axo,

carbonyl, carbonylamino,C, ,alkyl and hydroxyC, ,alkyl.

S¥o!

3. A method according to Claim 2, wherein in said compound in sccord with strugiyesi-
diagram I: e
R! and ring-A in combination are 7-chlorophenyl.

afarie

4. A method eccording to Claim 1, wherein in said compound in accord with structural

R is (CH,),L. wherein n is an integer selected from the range 0 to 6, and L is pheny]
substituted with one, two, three or four groups selected from: OR! where R’ is selected from
hydrogen and pyridyl-metityl, N(R*), where R* at each occurrence is independently selected
from hydrogen and C,_alkyl, halogen, carboxyl, C,.alkyl, 0-C, alkyl, C, jalkenyl, C,.
Jlkynyl, a heteroaryl group selected from furanyl, oxazolyl, oxadiazolyl, thiadiazole,
tetruzolyl, morpholinyl and benzimidazolyl, morpholino-N-carbonyl, the group OC(O)N(R?),
where R? at each occurrence is independently selected from hydrogen, C,_alkyl and phenyl,
and R® is hydroxy.

5 A method according to Claim 1, wherein in said compound in accord with structural
diagram I:

R ia (CH,),L, wherein n is an integer selected from the range 0 to 6, and L is heteroaryl
selected from pyridyl, isooxazolyl, oxadiazolyl, thiophenyl, benzo[b]thiophenyl, benzofuranyl
and pyrazinyl; where any said heteroaryl is substituted with one, two or three groups selected
from: hydroxy, C, ,alkyl, hydroxyC, ,alkyl and methoxyphenyl and R® is hydroxy.

6. Amethodlwmdingu_bChiml,whueininnidwmpoundinmrdwﬁﬂ:mmm
diagram I:

-7 -
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R is (CH,),L, wherein n is an integer selected from the range O to 6, L is
tetrahydrofuranyl and R* is hydroxy.

7. A method according to Claim 1, wherein in said compound in accord with structural
diagram I:

R is C(R?),(CH,),L. wherein n is an integer selected from the range 0 to 6 and R* at
each occurrence is independently selected from hydrogen, halogen, C, ,alkyl and C,
Lycloalkyl.

8. A method according to Claim I, wherein in said compound is selected
7-chloro-4-hydraxy-2-(2,4,6-trimethylphenyl)-1,2,5,10-tetgbydtf

blquinoline-1,10-dione; -
7,9-dichlaro-4-frydroxy-2-(4-methoxy-2-methylphenyl)-1,5.5,1

" tetrahydropyridazino[4,5-bjquinoline-1,10-dione;

7-chloro-4-hydroxy-2-(2-chloro-4-methyl phenyl)-1,2,5,10-tetrabydropyridazino[4,5-
blquinoline-1,10-dione;

methyl 4-[(7-chloro-4-hydroxy-1,10-dioxo-2,5-dihydropyridazino[4,5-b]quinolin-2-
yl)methylJbenzoate;

7-chloro-4-hydroxy-2-(4-[1,3,4Joxadiazol-2-yl-benzyl)- 1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline-1,10-dione (7) _

7-chloro-4-hydroxy-2-{4-(morpholine-4-carbonyl)-benzyl]-1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline-1,10-dione (7)

7-chloro-4-hydroxy-2-[3-{1b-tetrazol-5-yl)-benzyl}-1,2,5, 10-tetrahydropyridezino[4,5-
b]quinoline-1,10-dione (7)

4-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dibydro-1h-pyridazino[4,5-b]quinolin-2-
ylmethyl)-»-foran-2-ylmethyl-benzamide;

preparation of 7-chloro-4-hydroxy-2-(4-dimethylaminobenzyl)-1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline-1,10-dione methanesulfonate (4);

7-chloro-4-hydroxy-2-(benzimidazo}-5-ylmethyl)-1,2,5,10-tetrahydropyridazino[4,5-
b)quinoline-1,10-dione methanesulfonate;

7-chloro-4-hydroxy-2-(4-hydraxy-3-methyl-benzyl)-1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline-1,10-dione (2)

-T2~



10

15

25

30

- b

7-chloro-4-hydroxy-2-[3-methyl-4-(pyridin-2-ylmethoxy)-benzyl}-1,2,5,10-
tetrahydropyridezino[4,5-bjquinoline-1,10-dione (2)

dimethyl-carbamic acid 4-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-1h-
pyridazino[4,5-b]quinolin-2-ylmethyl)-2-methyl-pheny] ester (7) (method a)

dimethyl-carbamic acid 4-(7-chloro-4-trydroxy-1,10-dioxo-5,10-dihydro-1b-
pyridezino[4,5-b]quinolin-2-ylmethyl)-2-methyl-phenyl ester (7) (method b)

dimethyl-carbamic acid 3-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dibydro-1h-
pyridazino[4,5-bjquinolin-2-ylmethyl)-pheny! ester;

methyl-phenyl-carbamic acid 4-(7-chloro~4-hydroxy-1,10-dioxo-5,10-dihydro-1h-
pyridazino[4,5-bjquinolin-2-ylmethyl)-phenyl ester;

pyridazinof4,5-b]quinolin-2-ylmethyl)-phenyl ester; o

diethyl-carbamic acid 3<1-cmm+hym-1,1odioms.1ml o
pyridazino[4,5-bjquinolin-2-yimethyl)-phenyl ester; pare ‘.'.:“-'3':: wie

morpholine-4-carbaxylic acid 3-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-14-
pyridazino[4,5-b)quinolin-2-ylmethyl)-phenyl ester;

methyl-phenyl-carbamic acid 3-(7-chloro-4-hydroxy-1,10-dicxo-5,10-dihydro-1h-
pyridazino{4,5-b]quinolin-2-yimethyl)-phenyl ester;

diphemyl-carbamic acid 3-7-chloro-4-hydroxy-1,10-dioxo-5,10-dibydro-1h-
pyridazino{4,5-bjquinolin-2-ylmethyl)-phenyl ester;

pyrrolidine-1-carboxylic acid 3-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-1h-
pyridazino[4,5-blquinotin-2-yimethyl)-pheny] ester;

morpholine-4-carboxylic acid 4-(7-chloro-4-hydroxy-1,10-dioxo-5,10~dihydro-1h-
pyridazino[4,5-bjquinolin-2-yimethy!)-2-methyl-phenyl ester;

metiryl-phenyl-carbamic acid 4-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dilrydro-1h-
pyridazino[4,5-b]quinolin-2-yimethyl)-2-methyl-pheny] ester;

dimethyl-carbemic acid 5(7-chloro-4-kydroxy-1,10-dioxo-5,10-dibydro-1h-
pyridazino[4,5-b]quinclin-2-ylmethyl)-2-methoxy-pheny] ester;

diethyl-carbamic acid 5-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-1h-
pyridazino{4,5-b]quinolin-2-ylmethyl)-2-methoxy-phenyl ester;

morpholine-4-carboxylic acid 5-(7-chloro-4-hydroxy-1,10-dioxo-5,10-dihydro-1h-
pyridazino[4,5-b]quinolin-2-ylmethy!)-2-methoxy-pheny] ester;
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7-chloro-4-hydrooty-2-(4-pyridylmethyl)-1,2,5, | O-totrahydropyridazino[4,5-
b]quinoline-1,10-dione methanesulfonate;
7-chloro-4-hydroxy-2-(3-pyridylmethyl)-1,2,5, 1 0-tetrahrydropyridazino[4,5-
bjquioline-1,10-dione methanesulfonate;
7-chloro-4-hydroxy-2-(2-pyridylmethyl)-1,2,5,10-tetrahydropyridazino[4,5-
blquinoline-1,10-dione methanesulfonate;
7-chloro-4-hydroxy-2-[3-hydroxy-5(hydroxymethyl)-2-methyl(4-pyridyl)imethyl-
1,2,5,10-tetrahydropyridezino[4,5-b)quinoline-1, 10-dione methanesulfonate;
dimethyl-carbamic acid 7-chloro-1,10-dioxo-2-pyridin-4-ylmetizyl-1,2,5,10-

tetrahydro-pyridazino[4,5-bjquinolin-4-yl ester (2) ,.,533’
7-chloro-4-hydroxy-2-(4-pyridylethyl)-1 Jﬁ.lo-mhy&opyﬁdlﬁ:g_;‘ﬁ '

1,10-dione; o - e
7-chloro-4-hydroxy-2-(pyrazin-2-ylmethyl)-1,2,5,10- -ﬂ s :.‘.:-a‘_ o

b]quinoline-1,10-dione methanesulfonate (5) ana®
7-chloro-4-hydroxy-2~{furan-2-ylmethyl)-1,2,5, lO-tetrahyd:opyndmuo[4,S—

blquinoline-1,10-dione;

7-chloro-4-hydroxy-2-[2,5-dimethyl(3-furanyl)jmethyl-1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline-1,10-dione (4)

7-chloro-4-hydroxy-2-(tetrahydro-furan-2-ylmethy1)-1,2,5,10-
tetrahydropyridazino[4,5-b]quinoline-1,10-dione;

7-chloro-4-hydroxy-2-(5-isoxazolino)methyl-1,2,5,10-tetrabhydropyridazinof4,5-
blquinoline-1,10-dione (3)

7-chloro-4-hydroxy-2-[5-(4-methoxy-phenyl)-[1,3, 4 Joxadinzo)-2-ylmethyl}1,2,5,10-
tetrahydropyridazinof4,S-blquinoline-1,10-dione (6)

MRJW}YWD-?*ﬂMM-ZSMmMM[ﬁ-
blquinoline-1,10-dione;

7-chloro-10-hydroxy-2-[(3-methyl(2-thienyl) ymethyl]-2,3-dihrydropyridazino(4,5-
blquinoline-1,4-dione;

7-chloro4-hydroxy-2-[4-(carbomethoxy)phenyl-2-cthyl)-1,2,5,10-
tetrabydropyridazino[4,5-blquinoline-1,1 0-dione;

(+/-)-7-chloro-4-hydroxy-2-(3-pyridyleth-1-yi)-1,2,5,10-tetrahydropyridazino[4,5-
blquinoline-1,10-dione methanesulfonate;

-4 -
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(+/-)-7-chloro4-hydroxy-2-(2-pyridylethyl)-1,2,5,10-tetrahydropyridazino[4,5-

b]quinoline-1,10-dicne methanesuifonate;
(#/-)-7-chloro-4-hydroxy-2-(4-pyridylethyl)-1,2,5,10-tetrahydropyridazino[4,5~

bjquinoline-1,10-dione methanesulfonate;
(+/-)-7-chloro-4-hydroxy-2{4-pyridylpropyl)-1,2,5,10-tetrahydropyridazino[4,5-

bjquinoline-1,10-dione sodium methanesulfonate; and
7-chloro-4-hydroxy-2-(2-benzofiranyl)methyl-1,2,5,10-tetrahydropyridazino[4,5-

blquinoline-1,10-dione.

9. A pharmaceutical composition having as an active ingredient a
with structural diagram I

or pharmaceutically-aceptable salts of such compounds, tautomers of such compounds or
optical isomers of such compounds, wherein:

R’ st cach occurrence is independently selected from hydrogen, halo and NO,, and
ring-A bas four R' groups;

R is selected from (CH,),L. and C(R?),(CH,),L wherein n is en integer selected from
the mnge 0 to 6 and R? at each occurrence is independently selected from hydrogen, halogen,
C,alkyl and Cy cycloalkyl;

L is phenyl substituted with one, two, three or four groups selected from: OR? where
R’ is selected from hydrogen and pyridyl-methyl, N(R*), where R* at each ocourrence is
independently selected from hydrogen and C, ,alkyl, halogen, carboxyl, C, ,alkyl, O-C, ,alkyl,
C,.alkenyl, C, alkynyl, a heteroaryl group selected from furenyl, oxazolyl, oxadiszolyl,
thiadiazole, tetrazolyl, morpholiny! and benzimidazolyl, morpholino-N-carbonyl, the group
OC(O)N(R"), where R’ at each occurrence is independently selected from hydrogen, C, alkyl
snd phenyl; or

-7 -
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L is heteroaryl selected from pyridyl, isooxazolyl, oxadiazolyl, thiophenyl,
benzo[blthiophenyi, benzofuranyl and pymzinyl; where any said heteroaryl is substinrted with
one, two or three groups selected from: hydroxy, C,_alkyl, hydroxyC, ,alkyl and

methoxyphenyl; or -._g: !
L is tetrahydrofuranyl; and _orets
R®is selected from OH or OC(O)N(R'), wherein R at cach occlffioe is
independently selected from hydrogen or C,_alkyl, and .y Toas D, owee,
ports TN, -
e pharmaceutically-acceptable excipient or diluent. -

=76 -
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ABSTRACT
A method for treatment of pain comprising administering an effective amount of a
compound in accord with structural disgram I,

or pharmaceutically-aceptable salts, tantomers or optical isomers of such compounds,
wherein: R! is selected from hydrogen, halo and other groups as disclosed in the specification,
R is selected from (CH,),L, and C(R),(CH,),L wherein n is an integer selected from the range
0 to 6 and R? is selected from hydrogen, halogen, C, alkyl and C, ,cycloalkyl and L is
substituted or unsubstituted phenyl, heteroaryl or other groups as disclosed in the specification
whiclim, when substituted, are substituted with one, two, three or four groups selected froma -
variety of substitnents s disclsoed in the specification.

-7 -
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1.  Unmétodo para tratar a un peciente que sufre de dalar, que consiste en administrar
una cantidad efectiva para mejorar el dolor de coalquier compuesto acorde con el

disgmma estructural I

S8

- .ﬁ.‘
1 ,...-‘r".‘ :
en donde: X
e s O

"

A es (CH)), en donde ntiene un valorde 0, 1, 2,3 04,y

D es escogido entre una mited de heteroarilo de 5 o 6 miembros o un benzo-
derivado de la misma, que tiene 1, 2 o 3 &tomos de anillo escogidos entre oxigeno,
nitrégeno o anufre, y

R! e halo.
2. Un método acorde con la Reivindicacidén 1, que consiste en administrar una

cantidad efectiva para mejorar el dolor de un compuesto acorde con el diagrama
estructural I en el que:

D es escogido entre piridilo, quinolinilo, pirezinilo, pirazidinilo, furanilo,

5
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benzo[b}furanilo, imidazolilo, oxazolilo, tienilo, benzo[b]tienilo y tiazolilo.
3. Un método acorde con Ia Reivindicacion 1, que consiste en administrar una

cantidad efectiva para mejorar el dolor de un compuesto acorde con el diagrama
estructural Il en el que:

4. Un método acorde con la Reivindicacién 3, que consiste en adminisirar una
cantidad efectiva para mejorar ¢l dolor de un compuesto acorde con el diagrams
estructural I1 en el que:

D es escogido entre piridilo, quinolinilo, pirazinilo, pirezidinilo, furanilo,
benzo[blfuranilo, imidazolilo, oxazolilo, tienilo, benzo[bltienilo y tiazolilo.

5. Un método acorde con la Reivindicacién 3, que consiste en administrar una
cantidad efectiva para mejorar el dolor de un compuesto escogido entre:

7-cloro-4-hidroxi-2<(4-piridilmetil)- 1,2, 5, 10-tetrahidropiridazino{4, 5-b]quinolino-
1,10-diona;
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7-cloro-4-hidroxi-2-(3-piridilmetil)-1,2,5, 10-tetrahidropiridazinof4, S-b]quinolino-
1,10-diona;

7-cloro-4-bidroxi-2-(2-piridilmetil)-1,2,5, 10-tetrahidropiridazino{4,5-b]quinolino-
1,10-diona;

7-cloro-4-hidroxi-2-benzo[d]furan-2ilmetil-1,2,5, 10-tetrahidropiridazino[4, 5-

b]quinolino-1,10-diona; A —iﬂe
puca®-
.
% Rt
7-cloro-4-hidroxi-2-(quinolin-4-ilmetil)- I,Z,S.IG%
blquinclino-1,10-diona; =

7-cloro-4-dimetilcarbamoil-2-piridin-4-ilmetil)-1,2.5,10-tetrahidropiridazinof 4, 5-
b]quinolino-1,10-diona;

7-cloro-4-hidroxi-2-(pirazin-2-ilmetil)-1,2,5, 10-tetrahidropiridazino[4,5 -
b]quinolino-1,10-dions;

7-cloro-4-hidroxi-2-(5-isoxazolino)metil-1,2,5, 10-tetrahidropiridazino[4,5 -
bjquinolino-~1,10-diona;

7-cloro-4-hidroxi-2-(pitimidin-2-ilmetil)-1,2,5, 10-tetrahidropiridazinof4,5 -
b]quinolino-1,10-diona;
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7-cloro-4-hidroxi-2-(furan-2-ilmetil)-1,2,5, 10-tetrahidropiridazinof 4, 5-b]quinolino-
1,10-diona;

7-cloro-4-hidroxi-2-(3-furihmetil)-1,2,5, 10-tetrahidropiridazino[4,5-lquinolino-
1,10-diona;

7-cloro-4-hidroxi-2-(tien-2-ilmetit)-1,2,5,10-tetrahidropiridazino[ 4, 5-5]quinolino~
1,10-diona;

o *
7-clom-4-hidmxi-2-(1ien-3-ilmeﬁl)-l,?,5,10- t idazin
qﬁlﬂ ,’

1,10-diona; perts L‘Eﬂ:‘ﬂ we &

[ ]
-

7-cloro-4-hidroxi-2-(benzo[bJtien-2-ilmetil)-1,2,5, 10-tetrahidropiridazino[4,5-
b]quinolino-1,10-diona;

7-cloro-4-hidroxi-2-(1,3-tiazol-2-ilmetil)-1,2,5,10-tetrahidropiridazino[4,5 -
blquinolino-1,10-diona;

7-cloro-4-hidroxi-2-(imidazol-2-ilmetil)-1,2,5,10-tetrahidropiridazino{4,5 -
blquinolino-1,10-diona.

6. Una composicién farmacéutica que comprende una cantidad efectiva para
mejorar el dolor de un compuesto acorde con ¢l diagrama estructural I junto con un
excipiente o diluente farmaceuticamente aceptable;



en donde

A es (CH,), en donde ntiecneun valorde 0, 1,2,3 04,y

D es escogido entre una mitad de heteroarilo de 5 o 6 miembros 0 an benzo-
derivado de Ia misma, que tiene 1, 2 o 3 fitomos de anillo escogidos entre oxigeno,

nitrégeno o azufre, y

R! es halo.

ES TRADUCCION FIEL Y COMPLETA, de 1a cual queda copia en los archivos de esta
oficina de traducciones, para su confrontacién y a la que me remito.

Derechos de Traduccién: $90.000,00

BOGOTA, 14 DE FEBRERO DEL 2001.
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0D AND ON FOR TREATMENT
FIELD OF THE INVENTION
This invention relates to the treatment or preveation of pain or nociception.
RELATED ART

Pain is a sensory experience distinct from sensations of touch, pressure, heat aid cold.
It is often described by sufferers by such terms as bright, dull, aching, pricking, cutting or
buming and is generally considered to include both the original sensation and the reaction to
that sensation. This range of sensations, as well as the variation in perception of pain by
different individuals, renders a precise definition of pain difficult, however, many individuals
suffer with severe and contimuous pain.

Pain that is cansed by damage to neural structures is often manifest as a neoral
supersonsitivity or hyperalgesia and is termed “neuropathic” pain. Pain can also be "caused”
by the stimulation of nociceptive receptors and transmitted over intact neural pathways, such
painis termed “nociceptive” pain.

The level of stimulation at which pain becomes noted is referred to as the "pain
threshold.” Analgesics are pharmaceutical agents which relieve pain by raising the pain
threshold without & loss of consciousness. After administration of an analgesic drug &
stimulus of preater intenaity or longer duration is required before pain is experienced. In an
individual suffering from hyperalgesia an analgesic drog may have an anti-hyperalgesic effect.
In contrast to analgesics, agents such as local ansesthetics block transmission in peripheral
nerve fibers thereby blocking awereness of pain. General anaesthetics, on the other hand,
reduce the awareness of pain by producing a loss of consciousness.

Tachykinin antagonists have been reported to induce antinociception in animals, which
is believed to be analogous to analgesia in man (Maggi et al, J. Auton. Pharmacol. (1993) 13,
23-93). In particular, non-peptide NK-1 receptor antagonists have been shown to produce such
analgesia. For example, the NK-1 receptor antagonist RP 67,580 produced analgesia with
potency comparable to that of morphine (Garret et al, Proc. Natl, Acad. Sci. USA (1993) 88,
10208-10212).

The opioid analgesics are a well-established class of analgesic agents with morphine-
like actions. Synthetic and semi-synthetic opicid analgesics are derivatives of five chemical
classes of compound: phenanthrenes; phenylheptylamines; phenylpiperidines; morphinans;
and benzomorphans. Pharmacologically these compounds have diverse activities, thus some
are strong agonists at the opicid receptors (¢.g. morphine); others are moderate to mild
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agonists (e.g. codeine); still others exhibit mixed agonist-antagonist activity (e.g. nalbuphine);
and yet others are patial agonists (¢.g. nalorphine). Whilst an opioid pertial agonist such as
nalarphine, (the N-alkyl analogue of morphine) will antagonize the analgesic effects of
morphine, when given alone it can be a potent analgesic in its own right.

Of all of the opicid analgesica, morphine remains the most widely used, but, in
addition to its therapeutic properties, it has a number of drawbacks including respiratory
depression, decreased gastrointestinal motility (resulting in constipation), nsusea and
vomiting. Tolerance and physical dependence also limit the clinical uses of opioid
compounds.

Aspirin and other salicylate compounds are frequently used in treatment to interrupt
amplification of the inflammatory process in theumatoid diseases and arthritis and tamporarily
relicve the pain. Other drug compounds used for these purposes include phenylpropionic acid
derivatives such as Ihuprofen and Naproxes, Sulindac, phenyl butazone, corticostervids,
entimalarials such as chloroquine and hydroxychloroquine sulfate, and fenematas (J. Hosp.
Pharm., 36:622 (May 1979)). These compounds, however, are ineffective for neuropathic
pain.

Available therapies for pain also have drawbacks. Soms therapeutic agents require
prolonged use before an effect is experienced by the patient. Other existing drugs have
serious side effects in certain patients, and subjects must be carefully monitored to ensure that
any side effects arc not unduly threatening. Most existing drugs provide only temporary relief
from pain and must be taken consistently on a daily or weekly basis. With discase progression
the amount of medication needed to alleviats the pain often increases, thus increasing the
potential for adverse side effects.

NMDA receptors are defined by the binding of N-methyl-D-aspartate (NMDA)
comprise a receptorfion channel commplex with several different identified binding domains.
NMDA itself is a molecule structurally similer to glutamate (Gla) which binds st the
glommate binding snite and is highly selective and potent in activating the NMDA receptor
(Watkins (1987); Olnoy (1989)).

Many compounds are known that hind at the NMDA/Glu binding site (for example
CPP, DCPP-ene, CGP 40116, CGP 37849, CGS 19755, NPC 12626, NPC 17742, D-APS, D-
AP7, CGP 39551, CGP-43487, MDL-100,452, L Y-274614, LY-233536, and LY233053).
Other compounds, referred to as non-competitive NMDA antagonists, bind at other sites in the
NMDA recoptor complex (examples are phencyclidine, dizocilpine, ketamine, tiletamine,
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CNS 1102, dextromethorphan, memantine, kynurenic acid, CNQX, DNQX, 6,7-DCQX, 6,7-
DCHQC, R(+)-HA-966, 7-chloro-kynurenic acid, 5,7-DCKA, S-iodo-7-chloro-kynurenic acid,
MDL-28,469, MDL-100,748, MDL-29 951, L-689,560, L-687,414, ACPC, ACPCM, ACPCE,
arcaine, diethylenetriamine, 1,10-diaminodecane, 1,12-diaminododecane, ifenprodil, and SL-
82.0715). These compounds have been extensively reviewed by Rogaweki (1992) exid
Maassieu ct. al., (1993), and articles cited therein.

In addition to its physiological function, glutamate (Glu) can be neurotoxic. Glu
neurotoxicity is referred to as "excitotoxicity™ becauss the neurotoxic action of Glu, like its
beneficial actions, is mediated by an excitatory process (Olney (1990); Choi (1992)).
Normally, when Glu is released at & synaptic receptar, it binds only transiently and is then
rapidly removed from the receptor by a process that transporta it back into the cell. Under
certain abnormal conditions, including stroke, epilepsy snd CNS tranma, Glu uptake fails and
Giu sccumulates at the recoptor resulting in a persistent excitation of electrochemical activity
that leads to the death of neurons that have Glu receptors. Many neurons in the CNS have Glo
receptors, 80 excitotoxicity can cause an enormous amount of CNS damage.

Acute excitotoxicity injury can occur ag @ result of ischemic events, hypoxic events,
trauma to the brain or spinal cord, certain types of food poisoning which involve an
excitotoxic poison such as domoic acid, and scizure-mediated neuronal degeneration, which
can result from persistent epileptic seinure activity (status epilepticus). A large body of
evidence hag implicated the NMDA receptar as one receptor subtype through which Glu
mediates a substantial amount of CNS injury, and it is well established that NMDA
antagonists are effective in protecting CNS neurons against excitotoxic degeneration in these
acute CNS injury syndromes (Choi (1988); Olney (1990))-

In addition to nenronal damage caused by acute insults, excessive activation of Glu
receptors may also contribute to more gradual neurodegenomtive proceascs leading to cell
death in various chronic neurodegenerative discazes, including Alzheimer’s disease,
amyotrophic Iateral sclerosis, AIDS dementia, Parkinson's disease and Huntington's disease
(Olney (1990)). It is generally considered that NMDA antagonists may prove useful in the
therapeutic management of such chronic diseases.

In the 1980' it was discovered that PCP (also known as “angel dust™) acts at a "PCP
recognition sitc” within the ion channe] of the NMDA Giu receptor. PCP acts as a non-
competitive antagonist that blocks the flow of ions through the NMDA ion channel. More
recently it has become cvident that drugs which act at the PCP site as non-competitive NMDA
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entagonists are likely to have psychotomimetic side effects. Further, it is now recognized that

certain competitive and non-competitive NMIDA antagonists can cause similar
pathomorphological effects in rat brain (Olney et. al., (1991); Hargreaves et. al, (1993)).
Such compaunds also have psychotomimetic effects in humans (Kxistensen et. al., (1992);
Herrling (1994); Grotta (1994)). )

Ths glycine binding site of the NMDA receptor complex is distinguishable from the
Glu end PCP binding sites. Also, it has recently been discovered that NMDA receptors occur
as scveral subtypes which ere charecterized by differential propezties of the glycine binding
site of the receptor. Many compounds that bind at the NMDA receptor glycine site, vseful for
the treatment of stroke and neurodegenerative conditions, have been described in U.S. Patents
5.604,227; 5,733,910; 5,599.814; 5,593.133; 5,744 471; 5,837,705 and 6,103,721.
SUMMARY OF THE INVENTION i

It has now been discovered that certain compounds which exhibit the property of
binding to the NMDA receptor glycine aite bave utility for the amelioration of pain and
particularly for the amelioration of neuropethic pain.

‘Therefore, the invention provides a method for the treatment of pain comprising
administering a pain-ameliorsting effective amoont of any compound according to structural
diagram I;

H
=N "o
N

2
N

OH
1
wherein: A is (CH;), where n has a value selected from 0, 1, 2, 3 or 4; D is selected from a 5-
or 6-membered heteroaryl moiety or & benz- derivative thereof, having 1, 2 or 3 ring atoms
selected from oxygen, nitrogen or sulfur, snd R' is halo.

In particular embodiments of the invention the method comprises administering pain-
ameliorating effective amounts of a compound according to structural diagram I wherein: D is
selected from pyridyl, quinolyly, pyrazinyl, pyradizinyl, furanyl, benz{b}furanyl, imidazolyl,
axazolyl, thienyl, benz[b]thienyl and thiazoly].
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In more perticular embodiments of the invention the method comprises administering
4 pain-amelionating effective amount of a compound according to structural diagram II
wherein:

N |}|’A\D )
al N/ =N
OH
IL

Still more particular embodiments of the invention are thoss where the method
comprises treatement with a compound in accord with structural diagram I and D is selected
from pyridyl, quinolyly, pyrezinyl, pyradizinyl, fursayl, benz{b)furanyl, imidezalyl, oxszolyl,
thienyl, benz{b]thienyl and thiazolyl. .

Yet more particular embodiments of the invention are those where the method
comprises treatment with an examplary compound specifically disclosed herein.

Yet other aspects of the invention are pharmaceutical compositions which contain 2
compound in accord with structural diagram I; the use of compounds in accord with structural
diagram I for the preparation of medicaments and pharmaceutical compositions, and a method
comprising binding a compound of the invention to the NMDA receptor glycine site of a
warm-blooded animal, such as a human being, 50 as to beneficially inhibit the activity of the
NMDA receptor.

DETAILED DESCRIFTION OF THE INVENTION

Compounds of the invention are those within the scope of the generic description and
perticularly those compounds exemplified hereafter.

Suitable pharmacentically-acceptable salts of compounds of the invention include acid
addition saltz such as methanesulphonate, furnarate, hydrochloride, hydrobromide, citrate,
tris(hydroxymethyl)aminomethane, maleate and salts formed with phosphoric and sulphuric
acid. In other embodiments, suitable salts are base salts such as an alkali metal salts for
example sodium, alkaline carth metal salts for example calciom or magnesium, organic amine
salts for example triethylamine, morpholine, N-methylpiperidine, N-ethylpiperidine, procaine,
dibenzylamine, choline, N,N-dibenzylethylamine or amino acids such as lysine.

Another aspect of the invention is a process for making compounds of the inveation,
which process comprises the following steps:
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a) Preparing a Boc-protected hydrazine according to one of the procedures shown in the
following scheme:

j\ BocN'HNH, Jtﬂnoc
DR THFnrMeOH. D
m 10% Pd/C, MeOH

H,, 40 psi, 2-18h
or
o [H] /&Hﬂﬂn«:
ii —_— H
D R

X =Cl, Bror OMs; R = H or alkyl.
b) coupling said Boc-protected hydrazine and cyclizing the product according to the
5 process of the following scheme to form a compound according to structural diagram I:
NHNHBoc

H J
D/lg Bo;i-N\ o
+ CMCorother
similar coupling reagent —_— 1 " 0
R Z
fagon J
THF, RT

\
\
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wherein:

CMC is 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate;

the “R/H/D” group is the “-A-D™ moiety of structural diagram I;
and throughout the foregoing process:

R' is as defined for structural diagram L. §

To use a compound of the invention or a pharmaceutically-acceptable salt thereof for
the therapeutic treatment, which may inclode prophylactic treatment, of pain in mammals,
which may be humans, the compound can be formulated in accordance with standard
pharmaceutical practice as a pharmaceutical composition.

Suitable pharmaceutical compositions that contain a compound of the invention may
be administered in conventional ways, far examplo by cral, topical, parenteral, buccal, nasal,
vaginal or rectal administration or by inhalstion. For these purposes a compound of the
invention may be formniated by means known in the art into the form of, for example, tablets,
capsules, aqueous or oily solutions, suspensions, emulsions, creams, ointments, gels, nasal
sprays, suppositories, finely divided powders or aerosols for inhalation, and for parenteral use
(including intravencus, intramusculsr or infusion) sterile aqueous or olly solutions or
suspensions or stexile emulsions. A preferred route of administration is orally by tablet or
capsule.

In addition 10 & compound of the present invention a pharmaceutical composition of
this invention may also contain one or mare other pharmacologically-active agents, or such
pharmaceutical composition may be simultanecusly or sequentially co-administered with one
or more other pharmacologically-active agents.

Pharmaceutical compoasitions of this invention will normally be administered so that a
pain-ameliorating effective daily dose is received by the subject. The daily dose may be given
in divided doses as neceasary, the precise amount of the compound received and the route of
administration depending on the weight, age and sex of the patient being treated and on the
particular disease condition being treated accarding to principles known in the art. A
preferred dosage regime is once daily.

A further embodiment of the invention provides a pharmaceutical composition which
contains a compound of the structural diagram I as defined herein or a pharmaceutically-
acceptable salt thereof, in association with a pharmaceutically-acceptable additive such as an

excipient or carrier.
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A yet frther embodiment of the invention provide the use of a compound of the
structural diagram L, or a pharmaceutically-acceptable salt thereof, in the manufacture of a
medicament useful for binding to the NMDA receptor glycine site in a warm-blooded animal
such as a human being.

Still another embodiment of the invention provides a method of binding a corfipound
of tho inveation to the NMDA receptar glycine site of a warm-blooded animal, such as a
human being, in need of treatment for pain, which method comprises administering to said
animal an effective amount of a compound of structural diagram I or a pharmaceutically-
acceptable salt thereof,

Definitions:

‘When used herein the term “alkyl” includes both straight and branched chein alkyl
g:wpuhumunumindiviﬁnlﬂkylmmhm“wopyl“mfuwﬂnm!igmchﬁn
moiety.

When used herein the term “halo” means fluoro, chioro, bramo and iodo.

When used herein the term “aryl” means an unsaturated carbon ring or a benz-
derivative thereof. Particularly, aryl means phenyl, naphthyl or bipheayl. More particalsrly
aryl means phenyl.

When used berein the term “heteroaryl™ or “heteroaryl ring” means, unless otherwise
further specified, a monocyclic-, bicyelic- ar tricyclic- 5-14 membered ring that is unsaturated
or partially unsatursted, with up to five ring heteroatoms selected from nitrogen, oxygen and
sulphur wherein a -CHa- group can optionally be replaced by a <C(O)-, and a ring nitrogen
alom may be optionally oxidized to farm the N-oxide. Examples of such heteroaryls include
thienyl, furyl, pyranyl, pyrrolyl, imidazolyl, pyrazolyl, thiazolyl, oxazolyl, isoxazolyl, pyridyl,
pyridyi-N-oxide, axopyridyl, oxoquinalyl, pyrimidinyl, pyrazinyl, oxopyrazinyl, pyridazinyl,
indolinyl, benzofuranyl, benzimidazolyl, benzothiszolyl, quinolyl, isoquinalinyl, quinszolinyl,
xanthenyl, quinoxaliny!, indszolyl, benzofuranyi and cinnolinalyl.

When used herein the term “heteracyelyl” or “heterocyclic ring™ means, unless
otherwise further specificd, 2 mono- or bicyclic- 5-14 membered ring, that is totally saturated,
with up to five ring heteroatoms selected from nitrogen, oxygen and sulphur wherein a -CH;-
group can optionally be replaced by a -C(O)-. Examples of such heterocyclyls include
marpholinyl, pyrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl,
homopiperidinyl, homopiperaziny! and quinuclidinyl.
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‘When used hexein, where optional substituents are selected from “one or more™ groups
it is to be understnod that this cncompasses compounds where all sobstituents arc chosen fram
one of the specified groups and compounds where substituents are chosen fram more than one
of the specified groups.

Generally in the methods, processes and examples described herein: -

concentrations were carried out by rotary evaporation in vacuo;

operations were carried out at ambient temperature, that is in the range 18-26 °C and
under a nitrogen atmosphere;

column chromatography (by the flash procedure) was performed on Merck Kiesclgel
silica (Art. 9385) unless otherwise stated;

yields are given for illustration only and are not necessarily the maximum attainable;

the structure of the end-products of the formula I were generally confirmed by NMR
and mass spectral techniques, proton magnetic resonance spectra were determined in
DMSO-d; unless gtherwise stated using a Varian Gemini 2000 spectrometer operating at a
Held strength of 300 MHe; chemical shifts are reported in parts per million downfield from
tetramethylsilane as an intarnal standard (5 scale) and peak multiplicities are shown thus: s,
singlet; bs, broad singlet; d, doublet; AB or dd, doublet of doublets; t, triplet, dt, double of
triplets, m, multiplet; bm, broad multiplet; fast-atom bombardment (FAB) mass spectral data
weze obtained using a Platform spectrometer (supplied by Micromass) run in electrospray and,
where sppropriate, either positive ion data or negative ion data were collected, in this
application, (M+H)" is quoted; IR data was obtained with a Nicolet Avatar 360 FT-IR;

intermediates were not gonerally fully characterized and purity was in general asacssed
mass spectral (MS) or NMR snalysis. .

The following abbrevistions and definitions when used, have the meanings, as follows:

CDCl, is deuterated chloroform;

CcMC is 1-cyclohexyl-3-(2-morpholinocthyl)carbodiimide

metho-p-toluenasulfonate;
DCM is dichloromethane;
DCU is dicyclohexyl urea;
DHC is 1,3-dicyclohaxylcarbodiimide;

DMAP is 4-(dimethylamino)pyridine;
DMF is N,N-dimethylformamide;
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DMSO is dimethylsulphoxide;

m/s is mass spectroscopy;

NMP is N-methylpyrrolidinone;

NMR is nuclear magnetic resonance;

p-o. is per os; -
THR is tetrahydrofuran, and

tid is three times daily.

The examples and tests described herein are intended to illustrate but not limit the

erz-Butoxy)-N-{(4-pyridylimethveminolcarboxanide
To a stirred solution of tert-butylcarbazate (174 g, 1.36 mole) and dry DMF (400 mL)
under nitrogen was added triethylamine (108 mL, 0.78 mole) followed by 4-picolyl chloride
hydrochloride (40.0 g, 0.243 mole). The reaction mixture was then heated at 75 °C for 5
hours and allowed to cool to room temperature. The reaction mixture was diluted with water
(2 L) and the resulting mixture extracted with ethyl acetate (4 x S00 ml.). The combined ethyl
acetate exiracts were concentrated under rednced pressare and the residuc was dissolved in
diethyl ether (1 L), The resulting solution was washed successively with water (3 x 400 mL)
and brine (400 mL) and then dried over NagSO;. The Na2SO; was filtered off and the filtrate
was concentrated under reduced pressure to give an amber oil (130.4 g). This product was
purified by flash chromatography on silica gel cluting with hexane:ethyl acetate (1:1) to give
the title compound as a solid off-white foam (24.46 g, 45%). "H NMR (300 MHz, DMSO-
de): 8 1.36 (s, SH); 3, 90 (d, 2H, J = 4.0 Hz); 5, 04 (d, 1H, J = 4.0 Hz); 7.34 (d, 1H, J =4.5
Hz); 8.48 (d, 1H, ] = 4.5 Hz).

Limeth hloro-4-h

!'_ ".'_‘L'“,.

YA Y

d . . h)
A stirred mixture of methyl 2-amino-4-chlarobenzoate (2.50 g, 13.5 mmol) and
dimethy! acetylenedicarboxylate (2.05 g, 14.4 mmol) in zer¢-butanol (22 mi) was refluxed foc
7 hours under a nitrogen atmosphere. After adding additional dimethyl
acetylenedicarboxylate (1.16 g, 8.13 mmol) and refluxing another 2.5 hours, the reaction
mixture was allowed to cool 1o room temperature and potassium fere-butoxide (1.56'g, 13.9

-
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mmal) was added in one portion. A precipitate formad and the resulting mixture was refhuxed
for 1.5 bours. The mixture was cooled to room temperature and filtered to separate the solids,
which were washed with zers-butanol and dicthyl ether. The solids were dissolved in water
and acidified with 1 N sulfuric acid to form s precipitate. The resulling mixture was extracted
with DCM and the comhined extracts were washad with brine and water, dried over MgSO,,
filtered and conceatrated to give & green solid. Recrystallization of this material from
methanol provided the title compound (1.15 g, 47%) as an off-white solid, mp 232-233 °C;
MS (CD:296 (M+H). Analyzis for CysHjoCINOs: Cale’d: C, 52.81; H, 3.41; N, 4.74; Found:
C,52.75: H,347; N, 4.69.

Toammdmum of dimethyl 7-chlom-4-hydlquunohne-2.3-dleubnxylm
(1.0 g, 3.38 mmol) in water (20 ml.) was added an aqueous solution of sodium hydroxide
(0.27 g. 6.75 mmol). Upon addition, the suspension dissolved. The reaction mixture was
warmed to 60 °C for 1 hour. After this time the reaction waa cooled to room temperatore and
acidified with concentrated hydrochloric acid. The product was then aextracted into diethyl
cther and ethyl acctats. The organic extracts were dried over MgSQO,, filtered and
concentrated in vacuo to provide the title compound as a solid (900 mg). This material wes
purified by recrystallization employing an ethyl acetate/hexans co-solvent system to provide
the title compound (571 mg, 60%) as a white solid mp 296 *C (dec); MS (CI) = 238 (M+H).
Analysis for C;zHiNOsCle 0.45 CHyCO,CH;CH;e 0.10 B;O: Calc'd: C, 51.30; H, 3.68; N
4.34, Found: C, 51.28; B, 3.62; N 3.97 '"H NMR 8.22(d, I = 4.7 Hz, 1H), 792 (4, I = 1.8 Hz,
1H), 728 (dd,1=8.7, lBHz.lH),SN(l.SH)

To a suspension of smy-v-dﬂmmwzmm acid
{225 g, 8.0 munol) in THF (20 mL) st ambient tempemture under a N; atmosphere was added
DHC (1.65 g, 8.0 mmwol) and pymulidine (0.596 g, 8.4 mmol). The roaction was stimred room
temperatire far 1S hours after which time the by-product urea was removed via filtration. The-
desired product was purified via flash colomn chromatography employing 5% methanol in
chioroform to provide the title compound (2.52 g, 94.3%) a8 a tan solid, mp =215 °C; MS (CIx
335 (M+H). 300 MHz 'H NMR (DMSO-d¢): § 8.12 (d, F =8.7 Hz, 1H), 7.60 (d, IH, J= 1.8
Hz), 7.47 (dd, 1H, ] = 8.8, 2.0 Hz), 3.69 (s, IH), 3.40-3.49 (m, 2H), 3.27-3.33 (m, 2H), 1.80-
1.96 (m, 4H).
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Touulpmonnf}mbomy-z-pynnhdlmbambﬂ-dﬂmd-hydrmy
quinoline (2.52g, 7.5 mmol) in de-ionized water (40 mL) was added dropwise a solution (20
ml) of an aqueous potassium hydroxide (882 mg, 15.75 mmol). Upon complete addition, the
reaction was warmed to 60 °C. Afier 3 hours, the reaction was filtezed to remove a small
emount of insoluble material. The filtrate was then acidified to pH = 1 which yicld a white
precipitate. The solid was isolated by vacuum filtration, washed with water, and dried at 30 °C
in vacuo for 16 hours. This provided the title compound (1.5 g, 64%) as a white solid, mp =
225-8 °C; MS (CI): 321 (M+H). 300 MHz 'H NMR (DMSO-dy): 8 8.28 (d, J = 8.8 Hz, 1H),
777 (. 1H), 7.64(d, 1H,J = 8.’1).3.52-351(1::.21:1).31‘1—319(:::.21]). .83-1.98 (m, 4H).

To a stirred mixture of 7-clﬂm-4-om-2-(pymhdmykmtonyl)hyqumndmn—3-
carboxylic acid (2429 g, 75.73 mmol) and dry THF (1175 mL) under nitrogen was added
CMC (50.55 g, 119.34 mmol) in portions (35 g followed by 15.55 g after 10 min.). After
stirring the reaction mixture for an additional 20 minutes, a solution of (ters-butoxy)-N-{(4-
pyrdylmethyl)aminojcarboxamide (22.0 g, 98.5 mmol) and THF (580 ml.) was rapidly added
and the mixture was stirred overnight. The reaction mixture was filtered and the filter cake
was washed with DCM (300 mL). The filtrate and washings were combined and additional
DCM (800 mL) was added. The resulting solution was washed with water (2 x 500 mL) and
then dried over Na;SO,, filtered and concentrated under reduced pressure to give 28.90 g of
yellow foam. This foam was treated with dicthyl ether (800 ml) and the resulting mixture
waa stirred and then filtered. The filter cake was dried at 45 °C in vacuo to give the deaired
compound (24.3 g, 61%) as.a yellow powder.

To a stirred mixmre of N-[(un-bum;r)nubonylmno]ﬂ-chlm-oxo-z-
(pyrrolidinylcarbonyl)(3-hydroquinolyl)}-N-(4-pyridylmethyl)carboxamide (24.0 g, 45.62
mmol) end dry THF (960 mL) under nitrogen was added methanesulfonic acid (120 mL, 177.7
g, 1.85 moles) all at once. The mixture was stirred overnight and then filtered to separate the
solids. The collected solids were sncceasively washed with THE (2 x 100 mL), methanol (2 x
50 mL), and dicthyl ether (100 mL). The filter cake (13.4 g) was then suspended in methanol
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(250 mL) and the resulting mixture sonicated for 20 minutes and then filtered. The collacted
solids were waghed with methanol (2 x 100 mL) and diethy] ether (100 mL) and then dried at
45 °C in vacuo to give the title compound (12.1 g, 59%) as a yellow powder, m.p. > 250 °C.
'H NMR (300 MHz, DMSO-dg): § 2.32 (s, 3H), 536 (s, 2H); 7.49 (dd, 1H, Y =8.1 Hz, I=2.1
Hz); 7.86 (d, 1H, ] = 6.6 Bz); 8.06 (4, 1H, J = 2.1 Hz); 8.12 (4, 1H, J = 8.1 Hz); 8.82 (d, IH,J
= 6.6 Hz); 12.6 (br s, 1H); 12.84 (br s, 1H). Calc’d. for CrsH;1CIN,OyeCH;SO5H#0.8 H,0:
C, 46.47; H, 3.60; N, 12.04 Found: C, 46.39; H, 3.65; N, 11.98.

" .
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To a stirred solution of rers-butylcarbazate (203.6 g, 1.54 mole) and dry DMF (300
mL.) under nitrogen was added tricthylamine (128 mL, 0.92 mole) followed by 3-picolyl
chloride hydrochloride (50.0 g, 0.30 mole) as a slurry in DMF (300 mL). The reaction
mixture was hested at 75 °C for 3 hours, cooled to room temperature, and diluted with waler
(24 L). The resulting mixinre was extracted with diethy! ether (3 x 800 mL). The aquecus
layer was satnmated with salt and extracted with diethyl ether (3 x 800 mL). The combined
extracts were washed with water (1 x 1L), brine (1 x 1 L) and then dried over Na;SOs. The
Na;SO, was filtered off and the filtrate was concentrated under reduced pressure. The product
wes purified by flash chromatography on silica gel eluting with dicthy] ether to give the title
compound as an off-white solid (23.3 g, 34%). 'H NMR (300 MHz, DMSO-dg): § 1.36 (s,
9H); 3.88 (d, 2H, ] = 4.0 Hz); 4.96 (d, 1H, J = 4.0 Hz); 7.33 (dd, 1H, J = 7.7 Hz, ] = 4.8 Hx);
7.71 (d, 1H,J = 7.7 Hz); 7.44 (d, 1H, ] = 4.7 Hz); 8.49 (s, 1H).
’ arni o1'7-chlorg

carboxylic acid, Example 1, (20 g, 62.4 mmol) and THF (800 mL.) under nitrogen was added
CMC (40.0 g. 94.4 mmol). A solution of (ferr-butoxy)-N-[(3-
pyridylmethyl)amino]carboxamide (20.9 g, 93.6 mmol) end THF (450 mL) was rapidly added
and the mixtore stirred overnight. The reaction mixtore was filtered and the filter cake was
washed with THF. The filter cake was slurried with DCM md filtered. The filtrates Wero
combined and evaporated under reduced pressure. The residue was dissolved in DCM, dried
over Na;SQ,, filtered and evaporated under reduced pressure to give a foam. The foam was
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stirmed with diethy] ether (200 mL) and filtered. The filter cake was aonicated with diethyl
ether (200 mL), filtered, washed with diethy] ether and waa dried at 40 °C in vacuo to give the

(pyrrolidinylcarbonyl)(3-hydroquinolyl)-N-(3-pyridyimethylcarboxamide (32.8 g, mole) and
THF (1 L) under nitrogen was added methanesulfanic acid (150 mL, 222 g, 2.31 moles) over
10 minutes. The mixture was stirred overnight and then filtered to separate the solids. The
collected salids were washod with THF. The filter caks was suspended in methanol,
sonicated (30 minutes) and filtered. The solids were msuspended in methancl, scnicated (30
minutes) and filtered. The collected solids were washed with methanol and then dried at 100
°C in vacuo to give the title compound (19.4 g, 66%) as a white solid, m.p. > 300 °C, 'H
NMR (300 MHz, DMSO-dg): 5 2.33 (s, 3H); 5.29 (s, 2H)); 746 (dd, 1H, J=9.0Hz, J=2.1
Hz); 7.94 (dd, 1H, ] = 9.0 Hz, ] = 5.6 Hz); 8.04 (d, 1H, J = 1.8 Hz); 8.16 (d, 1HJ = 8.7 Hx);
8.37 (d, 1H, T = 8.1 Hz); 8.82 (d, 1H J = 4.8 Hz); 8.89 (s, 1H). Calc’d. for

Ci7H1 CIN,O»=CHySOsHeH;0: C, 46.11; H, 3.66; N, 11.95 Found: C, 46.34; H, 3.61; N,
11.94

under nitrogen was added tricthylamine (130 mL, 0.94 mole) followed by 2-picolyl chloride
bydrochloride (54.0 g, 0.33 mole). The reaction mixiure was allowed to stir at ambient
tempersture for 1 hour, then heated st 70 °C for 3 hours and allowed to cool to room
temperatiie. Tho reaction mixture was diluted with 1:1 mixiure of cthyl acctate/dicthyl ether
snd washed with brine and extracted. The aqueous layer was monitored by TLC (eluant:
100% diethy] ether) and was extracted scveral times with ethyl acetate (200 mL) until no
product was observed. The combined orpenic extracts wers washed with brine, dried over
N#:SO, and filtered. The filtrate was copcentrated under reduced pressure to give an amber
oil (=100 g) which crystallized. The materis! was triturated with 1:1 diethyl ether/hexanes,
filtered and dried under reduced pressure to afford tha title compound as an off-white sobd -
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(33.4 g, 45% yield). "H NMR (300 MHz, DMSO-dg): 5 1.38 (s, 9H); 3.96 (d, 2H, J = 4.0 Hz);
498 (d, 1H, T = 4.0 Hz); 7.24 (dd, 1H, 7= 7.8 Hz, J = 7.8 Hz); 7.48 (d, 1H); 7.74 (dd,1H, I =
7.58z,1=7.8Hz ); .32 (s, br, 1H); 8.47 (d, 1H, ] =4.8 Hz).

ino|l /-chisarg-4

carboxylic acid, Example 1, (17.5 g, 54.7 mmol) and dry THF (900 mL.) under nitrogen was
added CMC (35.7 g, 81.2 mmol) in portions (25.0 g followed by 10.7 g after 10 minutes).
After stirring the reaction mixture for an additional hour, a solution of (zerr-butoxy)-N-{(2-
pyridyimethyamino)carboxamide (16.5 g, 73.9 mmol) and THF (400 mL) was added and the
mixture was viporously stired overnight. The reaction was monitored by TLC (10%
methano/DCM) and determined to be complete. To separate the precipitated sqlids, the
reaction mixture was filtered and the collected solids were washed with THF. The filtrate and
weshings were combined and concentrated in vacuo. The filter cake was suspended in
agqueous bicarbonate and brine solutions and extracted with DCM (3 x 300 mL). These
extracts were combined with the previously concentrated organic extracts and were washed
with bicarbonate, brine (3x) and dried over Na;SO,. The N2;SO4 was filtered off and the
filtrate was concentrated under reduced pressure to provide a residue which was purified by
flash chromatography on silica gel eluting with 5% iso-propanol/chloroform. After
concentration of the desired fractions in vacuo the title compound was isolated as a light tan
powder (24.3 g, 61% yicld).

To a stirred mixture of N-[(ferr-butoxy)carbonylamino)[7-chloro-4-axo-2-
(pymolidinylearbonyl)(3-hydroquinolyl)]-N-(2-pyridylmethyl)carboxamide (24.0 g, 0.045
mole) and dry THF (800 m1) under nitrogen was added methanesulfonic acid (100 mL, 148 g,
1.54 moles) all at ance. The mixture was stirred overnight and then filtered to separate the
solids. The collected solids were snccessively washed with THF (2 x 100 mL) and diethyl
ether (2 x 100 mL). The filter cake (15.8 g) was then suspended in methanol (250 mL) and
the resulting mixture sonicated for 30 minutes and then filtered. The collected solids were
washed with methanol (2 x 100 mL) and diethyl ether (100 mL.) and then dried at 35 °C in
vacuo to give the title compound (12.1 g, 59%) as an orange powder, m.p. >300 °C. 'H
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NMR (300 MHz, DMSO-d): 5233 (s, 3H), 5.35 (s, 2H); 746 (d, 1H, J = 8.7 Hz); 7.64 (4,
1H, I=7.8 Hz); 7.68 (&, 1H, ] = 4.8 Hz, J = 6.6 Fiz ); 8.02 (s, 1H); 8.14 (4, 1H, J = 8.7 Hz);
8.19 (dd, 1H, T = 6.6 Hz, J = 7.8 Haz); 8.73 (d, 1H, ] = 4.8 Hz); 10.06 (s, br, 1H); 12.84 (s, br,
1H). Cak’d. for CiyHyCIN,O3CH;SOSH: C, 47.95; H, 3.35; N, 12.43 Found: C, 47.93; H,
342; N, 12.01 ' -

N-{1-8za-2-benzoldifursn-2-ylviny]Xiers-balox vicarbaxamide

To a solution of benzofuran-2-carbaxaldehyde (5.0 g, 34 mmol) in THF (200 mL.) was
added tert-butyl carbazate (4.5 g, 34 mmol) followed by concentrated HCI (10 drops) at room
temperature with stiming. This reaction was stirred 24 h, at which time the THF was removed
in vacuo and the resultant solid was triturated with hexanes and filtered to sfford the title
compound (9 g, 100 %) as a white solid. 'H NMR (300 MHz, DMSO-dg): § 11.12 (brs, 1H);
8.02 (s, 1H); 7.67 (d, J = 7.6 Bz, 1H); 7.62 (d, J = 8.5 Hz, 1H); 7.37 (dd, J = 7.6, 7.6 Hz, 1H);

-J(benzoldlfuran-2-ylimethyamino){ters-butoxylcarboxamid
To a solution of N-{1-aza-2-benzo[d]furen-2-ylvinyI)ters-butoxy)carboxamide (4.0 g,

15 mmol) in methanol (75 mL) was added sodium cyanoborohydride (7.2 g, 115 mmol) and
acetic acid (10 mL). This mixture was heated to 65 °C for 4 h. TLC analysis (1:1,
hexanes:cthy! acetats) showed starting material remonined, and additional sodium
cyanoborohydride (ca. 2 g) was added. After 2 more hours, no starting material remained and
the reaction was cooled to room temperature and the methanol was removed in vacuo. The
residue was dissolved in ethyl acetate and washed successively with saturated aqueous
NaHCO,, water and brine and theh dried over NaaSO,. The mixture was filtersd and
concentrated to give the titfle compound (3.4 g, 13 mmol, 85%) as a white solid which was
used in the following step without further purification. 'H NMR (300 MHz, DMSO-dg): &
8.36 (s, 1H); 7.57 (d, /= 7.0 Hz, 1H); 7.51 (d, 7= 7.7 Hz, 1H); 7.22 (m, 2H); 6.74 (s, 1H);
5.01 (brs, TH); 4.00 (s, 2ZH); 137 (s, SH). '

To a stirred sturry of 7-¢hloro-4-oxo0-2-{pymolidinylcarbonyl}hydroquincoline-3-
carboxylic acid, BExample 1, (4.1 g, 13 mmol) in THF (75 mL) was added 1-cyclohexyl-3-(2-
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morpholinoethyl)-carbodiimide metho-p-toluenesulfonate (10.8 g, 26 mmol). To this stirred
canary-yeliow mixture was added a solution of N-{(benzo[d]furan-2-ylmethyl)amina](tert-
butoxy)carboxemide (3.3 g, 13 mmol) and N,N-dimethylaminopyridine (230 mg, 1.9 mmol)
in THE (25 ml) with stirring. The resultant mixture was refluxed under Nj for 4 h, then
cooled and filtered. The filtrate was concentrated to give a solid yellow foam, which was
chromatograpbed on silica gel (10% methanal in CH;Cly) to afford the title compound as a

To a mixture of N-{N-(benzo[d]furan-2-ylmethyD)[7-chloro-4-oxo-2-(pyrrolidiny}-
carbonyf(3-hydroquinolyl)}-carbonylemino} (tert-butoxy)carboxamide (6.2 g, 11 mmol) in
THF (150 mlL) was added a room temperature solution of methaneanifonic acid (29 mL, 44
mmol) in THF (70 mL). This solution was stirred overnight, after which time water (~500
mL) was added to induce precipitation of the product. A cream-colored solid was collected
end rinsed with water end diethyl ether. This material was dried at 30 °C et 500 mTorr
overnight to give the title compound as an off-white solid. "H NMR (300 MHz, DMSO-d): 5
12.74 (br s, 1H); 11.96 (br s, 1H); 8.15 (d, / = 8.8 Hz, 1H); 8.04 (d, 7 = 1.6 Hz, 1H); 7.59 (d. J
=7.7 Hz, 1H): 7.53 (d, = 8.1 Hz, 1H); 7.44 (dd, J = 2.0, 8.9 Hz, 1H); 7.25 (m, 2H); 6.84 (s,
1H); 5.27 (s, 2H). Calc'd for CaoH;aN304C1-0.1H;0-0.3CH,SOsH: C, 57.45; H, 3.18; N,
9.90; Found: C, 57.61; H, 3.20; N, 9.91.

" ExampleS: 7 5

[ty '\A'!._'J!LU.'._:.}-.' Tad 321U ,';' - '_L'j'.‘l\
The title compound was synthesized by the method of Example 4 using quinoline-4-
carboxaldehyde as the starting matexial, 'H NMR (300 MEz, DMSO-dg) 8 12.87 (brs, L H);
1210 (brs, 1 H);9.16(d, 7=54Hz, 1 H); 861 (d, J=84Hz, 1 H); 8.30(d, J=84Hz,1
H); 8.19-8.15 (m, 2H); 8.08 (d, J= 1.8 Hz, 1 H); 8.01 (dd, J=7.5,7.8 Hz, 1 H); 7.74 (d, /=
5.4 Hz, 1H); 747 (dd, /= 1.8, 8.7 Hz, 1 H); 5.84 (s, 1 H).

Example 6: Chlora-4-hydroxy-2-{pyrazin-2-yimeth

2-Methylpyrazine (1.0 mL., 22 mmal) in carbon tetrachloride (80 ml.) was treated with
N-chlorosuccinimide (4.27g, 31.5 mmol) and benzoy] peroxide (0.26 g, 1.1 mmol). The
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mixture was heated to refiux for 7 hours, and then cooled to room temperature. The solids
were filtered through distomaceous earth and washed with DCM. The filtrate was washed
with aqueous sodium thiosulfate (sat., 1x), aqueous sodium bicarbonate (sat., 1x), water (1x),
and aqueous sodium chloride (sat., 1x). The organic layer which coatained 5-10% of the a,a.-
dichlorinated materia]l was dried over NagSOy, filiered, concentrated under reduced pieasure,
and used directly in the following reaction. 'H NMR (300 MHz, DMSO-de): & 4.88 (s, 2H),
8.65-8.68 (m, 2H); 8.85 (s, 1H).

=putoxy)-N-| (pYIRZIR methyl)e

) & 1 ALRLLLIE) A28 U AR ] LR
To a stired solution of 2-chloromethyipyrazine (1.2 g, 93 mmol) and dry DMF (16
mL) was added terr-butylcarbazate (6.3 g, 48 mmol) and triethylamine (2.6 ml., 19 mmo))
under nitrogen. The reaction mixture was then heated at 75 *C for 17 hours and cooled to
room tempersture. The reaction mixture was diluted with water and extracted with diethyl
ether (5x). The combined ether extracts were washed with brins and dried over Na;SOy. The
NSO, was filtered off and the filtrate was concentrated under reduced pressure to give &
brown cil (1 g). The oil was subjected to flash chromatography (silica gel, 2-5% gradient of
methanol in DCM) to give the title compound as a waxy brown solid (1.64 g, 79%). 'H NMR
(300 MHz, DMSO-ds, TFA shake): 5 1.44 (s, 9H); 4.53 (s, ZH); 8.71-8.78 (m, 2H); 8.81 (s,

‘To a stirred mixture of 7-chloro-4-oxo-2<(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid, Example 1, (2.3 g, 7.2 mmol) and dry THF (100 mL) under nitrogen was
added CMC (4.56 g, 10.8 mmol). After stitving 20 minutes, the reaction mixtare was treated
with a solution of (ferf-butoxy)-N-[(pyrezin-2-ylmethyl)amino}carboxamide (1.6 g, 7.1 mmol)
and DMAP (46 mg. 0.4 mmol) in THF (10 mL). The reaction mixinre was stirred at reflux for
2 days and cooled to room tempersture. The reaction mixture was filtered and the filter cake
was washed with THF. The caombined filtrate and washes were concentrated to give a brown

. foam (4.9 g). The foam was subjected to flash chromatography (silica gel, 2%

methanol/DCM) to give the title compound (3.1 g, 82%).

LAl OJO~4-RydIox y-2-{ DY -2~V ARED
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To a stirred mixture of N-[(tert-butoxy)carbonylamino][7-chloro-4-axo-2-
(pymrolidinylcarbonyl)(3-hydroquinalyl)}-N-(pyrazin-2-yimethyl)carboxamide (3.1 g, 5.9
mmol) aond dry THF (100 mL) under nitrogen was added methanesulfonic acid (13.5 mL, 021
mol). The mixtare was stirred overnight, filtered, and the collected salid washed with THE.
The solid was treated with methanol and the mixture sonicated for 1 h. The solid wis again
collected by filtration, washed with methanol, and dried at 50 °C in vacuo to give the title
compound (2.0 g, 80%) as a white powder, m.p. 235-245 °C. 'H NMR (300 MHz, DMSO-
dq): § 2.38 (CHsCO:H, s, 3H), 5.27 (s, 2H); 7.44 (dd, 1H, 1= 1.8, 8.7 Hz); 8.04 (d, 1H,J= 1.8
Hz); 8.14 (d, 1H, J = 8.7 Hz); 8.58 (dd, 2ZH, ] = 2.4, 7.5 Hz); 8.63 (s, 1 H). Cak'd. for
C16H110CINsO3oCHySOsHeH,0: C, 43.46; H, 3.43; N, 14.90. Found: C, 4328, H,3.34; N,
15.17.

Ammofs-h:mahymmmh(lszg.mmm.un-butymm(szeg.
40 mmol) and sodium carbonate (2,76 g, 20 mmol) in DMF (25 mL) was heated to 80 °C
under a nitrogen atmosphere for 6 hours. The mixture was cooled and partitioned between
ethyl acetate (100 mL) and water (200 mL). The arganic layer was washed with brine (3 x 50
mL) and dried over MgSO,. The solvent was removed by rotary evaparation. The residual
DMF and excess fers-butylcarbazate was removed by vacuum distillation (50 miTarr, 30 °C).
The residue was subjected to chromatography (silica gel, 1/1 ethy] acetate/hexane) to give the
title compound as a white solid (1.01 g, 49%). 'H NMR (300 MHz, DMSO-dg): § 1.38 (s,
9H); 4.01 (s, 2H); 5.13 (bs, 1H); 6.38 (s, lH). 838 (s, 1H); 848 (l, 1H).

To a stirred lllm'y of 7-chlom-4-om-2-(pynohdmylcubonyl)hyqummhne-3—
carboxylic acid, Bxample I, (1.51 g, 4.7 numol) in THF (50 mL) was added CMC (4.24 g, 10
mmol) and the reaction was stirred for five minutes. To this mixture was added a solution of
N'-isoxazol-5-ylmethyl-hydrazineceboxylic acid tert-butyl ester (1.0 g, 4.7 mmol) and DMAP
(0.06 g, 0.5 mmol) in THF (10 mL). The mixture was heated to reflux for 1.5 hours then
allow to stand at room temperature for 16 hours. The solids were filtered off and washed with
DCM (2 x 50 mL). The combined filtrate was evaporated to dryness by rotary evaporation.
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The residual solid was subjected to chromatography (silica gel, 1/9 methanol/DCM) w give
the title compound as an off-white foam (2.09 g, 86%). MS (CT) m/z 514/516.

-
._l A - Y Y ™ PASCULI LA N LTy =0 o _.-','1”:_| L Y LR

To a solution of N°-{7-chloro-4-hydroxy-2-(pyrralidine-1-carbonyl)-quinoline-3-
carboxyl]-N" -isoxazol-5-ylmethyl-hydrazinecarboxylic acid ters-butyl cater (1.0 g, 1.94 mmol)
in THF (50 mL.) was added methanegulfonic acid (5.2 mL). After 18 hours the solvent was
removed by rotary evaporation and ths product was precipitated by the addition of water (100
mL). The solid was collected by vecuum filtration and washed with water (2 x 50 mL) then
dried in vacuo (500 mTarr, 30 °C) for 16 hours. The solid was suspended in diethyl ether (45
mL) and methanol (5 mL) and somicated for 10 minutes. The solid was callected by vacuum
filtration, washed with diethyl ether (2 x 30 ml.), end dried in vacuo (500 mTorr, 30 °C) for
18 hours. This gave the title compound as a yellow solid (0.54 g, 81%). 'H NMR (300 MHz,
DMSO0-dg): 8 5.27 (s, ZH); 6.44 (s, LH); 7.45 (dd, 1H, J=8.7 Hz, J=1.8 Hz); 8.03 (d, 1H,
J=1.8 Hz); 8.15 (d, 1H, J,=8.7 Hz); 8.53 (s, 1H, J=1.8 Hz); [1.99 (s, LH); 12.82 (s, 1H).
Calc’d. for C,sHpCIN,O,00.4 H;0: C, 51.20; H, 2.8]; N, 15.92; Found: C, 51.48-51.33; H,
2.79-2.77; N, 15.60-15.57.
etrahydrovyridazinol(4.3-blquinoline-1,10-dione
The title compound was synthesized by the method of Example 7 nsing 4-
chloromethylpyrimidine, prepared as described by Bammes, J. H., et al Eur. J. Med Chem
Chim. Ther. 1988,23,211-216, as the starting material. *H NMR (300 MFz, DMSO-dg) 8
12.77 (br s, 1H); 9.12 (d, J= 12 Hz, 1 H); 8.74 (d, 7= 5.4 Hz, 1 H); 8.15 (d, J= 8.4 Hz, 1 H);
8.05(d, J=1.8Hz, 1 H); 745 (dd, J= 2.1, 8.7 Hz, 1 H); 740(d, J= 5.1 Hz, 1 H); 5.20 (5, 2

added 2-furaldehyde (91.9 g, 0.95 mol). The slury was refluxed for 2.5 h, and then cooled to
room temperature. The resultant tan solid was filtared, dried and used without further
purification in the following reaction (200 g, 99%). 'H NMR (300 MHz, DMSO-d): § 152
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(s, 1H).

A one liter, three-neck round bottom flask was equipped with an addition funnal,
nitrogen inlet and an ovethead mechanical stirrer. The apparatus was dried in vacuo zod
flushed with a steady stream of nitrogen gas. The flask was charged with lithium alominum
hydride (7.75 g, 0.20 mol) and THF (30 mL). N-1-Aza-2-(2-furenyl)vinyl)tert-
butoxy)carboxamide (20 g, 0.095 mnol) was dissolved in THF (250 mL) and then slowly added
to the stirred lithium aluminom hydride suspension over a 30 minuts period. Any rosidual
material remaining in the addition funnel was washed into the fiask by rinsing with THE (2 x
30 mL). The reaction was stirred overnight, cooled with an ice bath and then carefully

- quenched with a satursted aqueous solution of N&aSO,. The resulting mixture was filtered

and the collected salids washed with THF. The combined filtrate and washes were
concentrated to an oil, which was stirred for 18 hours with hexanes (ca. 600 mL). The
resulting mixture was filtered and the filtrate concentrated to give the desired material as a
yellow il (10.0 g, 50%). "H NMR (300 MHz, DMSO-dq): 8 1.46 (s, 9H); 3.99 (d, 2H, ] = 4.9
Hz); 4.21 (br s, 1H); 6.17 (br s, 1H); 6.24 (d, 1H, I =3.0 Hz); 6.32 (dd, 1H, ] =3.0, 1.2 Hz);
7.38 (d, 15, J=1.2 Hz).

To a stirred slurry of 7-chloro-4-axo-2-(pymolidinylcarbonyl}hydroquinoline-3-
carboxylic acid, Example 1, (26.99 g, £4.3 mmol) in THF (1300 ml.) was added di-iso-
propylcarbodiimide (13.94 g, 110 mmol) and the reaction was stirved for ten mitutes. To this

mixture was added dropwise a solution of (ferf-butoxy)-N-[(2-
furanylmethyl)aminojcarboxamide (22.9 g, 103 mmol) in THF (200 ml.). After stixring the
reaction for 18 hours, it was concentrated in vacuo to a brown tar which was trimrated with

chloroform. The resulting mixture was filtered, washed with chioroform and dried. This
msterial was used without further purification in the following reaction (mass of material
approximately 30 g).
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To a stirred solution of (+/-)-N-{(tert-butoxy)carbonylamino][7-chlaro-4-axo-2-
(pymrolidinylcarbonyl)(3-hydroquinolyl}-N-(2-faranylmethyl)carboxamide (29.00 g, 563
mmol) in THF (1000 mL) was added methanesuifonic acid (118 mL) and the reaction was
stirred for 18 hours at room temperature. The reaction mixtore was poured on 3 liters of ice-
water and the resulting mixture was filtered to give an off-white solid. This materiat-was
dissolved in hot THF (ca. 1 liter) and then concentrated to half-volume. The resultant slurry
was poured on ice-water (2 liters) and after twenty minutes the mixture was filtered. The
collectad material was dried to give the title compound as a white solid (14.4 g, 74%; m.p.
>265 *C). "H NMR (300 MHz, DMSO-dg): § 5.08 (s, 2H); 637 (d, 1H, J = 3.0 Hz); 6.42 (dd,
1H, J=13.0, 1.5 Hx); 7.43 (d, 1H, I = 7.8 Hz); 7.54 (s, 1H); 8.00 (d, 1H, ] = 1.5 Hz); 8.14 (d,
1H, J = 8.7 Hz). Calc'd. for Ci1gH1oCINsO4: C, 55.91; H, 2.93; N, 12.23 Found: C, 56.10; H,
298; N, 12.03.
blquinoline-1,10-diope.

1-A o i tert-

To a solution of furan-3-carboxaldehyde (2.0 g, 21 mmol) in THF (100 mL) was added
tert-butyl carbazate (2.8 g, 21 mmol) and conc. HCI (5 drops). This solution was stirred for 6
h and concentrated. The resultant solid was triturated with hexanes to affard the title
compound (4.2 g, 20 mmol, 97%) as a peach-colared solid. 'H NMR (300 MHz, DMSO-dg):
§10.77 (bra, 1H); 8.02 (s, 1H); 7.94 (3, 1H); 7.71 (dd, 7= 1.5, 1.5Hz, 1H); 6.77 (d, 7= 15
Hz, 1H); 145 (s, 9H).

in methanol (50 mL) was added sodium cyanoborohydride (3.0 g, 48 mmol) and acetic acid (6
mL). This solution was heated to 65 *C for 1 h. The mixture was then cooled to room
temperature, quenched with water and the methanol was removed in vacuo. The residuc was
taken up in ethyl acetate and rinsed with saturated sodium bicarbonste, water and brine and
then dried over Na;SO,. This was filtered and concentrated and the residue was purified by
silica gel chromatography (4:1 hexanes:ethyl acetate) to afford the title compound (930 mg,
4.4 mmo), 46%) as a clear oil. "H NMR (300 MHz, DMSO-d,): 5 826 (br s, 1H); 7.58 (dd, J
= 1.5, 1.5 Hz, 1H); 7.53 (g, 1H); 6.42 (d, J = 1.2 Hz, 1H); 4.64 (br s, 1H); 3.69 (s, 2H); 1.39
(s, 9H).
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To a stirred slurry of 7-chloro-4-0xo-2-(pyrrolidinylcarbonyl)hydroquinoline-3-
carboxylic acid, Example 1, (1.4 g, 4.4 mmol) in THF (25 mL) was added CMC (3.7 g, 8.8
mmol). To this stirred canary yellow mixture was added a solution of (terr-butoxy)-N-{(3-
furylmethyl)aminojcarboxamids (930 mg, 4.4 mmol) and N,N-dimethylaminopyridine (80
mg, 660 umol) in THF (20 mL) with stirring. The resultant mixture was refluxed under Na for
3 h, then cooled and filtered. The filtrate was concentrated to give a solid yellow foam, which
was chromatographed on silica gel (10% methanol-CH;Cl;) to afford the title compoond (2.1
£, 4.1 mmol, 93%) as a pale yellow solid. This material was used directly in the following
step.

To a mixture of (fers-butoxy)-N-{[7-chloro-4-oxo-2-{pyrrolidinylcarboayl)(3- .
hydroquinolyl)}-N-3-(furylmethyl)carbonylamino }carboxamide (1.4 g, 2.8 mmol) in THF (30
mL) was added a room temperature solution of methanesulfonic acid (7.2 mL, 110 ramol) in
THF (25 mL). This solution was stirred overnight, at which time water was added to induce
precipitation of the product. The solid was collected, rinsed with water and diethy) ether and
sonicated for 15 min in 50 mL of a 10% methanol in dicthy] ether solution. The resultant
yellow solid was callected, rinsed with diethy} ether and dried 2t 30 °C and 50 mTorr for 3 h
to afford the title coppound (750 mg, 2.1 mmol, 75 %) as a pale yellow solid. 'H NMR (300
MHz, DMSO-dg): 8 12.63 (br s, 1H); 11.91 (s, 1H); 8.13 (d, J = 8.7 Hz, 1H); 8.02(d, /= L.5
Hz, 1H); 7.65 (s, 1H); 7.61 (d, J = 1.5 Hz, 1H); 7.43 (dd, J = 1.8, 8.7 Hz, 1H); 6.46 (s, 1H);
4.92 (s, 2H). Calc'd for Ci¢H;oNy0,Cle0.1 H;0: C, 55.62; H, 2.98; N, 12.16; Fond: C,
55.67; H,3.15; N, 11.77.

The title compound was synthesized by the method of Example 4 using thiophene-2-
carboxaldehyde as the starting material. "H NMR (300 MHz, DMSO-d) 8 12.71 (br s, 1H);
11.91 (s, 1H); 8.14 (d, / = 8.7 Hz, 1H); 8.02 (s, 1H); 7.42-7.45 (m, 2H); 7.10(d, J=30Hz, 1
H); 6.98 (dd, J= 3.6, 5.1 Hz, 1 H); 5.23 (s, ZH).
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‘The title compound was synthesized by the method of Example 4 using thiophene-3-
carboxaldehyde as the starting material. ‘'H NMR (300 MHz, DMSO-dg) 8 12.64 (br 5, 1 H);
11.92 (br s, 1 H); 8.14 (d, 7= 8.7, 1 H); 8.02 (d, J = 1.5 Hz, 1 H); 7.48-7.54 (m, 1 H); 743
(ad, J=12,8.7, 1 H); 7.37 (s, 1 H); 7.08 (d, J= 4.5 Hz, 1 H); 5.08 (s, 2 H).

To a solution of benzo[b]thiophene (10 g, 74.5 mmole ) in dry THF (12 mL) at -78 °C
was added 65 mL of 1.6M n-butyl lithium in hexanes. Ten minutes later DMF (23 mL, 298
mmol) was added. The reaction was warmed to rooam temperature and then refluxed for 3
hours. The THF was evaporated and the residue was poured into 1 N HCl and ice. The acidic
solution was extracted with diethyl ether (2x). The combined ether extract was washed with 1
N HCI (3x), saturated NaHCO; (1x), brine (1x), and then dried with MgSO,. The MgSO, was
fillered off and the filtrate concentrated to an oil which was treated with NaHSO;. The solid
that formed was collected, treated with aqueous NaHCOs, then extracted with DCM. The
DCM solution was dried over MgSQ, and evaporated to give the title compound &s a yellow
oil (3.2 g, 26% yield). 'H NMR (300 MHz, CDCly): 5 7.44 (44, 1H, J = 6.9, 7.2 Hz); 7.51
(dd, 1H,J==69,8.1 Hz); 791 (d, 1H, J=8.1 Hz ); 7.95 (4, 1H, ] = 7.8 Hz); 8.04 (s, 1H);
10.12 (s, 1H).
tere-Butos |-aza-2-benzo[blthien-2-ylvinyllcarboxargide
To a stirred solution of benzo{b]thiophene-2-carbaldehyde (3.2 g, 19.7 mmo]) and tert-
butylcarbazate (2.6 g, 19.7 mmol) in ethanol (20 mL) was added 3 drops of concentrated HCL
After 30 minutes the mixture was filtered, the solid washed with diethyl ethex, and dried in
vacuo 1o give the title compound (3.8 g, 70% yield). 'H NMR (300 MHz, CDCly): 5 1.54 (s,
SH): 7.30 - 7.36 (m, ZH); 740 (s, 1H); 7.71 - 7.74 (m, 1H); 7.78-7.81 (m, 1H); 7.89 (s, 1H);
831 (brs, 1H).

6.5 mmol) in THF (6 ml.) was addsd sodium cyanoborchydride (0.75 g, 11.9 mmol). A
solution of p-toluene sulfonic acid (1.86g, 9.8 mmol) in THF (6 mL) was added dropwise.
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After stirring overnight, the reaction was diluted with ethyl acetate and washed with saturated
NaHCO4 (1x) and saturated NaCl (1x). The ethy! acetate solution was dried over K2CO;.
The K;CO; was filtered off and the filtrate was concentrated under reduced pressure, The
resulting solid was treated with saturated NaHCO; overnight and extracted with DCM. The
DCM solution was dried over NagSO,. ‘The NaySO, was filtered off and the filtrate -
concentrated to give the title compound as a white solid (1.7 g, 76% yield). "H NMR (300
MHz, CDCl,): § 1.44 (s, 9H); 4.68 (s, 2H); 7.36 - 7.45 (m, 2H); 7.45 (s, 1H); 7.78 - 7.86 (m,

To a stirred mixture of 7-chloro-4-oxo-2-(pymrolidin yl)hydroquinoline-3-
carboxylic acid, Example 1, (159 g, 5.0 mmol) and dry THF (60 mL) under nitrogen was
added CMC (3.19 g, 7.0 mmol). This was followed by a solution of (ters-butoxy)-N- *
[(benzo[b]thien-2-ylmethyl)amino)carboxamide (1.37 g, 5.0 mmol) and
dimethylaminopyridine (27.8 mg, 0.21 mmol) in THF (15 mL). The reaction was heated at
reflux overnight and the mixture was filtered. The concentrated filtrute was purified by
chromatography (McOH/CHoCl3, 5/95, v/v) to give the title compound as a yellow solid (771
mg, 24% yield).

- -
VIV N4

To a stirred mixture of N”-benzo[blthien-2-ylmethyl-N’-[7-chlor-4-ox0-2-(pymolidine-
1-carbonyl)-1 4-dihydroquinoline-3-carbonylThydrazinecarboxylic acid rers-butyl ester (760
mg, 1.3 mmeol) and dry THF (16 mL) at 0 °C under nitrogen was added methanesulfonic acid
(3.0 mL, 444 g, 46 2 mmol). After stitving overnight, the THF was evaporated and the
residus cooled in an ice bath. Water was added and the resulting precipitate was collected,
sonicated with methanol, and dried in vacuo to give the title compound as an off-white solid
(470 mg, 88% yield), mp. > 300 °C. 'H NMR (300 MHz, DMSO-d¢): 5 5.38 (s, 2H); 7.30 -
7.38 (m, 2H,); 7.40 (s, 1H); 7.44 (d, 1H,J = 8.7 Hz); 7.90 (4, 1H, ) = 7.2 Hz); 7.82 (d, 1H, 72
Hz); 8.06 (s, 1H); 8.15 (d, 1H, J=8.7 Hz). Calc’d. far CxH}2CINyOsS: C, 58.61; H, 2.95; N,
10.25. Found: C, 58.42; H, 3.19; N, 10.20.

Exsnmle 14; 7-Chioro-4-hydroxy-2-(1.3-thiszo-2-vimethyD)-1.2.5.10-
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To a stirred solution of thiszole-2-carbaldehyde (0.95 g, 8.42 mmol) and tert-
butylcarbazate (1.17 g, 8.87 mmol) in ethanol (15 mL.) was added 1.10 mL of glacial acetic
acid, followed by sodium cyanoborohydride (2.18 g, 34.7 mmol). The reaction mixture was
heated at 50 °C and stirred for 72 hours. The reaction was quenched with 2 N NaOH (30 mL)
and the resulting solution was extracted with ethyl acetate (3 x 30 mL). The combined
organic layers were washed with brine (40 mL), then dried over Na;SO,. The NaSO, was
filtered off and the filtrate was purified by chromatography (ethyl acetate:DCM, 25:75, v:v)
over silica gel to give the title compound, (0.62 g, 32% yield) as an off-white solid. "H NMR
(300 MHz, DMSQ-dg): § 1.38 (s, 9H); 4.15 (d, 28, J = 3.9 Hz); 5.34 (d, 1H, J= 39 Hz); 7.63

To a atirred mixture of 7-chlore-4-oxo-2-(pyrrolidinylearbonyl)hydroquinoline-3-
carboxylic acid, Example 1, (0.90 g, 2.80 mmol) and dry THF (60 mL) under nitrogen was
added CMC (145 g, 3.42 mmol). This was followed by a solution of (terf-butaxy)-N-[(1,3-
thiazol-2-ylmethyl)amino]carboxamide (0.5 g, 2.20 mmol) and dimethylaminopyridine (79.1
mg, 0.65 mmol) in THF (15 mL). The reaction was heated at reflux ovemight and, after
cooling, tha reaction mixture was filtered. The concentrated filtraie was purified by
chromatography (MeOH:CH1Cl, 5:95, v-v) over silica gel to give the title compound as &
yellow solid (0.97 g, 83% yleld). -

To a stirred mixture of N-[(ters-butoxy)carbonylamino)[7-chloro-4-0x0-2-
(pyrrolidinylcarbonyl)(3-hydroguinalyl)}-N-(1,3-thiazol-2-ylmethyl)carboxamide (760 mg, 1.3
mmol) and dry THF (40 mL) at 0 *Cunder nitrogen was added methanesulfonic acid (5.4 mL,
7.99 g, 832 mmol). After stirring overnight, the THF was eveporated and the residue cooled
in an ice bath. Water was added and the resulting precipitate was collected, sonicated with
methanol. The solid was collected by saction filtration and dried in vacuo to give the title
compound as an off-white solid (648 mg, 78% yield), mp > 300 °C. 'H NMR (300 MHz,
DMSO-dg): § 5.38 (s, 2H); 745 (d, 1H, J=8.THz); 7.70(d, 1H,J=33); 7.76 (d, 1H, J =
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3.3Hz); 8.04 (s, 1H); 8.15 (d, 1H, 8.7 Hz). Calc'd. for C;sH)oCIN;QsSeH0HyCSOH: C,
40.38; H, 3.39; N, 11.77. Found: C, 40.63; H, 2.98; N, 11.39.

Ezample 15: 1

2-Imidazolecarbaxaldehyde (10.2 g, 106 mumol) was dissolved in THF. To this was
addedten-bmylcuba.me foﬂowedbymdmpofmmtndhydmchlnﬂcacid. The

compound as & white solid (22 g, 99%). 'H NMR (300 MHz, DMSO-dg): § 1.47 (s, 9H); 7.08
(s, 2H); 7.92 (s, 1H); 1093(brl.lm.12.58(hn.ll-l)

Ammuneafm%pﬂhdlmonmbon(o.soguﬂﬂ-(l-ua-z-mldml
ylvinyl)(rers-butoxy)carboxamide (3.0 g, 14.0 mmol) in methano] (40 mL) and concentrated
hydrochloric acid (1.15 mL, 14.0 mmol) was hydrogenated (40 pai) at room temperature for
18 hours. mtu:ﬁonwuﬁltandthmughdimmm_mm:ndtheﬂMenpamd
under reduced pressure to give an oil. The oil was neutralized by the addition of sodium
hydroxide (5 N, 2.8 mL) and then diluted with ethyl acetate (80 mL). The ethyl acetats layer
was washed with water (1 X 20 mL) and sodium chloride (sat. agueous, 1 x 20 mL) and then
dried over Na;3SO4. The ethyl acetate was removed to give the title compound as an oil (2.42
g, 80%). 'H NMR (300 MHz, DMSO-dq): 5 1.36 (s, 9H); 3.84 (d, 2H, J = 4.2 Hz); 4.82 (br 5,
1H); 6.91 (s.ZH).szS(hn. m),uucbn.lm

A mixture of 7-chlom4-om-2-(pynoh¢hnylmbmyl)hyqumnohne—3—u:bmylu
acid, Example 1, (2.42 g, 7.54 mmol), (ters-butoxy)-N-[(imidszol-2-
ylmethyl)aminojcerboxamide (2.0 g, 9.43 mmol), and CMC (4.14 g, 9.80 mmol) in THF (50
mL, dry) was refluxed for 18 hours. The reaction was filtered and the solids were callected.

The solids were washed with water and then diethyl ether. This material was dried in vacuo to
give the title compound as a white solid (1.0 g, 25%).
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To a stirred solution of N-[(zerr-butoxy)carbonylamino)[7-chloro-4-oxo-2-
(pymulidinylcarbonyl)(3-hydroquinolyl}-N-(imidazol-2-yliethyl)carboxamide (1.0 g, 1.94
mmol) in THF (30 mL) was added methanesulfonic acid (S mL) and the reaction was stirred
overnight. The volatiles were remaved in vacuo and to the residual oil was added diethyl

5 ether (200 mL). The mixture was stirred for 10 minutes and then allowed to settle irfto two
layers, an etheral layer and layer of brown oil. The ether was decanted away and to the brown
oil was added water (5 mL). After a short time, a precipitate formed and was collected by
vacuum filtration. The precipitate was washed with a diethyl ether (3 x 20 mL) and then
sonicated in 20 mL of 10/1 diethyl ethex/methyl alcohol for fifteen minotes. The material was

10 filtered, washed with diethyl ether and dried in vacuo to give the title compound (0.24 g,
25%). "H NMR (300 MHz, DMSO-dg): 5 2.31 (CH>SO3H); 5.41 (s, 2H); 7.42(d, 1H, = 8.7
Hz); 7.67 (s, 2H); 7.99 (s, 1H); 8.15 (d, 1H, T = 8.7 Hz); 12.7 (br 5, 1H); 11.98 (br 8); 12.93
(br s, 1H); 14.28 (brs, 1H). Calc’d. far CysH;oCIN(Oye1.6CH,SOsH: C, 40.08; H,3.32; N,
14.08; Found: C, 40.37; H, 3.12; N, 1434,

15 TESTS FOR BIOLOGICAL FUNCTION:

Test As Inhibition of binding of ’HI-MDL105.519

Binding of compounds to the NMDA receptor glycine site may be assessed by
measuring the ability of test componnds to inhibit the binding of tritiated MDL105,519 to
brain membmnes bearing the receptor.

20 Rat Brain Membrancs: The mat brain membranes used in the experiments were
obtained from Analytical Biological Services Inc., and were prepared substentially in
accordance with the method of B.M. Baron et al., J. Pharmacol. Exp. Ther. 250, 162 (1989).
Briefly, fresh brain tissue inclnding cerebral cortex and hippocampus from male Sprague
Dawley rats was homogenized in 0.32 M sucroze and centrifuged at low speed to separate

25 cellular membranes from other celinler components. The membranes were then washed 3

9 times using deicnized water, followed by treatment with 0.04% Triton X-100. Finally,

membranes were washed six times in 50 mM Tris citrate buffer, pH 7.4, and frozen at -80 °C
until use.
*HIMDL105,519 (72 Ci/mmol) was purchased from Amersham. Cold MDL105,519
30 was purchased from Sigma/RBL Binding assays were perfoomed substantially in accordance
with the protocol of B.M. Baron et al., J. Pharmacol. Exp. Ther. 279, 62 (1996), as follows.
On the day of the experiment, brain membranes were thawed at room temperature and

DOo6260" SE89E209
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suspended in 50 mM tris acetate buffer, pH 7.4 (“TAB"). Seventy-five micro grams per
milliliter protein (by using the BioRad dye) were used for competition binding. The
experiments were carried out using 96-well plates. Membranes were incubated with 20 ul of
compoands of various concentrations and 1.2 nM [PHJMDL103,519 for 30 minutes at roam
temperature in a total volume of 250 WL Non specific binding was determined by using 100
#M of unlabeled MDL105,519. The unlabeled MDL105,519 end compounds were dissalved
as 12.5 mM stock solutions in DMSO. Final DMSO conceatration in each well was kept
below 1%, which concentration was found not to alter the binding results. After incobation,
unbound [PHIMDL 105,519 was ramoved by filtration onto GF/B Unifilter platos nsing &
Packard harvester. Filters were washed four times with ice cold TAB (total of 1.2 mL. bufTer).
The plates were dried overnight at room temperature and bound radioactivity was measured
on a Packard TopCount after the addition of 45 UL per well of the MICROSCINT O.
Biological Services Inc., and assays were performed as described for rat membranes.

Data gnalysis; Data was analyzed using a Microsoft Excel spreadsheet and GraphPad
Prizm software and potency of compounds is expressed as the Ki (nM).

TestB: Formalin test:

The Ponmnalin test is an assay that assesses the capacity of a compound to inhibit
formalin-induced nociceptive behaviors in rats (D. Dubuisson, et al., Pain 4, 161-174 (1977);
H. Wheeler-Aceto ef al, Psychopharmacology 104, 35-44 (1991); TJ. Coderre, et al., Pain
54, 43-50 (1993)). In the test, two distinctive phases of formalin-induced behaviors are
observed. A first phase response, caused by acute nociception to the noxious chemical

5 to 15 min post injection follows. After the quiescent pexiod a second phase response,
caused by sensitization of the central neurons in the dorsal hom, occurs after 15 minutes and
lasts up to 60 minutes. Sensitization of the central neurons in the spine augments a noxioas
afferent input and causes a stronger pain barrage to be transmitted to the brain. Therefore,
inhibition of the second phase response indicates a ceatral mechaniam of drug action.

The procedure for the farmalin test is as follows: male rats are placed in a plexiglass
chamber and observed for 30-45 min. to observe their baseline activity. Animals ars either
pretreated with vehicle or with different doses of a test cormpound. Animals are dosed with
vehicle or test compound three hours prior to injection of 0.05 mlL of sterile 1% formalin
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under the dorsal skin of a hind paw. The number of paw flinches (responses) during the first
phase (0-5 min.} and the second phase (20-35 min.) arc acored and recorded. Flinch response
is compared with the mean score of a saline control group and calculated as percentage
inhibition. The EDy, is the dose of compound which produces 50% inhibition of nociceptive
response in the first or second phase response. First phase responses may be inhibited by
campounds that act peripheraily and by compounda that act centrally. Second phase response
are inhibited by centrally active compounds.

% inhibition of nociceptive response
= 100 x {(gpumbe e8| i

Student’s -iest was used for statistical analysis to determine the significance of
compound effects. Data are reported as & dose that yielded a % inhibition of a response.
The anti-hyperalgesic properties of a compound may be tested with the Chronic
Constriction Injury (“CCT™") model. The test is a model for nearopathic pain associated with
nerve injuries that can arise directly from trauma and compression, or indirectly from a wide
range of diseases such as infection, cancer, metabolic conditions, toxins, nutritional
deficiencies, immunological dysfunction, and musculoskeletal changes. In the model a
umilateral peripheral hyperalgesia is produced in rats by nerve ligation (G.J. Bennett, et al.,
Pain 33, 87-107 (1988)).

Procedurally, Spragus-Dawley rats (250-350 g) are anesthetized with sodium
peatobarbital and the common sciatic nerve is exposed at the level of the mid thigh by blunt
dissection through the biceps femoris. A section of nerve (sbout 7 mm), proximal to the
sciatic trifucation, is freed of tissue and ligated at four positions with chromic gut suture. The
guture is tied with about 1 mm spacing between ligatures. The incition is closed in layers and
the animals are allowed to recuperate. Thermal hyperulgesia is measured using a paw-
withdrawal test (K. Hargreaves, ef al., Pain 32, 77-88 (1988)). To perform the test, animals
are habituated on an elevated glass floor. A radiant heat source is aimed at the mid-plantar
hindpaw (sciatic nerve territory) through the glass floor with a 20 second cut-off used to
prevent injury to the skin. The latencies for the withdrawal refiex in both hind paws are
recorded.

Injured paws with ligated nerves show shorter paw withdrawal latencies compared to
the uninjured or sham operated pawa. Responses (o test compounds are evaluated at different

[} RRR M) ._ll{t” ASIERLY M YL [ANRAR § H
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times after oral administration to determine the onset and duration of compound effect. When
performing the test, groups of CCI rats receive either vehicle or the test compound arally three
times daily for S days. Paw withdrawal latencies are measured each day 10 min before and 2
or 3 hr. after the first daily dose. Compound efficacy is expressed as mean percentage

(Mean of vehicle group).

Data analysis was performed by the multiple means comparizson test (Dunnett's test)
and results are expressed and compound potencies are axpressed as the MED (minimum
cffective doee), in mg/Kg/day, that yields a percent (%) decrease in hyperalgesia that is
statistically significant.

Table 1 shows the results from Tests A, B and C for certain compounds of the
invention. Where no data is provided in the table, the test was not performed.

Table 1
Test A Test B TestB TestC
Ki@M) | Fimtphase | Second phase
Dose (%Inh) | Dose(%Inh) | (%Inh)

Bx 1 T 0G2%) | 1067%) 30 (71%)
Ex. 2 9 200 (74%) | 200 (71%) 30 (59%)
Bx.3 146 200 (56%) | 200 (46%) 30 (31%)
Ex. 4 44 30 (44%)
Ex 5 371
Ex 6 189 30 (64%)
Bx.7 39 15 (49%)
Bx 8 513
Bx.9 61 200 (56%) | 200 (46%) 15 (T1%)
Ex. 10 24 30 (41%)
Ex 11| 29 15 (-17%)
Bx 12| 34 15 (17%)
Bx 13| 56 15 (1%)
Ex.i4| 128 30 (26%)
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L A method for treating a subject suffering from pain comprising administering a pain-
amaliorating effective amount of any compound according to structural diagram I;

v
N

Rl h
5

N P~

s OH

wherein:
A is (CHa), where n has a value selected from 0, 1,2,3 or 4, and
D is selected from an 5- or 6-membered heteroaryl moicty or » benggd@¥itive
10 thereof, having 1, 2 or 3 ring atoms Mﬁumoxygm.:ﬁhomorﬁlfur.md
ot Rt

R! is halo. .
2. A method according to Claim 1, comprising administering a pain-ameliorating
effective amount of a compound according to structural diagmm I wherein:

15 D is selected from pyridyl, quinolyly, pyrezinyl, pyradizinyl, furanyl, benz[b)furanyl,
imidazolyl, oxazolyl, thienyl, benz[b]thienyl and thiazolyl.

3 A method according to Claim 1, compriging administering a pain-ameliorating
effective amount of a compound eccording to structural diagram IT wherein:

H
= |;|’A‘D
ct N NN
2 OH
IL

4, A method according to Claim 3, comprising administering a pain-ameliorating
effective amount of a compound accarding to structural diagram II wherein:
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D is selected from pyridyl, quinolyly, pyrazinyl, pyradizinyl, furanyl, benz{b)furanyl,
imidazolyl, oxazolyl, thienyl, benz[b]thieny! and thiazolyl

5. A method according to Claim 3, comprizing administering a pain-ameliorsting
effective amount of a compound selected from: -
7-Chloro-4-hydroxy-2-(4-pyridylmethyl)-1,2,5,10-tetrahydropyridazino[4,5-
blquinoline-1,10-dione;
7-Chloro-4-hydroxy-2-(3-pyridylmethyl)-1,2,5,10-tetrahydropyridazino{4,5-
b]quinoline-1,10-dione;
7-Chloro-4-hydroxy-2-(2-pyridylmethyl)-1,2,5,10-tetrahydropyridazinof4,5-

blquinoline-1,10-dione; ’2’5,
mam»ummw4umwmnmnmumm;mmmmmmmﬁumﬁfhb-

bquinoline-1,10-dione; o 9 s
7-Chloro-4-hydroxy-2-(quinolin-4-ylmethyl)-1,2,5,10-te idazi

blquinoline-1,10-dione; -~
7-Chloro-4-dimethylcarbamoyl-2-pyridin-4-ylmethyl-1,2.5,10- _, =
tetrahydropyridazino[4,5-b]quinoline-1,10-dione;
7-Chiloro4-hydroxy-2-{pyrazin-2-ylmethy))-1.2,5,10-tetrahydropyridazino{4,5-
blguinoline-1,10-dione;
7-Chloro-4-hydroxy-2-(5-isoxazolino)methyl-1,2,5,10-tetrahydropyridazino[4,5-
blquinoline-1,10-dione;
7-Chloro-4-hydroxy-2-(pyrimidin-2-ylmethyl)-1,2,5,10-tetrahydropyridazino[4,5-
blquinoline-1,10-dione;
7-Chloro-4-hydroxy-2-(furan-2-ylmethyi)-1,2 5,10-tetrahydropyridazino[4,5-
blquinoline-1,10-dione;
7-Chloro-4-hydroxy-2-(3-furylmethyl)-1,2,5,10-tetrahydropyridazino[4,5-b]quinoline-
1,10-dione;
7-Chloro-4-hydroxy-2-(thien-2-ylmethyi)-1,2,5,10-tetrahydropyridazino[4,5-
b]quinoline-1,10-dione; )
7-Chloro-4-hydroxy-2~(thien-3-ylmethyl)-1,2.5,10-tetrahydropyridazino[4,5-
blquinoline-1,10-dione;
7-Chlaro-4-hydroxy-2-(benzofb]thien-2-ylmethyl)-1,2,5,10-tetrahydropyridazino{4,5-
b]quinoline-1,10-dione;
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1-&]Mhytoxy—2kl.34hinm-2—yhmﬁyl}l£j.lﬂ-nﬂahy&npyﬁdnﬁno[4§-
blquinoline-1,10-dione, and
7-Chloro-4-hydroxy-2-(imidazol-2-ylmethyl)-1,2,5,10-tetrahydropyridazino[4,5-
blquinoline-1,10-dione.
6. A pharmaceutical composition comprising a pain-ameliorating effective amount of a
compound according to structural diagram I together with 2 pharmaceutically-acceptable

¢xcipient or diluent;

wherein:

D is solected from an 5- or 6-mambered heteroary]l moiety or a benz- derivative
thereof, having 1, 2 or 3 ring atoms selected from oxygen, nitrogen or sulfur, and
R' is halo,
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ABSTRACT

A method for the treatment of puin is disclosed comprising administration of.a pain-
ameliorating effective amount of any compound according to structural diagram I;

H
o N A
-

wherein: A, D snd R are as defined in the specification. Also disclosed are pharmaceutical
compositions comprising a pain-ameliorating cffective amount of a compound in accord with
structural diagrm L
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T UTKALDJIAN, CUYA FIRMA AUTENTICA APARECE EN EL DOCUMENTO
ANTERIOR ERA EN EL MOMENTO DE HACERLO Y ES AHORA NOTARIO
PUBLICO DEL ESTADO DE DELAWARE EN Y PARA ELL CONDADO DE NEW
CASTLE DEBIDAMENTE DESIGNADO, COMISIONADO Y CALIFICADO, Y QUE

DEBE DARSE PLENA FE Y CREDITO A TODOS SUS ACTOS OFICIALES
COMO TAL.

EN TESTIMONIO DE LO CUAL, HE FIRMADO EL PRESENTE DOCUMENTO Y
COLOCADO EL SELLO OFICIAL EN DOVER EL 29 DE DICIEMBRE, 2000, A
LAS 8:03 P.M.

Firmado : Edward J. Freel, Secretario de Estado

Autenticacion : 0886818
Fecha: 12-29-00

Sello en papel dorado del Secretario de Estado del Estado de Delawares.
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CONSULADO DE COLOMBIA
WASHINGTON, D.C.

No. 0031

CERTIFICA la firna y funciones del seflor Edward J. Freel, como Secretario de
Estado de Delaware.

Fecha: Enero 05, 2001.
Firmado:  Jaqueline Espitia Arias
Viceconsul
Hay sello del Consulado de Colombia en Washington, D.C.

MINISTERIO DE RELACIONES EXTERIORES -t

CERTIFICA la firma y funciones del funcionario consular Jaqueline Eapitia, bajo
el nimero 214837, de Enero 30, 2001.

Firmado: (Firma ilegible)
Jefe de Legalizaciones

Santafé de Bogota, D.C. %
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CONSULADO DE COL MBIA
WASHINGTON, D.C.

No. 0031

EL CONSULADO DE COLOMBIA
CERTIFICA: e

Que es auténtica la fima de EDWARD J. FREEL

queneldia 29 DE DTICTEMBRE DEL 2000 R
desempefiaba las funclones de_ SFCPETABIO DE ESTACDDEL ESTROD -DE DRAMARE

la cual aparece al ple de los documentos anexos relacionados con__ CERTIFICADO

2
Ly

Dado an Washington, D.C. a los ﬂ dias del de

del afio dos mil uno (2001)

Pagado impussio de Timbre a —

Puagado Derscho Consular. —_—
Tobal
JAQUELIN ESFITIA ARIAS
(Emmmdmml Viceconsul
responaahiidad por el cordenido de los
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. State of Delaware 00-Oq').
Office of the Secretary of State 20

PAGE 1

I, EDRARD J. FREEL, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THAT FRANCES L. TOUTKALDJIAN, WHOSE
GENUINE SIGNATURE APPEARS ON THE ABOVE AND FOREGOING DOCUMENT
WAS AT THE TIME OF MAKING AND NOW IS A NOTARY PUBLIC FOR THE
STATE OF DELAWARE IN AND FOR NEW CASTLE COUNTY DULY APPOINTED,
COMMISSIONED AND QUALIFIED, AND THAT FULL FAITH AND CREDIT ARE,
AND OUGHT TO BE, GIVEN TO ALL OF HIS OFFICIAL ACTS AS SUCH.

IN TESTIMONY WHEREOF, I EAVE HEREUNTO SET MY HAND AND
AFFIXED MY OFFICIAL SEAL OF OFFICE AT DOVER ON THE TWENTY-NINTH
DAY OF DECEMBER, A.D. 2000, AT 6:03 P.M.

" Edward ]. Freel, Secretary of State

20009084 6UCNPC AUTHENTICATION: 0886818

001658670 DATE: 12-25-00
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ASSIGNMENT "' '
The undersigned, -

Please see enclosure!

domiciled in
Please see enclosure!

hereby statc under oath to be the sole and true inventor
of

METHOD AND COMPOSITION FOR THE TREATMENT OF PAIN
METODO

We state as well that we assign, without reservations or

limitation, in favor of

AstraZeneca AB

a corporation organized and existing under the laws of
Sweden

domiciled in

S-151 85 Sddertilje, Sweden

all rights inherent to said invention, and that the above
mentioned corporation hereby is cnabled to apply, in its
name, for the comresponding patent in the Republic of

Colombia.

|00¢_/i;\b

TRASPASO Ll '
abajo firmado

Por fevor ver adjunto!

domiciliado en
Por favor ver adjunto!

declaramosbajo juramento ser  Unicay verde-
derce invenlores de.

Y COMPOSICION PARA EL TRATAMIENTO DEL
Declaramos n.simi?r‘n%?;%e cctkmos y

transferimos sin reserva ni limitacién, a favor de la

sociedad

AstraZeneca AB

organizada y cxistente de conformidad con la leves de

Suecia

domiciliada en

W\ 4,

§-151 85 S8dertlllje, Suecia

Todos los derechos inherentes s dicha invencidn y que ln
citada sociedad queda facultada para solicitar en su
nombre la patenie comrespondiente en la Repiiblica de
Colombia.
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CERTIFICADO NOTARIAL (INDIVIDUOQ)

Alos 20  dfas del mesde Diclembre
2000, compareci5  personalmente ante mi,
Notario Publico,

THOMAS MICHAEL BARE

aquien doy fé de conocer y me consta que

la persona  descrita vy firmante

del documento que precede, declarado ante mf que

otorga

en €l se expresan.

NOTARY PUBLIC (Notario Piblico)

CERTIFICADO NOTARIAL (INDIVIDUO)

Alos dfas del mes de
2000, compareci  personalmente ante mi,
Notario Publico,
aquien doy [£ de conocer y me consta que

Ia persona  descrita  yfirmante

del documento que precede, declarado ante mf qus

otorga

en €l se expresan,

¢l mismo para los fines y propésitos que

el mismo para los fines y propdsitos que

NOTARIAL CERTIFICATE (INDIVIDUAL)

Ontis R0 day of MWW o2J70

2000 personally appeared before me, a Notary Public,

THomas MicHae Bare

to me known and known to me to be the person

described in and who executed the foregoing document,

and h C duly acknowledged to me that
h €_ exccuted the same for the uses and purposes

. i

FRANCES L. TOUTKALDJIAN
NOTARY PUBLIC
STATE OF DELAWARE

NOTARIAL CERTIFICATE (INDIVIDUAL)

On this day of
2000 personally appeared before me, a Notary Public,

to me known and known to me to be the person

described in and who executed the foregoing document,

and duly acknowledged to me that
executed the same for the uses and purposes

therein expressed.
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Vemon Alford
AstraZeneca
1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

An American citizen

Thomas Michael Bare —~

1057 Windy Knoll Road
West Chester
Pennsylvania 19382
USA

Dean Gordon Brown
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

Megan Murphy
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

Rebecca Ann Urbanek
AstraZeneca

1800 Concord Pike

P.O. Box 15437

Wilmington DE 19850-5437
USA

Wenhua Xiao

AstraZeneca

1800 Concord Pike

P.O. Box 15437

Wilmington DE 19850-5437
USA

An American citizen

An American citizen

An American citizen

An American citizen

A Chinese citizen

Frances Marie McLaren

AstraZeneca

An American citizen

Wilmington, DE 19850-5437

1800 Concord Pike
USA

P.0. Box 15437
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TRADUCCION OFICIAL No. 420 -

LEGALIZACION DE UN DOCUMENTO PRESENTADO SIMULTANEAMENTE EN
INGLES Y ESPANOL. TRASPASO DE LA INVENCION DENOMINADA
COMPUESTO Y METODO PARA EL TRATAMIENTO DEL DOLOR A FAVOR DE
AstraZeneca AB.

INVENCION:

Firmado:

Firmado:

COMPUESTO Y METODO PARA EL TRATAMIENTO DEL

DOLOR

Vernon Alford

Vernon Alford

AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington, DE 19850-5437
USA

Dean Gordon Brown

Dean Gordon Brown
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington, DE 19850-5437
USA

Ciudadano americano

Ciudadano americano

<
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Firmado:

Fimado:

Firmado:

Fimado:

Megan Murphy

Megan Murphy
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington, DE 18850-5437
USA

Rebecca Ann Urbanek
Rebecca Ann Urbanek
AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington, DE 19850-5437
USA

Wenhua Xiao

Wenhua Xiao

AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington, DE 19850-5437
USA

Frances Marie Mcl.aren
Frances Marie McLaren
AstraZeneca

1800 Concord Pike

P.O. Box 15437

U

Ciudadano americano

Ciudadana americana

Ciudadano chino

KATIA BAABMANGA ¥t AvETD
IRADOLTONA OFINIAL
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Wilmington, DE 19850-5437 Ciudadana americana
USA

CERTIFICADO NOTARIAL (PERSONA NATURAL) SIMULTANEAMENTE EN

INGLES Y ESPANOL.

Fecha: Diciembre 11, 2000

Fiimado:  Frances L. Toutkaldjlan
Sello: FRANCES L. TOUTKALDJIAN

NOTARIO PUBLICO
ESTADO DE DELAWARE
Mi comision expira Octubre 26, 2002

Sello en altorrelieve del Notario Pablico de Delaware, Frances L. Toutkaldjian

CERTIFICADO NOTARIAL (PERSONA NATURAL) SIMULTANEAMENTE EN

INGLES Y ESPARNOL.

Fecha: Diciembre 06, 2000

Fimmado:  Frances L. Toutkaldjian
Sello: FRANCES L. TOUTKALDJIAN

NOTARIO PUBLICO
ESTADO DE DELAWARE
Mi comisién expira Octubre 26, 2002

Sello en altorrelieve del Notario Publico de Delaware, Frances L. Toutkaldjian
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ESTADO DE DELAWARE
OFICINA DEL SECRETARIO DE ESTADO

YO, EDWARD J. FREEL, SECRETARIO DE ESTADO DEL ESTADO DE
DELAWARE, POR EL PRESENTE CERTIFICO QUE FRANCES L.
TOUTKALDJIAN, CUYA FIRMA AUTENTICA APARECE EN EL DOCUMENTO
ANTERIOR ERA EN EL MOMENTO DE HACERLO Y ES AHORA NOTARIO
PUBLICO DEL ESTADO DE DELAWARE EN Y PARA EL CONDADO DE NEW
CASTLE DEBIDAMENTE DESIGNADO, COMISIONADQ Y CALIFICADO, Y QUE
DEBE DARSE PLENA FE Y CREDITO A TODOS SUS ACTOS OFICIALES
COMO TAL.

EN TESTIMONIO DE LO CUAL, HE FIRMADO EL PRESENTE DOCUMENTO Y
COLOCADO EL SELLO OFICIAL EN DOVER EL 29 DE DICIEMBRE, 2000, A
LAS 11: 14 AM.

Firmado : Edward J. Freel, Secretario de Estado

Autenticacion : 0863808
Fecha: 12-19-00

Sello en papel dorado del Secretario de Estado del Estado de Delaware.
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CONSULADO DE COLOMBIA
WASHINGTON, D.C.

No. 3357

CERTIFICA fa firma y funciones del sefior Edward J. Freel, como Secretario de
Estado de Delaware.

Fecha: Diciembre 29, 2000.
Fimmado:  Lizet Martinez Peila ..
Cénsul

Hay selio del Consulado de Colombia en Washington, D.C.

MINISTERIO DE RELACIONES EXTERIORES

CERTIFICA la firma y funciones del funcionario consular Jaqueline Espitia, bajo
el nimero 214838, de Enero 30, 2001.

Fimado:  (Fimma ilegible)
Jefe de Legalizaciones
Santafé de Bogota, D.C.
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C NSULADODEC L MBIA @('8
ks WASHINGTON, D.C. (
No. 3357 .
EL CONSULADO DE COLOMBIA i ” - "3
CERTIFICA: Y

Que s auténtica la firma de _EDWARD J. FREEL

quisneldia 19 DE DICIEMBRE DEL 2000 _
desempefiaba las funciones de__SECRETARIQ DE ESTADO DE DELAWARE
la cual aparece al ple de los documentos anexocs relacionados con _CERTIFICADO

N
Vode Ltf.. - .

r

Dado en Washingion, D.C. a los DEC 29 2000 dlnc.l'dm-dl‘

del afio dos mlil (2000) .

Pagado impussio de Timbre—l_—____
Pagado Derscho Consuler.. 1.5
Tol. 22

(& Consulado no ssuma ninguna

responeablidad por al contenido de los
docunentios anasos)
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A T State of Delaware

- Office of the Secretary of State *»¢E 1 A

I, EDWARD J. FREEL, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THAT FRANCES L. TOUTEKALDJIAN, WHOSE

GENUINE SIGNATURE APPEARS ON THE ABOVE AND FOREGOING
WAS AT THE TIME OF MAKING AND NOW IS A NOTARY PUEBLIC FOR TH
STATE OF DELAWARE IN AND FOR NEW CASTLE COUNTY DULY APPOINTED,
COMMISSIONED AND QUALIFIED, AND THAT FULL FAITH AND CREDIT ARE,
AND OUGHT TO BE, GIVEN TO ALL OF HIS OFFICIAL ACTS AS SUCH.

- IN TESTIMONY WHEREOF, I HAVE HEREUNTO SET MY HAND AND
AFFIXED MY OFFICIAL SEAL OF OFFICE AT DOVER ON THE NINETEENTH
DAY OF DECEMBER, A.D. 2000, AT 11:14 A.M.

Edwand ]. Freel, Secretary of State

20008795490CH AUTHENTICATION: 0863805

0016355586 DATE: 12-19-00



' ASSIGNMENT,
The undersigned, 7

Please see enclosure!

domiciled in
Please see enclosure!

hereby state under oath to be the sole and true inventor
aof

TRASPASO
abajo firmado
Por favor ver adjuntol

domiciliado en
Por favor ver adjuntol

decleramosbajo juramento ser  dnicay verda-
der® inventores de.

METHOD AND COMPOSITION FOR THE TREATMENFGREA'™S couPoSICION PARA EL TRATAMIENTO DEL DOLOR

We state as well that we assign, without reservations or

limitation, in favor of

AstraZeneca AB
a corporation organized and existing under the laws of
Sweden .

domiciled in

S-151 85 Stdertalje, Sweden

all rights inherent to said invention, and that the above
mentioned corporation hereby is enabled to apply, in its

name, for the corresponding patent in the Republic of
Colombia.

Declargmpp  asimismo que cedemos y
transferimos gin reserva ni limitacién, a favor de la
sociedad

AgtraZenece AB

organizada y existente de conformidad con la leves de
Suecia

domiciliada en

8-151 85 Sidertfilje, Sueca

Todos los derechos inherentes a dicha invencion y que la
citada sociedasd queda facultada para solicitar en su
nombre la patente correspondiente en la Repiblica de
Colombia.
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CERTIFICADO NOTARIAL (INDIVIDUO)

Alos 6 dfas del mes de Diciembre
2000, comparecierampersonalmente ante mi,

Notario Publico,

Vernon Alford

Dean Gordon Browm
Megan Murphy
Rebecca Ann Urbanek

a quienes doy ¢ de conocer y me consta que

lng personsgs  descrites Yy firmantes
del documento que precede, declarado ante mf que
otorga el mismo para los fines y propdsilos que

cn €] se expresan.

NOTARY PUBLIC (Notario Pdblico)

CERTIFICADO NOTARIAL (INDIVIDUO)

Alos 8 dfas del mesde Diciembre
2000, compareci® personalmente ante mi,
Norario Publico,

Wenhua Xiao

aquien doy fé de conocer y me consta que

la persona  descrita y firmanie
del documento que precede, declarado ante mf que
otorga
en él se expresan.

el mismo para los fines y propésitos que

NOTARIAL CERTIFICATE (INDIVIDUAL) -
. A

oomis T dayof DLetimbea
2000 personally appeared before me, a Notary Public,
Vernon QuUfurd
Dean Gordon Brownm
Megan ﬂ'lu,rph'f
Rebecen din Thdimch

to me known and known to me to be the persons
described in and who executed the foregoing document,
and Hhey duly acknowledged to me that
-Hw{J executed the same for the uses and purposes

therein expresged.

%ﬂW
e P
STATEOFDELAWARE -

NOTARIAL CERTIFICATE (INDIVIDUAL)

ontis §F dayof Decembev
2000 personally appeared before me, a Notary Public,

iWenhwa Xlao~

to me known and known to me to be the person

described in and who executed the foregoing document.

and She duly acknowledged to me that
she executed the same for the uses and purposes

therein expressed.

Broud frnclostt—

FHANGES L TOU'I'IGLD.IIAN
STATE OF DEI.AWAHE
Commission Oct

. e, - .S B



co State of Delaware
Office of the Secretary of State

PAGE 1

I, EDRARD J. FREEL, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THAT FRANCES L. TOUTEALDJIAN, WHOSE
GENUINE SIGNATURE APPEARS ON THE ABOVE AND FOREGOING DOCUMENT
WAS AT THE TIME OF MAKING AND NOW IS A NOTARY PUBLIC FOR THE
STATE OF DELAWARE IN AND FOR NEW CASTLE COUNTY DULY APPOINTED,
COMMISSIONED AND QUALIFIED, AND TEAT FULL FAITH AND CREDIT ARE,
AND OUGHT TO BE, GIVEN TO ALL OF HIS OFFICIAL ACTS AS SUCH.

IN TESTIMONY WHEREOF, I HAVE HEREUNTO SET MY HAND AND
AFFIXED MY OFFICIAL SEAL OF OFFICE AT DOVER ON THE NINETEENTH

DAY OF DECEMBER, A.D. 2000, AT 11:14 A.M.

L EREE. Edward ]. Freel, Secretary of State
20008794 9UNESY S AUTBENTICATION: 0863808

DATE: 12-19-00

001635556




" CERTIFICADO NOTARIAL (INDIVIDUO)

dfas del mes d.eDic:I.embre
personalmente ante mi,

Alos 11
2000, comparec]
Notario Publico,

Frances Marie McLaren

aquien doy fé de conocer y me consta que

la persona  descrita
del documento que precede, declarado ante mf que
otorga ¢l mismo pam los fines ¥ propdsitos que
cn €l se expresan.

y firmants

NOTARY PUBLIC (Notario Péblico)

CERTIFICADO NOTARIAL (INDIVIDUO)

Alos dias del mes de
2000, compareci  personalmente ante mi,

Notario Publico,

aquien  doy fé de conocer y me consta que

la persona  descrita  yfirmante
del documento que precede, declarado ante mf que
otorga ¢l mismo pars los fines y propésitos que
en €] se expresan.

NOTARIAL CERTIFICATE (INDIVIDUAL)

onuis N dayof [Decemben

2000 personally appeared before me, a Notary Public,

teanses Mty Me Lano

to me known and known to me to be the person

described in and who executed the foregoing document,
duly acknowledged 10 me that
6’\1_, executed the same for the uses and purposes

A Mrideart—

FRANCES L. TOUTKALDJIAN

m She

therein expressed.

STAT‘ET (:A)"IEv DELAWARE
Commission Oct

NOTARIAL CERTIFICATE (INDIVIDUAL)

On this day of

2000 personally appeared befare me, & Notary Public,

to me known and known 10 me to be the person

described in and who executed the foregoing document,
and duly acknowledged to me that
exccuted the same for the uses and purposes

therein expressed,

008y o
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. Vemon Alford
AstraZeneca
. 1800 Concord Pike
P.O. Box 15437
Wilmington DE 19850-5437
USA

Thomas Michael Bare
1057 Windy Knoll Road
West Chester
Pennsylvania 19382
USA

Dean Gordon Brown
AstraZeneca
1800 Concord Pike

' P.O. Box 15437
Wilmington DE 19850-5437
UsA

AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

| Rukecca Onn Ucbaret

Megiﬁurphy d % l

AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

Wl 2=

Rebecca Ann Urbanek
& |

‘Wenhua Xiao

AstraZeneca

1800 Concord Pike

P.O. Box 15437
Wilmington DE 19850-5437
USA

A Chinese citizen

An American citizen

An American citizen

An American citizen

An American citizen ‘\% “

An American citizen

(; érances ﬁ:agie McLaéen

AstraZeneca

1800 Concord Pike

P.0. Box 15437

Wilmington, DE 19850-5437
USA

An American citizen




