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® ANEXOS

Comprobante de pago de la tasa.

Poderes, si tuere el taso.

Pruebas de los furidamentns de la oposicicn.

Documentos que acrediten el legitimo interes. si fugre el caso.

Documento que acredita la existencia y representacion legal de las partes, cuando sean
personas juridicas.
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Instrucciones para = diigenciamiento del presente formudaric, verreverso de esta pagina,




Derecho de la Competencia, Propiedad
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Seiiora Jefe,
DIVISION DE NUEVAS CREACIONES
Superintendencia de Industria y Comercio

E. S. D.

Referencia : Expediente N° 08 (071.259
Asunto : Qposicion a la solicitud de patente de Invencion titulada
| “COMBINACION DE UN INHIBIDOR DE ACETIL
COLINESTERASA Y UN ANTAGONISTA DE 5-HTo
PARA EL TRATAMIENTO DE LA DISFUNCION

. COGNITIVA”
Solicitante . WYETH . _
Opositora GYNOPHARM___S.A

]

Pubhcada en la Gaceta de la Proptedad Industrlal
’ N° 599 del 31de DlClembre de 2008 ‘

N ) - S
Yo, I:LIANA 154 URA MORENO BOHORQUEZ, ablogada en e]e‘;cllcm;'ldentlﬁcada
como aparece al pie Idells:u. flrm,a, con tarjeta, pro_fes:wmﬂ: ‘No,= 83823 del Consejo
Superior de la Judicatura, en.mi .condicion de agente oficioso de la sociedad -
GYNOPHARM S.A. conformada bajo las leyes de la Repillialif:az de Colombia y:f
dqmici'liagia en la ciudad d\_e ‘Ba}rrqnquilla, Colombia, ar.entame‘nte manifiesto c}ue
estando dentro del término de ley y por orden expresa de mi ré}’)reSentada, 'prééento
oposicion a la concesion del registro de la Patente de Invencion titulada
“COMBINACION DE UN INHIBIDOR DE ACETIL COLINESTERASA Y UN
ANTAGONISTA DE 5HT6 PARA EL TRATAMIENTO DE LA

. Carrera 13 &41;995 Of.104 Tel. (5712 13712 13- 6 2050 21 - Fax. (571)6 1219 79, 1 .,
E- mall negoc‘los@optlmmn CO.COM - WWW.OPHIUM-Co.Ccom
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DISFUNCION COGNITIVA”, cuvo titular es WYETH, y pido a Usted declarar

fundada esta oposicion y en consecuencia negar el registro de la patente solicitada.

1. INTERES PARA ACTUAR

Conforme a lo dispuesto en el articulo 42 de la Decision 486 de 2000 de la
CAN, estando dentro del término estipulado por la ley, manifiesto el legitimo interés
de nuestra representada para oponerse al registro de la patente de la referencia,
atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la

ley como, se analizar{l mz'ls.adelante v de ser concedida al"ectaria directamente la

comercyyzqc:lon de aleunos productcm de nn "repreqentad'z que contxenen en

particular galantamina. Por lo tanto, bOllCltO respetuosamente a ese Despacho se smax
tener en cuenta la presente opo<1cron dentro del tramite arlmmlstrauvo (ue se surte en

3 i

H 1]

esta Supermtendencla R S . o

e e . N R

o 2. FUNDAMENTOS DE HECHOS :
o ' ' o

i ‘

21 - la :ollc:ltud objeto de la presente tue presentada el 1_0 de JU io de 7008
. reivindicando prioridad b'uo la solicitud USZOO60?58841P del. 7006 01- 13 v fue
pubhcadq en Colombia, en la Gacem de la Propledad Indmtmi N° 599 del 31 de_'/

Diciembre de 2008, cuy. publicacion mtern'\(‘;oml cogr_ebponde a, la

b :
- s

WO02007087151 del 20070802 o . O

2.2.La solicitud colombiana 08 071.259 objeto de la presente 0p0<1c1on SE rehere aun

. método para el tratamiento de un trastorno cognitivo tal como la enfermedqd de

=
~

Alzhelmer en un leCICHt('} que lo necesita que _g_omp_r_gnde suministrar a dlCI]O
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paciente una cantidad terapéuticamente efectiva de una combinacion de un
inhibidor de acetileolinesterasa y un antagonista 5-hidroxitriptamina-6; método de
tratamiento para un trastorno cognitivo en un paciente que lo necesita que
comprende suministrar a dicho paciente una cantidad terapéuticamente efectiva de
una combinacion de un inhibidor de acetilcolinesterasa y un antagonista de 5-
hidroxitriptamina; en donde el inhibidor de acetilcolinesterasa se selecciona del
grupo que consiste esencialmente de: donepezil; galantamina; rivastigmina; v una
sal farmacéuticamente aceptable de ellos; en donde el antagonista 5-

hidroxitriptamina-6 es un compuesto de férmula 1

R, Ry
2 N
P
DT -
g, -~ Ra
! o i 1 oy
: o . |

§

en donde El es W(CR5R6)NR7R8 We< O S NR CHZ CO CH7Y CH7CO
CONRO NRCO entre otrox

e . . . . . ' . . . . .
2.3.En primera instancia, se débe advertir ‘que’ las remndtcauone: se refieren al

Lo |
= H
|

..método de tratamiento y no solo a la composicion [far111acolég{§a o a un método de
fabricacion mediante la cual se obtenga un producto tangiblely segun la legislacion,
e decision 486 de la Comunidad Andma de Naciones, Amculo 14.- “Los Paises’ ;

"f’f | Miembros otorgardn patentes para las zmenaones, sedn de pwoducto o de pmcedmuenm-

(...)", los usos no estan contemplados como patentables; v, Ajmc_ulo 20.- xNQ-‘ serdn

patentables (...} d) los métodos terapéuticos o quinirgicos para el trammient'o‘ hu"rmno 0

animal, ast como los métodos de dlagnosnco aplzcados a los seres humanos 0 a mumalu .
‘ L }
Solo xemn mtenmbles los prOdUCtO\ 0 proced;mlentos Por lo tanto a luz de la

e
R
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norma, dicha materia referente al uso y a un método de tratamiento no seria
patentable.

2.4.Ahora bien, con base en el articulo 14 de la Decision 486 de la CAN consagra lo
siguiente: “Los paises miembros otorgardn patentes para las invenciones, sean de producto o
procedimiento, en todos los campos de lu tecnologia, siempre que sean nuevas, tengan nivel
inventivo y sean susceptibles de aplicacion industrial”. Asi las cosas, las invenciones
objeto de patente deben ser nuevas y tener nivel inventivo. Bien, pues antes de la
fecha de prioridad de esta solicitud se encuentran los siguientes documentos que

afecta la patentabilidad de la presente solicitud:

e DI1:W0O2004074243 publicada el 2 de septiembre de 2004.

e D2: NORDBERG A. ET AL: 'CHOL[NESTERASE INHIBITORS IN, THE
TREATMENT OF ALZHEI\AERS DISEASE‘ A COMPARISON OFr
TOLERABILITY AND PHAR\AACOLOGY‘ DRUG SAFETY vol. 19, no. 6,
pages 465 480 pubhcha el 1° de diciembre de 1998,

i
-

3

.
- i
£

|
‘ !
EEES " o ¢
.2.5:Ahora” bien, el -documento DI, particularmente en la} - descripcion  revela !
compuestos de formula I

R,

\N-—\
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para el tratamiento terapéutico de desordenes relacionados con o.afectado por el
receptor 5-HTG. Como tal, esta anterioridad D1 revela que los antagonistas de 5-

HT6 tienen un efecto terapéutico para el tratamiento de desordenes cognitivos. En

- :
-

LI I
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la descripcion define que el receptor 5-hidroxitriptamina-6 (5-HT6) es uno de los
receptores mas recientes para ser identificados por la reproduccién molecular.
Segun DI, se define su capacidad de atar una amplia gama de compuestos
terapéuticos usados en psiquiatria, la disfuncién cognoscitiva, la funcion motora y
el control, la memoria, el humor y otros por similares.

2.6.Ahora bien, el documento D2 revela inhibidores de colinesterasa en el tratamiento
en Alzheimer. Este documento D2 revela para 1998, el uso de donepezil (itemn 5,
pagina 472), galantamina (item 6, pagina 473) y rivastigmina (item 10, pagina 475)
solo o en combinacion, efectivos para el tratamiento terapéutico de desordenes
cognitivos.

2.7.Por lo tanto, cualquier persona versada_en la materia puede llegar de manera

consecuente a crear un'1 COI'anl’l’lClOD (']U("‘ mcluye Ul“l?l C'l]ltldad tempeutlcamenre

efectwd de un antagonista 5- hldromtrlptamma 61n 'UbldOI' con ba:e en lo revelado ‘

en el documento Dl combmado con un acetllcolmeeteram <egu11 }o lustrado en el ~ -~
L . . ) .

clocumento DZ para el tratamlento de un trastorno cognitive) en un paciente, .-
llegando 0Lw1a y de manera evidente a una composicion tal y comé aquella revelada
en:la presetite solicitud. Por lo tanto, visto dicho documentOIDZ en combinacion -
L HN T i P . R .

”

con el documento DI, la presente solicitud carece evidentemente de altura

s

inven tiva.

2.8.Por lo tanto, este documento objeto de oposicion a la luz dél documento D1 v el

' Sf

documento D2, carece de ALTURA [NVENFIYA. i

e L S

nars

2.9.En consecuencia y de acuerdo,a lo descrito anteriormente, se fleriya que la solicitud -

colombiana 08 071,259 no puede pretender un .lp_qnopolio)‘pqgg patente toda vez

que lo que pretende no cumple con doslde, los tres requisity necesarios ‘para su
. LI [ ' ? At . - ' B . [N _.‘ T

proteccion.
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2.10.1. CARENCIA DE ALTURA INVENTIVA. Segun la Decision 486 de la

Comunidad Andina de Naciones, Articulo 18.- “Se considerard gue una invencién
tiene nivel inventivo, si para una persona del oficio normalmente versada en la materia
técnica correspondiente, esa invencion no hichiese resultado obuvia ni se hubiese derivado
de manera evidente del estado de la téenica.”. A la fecha de prioridad, 13 de febrero
de 2006, a partir del documento D2 en combinacion con DI, puede llegar de
manera evidente a un compuesto farmacéutico que combine un antagonista 5-
hidroxitriptamina-Ginhibidor y un acetilcolinesterasa para el tratamiento de un
trastorno cognitivo en un paciente, sobre el cual busca proteccion en el capitulo
reivindicatorio.

2.10.2. CARENCIA DE APLI(‘ACION INDUSTRIAL La Deuclon 486 de la CAN ‘

consagra e€nh su 'lrtlcu o 14 lo xlgmente “Los paises m:unhros otorqamn patentes

para Izl.s uwenczones sean de producto o procedimiento, en todos losicampos de la <
1 e

tecnologm siempre que sean nugeas, tengan nivel inventivo, y sean susceptibles de

o s o«
A

. a phcaczon industrial”. La presente solicitud carece de '1phc1c10n3Industrml ya que -
como se demostro anteriormente, algunas cliusulas reclaman el método
) o
terapéutico y estos no-son aplicables industrialmente porqge',pnn‘:ero no se
obtiene un producto o proceso; v segundo, no, es Irg:p'r()}giug;il_)\le_ o!repe,t'ib.le('a
escala industrial. Por lo tanto, el objeto de la presente inyenc;ic'm referido a los!,"

usos v métodos terapéuticos, no cumplen con el requisito’ de la aplicacion

industrial.

vt

2.11. Da(lo lo anterior, es posible deducir que la SOll(‘ltUd y lo remndlcado no es

objeto de patentabilidad pues es contrarig 2 lo que. dtcta la Decmon 486 de la

.. Comunidad Andina de Naciones, Articulo 14" !_,p‘s_-,l?cuses Miembras otorgarin

| ] Carrera 13 N" 119‘)5 Of 1041:-1 (571) 21312 13 6205021 - Fax. (571)6 12 19 7'9
" E-mail: negorxos@nptmumwo com | www.optimum<co.com
.Bogota Colombia




70

Derecho de la Competencia, Propiedad

Optlmum Industrial y Comercio Exterior

patentes para las invenciones, sean de producto o de procedimiento, en todos los campos de la
tecnologia, siempre que sean nuewas, tengan nivel inventivo y sean susceptibles de aplicacién
industrial.”. La solicitud pretendida no cumple con dos de los tres requisitos de

patentabilidad.

2,12, Por todo lo anterior, atentamente solicito a usted que se sirva declarar fundada
la presente oposicion y negar el registro Patente de invencion denominada
“COMBINACION DE UN INHIBIDOR DE ACETIL COLINESTERASA Y
UN ANTAGONISTA DE 5-HT6 PARA EL TRATAMIENTO DE LA
DISFUNCION CbGN]TIVA , cuyo titular es WYETH, solicitud Colombiana
que aparecio pu'blicada en la Gaceta de .la Propiedad Irndustrialql.\l° 599 del 3 1 de
diciembre de 2008. A L TR

3. PRUEBAS

E
E
:
i

1
E

& o
"_,/

De confonmdad con o dlsputhO por las normas v1gente§ ‘iOllCItO a uqted tener

\

p S coimo prueba en este asunto los siguientes:
ﬁf‘j‘ « Dl WO7004074743 pubhmdq el 2 de qepmcmbre de 2004
: e D2: NORDBERG A. ET AL: 'CHOLINESTERASE INHIB[TORS IN THE
TREATMENT OF ALZHEIMERS DISEASE A CO\APARISON OF
TOLERABILITY AND PHARMACOLOGY' DRUG SAFETY- \{5)!; 19, no. 6,

i i

pages 465 - 480; publicada el 1° de diciembre de 1998. I

Carreral3 Ne 11995 Of 104 rel (571)2131713 6205021 - Fax. (371)6 1219 79 "
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4. FUNDAMENTO DE DERECHO

Fundamento esta observacion en las normas legales siguientes:

4.1.

4.2.

4.3.

Numeral 1 del articulo 586 del Codigo de Comercio.

Articulo 42 de la Decision 486 de la Comision del Acuerdo de Cartagena.

En las demas normas concordantes.

5.ANEXOS ",

Para los efectos correspondierites anexo-al presente escrito los siguientes documentos:

N

oW

X Poder p'lra actuar en el presente. X

’ Coplas de los documentos:

:

Documento que acredita al representante leg’xl de GYNOPHARM S.A. )(

Rectbo de caja del respectivo pago de tasa.

/ | I 3

i
i
?
}

1: WO2004074243 publicada el 2 de septiembre de "’004 _
D2. NORDBERG A. ET AL: 'CHOLINESTERASE INHIBITORS IN. THE
TREATMENT OF ALZHEIMERS | DISEASE. A COMPAR[SON QF
TOLERABILITY AND PHARMACOLOGY' DRUG SAFETY vol 19, no. 6,
pages 465 - 480; publicada el 1° de diciembre de 1998. o

L

"
st
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6. NOTIFICACIONES

Para efectos de notificaciones que por disposicion del articulo 50 del Decreto
01 de 1984 debe hacer su Despacho, inlormo que mi representada y la suscrita
recibiremos notilicaciones en la Secretaria de su Despacho o en is oficinas situadas

en la Carrera 13 Ne 11995, Of. 104 de esta ciudad de Bogota.

Senor Superintendente,

PRl /-

ELIANA ISAURA MORENO BOHORQUEZ
C.C. 51°975.664 de Bogota ’
T.P.A. 83823 del C.S. dela].

N ~ . o

Carrera 13 Ne 11995, Qf, 104 Tel (5712 H’ 1213-0205021 - Fax. (571)6 12 19 79

Eanail: negocios@optimunico.com - waw.optiniim<o.com
Bogoti Colombia
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HETEROCYCLYL-3-SULFONYLINDAZOLES AS 5-HYDROXYTRYPTAMINE-6
LIGANDS

BACKGROUND OF THE INVENTION

Seratonin (5-Hydroxytryptamine)(5-HT) receplors play a critical role in many
physiological and behavioral functions in humans and animals. These functions are
mediated through various 5-HT receptors distributed throughout the body. There are
now approximately fifteen different human 5-HT receptor subtypes that have been
cloned, many with well-defined roles in humans. One of the most recently identified
5-HT récepior subtypes is the 5-HT8 receptor, first cloned from rat tissue in 1993
(Mansma, F. J.; Shen, Y_; Ward, R. P.; Hambiin, M. W. Molecular Pharmacology
1993, 43, 320-327) and subsequently from human tissue (Kohen, R.; Metcalf, M. A;
Khan, N.; Druck, T.; Huebner, K.; Sibley, D. R. Journal of Neurochemistry 1996, 66,
47-56). The receptor is a G-protein coupled receptor (GPCR) positively coupled to
adenylate cyclase (Ruat, M.; Traiffort, E.; Arrang, J-M.; Tardivel-Lacombe, L.; Diaz,
L.; Leurs, R.; Schwartz, J-C. Biochemical Biophysical Research Communications
1993, 193, 268-276). The receptor is found almost exclusively in the central nervous
system {CNS) areas both in rat and in human. In situ hybridization studies of the
5-HT6 receptor in rat brain using mRNA indicate principal localization in the areas of
5-HT projeétion including striatum, nucleus accumbens, olfactory tubercle, and
hippocampal formation (Ward, R. P.; Hamblin, M. W.; Lachowicz, J. E.; Hoffman, B.
J.; Sibley, D. R.; Dorsa, D. M. Neuroscience 1995, 64, 1105-1111).

There are many potential therapeutic uses for 5-HT6 ligands in humans
based on direct effects and on indications from available scientific studies. These
studies include the localization of the receptor, the affinity of ligands with known in
vivo activity, and various animal studies conducted so far. '

One potential therapeutic use of modulators of 5-HT6 receptor function is in
the enhancement of cognition and memory in human diseases such as
Alzheimer's. The high levels of receptor found in important structures in the forebrain,

including the caudate/putamen, hippocampus, nucleus accumbens, and cortex

-1-
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suggest a role for the receptor in memory and cognition since these areas are known
to play a vital role in memory (Gerard, C.; Martres, M.-P.; Lefevre, K.; Miquel, M.C;
Verge, D.; Lanfumey, R.; Doucet, E.; Hamon, M.; El Mestikawy, S. Brain Research,
1997, 746, 207-219). The ability of known 5-HTB receptor ligands to enhance
cholinergic transmission also supported the potential cognition use (Bentley, J. C.;
Boursson, A.; Boess, F. G.; Kone, F. C.; Marsden, C. A.; Petit, N.; Sleight, A. J.
British Journal of Pharmacology, 1999, 126(7), 1537-1542). Studies have found that
a known 5-HT6 selective antagonist significantly increased glutamate and aspartate
levels in the frontal cortex without elevating levels of noradrenaline, dopamine, or 5-
HT. This selective elevation of neurochemicals known to be involved in memory and
cognition strongly suggests a role for 5-HT8 ligands in cognition (Dawson, L. A,;
Nguyen, H. Q.; Li, P. British Journal of Pharmacology, 2000, 130(1), 23-26). Animal
studies of memory and learning with a known selective 5-HT6 antagonist found some
positive effects (Rogers, D. C.; Hatcher, P. D.; Hagan, J. J. Society of Neuroscience,
Abstracts 2000, 26, 680). Further support for the role of a selective 5-HT6 ligand in
cognition can be found in Woolley, M. L.; Marsden, C. A.; Sleight, A. J.; and Fone, K.
C. F., Psychopharmmacology, 2003, 170(4), 358-367.

A related potential therapeutic use for 5-HT6 ligands is the treatment of
attention deficit disorders (ADD, also known as Altention Deficit Hyperactivity -
Disorder or ADHD) in both children and adults. Because 5-HT6 antagonists appear
to enhance the activity of the nigrostriatal dopamine pathway and because ADHD
has been linked to abnormalities in the caudate (Emst, M; Zametkin, A. J.; Matochik,
J. H.; Jons, P. A.; Cohen, R. M. Joumnal of Neuroscience 1998, 18(15), 5901-5207),
5-HT6 antagonists may attenuate attention deficit disorders.

Early studies examining the affinity of various CNS ligands with known
therapeutic utility or a strong structural resemblance to known drugs suggests a role
for 5-HT8 ligands in the treatment of schizophrenia and depression. For example,
clozapine (an effective clinical antipsychotic) has high affinity for the 5-HT6 receptor
subtype. Also, several clinical antidepressants have high affinity for the receptor as
well and act as antagonists at this site (Branchek, T. A.; Blackburn, T. P. Annual
Reviews in Pharmacology and Toxicology 2000, 40, 319-334).

Further, recent in vivo studies in rats indicate 5-HT6 modulators méy be

useful in the treatment of movement disorders including epilepsy (Stean, T;



10

15

20

25

77

WO 2004/074243 PCT/US2004/003926

Routledge, C.; Upton, N. British Journal of Pharmacology 1999, 127 Proc.
Supplement 131P and Routledge, C.; Bromidge, S. M.; Moss, S. F.; Price, G. W ;
Hirst, W.; Newman, H.; Riley, G.; Gager, T.; Stean, T.; Upton, N.; Clarke, S. E;
Brown, A. M. British Journal of Pharmacology 2000, 130(7), 1608-1612).

Taken together, the above studies strongly suggest that compounds which are 5-
HT6 receptor modulators, i.e. ligands, may be useful for therapeutic indications
including: the treatment of diseases associated with a deficit in memory, cognition,
and learning such as Alzheimer's and attention deficit disorder; the treatment of
personality disorders such as schizophrenia; the treatment of behavioral disorders,
e.g., anxiety, depression and obsessive compulsive disorders; the treatment of
motion or motor disorders such as Parkinson’s disease and epilepéy; the treatment of
diseases associated with neurodegeneration such as stroke and head trauma; or
withdrawal from drug addiction including addiction to nicotine, alcohol, and cther
substances of abuse.

Therefore, it is an object of this invention to provide compounds which are
useful as therapeutic agents in the treatmlent of a variety of central nervoué system
disorders related to or affected by the 5-HT6 receptor.

It is another gbject of this invention to provide therapeutic methods and
pharmaceutical compositions useful for the treatment of central nervous system
disorders related to or affected by the 5-HT6 receptor.

It is a feature of this invention that the compounds provided may also be used
to further study and elucidate the 5-HT8 receptor.

SUMMARY OF THE INVENTION

The present invention provides a compound of formula |
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wherein
Ais C,CRgorN;

R, is H, halogen, CN, CORg, OCO2R10, CO2R11, CONR;2R13, SORu4,
NR;ysR4, OR47 o a Cy-Cgalkyl, Cs-Creycloalkyl, aryl or heteroaryl
group each optionally substituted;

Rz is an optionally substituted C,-Cgalkyl, Cs-Crcycloalkyl, aryl, or heteroaryl
group or an optionally substituted 8- to 13-membered bicyclic or
tricyclic ring system having a N atom at the bridgehead and optionally
containing 1, 2 or 3 additional heteroatoms selected from N, O or S ;

R; is H or a Cy-Cgalkyl, Cs-Crcycloalkyl, aryl or heteroaryl group each
optionally substituted;

R.is H or a C;-Cgalkyl or Cs-C,cycloalkyl group each optionally substituted;

Rs, Rg and R; are each independently H or a C,-Cgalkyl or C5-C;cycloalkyl
group each optionally substituted,;

m and p are each independently an integer of 1, 2 or 3;

n is an integer of 1 or 2;

R is H, OH or an optionally substituted C,-Cealkoxy group;

Rq, Rio, Ry and Ry are each independently H or a C;-Cealkyl, Co-Cealkenyl,
C.-Csalkynyl, C3-Cscycloalkyl, cycloheteroalkyl, aryl or heteroaryl
group each optionally substituted;

Rs2, Ria, Ris and Ryg are each independently H or an optionally substituted

C,-C,alkyl group or Ry and Ry3 or Fl15'and Ris may be taken together
with the atom to which they are attached to form a 5- to 7-membered
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ring optionally containing another heteroatom selected from O, NRyg

or SOy;
R4 is a Cy-Cgalkyl, Co-Cealkenyl, Cz-Cralkynyl, Cs-Ceeycloalkyl,

cycloheteroalkyl, aryl or heteroaryl group each optionally substituted;
Rig is H or a C;-Cealkyl, Co-Cealkenyl, C,-Cealkynyl, Cs-Croycloalkyl,
cycloheteroalkyl, aryl or heteraryl group each optionally substituted;
X is 0 or an integer of 1 or 2; and '
---- represents a single bond or a double bond; or
the sterecisomes thereof or the pharmaceutically acceptable salts thereof.
The present invention also provides methods and compositions useful in the
treatment of central nervous system disorders.

DETAILED DESCRIPTION OF THE INVENTION

The 5-hydroxytryptamine-6 (5-HT6) receptor is one of the most recent
receptors to be identified by molecular cloning. Its ability to bind a wide range of
therapeutic compounds used in psychiatry, coupled with its intriguing distribution in
the brain has stimulated significant interest in new compounds which are capable of
interacting with or affecting said receptor. Significant efforts are being made to
understand the possible role of the 5-HT6 receptor in psychiatry, cognitive
dysfunction, motor function and control, memory, meod and the like. To that end,
compounds which demonstrate a binding affinity for the 5-HT6 receptor are earnestly
sought both as an aid in the study of the 5-HT6 receptor and as potential therapeutic
agents in the treatment of centfal nervous system disorders, for example see C.
Reavill and D. C. Rogers, Current Opinion in investigational Drugs, 2001, 2(1):104-
109, Pharma Press Lid. ' '

Surprisingly, it has now been found that heterocyclyl-3-sulfonylindazoles of
formuia 1 demonstrate 5-HT6 affinity along with significant sub-type sélectivity.
Advantageously, said formula | indazoles are effective therapeutic agents for the
treatment of central nervous system (CNS) dlsorders associated W|th or aftected by
the 5-HT6 receptor. Accordingly, the present invention provides 1 heterocyclyl 3-
sulfonylindazole compounds of formula'l
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R; is H, halogen, CN, COR,y, OCO,R,g, CO.R;1, CONR;2R3, SO,R14,
NR1sR4s, ORy7 or a Cs-Cgalkyl, Cs-Cycycloalkyl, ary! or heteroaryl
group each optionally substituted;

Rz is an optionally substituted C,-Cgalkyl, Cs-Cseycloalkyl, aryl, or heteroaryl
group or an optionally substituted 8- to 13-membered bicyclic or
tricyclic ring system having a N atom at the bridgehead and optionally
containing 1, 2 or 3 additional heteroatoms selected from N, O or S;

Rsis H or a Ci-Cealkyl, C5-Crcycloalkyl, aryl or heteroaryl group each
optionally substituted:;

Rais H or a C4-Cgalkyl or Ca-C;cycloalkyl group each optionally substituted:

Rs, Rs and R; are each independently H or a C1-Cgalkyl or C5-C;eycloalkyl
group each optionally substituted;

m and p are each independently an integer of 1, 2 or 3;

n is an integer of 1 or 2;

Rg is H, OH or an optionally substituted C, -Cealkoxy group,

Rg, R1o, R11 and Ry7 are each independently H or a C;-Cealkyl, C,-Csalkenyl,
Co-Cealkynyl, Cs-CacycIoalkyl, cycloheteroalkyl, aryl or hetercaryl
group each optionally substituted:;

Ri2, Ri3, Ry and Rz are each indépendenﬂy H or an optionally substituted

Cy-Caalkyl group or Rz and Ry or Rysand Rys may be taken together
with the atom to which they are attached to form a 5- to 7-membered
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ring optionally containing another heteroatom selected from 0O, NRys

or SO;
Ria is a C4-Cealkyl, C-Cealkenyl, Co-Cealkynyl, Cs-Cscycloalkyl,

cycloheteroalkyl, aryi or heteroaryl group each optionally substituted,;
Rig is H or a Cy-Cealkyl, C»-Cealkenyl, C-Cgalkynyi, Cs-Croycloalkyl,
cycioheteroalkyl, aryl or heteraryl group each optionally substituted;
x is O or an integer of 1 or 2; and
= represents a single bond or a doubie bond; or
the stereoisomes thereof or the pharmaceutically acceptable salts thereof.

As used in the specification and claims, the term halogen designates F, CI, Br.

or | and the term cycloheteroalkyl designates a five- to seven-membered cycloalkyl
ring system containing 1 or 2 heteroatoms, which may be the same or different,
selected from N, O or S and optionally containing one double bond. Exemplary of
the cycloheteroalkyl ring systems included in the term as designated herein are the
following rings wherein X is NR, O or S; and Ris H or an optional substituent as
described hereinbelow: ' ' o

—L — —cN X X
O W T )

R S I G

Similarly, as used in the specification and claims, the term heteroaryl
designates a five- to ten-membered aromatic ring system containing 1, 2 or 3
heteroatoms, which may be the same or different, selected from N, O or S. Such
heteroaryl ring systems include pyrrolyl, azolyl, oxazolyl, thiazolyl, imidazoly!, furyl,
thienyl, quinolinyl; isoquinolinyl, indolyl, benzothienyl, benzofuranyl, benzisoxazolyl or
the like. The term aryl designates a carbocyclic aromatic ring system such as
phenyl, naphthyl, anthracenyl or the like. The term haloalky! as used herein
designates a CyHan,1 group having from one to 2n+1 halogen atoms which may be
the same or different and the term haloalkoxy as used herein designates an OC,Han,
group having from one to 2n+1 halogen atoms which may be the same or different.
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Exemplary of the 8- to 13-membered bicyclic or tricyclic ring systems having a
N atom at the bridgehead and optionaily containing 1, 2 or 3 additional heteroatoms
selected from N, O or S included in the term as designated herein are the following
ring systems wherein Wz is NR, O or S; and R is H or an optional substituent as
described hereinbelow:

N N
NN 2 /NYN\” ANy NPT AN
—_— —— —_— —— " ]
2o — N I Ny N— K/N—‘—’ SV
N.__N NN N. N N. Wa 2NN WZ/Ni-
% “d cd —
ST Ors- Uy Oy O (B
Ny, N— SN K/N—' Ny N R N

N. . W. N. /N\'
Wy A //in. i T A gl B
el oec o= docRueRa
o ST T Yy TR T
/N\rj \Il N—'_Il Q/N_._'l < ’N——Il <\ N— \\/N___"
<W,N—" w3 N
2

In the specification and claims, when the terms C,-Csalkyl, C-Cealkenyl,

—7)

Cz-Cealkynyl, C4-C,cycloalkyl, cycloheteroalkyl, aryl or heteroaryl are designated as
being optionally substituted, the substituent groups which are optionally present may
be one or more of those customarily employed in the development of pharmaceutical
compounds, or the modification of such compounds, to influence their
structure/activity, persistence, absorption, stability or other beneficial property.
Specific examples of such substituents include halogen atoms, nitro, cyano,
thiocyanato, cyanato, hydroxyl, alkyl, haloalkyl, alkoxy, haloalkoxy, amino,
alkylamino, dialkylamino, formyl, alkoxycarbonyl, carboxyl, alkanoyl, alkylthio,
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alkylsuphinyl, aikylsulphonyl, carbamoyi, alkylaminocarbonyl, phenyl and substituted
phenyl (where the substituents are as defined herein), phenoxy, benzyl, benzyloxy,
heteroaryl, indolyl, heterocyclyl (e.g., heteroaryl, cycloheteroaikyl) or cycloalkyl
groups, preferably halogen atoms or lower alkyl or lower alkoxy groups. Typically, 0-
3 substituents may be present. When any of the foregoing substituents represents or
contains an alky! subst‘ituent group, this may be linear or branched and may contain
up to 12, preferably up to 6, more preferably up to 4 carbon atoms.

Pharmaceutically acceptable salts may be any acid addition salt formed by a
compound of formula | and a pharmaceutically acceptable acid such as phosphoric,
sulfuric, hydrochloric, hydrobromic, citric, maleic, malonic, mandelic, succinic,
fumaric, acetic, lactic, nitric, sulfonic, p-toluene sulfonic, methane suffonic acid or the
like.

Compounds of the invention include esters, carbamates or other conventional
prodrug forms, which in general, are functional derivatives of the compoundé of the
invention and which are readily converted to the inventive active moiety in vivo.
Correspondingly, the method of the invention embraces the treatment of the various
conditions described hereinabove with a compound of formula | or with a compound
which is not specifically disclosed but which, upon administration, converts to a
compound of formula | in vive. Alsec included are metabolites of the compounds of
the present invention defined as active species produced upon introduction of these
compounds inte a biclogical system,

Compounds of the invention may exist as one or more stereoisomers. The
various stereoisomers include enantiomers, diastereomers, atropisomers and
geometric isomers. One skilled in the art will appreciate that one stereoisomer may
be more active or may exhibit beneficial effects when enriched relative to the other
stereoisomer(s) or when separated from the other stereocisomer(s). Additionally, the
skilled artisan knows how to separate, enrich or selectively prépare said
stereoisomers. Accordingly, the present invention comprises compounds of formula
I, the stereoisomers thereof and the pharn’iaceutiéally acceptabie salts thereof. The
compounds of the invention may be present as a mixture of stereocisomers, individual

stereoisomers, or as an optically active or enantiomerically pure form.
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Examples of R, are hydrogen, phenyl and C,-Calkyl which may be
substituted by optionally substituted phenyl, e.g., R; is methyl, phenyl or 3-
chorobenzyl. An example of A is N. Examples of R, are phenyl, 1-naphthyl, 2-

naphthy!, cyanophenyl, 2, 3, or 4-halophenyl, 2-phenethyl, 2-chloro-4-fiuorophenyl,

aminophenyl and thienyl. Examples of R, are H, methyl, ethyl, propyl and phenethyl.

Preferred compounds of the invention are those compounds of formula |
wherein nis 1. Another group of preferred compounds are those compounds of
formula | wherein Ry is H or an opticnally substituted C,-Cialkyl group. A further
group of preferred compounds of the invention are those compounds of formula |
wherein R; is an optionally substituted phenyl, naphthyl or heteroaryl group. Also
prefetred are those compounds of formula [ wherein Rs, Rg and R, are H.

More preferred compounds of the invention are those compounds of formula |
wherein A is N and R, is H or an optionally substituted Ci-Csalkyl group. Another
group of more preferred compounds are those compounds of formula | wherein A is
N; nis 1 and R; is an optionally substituted phenyl, naphthyl or heteroaryl group.
Further more preferred compounds of the invention are those compounds of formula
t wherein the 8- or 7-membered azacyclic ring is attached to the indazole in the 5 or 7
position. ‘

Among the preferred compounds of the invention are:
5-(4-methylpiperazin-1-yl)-3-(1-naphthylsulfonyl)-1H-indazole;
3-(1-naphthyisulfonyl)-5-piperazin-1-yi-1H-indazole;
1-(3-chlorobenzyl)-5-(4-methylpiperazin-1-yl)-3-(1 -naphthylsulfoﬁyl)-1 H-indazole;
7-(4-methylpiperazin-1-y1)-3-(phenylsulfonyl)- 1H-indazole; '
3-(phenylsulfonyi)-7-(4-propylipiperazin-1-yl)- 1H-indazole;
3-(phenylsulfonyl)-7-piperazin-1-yl- 1 H-indazole;
5-(4-methylpiperazin-1-yl)-3-(phenylsulfonyl)- 1H-indazole;
3-(phenylsulfonyl)-5-(4-propyipiperazin-1-y!)- 1 H-indazole;
3-(pheny|sulfonyl)-s-piperazin‘-1 -yl TH-indazole;
5-piperazin-1-yi-3-[(3-cyanophenyl)suifonyl]- 1H-indazole;
7-(4-methylipiperazin-1-yl)-3-[(2-phenethyl)sutfonyl- 1 H-indazole;
3-(1-naphthylsulfonyl)-7-(4-propylpiperazin-1-yl)- 1H-indazole;
5-(4-phenethylpiperazin-1-yi}-3-(1-naphthylsulfonyi)- 1 H-indazole;
5-(4-methylpiperazin-1-yl)-3-(2-naphthylsulfonyl)- 1 H-indazole;
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3~[(2—chloro—4—ﬂuorophenyl)sulfonyl]-s-piberazin-1 -yl-1H-indazole;
1-methyl-3-(phenylsulfonyl)-5-piperazin-1-yl- 1H-indazole;
1-phenyl-3-(phenylsulfonyl)-5-piperazin-1-yl- TH-indazole;
1-methyl-3-(phenylsulfonyl)-7-piperazin-1-yl - 1H-indazole;
1-phenyl-3-(phenylsulfony!)-7-(piperazin-1-yl)-1H-indazole;
7-piperazin-1-yl-3-[(3-fluorophenyl)sulfonyl]- 1 H-indazole;
3-[(4-fluorophenyi)sulfonyl]-7-{4-methylpiperazin-1-yl)- 1H-indazole;
3-[(2-chlorophenyl)sulfonyl]-7-piperazin-1-yl- TH-indazole;
3-[(4-aminophenyl)sulfonyl]-7-(piperazin-1-yl)- 1H-indazole;
5-piperazin-1-yl-3-[(3-fluorophenyl)sulfonyl]- 1H-indazole;
3-[(4-fluorophenyl)sulfonyl)-5-(4-methylpiperazin-1-yl)- 1H-indazole;
3-[(2-chlorophenyl)sulfonyl]-5-(4-propylpiperazin-1-yl)- 1H-indazole;
3-[(4-aminophenyl)sulfonyl]-5-piperazin-1-yl- 1H-indazole;
3-[(5-chlorothien-2-yl)sulfonyi]-5-piperazin-1-yl- 1H-indazole;
3-[(5-chlorothien-2-yl)sulfonyl]-7-piperazin-1-yl- 1H-indazole;
4-chloro-3-(phenylsulfonyl)-7-piperazin-1-yl- 1H-indazole;
5-fluoro-3-(phenylsulfonyl)-7-piperazin-1-yl- 1H-indazole;
6-fluoro-3-(phenylsulfonyl)-7-piperazin-1i-yl- T H-indazole;
4-chloro-3-(phenylsulfonyl)-5-piperazin-1-yl- 1H-indazole;
7-flucro-3-(phenylsulfonyi)-5-piperazin-1-yl- 1H-indazole;
6-fluoro-3-(phenylsulfonyl)-5-piperazin-1-yl- TH-indazole;
6-(4-phensthylpiperazin-1-yl)-3-(phenylsulfonyl)- 1H-indazole;
6-(4-methyipiperazin-1-yl)-3-(phenylsulfonyl)- 1H-indazole;
6-(4-propylpiperazin-1-yl}-3-(phenylsulfonyl)- 1H-indazole;
3-(phenylsulfonyl)-6-piperazin-1-yl- 1H-indazole;
4-piperazin-1-yl-3-(phenylsulfonyl)- 1H-indazole;
4-(4-methylpiperazin-1 -yi)-S-(phenyIsuifonyI)- TI‘H-inda'zole;
4-(4-propylpiperazin-1-yl)-3-(phenylsu Ifonyl)- 1 H-i-ndazole';
3-(phenyisulionyl)-4-piperazin-1-yl- 1H-indazole;
3-[(5-chlorothien-2-yl)sulfonyl]-5-piperidin-1-yl- 1 H-indézole;
3-[(5-chlorothien-2-yl}sulfonyl]-7-piperidin-1-yl- 1 H;indazole;
1-methyl-3-(phenylsulfonyl)-5-piperidin-1-yl- 1 H-indazole;
3-[(3-f|uorophenyl)sulfonyI]-5-piperidin-i -yl-1 H—indaiole;
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1-methyl-3-(phenylsulfonyl)-7-(4-methylpiperidin-1-yl)- 1H-indazole;
3-[(3-fluorophenyl)sulfonyl]-7-piperidin-1-yl-1H-indazole;
3-[(3-flucrophenyl)sulfonyl]-5-piperidin-1-yl- 1 H-indazole;
3-(phenyisulfonyl)-5-piperidin-1-yl- 1H-indazole;

5  1-methyi-3-{(3-fluorophenyl)suttonyl}-7-piperidin-1-yi- H-indazole:
3-(phenylsulfonyl)-7-piperidin-1-yl-1H-indazole;
the stereoisomers thereof; or
the pharmaceutically acceptable salts thereof.

10 This invention also provides processes for preparing compounds of formula
(1) or salts thereof, which processes include one of the following '
(@) diazotising and cyclising a compound of formula (VIIA):

R
{

’\
(CRGRT)n
(RS)D SOzRZ

(R1) (VIIA)
wherein the dotted line, m, n, p, A, Ry, Rz, R4, Rs, Rg and Ry are as defined herein,
15  e.g.with NaNO./acid to give a compound of formula (1) wherein R; is hydrogen,

or
(b) alkylating or arylating a protected compound of formula (I1A)

(1A)
20
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wherein the dotted line, m, n, p, A, Ry, Rz, Rs, Bs and R, are as defined herein and P
is a protecting group or R, where R, is as defined herein excepting hydrogen, with an
alkylating or arylating agent of formula R;-LG where LG is a leaving group and R; is
a C,-Cealkyl, C5-Creycloalkyl, aryl or heteroaryl group each optionally substituted;
and if required removing the protecting group, to give & corresponding compound of
tormula {I) where Rj is a C4-Cgalkyl, C4-Crcycloalkyl, aryl or heteroaryl group each
optionally substituted;

or

(c) alkylating a compound of formula (1B)

H,
(N——\(CR Ry)
6:17 -
/\:—'—A " SOR,
(Fa5)p
> >
/ Rj
(R1)m ‘(IB)

wherein the dotted line, m, n, p, A, Ry, Rz, Rs, Rs, Rg and R; are as defined hereiﬁ,
with an alkylating agent of formula R,-LG where LG is a leaving group and R, is a G-
Csalkyl or Cs-Creycloalky!l group each optionally substituted, to give a corresponding
compound of formula (I) where R, is a C4-Csalkyl or C3-C;cycloalkyl group each
optionally substituted;
or

{d) reacting a compound of formula (XII):

(XH)

wherein m, Ry, R and R; are as defined herein, and LG’ is a leaving group such as

Cl, Br, | or an activated hydroxyl group such as triflate, with a compound of formula
(V):

-13-
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(V)
wherein n, p, R,, Rs, Rs and R; are as defined herein, in the presence of a catalyst,
e.g., a palladium or nickel catalyst, to give a corresponding compound of formula (h);
or

5 (e} reducing a compound of formula (Xil):

A\
N\
( ’_(CRGRﬂn SOZHZ
(Rs)g

d

(R,

[

N
pr
(XV1)
wherein m, n, p, Ry, Rz, Rs, Rg and R; are as defined herein, P is a protecting group
or R4 as defined in claim 1 and P’ is a protecting group or R; as defined herein, if
10 required removing any protecting group, to give a corresponding compound of

formula (I) wherein A is CH;

or
4] acidifying a compound of formula (XII):
15

xv) ,
wherein m, n, p, Ry, Ry, Rs, Rg and R; are as defined hergin, Pisa protecting group
or R, as defined herein and P’ is a protecting group or R; as defined herein, if

-14-
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required removing any protecting group, to give a corresponding compound of
formula (I) wherein A is C and ---- represents a double bond:
or

(@) converting a basic compound of formula (1) as defined herein to an
acid addition salt thereof or vice versa.
or

(h) separating a stereoisomer of a compound of formulta (1) from a mixture
thereof.

In particular compounds of the invention may be conveniently prepared using
conventional synthetic methods and, if required, standard separaiion or isolation
techniques. For example, compounds of formula | wherein A is N; Rsis H; and P
represents a single bond (la) may be prepared by reacting a halonitrobenzene
compound of formula Il with a chloromethylsulfone of formula Il in the presence of
strong base, such as KO-1-Bu or KOH, to give the benzylsulfonyl compound of
formula 1V; reacting said formula IV compound with a piperazine or homopiperazine
of formula V in the presence of a base such as K,COjs to give the compound of
formula VI; reacting said formula Vi compound wjth a reducing agent such as Sn, Fe
or Zn in the presence of an acid to give the corresponding amine of formula VII; and
reacting said amine with NaNO; in the presence of an acid to give the desired
compound of formula la. The reaction is iflustrated in flow diagram | wherein Hal
represents Cl or F.

-15-
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FLOW DIAGRAM |
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Compounds of formula la wherein l513 is other than H may be prepared using

conventional atkylation/deprotection procedures. For example, compounds of
formula | wherein A is N; Rz is other than H; and —- répresents a single bond (Ib)
may be prepared by reacting a protected compound of formula VIH with an alkylating
10  agent of formula IX in the presence of a base and a solvent optionally in the
presence of a phase-transfer agent to give the protected alkylated compound of

formula X and deprotecting said formula X compound to give the desired compound
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of formula lb wherein R4 is H. Alternatively, for those compounds wherein Rjis an
aryl or heteroaryl group, the agent of formula IX may be an aryl or heteroaryl boronic
acid and may be coupled with the formula V! indazole in the presence of a catalyst,
e.g., Cu(OCOCHj3); to give the corresponding protected compound of formula X
wherein R; is an aryl or heteroaryl group. Optionally the formula Ib compound may
be reacted with an alkylating agent of formula X under standard alkylation conditions
to give the compound of formula b wherein R, is other than H. If desired, the
sequence may be reversed by deprotecting the formula VIll compound to give the
compound of formula la wherein R; and R, are H (I¢) and alkylating the formula Ic
compound with the formula XI alkylating agent to give the compound of formula Id.
Optionally, the formula Id compound may be reacted with a formula IX alkylating
agent, as described hereinabove, to give the compound of formula Ib. The reactions
are shown in flow diagram Il wherein P is a protecting group and LG is a leaving
group such as Cl, Br, I, OH, B(OH),, tosyl, mesy! or the like. -

17~

=



10

WO 2004/074243 PCT/US2004/003926
FLOW DIAGRAM II -
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Alternatively, compounds of formula Ib may be prepared directly from an
indazole compound of formula Xl by coupling said formula Xil compound with the
appropriate piperazine or homopiperazine-c.ompound of formula V in the presence of
a catalyst such as a palladium or nickel catalyst. The reaction is shown in flow
diagram 11l wherein LG' is a leaving group such as Cl, Br, | or an activated hydroxyl
group such as CF,S0; (triflate).

-18-

ST



WO 2004/074243

PCT/US2004/003926

FLOW DIAGRAM lil
R4
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3/ P L ACReR7)n s /
ol By J~ N
(R)m Rs {Ry)m Rs
(X V) (Ib)
5 Compounds of formula VIil may also be prepared by reacting a protected 3-

jodoindazole of formula XiH with a sodium sulfinate of formula X1V in the presence of

copper iodide and dimethyl formamide (DMF) to give the desired compound of

formuta VI or by reacting the formula XIll compound with a thiol of formula XV in the

presence of copper iodide and a base, such as KxCOg, to give the thio ether of

10 formula XV! and oxidizing said formula XVI compound to give the desired compound

of formula VIIl. The reactions are shown in flow diagram |V wherein P represents a

protecting group.

FLOW DIAGRAM IV

P
N
y (CR6R7)n 1 SOR
Na: Y
(Rs)p [\ \ (XIV)
I
/ N Cul, DMF
(Rl)m
(31m)
HS-R2
(XV)
Cul, K2C03
P\
N—\
{, (CRsRn
N S-RQ,
{Rs)p ’\, I \N [O]
/\ >
{(Ri)m 3
15 (XVD)
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Compounds of formula XII! wherein R is H (Xllla) may be prepared by
reacting a dihalobenzaldehyde of formula XVII with the piperazine or homopiperazine
compound of formua V wherein R4 is a protecting group (Va) to give the ortho
halobenzaldehyde compound of formula XVII, reacting the formula XVIll compound

5  with hydrazine hydrate to give the indazole of formula XIX and reacting the formula
XIX indazole with iodine in the presence of a base, such as KOH, to give the desired
formula Xlila compounds. The reactions are shown in flow diagram V wherein P is a
protecting group and Hal is F, Cl, Br, or |, preferably F.

10 FLOW DIAGRAM V
i R
L \é N
Hal\ oo (Rs)y N\ CReRn - \——.:‘SIPHSFM"
] Ho (Ro)g \ N
Ny Hal (Va) . . _ ’f | CHO:
™
Hal
(XVIN)
eoviny
HzNNH, ‘H,0
P\ Solvent
N—/\ P
CRsR
}\—_( sR7)n \N—-\
(CRSR7)n

(Rs)p N\ (
z \N I, KOH (Rs) /

p

N \’ DY

H N
N

(Xlla) . | H

’ o XIX)

Compounds of formula X! wherem nis 1 and Rs, Rs and R, are H (Xlllb) may
be prepared by reacting an indazole amine of formula XX with di(2- chloroethyl)amme
15 hydrochloride to give the corresponding piperazinyl indazole of formula XX,
protecting said formuia XXI compound and reacting the protected forrﬁﬁia XXI
compound with iodine in the presence of a base, such as KOH, to give the desired

—20-
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compound of formula Xllib. The reactions are shown in flow diagram VI whereing P
represents a protecting group.

FLOW DIAGRAM VI
Cl
HoN S o ' H{_‘»
X N l\Cl N
L I ﬁ I ﬁ( | \N
s i K;C0O4 7- 1
(Rl)m H
(XX) (Rl)m
(XXI)
1) Protection
. 2)1,, KOH
\
Y
K.N !
e
J~

(XTIb)

Compounds of X!lla and Xlllb may be converted to compounds of formula Ia,
Ib, or Ic as shown hereinabove in flow diagrams [l and IIl.-.
Corresponding compounds of the invention wherein A is CRs may be
obtained, for example, by lithiating a protected bromoindazole of formula XXil, and
10 reacting the lithiated compound in situ with an N-protected azacyclic ketone of
formula XX1ll to give the protected hydroxy compound of formula XXIV, said hydroxy
compound may then be dehydrated to give the protected compound of formula XXV,
Catalytic hydrogenation and subsequent deprotection of said formuta XXV compound
gives the desired compounds of formula ! wherein A is CRg; R; and R, are H. and ---
15  represents a single bond (Id). The reaction sequence is shown in flow diagram Vil
wherein P and P' each independently represent a protecting group.
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. FLOW DIAGRAM Vil
P
S 1) n-Buli \
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// \ N
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Ef Ly ) (o) Ry
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H+
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HN- .
{~ (CRePihn  g0,m, 1) Hy, Cat

R
(R z 2) deprotection
E TN =——
>, /
7N
{Bi)m
(Id)
5 Using the procedures shown in flow diagram Il hereinabove, the compounds

of formulas XXIV, XXV and Id may be readily converted to compounds of formula |
wherein A is CRy and R; or R, are other than H.
Alternatively, compounds of formula | wherein A is C or CRg and Ry is H {le)
may be prepared by reacting a chioromethylsuifonyl compound of formula Il with a
10  nitrobenzene derivative of formula XXVI in the presence of a strong base, such as
KO-t-Bu or KOH, to provide the compound of formula XXVII; reducing said formula
XVII compound with a reducing agent such as Sn, Fe or Znin thé pre#enéé of an
acid to give the corresponding amine of formula XXVIII; and reacting said amine with
NaNO; in the presence of an acid to give the desired indazole cqmpodnd of formula
15  le. The reactions are shown in flow diagram VIil.

22—
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FLOW DIAGRAM Vil
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Z“NH
(Hs)p (Redo == ‘
(cn5n7)n . {" (CReRpn
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A R,
(le} : (XXVIN)
5 Compounds of formula le may be converted to the corresponding compounds

of formula | wherein A is C or CRg and Rj is other than H by reacting said formula le
compound with an alkylating agent as shown hereinabove in fiow diagram 1.
Protecting groups suitable for use in the reactions shown hereinabove include
t-butyloxycarbonyl, benzyl, acety!, benzyloxycarbonyt, or any conventional group
10 known to protect a basic nitrogen in standard synthetic procedures.
Advantageously, the formula | compounds of the invention are useful for the
treatment of CNS disorders relating or affected by 5-HT6 receptor including motor,
mood, personality, behavioral, psychiatric, cognitive, neurodegenerative, or the like
disorders, for example Alzheimer's disease, Parkinson’s disease, atténtion deficit
15  disorder, anxiety, epilepsy, depression, obsessive compulsive disorder, sleep
disorders, neurodegenerative disorders (such as head trauma or stroke), feeding
disorders (such as anorexia or bulimia), schizophrenia, memory loss, disorders

\ -23-
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associated with withdrawa! from drug or nicotine abuse, or the like or certain
gastrointestinal disorders such as irritable bowel syndrome. Accordingly, the present
invention provides a method for the treatment of a disorder of the central nervous
system related to or affected by the 5-HT8 receptor in a patient in need thereof which
comprises providing said patient a therapeutically effective amount of a compound of
formula i as described hereinabove. The compounds may be provided by oral or
parenteral administration or in any common manner known to be an effective
administration of a therapeutic agent to a patient in need thereof.

The term “providing” as used herein with respect to providing a compound or
substance embraced by the invention, designates either directly administering such a
compound or substance, or administering a prodrug, derivative or anafog which
forms an equivalent amount of the compound or substance within the body.

The therapeutically effective amount provided in the treatment of a specific
CNS disorder may vary according to the specific condition(s) being treated, the size,
age and response pattern of the patient, the severity of thé disordet, the judgment of
the attending physician or the like. In general, effective amounts for daily oral
administration may be about 0.01 to 1 ;000 mg/kg, préferably about 0.5 to 500 mg/kg
and effective amounts for parenteral admmlstratlon may be about 0.1'to 100 mg/kg,
preferably about 0.5 to 50 mg/kg :

In actual practice, the compounds of the invention are provided by
administering the compound or a precursor thereof in a solid or liquid form, either
neat or in combination with one or more conventional pharmaceutical carriers or
excipients. Accdrdingly, the present invention provides a pharmaceutical
composition which comprises a pharmaceutically acceptable carrier and an effective
amount of a compound of formula ! as described hereinabove.

Solid carriers suitable for use in the composition of the invention include one
or more substances which may also act as flavonng agents Iubncants solubilizers,
suspending agents, flllers glidants, compresswn aldes bmders tablet-dismtegratrng
agents or encapsulatlng materlals In powders the camer may be a flnely dwuded
solid Wthh is in admlxture with a flnely dnnded compound of formula I In tablets the
formula | compound may be mixed with a carrier ha\nng the necessary compressnon
properties in suitable proporticns and compacted in the shape and size desired. Said
powders and tablets may contain Lip t0 99% by weight.of the forn.iula | compound.

24—
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Solid carriers suitable for use in the compositidn of the invention include calcium
phosphate, magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin,
cellulose, methyl cellulose, sodium carboxymethyl celiulose, polyvinylpyrrolidine, low
melting waxes and ion exchange resins.

Any pharmaceutically acceptable liquid carrier suitable for preparing
solutions, suspensions, emulsions, syrups and elixirs may be employed in the
composition of the invention. Compounds of formula | may be dissolved or
suspended in a pharmaceutically acceptable liquid carrier such as water, an organic
solvent, or a pharmaceutically acceptable oil or fat, or a mixture thereof. Said liquid
composition may contain other suitable pharmaceutical additives suchas
solubilizers, emulsifiers, buffers, preservatives, sweeteners, flavoring agents,
suspending agents, thickening agents, coloring agents, viscosity regulators,
stabilizers, osmo-regulators, or the like. Examples of liquid carriers suitable for oral
and parenteral administration include water (particularly containing atiditives as °
above, e.g., cellulose derivatiVes, p?efer‘abl.y' sodium carboxyr'nethyl cellulose
solution), alcohols (including monohydric alcohols and polyhydric alcohols, e.é.,
glycols) or their derivatives, of olls (e.g., fractionated coconut oil and arachis oil). For
parenteral administration the carrier may also be an cily ester such as ethyl oleate or
isopropyl myristate. ' '

Compositions of the invention which are sterite solutions or suspensions are suitable
for intramuscuiar, intraperitoneal or subcutaneous injection. Sterile solutions may
also be administered intravencusiy. Inventive compositions suutable for oral
administration may be in either liquid or solid composition form.

For a more clear understanding, and in order to illustrate the invention more
clearly, specific examples thereof are set forth' hereinbelow.” The followmg examples
are merely |Ilustrat|ve and are not to be understood as llmmng the scope and
underlying prmcnples of the mventlon in any way

Uniess otherwise stated all parts are parts by welght The term NMR
designates proton nuclear magnetic resonance. The terms THF DMF and DMSO
designate tetrahydrofuran, dimethyl formamide and dimethylsulfoxide, respectively.
In the chemical drawings, the term Ph represents a phenyl group.

-25=
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EXAMPLE 1

Preparation of 1-Benzyl-4-(4-nitrophenvi)piperazine

H ~
GHaPh PRHZC.

T, 90— o

NO,

A stirred solution of 1-benzylpiperazine (8.81 g, 50.0 mmol), 4-
fluoronitrobenzene (5.31 mL, 50.0 mmol}, and K,COj; (6.90 g, 50.0 mmol) in ethanol
is heated at reflux temperature under nitrogen for 18 h, cooled, diluted with water,
and extracted with CH,Cl,. The combined extracts are dried over MgSOQO, and
concentrated in vacuo to give a solid residue. The solid is triturated with 20:80 ethyl
acetate:hexanes and filtered. The filtercake is air-dried to afford the title compound
as orange crystals, 8.45 g (57% yield), mp 218-219°C, characterized by NMR and
mass spectral analyses. '

EXAMPLE 2

Preparation of 1-Benzyl-4-j4-nitro-3-|(Qhenylsulfonyllmethyl |ph_eny' Itg' iperazine

PhH,C-.

-»-Ph‘HZC‘N/\ " CICH2S0.Ph @ Lt e e

K/N\Q\ - N@,\/\sozph
NO, . NG,

A stirred solution of 1-benzyl-4-(4-nitrophenyl)piperazine {5.95 g, 20.0 mmol)

and chioromethylphenylsulfone (3.82 g, 20.0 mmol) in dry THF under nitrogen at
-80°C is treated with 1.0M KO-t-Bu in THF (44.0 mL, 44.0 mmol), warmed to —20°C
over a 1 h period, quenched with acetic acid and treated sequentially with water,
saturated aqueous NaHCOs and ether. The phases are separated and the aqueous
phase is extracted with ether. The combined ethers are washed with water and
brine, dried over MgS0, and concehtrated in vacuo. The resuitant residruvé. is
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chromatographed (silica gel, 1:1 and 1:0 ethyl acetate:hexanes as eluent) to give the
title compound as a yellow sofid, 7.52 g (83% yieid), mp 145-146°C, characterized by
NMR and mass spectral analyses.

EXAMPLE 3

A mixture of 1-benzyl-4-{4-nitro-3-{(phenyisulfonyl)methyl]phenyl}piperazine
(6.77 9, 156.0 mmol) and granular tin (7.48 g, 63.0 mmol) in methanol and conc.
hydrochloric acid is heated at 45°C for 4 h, stirred at ambient temperature for 18 h,
carefully poured into saturated aqueous NaHCQj;, treated with ether and stirred for
0.5 h. The phases are separated and the aqueous phase is extracted sequentially
with ether and CH.Cl.. The extracts and organic phase are combined, dried over
MgSO0, and concentrated in vacuo. The resultant residue is dissolved in CH,Cl, and
filtered through Celite®. The filtrate is concentrated in vacuo to afford the title
compound as a pale yellow solid, 6.11 g (97% vield), mp 141-143°C, characterized
by NMR and mass spectral analyses

EXAMPLE 4

Preparation of 5-(4-Benzylpiperazin-1-vl)-3-(phenvls‘ulfonﬁl)—1 H-indazole
hydrochloride

27—
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A stirred solution of 4-{4-benzylpiperazin-1-yl)-2-[(phenylsulfony)methyl]-
aniline (0.371 g, 0.88 mmol) in 4.0 M aqueous hydrochloric acid is cooled in an ice
bath, treated dropwise with NaNQO, (81 mg, 1.32 mmol) in water, stirred for 40 min,
treated with 2.5'M aqueous NaOH to pH ~ 14 and filtered. The filtercake is dissolved
in CH:Cl,, and chromatographed (silica gel, ethyl acetate as eluent) to afford the free
indazole of the title product as a yellow solid (276 mg, 64%). The solid is dissolved in
a mixture of ethanol and CHCl,, treated with 4.0 M HCI in dioxane, and concentrated
in vacuo to give a solid residue. The residue is triturated with ethyl acetate to afford
the title product as an off-white solid, 278 mg (57% yield), mp 177-180°C, identified
by NMR and mass spectral analyses. '

EXAMPLE 5

1-yl

4-Benzyipi el_'azin-
indazole hydrochloride

S PhH.Cx, .- R
PthC\N/ﬁ 1) C'CHZ 02 2 N/\ 802
N 2) Sn, HCI LN

\Q 3) NaNOy, HGI TR
NO.

2

N
"HCI

Iz, /z

Using essentially the same procedures described hereinabove for Examples
2 - 4 and employing chloromethyl-(3-fluorophenyl)sulfone, the title compound is
obtained as an off-white solid, mp 157-160°C, identified by NMR and mass spectral

analyses.
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EXAMPLE 6
5 Preparation of 1-Benzyl-4—(3-methoxy-4-nitrophenyl)Qigerazine
CHzPh
)
PhH,C..
cl N 2C N
QN - L
- HaCO NO. KoCOy/DMF :Q\
HsCO NO,

A stirred solution of 1-benzylpiperazine (3.53 g, 20.0 mmol), 4-chloro-3-

16 methoxy-nitrobenzene (3.75 g, 20.0 mmol), and KCQs (2.76 g, 20.0 mmol} in DMF is
heated at 85° to 106°C under nitrogen for 23 h, cooled to room temperature, treated
with 2M aqueous hydrochloric acid, diluted with water and extracted with ether. The
combined extracts are washed with brine, dried over MgSQO, and concentrated in
vacuo. The resultant residue is chromatographed (sflica gel, 30:70 ethyl

15  acetate:hexanes and 50:50 ethyl acetate:hexanes as eluent) to afford the title
compound as a yellow-orange oil 2.64 g (57% yield), identified by NMR analysis.

EXAMPLE 7

20  Preparation of 5-(4-Benzylpiperazin-1-yl}-6-methoxy-3-(phenylsulionyl)-1H-indazole
hydrochloride

PhH;C.
N()N 1) CICH,S0,Ph  PhHC 50,Ph
- 2) Sn, HCI K/N o
HaCO NO, “BNaNOzHGI Hyo N wol

25
Using essentially the same procedures described hereinabove for Eicamples
2 - 4 and employing 1-benzyl-4'-(2—methox9~4-nitrbphenyl)pip‘erazine as starting
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substrate, the 'fitle compound is obtained as a tan solid, 70 mg, mp 185-187°C,
identified by NMR and mass spectral analyses.

EXAMPLE 8

Preparation of 5-(4-Benzylpiperazin-1-yl)-6-methoxy-1-phenyl-3-(phenyl-

sulfonyl}-1H-indazole hydrochloride

B (OH)g

Cu(OAc), © )

A mixture of 5-(4-benzylpiperazin-1-yl)-6-methoxy-3-(phenylsulfonyl)-1H-

indazole (448 mg, 0.97 mmol), phenylboronic acid (242 mg, 1.84 mmol), copper(tl)
acetate (271 mg, 1.50 mmol}, pyridine (160 mg, 2.00 mmol) and 4A molecular sieves
(1.0 g) in methytene chloride is stirred at room temperature for 48 h and filtered. The
filtercake is washed with THF. The filtrates are combined and concentrated in vacuo.
The resultant residue is chromatographed (silica gel, 60:40 and 80:20 ethyl
acetate:hexanes as eluents) to afford the free amine of the title product as a white
solid, 130 mg (25% yleld) The free amrne is dissolved in ethanol, treated with 4.0 M
HCl in dioxane, and concentrated in yacyo to a solid residue. This solid is triturated

with ethyl acetate to afford the title preduct as a white solid, mp: 210-212°C,
identified by NMR and mass spectral analyses.
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EXAMPLE 9

Preparation of 6-Methoxy-1-phenyl 3-(phenylsulfonyl}--5-piperazin-1-yl-1H-indazole
hydrochloride

PhH,C.
NK,N SO,Ph HCl HN SO,Ph

N
Lo — 0o
MeQ N N

A mixture of 5-(4-benzylpiperazin-1-yt)-6-methoxy-1-phenyl-3-(phenyl-
sulfonyl)-1H-indazole_(190 mg, 0.353 mmol) and 1-chioroethylichloroformate (250 mg,
10 1.77 mmol) in 1,2-dichloroethane is heated at reflux temperature for 4 h, cooled to
room temperature and concentrated to dryness. The resultant residue is dissolved in
ethanol, heated at reflux temperature for 16 h and concentrated in vacuo fo give the
titlé compound as a white solid, 130 mg, (82% vyield). This compound is purified by
recrystalization from ethanol/ether to afford a white solid, mp 167-170°C, identified by
15 NMR and mass spectral analyses:

LI Y -
. Y

EXAMPLE 10

20  Preparation of 6-Methoxy-3-(phenylsulfonyl)-5-(piperazin-1-yl)-1-§4-
(trifluoromethyl)phenyl}-1H-indazole hydrochloride

: Depd)zaon, |
©/\®)\/{502Ph FGC' O orle Hm S0,Ph

“ . .. CulCAck

TN

._ oy .
HyCO N " HCH

H N
2) Deprotection 4CO

CF4
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Using essentially the same procedures described in Examples 8 and 9
hereinabove and employing 4-(trifluoromethyl)phenyi boronic acid, the title product is
obtained as a white solid, mp 175-177°C, identified by NMR and mass spectral
analyses. :

EXAMPLE 11

N
N - :
H - 2)CHsl - : N

y
.

N O,Ph
©/\ K/N\@f ; 1) NaH/THF G\, S[ OzPh

A solution of 5-(4-benzylpiperazin-1-yi)-3-(phenylsulfonyl)-1H-indazole (433
mg, 1.00 mmot) in THF at room temperéture is treated with NaH (80 mg, 60% in
mineral oil, 2.00 mmol), stirred for 0.5 h, treated with methyl iodide (142 mg, 1.00
mmol), stirred for 16 h, and diluted with water and EtQAc. The organic phase Is
separated, dried over MgSO,, and concentrated in vacuo. The resultant residue is .
chromatographed (SiO,, 80:10 EtOAc:hexanes as eluent} to afford the title
compound as a white solid, 190 mg (43% yield), mp 195-197°C, identified by mass
spectral and NMR analyses.

EXAMPLE 12

Preparation of 5-(4-Benzylpiperazin-1-yl)-1-ethyl-3-(phenylsulfonyl)-1H-indazole

" dihydrochloride

—30-
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OO o O s
r OoPh
\'N CszB K/N { 2
N N
H K2CO4 N 2HCH
LCHS

A mixture of 5-(4-benzylpiperazin-1-yl)-3-(phenylsulfonyl)-1H-indazole (400

5 .mg, 0.82 mmol), bromoethane (108 mg, 1.00 mmol) and K,COj; (276 mg;,.2.00 mmoel)
in DMF is stirred for 16 h at room temperature and diluted water and EtQAc. The
organic phase is separated, dried over MgSO,, and concentrated in vacuo. The
resultant residue is chromatographéd (SiO., 80:20, then 90:10 EtOAc:hexanes as
eluent) to afford the free amine of the title product as a white solid, 230 mg. A portion

10 of this solid (115 mg, 0.25 mmol) is dissclved in ethanol, treated with 4M HCI in

dioxane and concentrated in vacuo to give the title compound as a white solid, mp
>250°C, identified by mass spectral and NMR analyses.

EXAMPLES 13 - 93
15
Preparation of 3-Arylsulfonyl- -5-piperazinylindazole Derivatives
e | 1),CICH,SO,R Ra~ B
Lon Tzeee N/\N SOzR,
O 2) Sn, HCI - \C(#Nv |
NO;  3)NaNO,, HCI . - - “N  Hoi
4) Ry LG (Optional) Rs
20
Using essentially the.same procedures described in Examples 2 - 12
hereinabove and employing the appropriate 4-nitrophenylpiperazine as substrate and
suitable chloromethylarylsulfone as reactant, the compounds shown on Table | are
obtained and identified by HNMR and mass spectral analyses.
25
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TABLE |
Ry ™ SOR,
N N
}:g-iCi
Ex
No R2 R3 R4 mp °C
13 phenyl H methyl >250
14 1-naphthyl H methyl >250
15 5-chlorothien-2-yl H methyl >250**
16 phenyl H methyl 208-210
17 ‘4-bromophenyl H methyl >250**
18 2-fluorophenyl H methyl 160-161
1g 3-fluorophenyl . H methyl >250
20 phenyl phenylr benzyl 148-151
21 phenyl 4-triflucromethylphenyl-~ benzyl 169-171
29 phenyl 4-ethoxyphenyl benzyl 140-144
29 phenyl 3-fluorophenyl benzy! 146-149
24 phenyl 3-methoxyphenyl benzyl 135-138
o5 phenyl 4-fluorophenyl benzyl 206-208
26 phenyl 3-chloro-4-flucrophenyl benzy! 157-161
27 phenyl 4-methylthiophenyi benzyl 156-160
28 phenyl 3-trifiuoromethylphenyl benzyl 146-150
29 phenyl 3,4-dimethoxyphenyl benzy! >200
30 phenyl 4-iodophenyl benzyi 196-199
31 phenyl 2-phenethyl H 127-130
39 phenyl phenyl H >200

| |
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TABLE I, cont.
Y SO.R,
N
N
N ‘HCI
R3

Ex
No R2 R3 R4 mp °C
33 phenyl 4A-trifluoromethylphenyl H ' ' 170-172
34 phenyl 4-gthoxyphenyl H >200
35 phenyl 3-fluorophenyl H 139-142
36 phenyl 3-methoxyphenyl H 132-135
37 phenyl 4-fluorophenyl H 159-161
38 phenyl 3-chloro-4-fluorophenyl H >200
39 phenyl 4-methylthiophenyl H 160-164
40 phenyl 3-trifluoroﬁetﬁyiphenyl H 139-142
41 phenyl 3,4-dimethoxyphenyl H 156-158
40 phenyl 4-iodophenyl H =200
43 phenyl ethyl H >200
44 phenyl methyl H >200
45 1-naphthyl 1-propyl methyl *x
46 1-naphthyl ethy! . methyl oW
A7 1-naphthyl m-efthy{ _ " methyl . -
48 1-naphthyl 1-butyl methy| *
49 1-naphthyl 3-chlorobenzyl methyl "
50 1-naphthyl . 2-propyl methyl *h
51 1-naphthyl 1-(2-methylpropyl) methyl o
52 1-naphthyl ' _ benzyl . methyl o
53 1-naphthyl " H H .

s H
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TABLE [, cont.
™ SOR,
LN
N
N‘"HCI
Ra

Ex

No R2 R3 R4 mp oc
54 2-thieny! H methyl - -
55 3-methylpheny! H methy! -
56 4-methylphenyl H methyl .
57 benzyl H methyl -
58 2-fluorophenyl H methyl -
59 3-fluorophenyl H methyl a
60 4-fluorophenyl H methyl -
61 3-cyanophenyl H methyl "
62 4-cyanophenyl H . me'thyl -
63 3-methoxyphenyl H methyl o
64 4-methoxyphenyl H methyl sox
65 2-chlorophenyl H methyl .
66 3-chlorophenyl H methyl . o
67 4-chlorophenyl H methyl x
68 2,4-difluorophenyl H methy! -
89 3,4-difluorophenyl H methyl -
70 5-chlorothien-2-yl H methyl b
71 4-isopropylphenyi H methyl ax
72 2-naphthyl H methyl wk
73 3-chloro-4-fluorophenyl H methyi *»
74 4-n-butylphenyl H methyl -
75 4-t-butylphenyl H methyl **

20
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TABLE I, cont.

. |
4\'\'()\1 SO,R,

N

N,N

L-HCI

Rs
Ex
No R2 R3 R4 mp °C
76 4-aminophenyl H methyl
77 5-chioro-2-methoxyphenyl H methyl **
78 2,5-dichlorophenyl H methyl **
79 3,5-dichlorophenyl H methyl b
80 4-methylsulfonylphenyl H methyl o
81 4-bromopheny! H methyl i
82 3,5-bis(trifluoromethyl)phenyl H methyl >
83 2-methylphenyl ‘ H methyl *
84 2-cyanophenyt ‘H. methyl o
85 4-n-propylphenyl H methyl *e
86 3-(difluoromethoxy)phenyi H methy! "
87 4-acetylphenyl H methyl b
88 2,3,4-trifluorophenyl H methy! o
90 2,4,5-trichlorophenyl H methyl -
91 2,6-dichloropheny! H methyl o
92 2,5-dichlorothien-3-yl H methyl *
93 2-propyl H methyl "

** Free Amine
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EXAMPLE 94

Preparation of 1-(5-Chloro-2-nitrophenyl )-4-methylpiperazine

Ha Cl

c
c N KaCOsg
+ [ ] NO;
NO; N

i H (J
N
CHy

A mixture of 4-chloro-2-fluoro-nitrobenzene (28.5 mmol), 1 methylplperazme -
(28.5 mmol) and K2COj; (37.0 mmol) in DMF is stirred at 100° C for 16 h and diluted
with water and EtOAc. The phases are separated and the aquequs phase is
extracted with EtOAc. The organic phase and the extracts are combined, washed
sequentially with water and brine, dried over Na,SQ, and dried in vacuo. The
resultant residue is chromatographed (SiO2, 10% methanol in EtQAc as eluent) to
afford the title product.’

EXAMPLE 95

orophenyl)sulfonylimethyllphenyl}-

Preparation of 1-{5-Chloro-2-nitro-3-[{(4
4-methylpiperazine

Q O W:I*

N KOt-Bu

N
CH | C - o,

A stirred mixture of 1-(5-chloro-2-nitrophenyl)-4-methylpiperazine (1.0 mmol)
and 4-fluorobenzylsulfonyl chioride (1.0 mmol) in THF is treated with 2.2 mL of a 1M
KOt-Bu (2.2 mmol) solution in THF at -78° C, warmed to room temperature over a 2 h
period, quenched with acetic acid and concentrated in vacuo. The resuitant residue
is partitioned between EtOAc and aqueous Na,COj;. The phases are separated and

-38-
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the agueous phase is extracted with EtOAc. The organic phase is combined with the
extracts, dried over Na,SO, and concentrated to dryness in vacuo to afford the title
product.

EXAMPLE 96

Preparation of 4-Chloro-2-{[{4-fluorophenyl}sulfonylimethyli}-6-(4-
methylpiperazin-1-yl)aniline

ol S
S F
N02 Sn, HCI 02
Nj —_— NH,
( )

N B
CH, SR S E R (T
Tt TCHg

A solution of 4-chloro-2-{[{4-fiuorophenyl)sulfonylimethyl}-6-(4-
methyipiperazin-1-yl)aniline (1.0 mmol) in methanol is treated with Sn foil (593.3 mg),
followed by 5.8 mL of 12 M HCI, heatéd at 60° C-for 4 h (until reaction is complete by
thin layer chromatography), cooled to 0° C, treated with solid NaOH t6 pH >10 and
extracted with CH,Cl,. The extracts are combined, washed with water and
concentrated to dryness in vacuo o give the title compound.

EXAMPLE $7

Preparation of 5-Chloro-3[(4-fluorophenyl)sulfonyl]-7-(4-methylpiperazin-1-yl)-

1H-Indazole

1
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Iz 2

053
NHL NaNOs, HCI N
2
N >
N [ ]
N

CH \
8 CHy

A solution of NaNQ, (2.0 mg) in water at 0° is treated dropwise with a solution
of 4-chioro-2-{[(4-fluorophenyl)sulfonyljmethyl}-6-(4-methylpiperazin-1-yl)aniline
5 (102.2 mg, 0.25 mma!) in 1M HCI, allowed to warm to room temperature over a 2 h
period, treated with saturated Na,CO; to pH >10 and filtered. The filtercake is
washed with water and dried in vacuo to give the title compound, identified by mass
spectral and NMR analyses.

10 EXAMPLE 98-101

Preparation of 3 (Arylsulfonyl)-7-(4-methylpiperazin-1-yl)-1H-indazole

Derivatives
15
_ 0,5~
Ry 1) CICH,SO.R, R 2\ R
2) Sn, HCI N
NO, N -
[Nj 3) NaNOy, HO! Ne T
N e
CHj N ,

CHy *

Using essentially the same procedures described hereinabove in Examples
20  95-97 and employing the appropriate arylsulfonyi.chloride, the compounds shown in
Table |l are obtained and identified by mass spectral and NMR analyses.
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TABLE I
0,5~
R, "’\ Ro
N
rd
N
Ay
N
CH;
Ex. % Yield
No. R1 R2 (Over 3 Steps)
98 Cl 4-(isopropyl)phenyl 74
99 Cl 3-(trifluoromethyl)phenyl 65
100 Cl 1-naphthyl 77
101 H 1-naphthyl -
5
EXAMPLE 102
Preparation of 1-Fluoro-3-[4-(t-butoxyearbonyl)piperazin-1-yilbenzaldehyde
10
Boc
N

F

Boc )
CHO N KoCO4
() — cHo
F N
i

A stirred solution of 2,6-difluorobenzaldehyde 5 (10.0 g, 70 mmol) in N,A-
dimethylformamide is treated with fert-butyl piperazine-1-carboxylate (Boc) 6 (14.4 g,
15  77.0 mmol) and potassium carbonate (11.7 g, 85.0 mmol), stirred at 80 °C for 16 h,
cooled to ambient temperature, dlluted[wnh water and extracted with methylene
chloride. The extracts are combined, washed sequent;al!y with water and brine, dried
over sodium sulfate, and concentrated-in vacuo to afford a crude oil.” This oil is
purified by column chromatography (silica gel, 15:85 ethyl acetate/hexanes) to afford

al
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the title compound as a yellow selid, 15.5g (71% vieid), identified by NMR and mass
spectral analyses.

EXAMPLE 103
5
Preparation of 4-[4-(t-Butoxycarbonyl)piperazin-1-vi]-1H-indazole
Boc
N

)

CHO HgNNHg ‘HaO

A solution of 7 (20.0 g, 64.9 mmol) and hydrazine monochydrate (30 mL) in

methyl sultoxide is stirred at 95 °C for 96 h, cooled to room temperature, partitioned

10  between saturated sodium bicarbonate and ether. The phases are separated and
the aquecus phase is extracted with ether. The extracts are combined with the
organic phase, washed sequentially with water and brine, dried over sodium sulfate
and concentrated in vacuo to a crude residue. This residue is purified by column
chromatography (silica gel, 10:90 to 30:70 ethyl acetate/hexanes) to afford the title

15 compound as a light yellow solid, 12.3 g (57% vield), identified by NMR and mass
spectral analyses.

EXAMPLE 104

N

20  Preparation of 4-{4-(t- Butoxvcarbonvl)ptperazm 1-yl]--3-iodo-1H-indazole

U | EJ

T S T S T
A solution of 4-[4-(t-butoxycarbonyl)piperazin-1-yl]-1H:indazole {5.00 g, 16.5
mmol) in N,N,-dimethylformamide is treated with powdered potassium hydroxide
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(1.85 g, 33.07 mmol) and iodine (4.61 g, 18.2 mmol), stirred at room temperature for
16 h, diluted with ethyl acetate and quenched with 15% aqueous sodium
metabisulfite. The phases are separated and the aqueous phase is extracted with
ethyl acetate. The extracts and the organic phase are combinad, washed with brine,
dried over sodium sulfate and concentrated in vacuo to afford a crude solid. This
solid is purified by column chromatography (silica gel, 10:90 to 15:85 to 20:80 ethyl
acetate/hexanes) to afford the title product as a yellow solid, 2.40 g (35% yield)
identified by HNMR and mass spectral analyses.

EXAMPLE 105

Preparation of 4-[4-(t-Butoxycarbonylpiperazin-1-yi}--3-(phenyisulfony))-1H-indazole

] Boc
®
N
I el
{ PhSO,Na o?_s
N N
Cul N'

H H

A mixture of 4-[4-(t-butoxycarbonyi)piperazin-1-yi]--3-iodo-1H-indazole (0.110
g, 0.257 mmol), sodium benzene sulfinate (0.068 g, 0.411 mmol), copper(l) iodide
(0.073 g, 0.386 mmol) and N,N-dimethylformamide is added to a screw-capped test-
tube with Teflon-lined septum. The tube is evacuated and backfilled with argon. This
procedure is repeated twice, then the tube is heated to 125 °C for 4 h. The reaction
mixture is cooled, partitioned between ethyl acetate and water and filtered through a
pad of diatomaceous earth. The filtrate is separated. The organic phase is washed
with brine, dried over sodium sulfate and concentrated in vacuo. The resulting crude
material is purified by column chromatography (silica gel, 40:60 ethyl
acetate/hexanes) to afford the title compound as a pale yellow foam, 0.022 g (18%
yield), identified by NMR and mass spectral analyses.
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EXAMPLE 106

Preparation of 3-(Phenylsulfonyl)-4-piperazin-1-yl-1H-indazole Hydrochloride

Boc H ‘HCI
® )
g

N ozs’@ HC! 028

A\ —_— N

N N
N H
H

A solution of 4-[4-(t—butoxycarbonyl)pipe}azin-1 -yl]--3-(phenylsulfonyl)-1H-
indazole (0.022 g, 0.050 mmol) in methanol is treated with a 2 M solution of HCI in
ether (0.4 mL), heated at reflux temperature for 1 h, cooled to room temperature and
evaporated to dryness. The residue is re-dissolved in methanol and concentrated.
Repeating this procedure three more times affords the title product as a white solid,
0.009 g (40% yield), identified by NMR and mass spectral analyses.

EXAMPLE 107

Preparation of 4-[4-t-Butoxvcarbonyl)piperazin-1-yl}-3-{1-naphthylthio}-1 H-indazole

N \N
N -

Cul, K3CO5 N
H

". - . V b

~,

A mixture of 4-[4-(t-butoxycarbony!)piperazin-1-yl]--3-iodo-1H-indazole (0.068
g, 0.159 mmol) copper(l) icdide (0.005 g, 0.024 mmol) and potassium carbonate
(0.044 g, 0.318 mmol) are added to a screw-capped test tube with a Teflon-lined
septum. The tube is evacuated and backfilled with argon and this procedure
repeated twice more. The reaction mixture is treated sequentially with 2-propanol
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(1.5 mL), ethylene glycol (19 OL, 0.318 mmol) and 1-naphthalenethiol (0.051 g,
0.318 mmol), heated at 130°-140° C for 8 h, cooled to room temperature, diluted with
ethyl acetate and filtered through diatomaceous earth. The filtrate is concentrated
under reduced pressure. The resultant crude material is purified by flash
chromatography (silica gel, 40:60 ethy! acetate/hexanes) to afford the title compound
as a colorless oil, 0.033 g (45% yield), identified by NMR and mass spectral
analyses.

EXAMPLE 108

Preparation of 4-[4-(t-Butoxycarbonyl)piperazin-1-yl}--3-(1 -naphthylsulfonyl)-1H-

indazole
Boc

2) Hp, Pd/C

A stirred solution of 4-[4-t-butoxycarbonyl)piperazin-1-yl)-3-(1-naphthylthio)-
1H-indazole (0.030 g, 0.065 mmol) in glacia! acetic acid is treated with 35% aqueous
hydrogen peroxide (0.127 g, 1.30 mmol) stirred for 24 h, quenched with 10%
aqueous sodium metabisulfite solution (1 mL) and concentrated in vacuo. The
restlting solid is directly added to a suspension of 10% pa|lad|um-on carbon (3 mg)
in methanol (10 mL) and the mixture is shaken on a Parr hydrogenator under a 40 psi
hydrogen atmosphere for 2 h and filtered through diatomaceous earth. The filtrate is
concentrated in vacuo. Purification of the resulting crude material by flash
chromatography (silica gef, 30:70 ethyl acetate/hexanes) affords the title compound
as a colorless oil, 0.011 g (35% vield), identified by NMR and mass spectral
analyses.
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EXAMPLE 109

Preparation of 3-(1-Naphthylsulfonyl)-4-piperazin-1 -y¥I-1H-indazale Hydrochloride

N
0 N
{ Q HCl OZS
N - .
N
H

Using essentially the same procedure described in Example 106 hereinabove
and employing 4-[4-(t-butoxycarbonyi)piperazin-1 -yl}-3-(1-naphthylsuifonyl)-1H-
indazole as substrate, the title product is obtained as a light yellow solid (74% yield),

10 mp 220°C dec, identified by NMR and mass speciral analyses.

EXAMPLES 110-114

Preparation of 3-{Arylsulfonvl)-4-piperazin-1-yl-1H-indazole Hydrochioride

15 Derivatives

Boc Boc N ,
N H ‘HCI

A O e

| os'F‘z 0,5-Fe
Coh = @f = O
NI
H

Using essentially the same procedures described in Examples 102-109
20 hereinabove and employing the appropriate arylthiol or arylsulfinate, the compounds
shown on Table lll are obtained and identified by NMR and mass spectral analyses.

TABLE il
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H
[Nj
N SO,-Ry
N
,N
N
H
Ex. mp
No. R2 °Cc
110 4-methyiphenyl 190-192. ,
111 4-chlorophenyl 230 dec
112 3-fluorophenyl 180-183
113 4-methoxypheny! 178-182
114 2-naphthyl 200-202
5 EXAMPLE 115

Preparation of 6-[4-t-Butoxycarbonyl)piperazin-1-yl-1H-indazole

Cl
NH -HCI
1)
Cl
\ R
' H N’©:\F N > N
2 N N’
H 2) (Boc),0 r\':\) H
Boc”

10 '
A stirred solution of 6-aminoindazole (13.3 g, 100 mmol) in r-butanol is

treated with bis(2-chloroethyl)amine hydrochloride {28.6 g, 160 mmol) and potassium
carbonate (34.6 g, 250 mmol), heated to reflux temperature for 72 h, cooled to room
temperature and concentrated in vacuo. ‘A sti}réd solution of the resultant crude

15  material in 1,4-dioxane at 0° C is treated with1 N sodium hydroxide solution (200 mL)
and di—tert-butyldicarbonate (34.9 g, 160 mmol), stirred at ambient temperature for
24 h and concentrated in vacuo to afford a crude oil. This oil is partitioned between
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ethy! acetate and water. The organic layer is separated, washed with brine, dried
over sodium sulfate and concentrated in vacuo. Further purification of this resultant
residue by flash chromatography (silica gel, 40:60 ethyl acetate/hexanes) affords the
title compound as a colorless oil, 11.5 g (38% yield) identified by NMR and mass
spectral analyses.

EXAMPLE 116
Preparation of 6-[4-1-Butoxycarbonyl)piperazin-1-yl]-3-iodo-1H-indazole

EN I», KOH e “'{'
—_— N
She ol

H
Boc” Boc:’N

A stirred solution of 6-[4-t-butoxycarbonyl)piperazin-1-yl]-1H-indazole (7.20 g,
23.8 mmol) in N, N-dimethylformamide at 0 °C is treated with powdered potassium
hydroxide (5.40 g, 95.4 mmol) followed by the dropwise addition of a solution of
iodine (10.9 g, 42.9 mmol) in N,N-dimethylforrnamide, stirred at ambient
temperatures for 16 h, diluted with ethyl acetate and quenched with 10% aqueous
sodium metabisulfite solution. The phases are separated. The aqueous phase is

-extracted with ethyl acetate. The extracts are combined with the organic phase,

washed with brine, dried over sodium sulfate and concentrated in vacuo. The
resulting crude material is purified by flash chromatography (silica gel, 30;70 ethyl
acetate/hexanes) 1o afford the title compound as a yellow solid, 11.5 g (38% yield)
identified by NMR and mass spectral analyses.
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EXAMPLE 117

/@\/{N PhSO,Na /@\/\(
I/\N E'I ————I—Cul I/.\N N'N
.

Using essentially the same procedure described in Example 105 hereinabove
and employing of 6-[4-t-butoxycarbonyl)piperazin-1-yl]-3-iodo-1H-indazole and
10 sodium benzenesulfinate affords the title compound as a colorless foam (80% yield),
identified by NMR and mass spectral analyses.

EXAMPLE 118

15  Preparation of 3-(Phenyisulfonyl)- 6-piperazin-1-vl-1H-indazole Hydrochloride

e ¢
2 20

Boc’N\) : i

20 Using essentially the same procedure described in Example 106 hereinabove
and employing 6-[4-t-butoxycarbonylpiperazin-1-yl]-3-(phenylsuifonyl)-1H-indazole
as substrate, the title compound is obtained as an off-white solid (81% yield),
identified by NMR and mass spectral analyses. . .

RS
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EXAMPLES 119-124

Preparation of 3-(Arylsulfunovl)- 6-piperazin-1-vi-1H-indazole Hydrochioride
Compounds

1) stOZNa -HCI OZS/HZ

' Cul, KOH {
o == T o
£::F N 2) HCL H&::? N
Boc™

Using essentially the same procedures described in Examples 117 and 118
10  hereinabove and employing the appropriate arylsutfinate, the compounds shown in
Table IV are obtained and identified by NMR and mass spectral analyses.

L

TABLE IV

SO»-Rs
N N
/
S
15 .

Ex. mp
No. R2 °C
119 4-methylphenyl ‘ 172-175
120 4-(trifluoromethyl)phenyl 189191 .
121 4-chloropheny! 175-178
122 3-fluorophenyl 260 dec
123 4-methoxyphenyl 165-170
124 2-naphthyl 260 dec
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EXAMPLE 125

Preparation of 6-[4-t-Butoxycarbonyl)piperazin-1-yl)-3-(1-naphthylthio}-1H-indazole

Using essentially the same procedure described in Example 107 hereinabove
and employing 6-[4-t-butoxycarbonyl)piperazin-1-yl)-3-iodo-1H-indazole as substrate
10 the title compound is obtained as a colorless oil (78% yield), identified by NMR and

mass spectral analyses.

EXAMPLE 126

15  Preparation of 6-[4-t-Butoxycarbonyl)piperazin-1-y}-3-(1-naphthylsulfonyi-1H-
indazole ‘ ,

20

A stirred solution of 6-[4-t-butoxycarbonyl)piperazin-1-yl)-3-(1-naphthylthio)-
1H-indazole (0.240 g, 0.521 mmof) in méthylene chioride Is treated with meta-
chloroperoxybenzoic acid (mcpba) (77% pure, 0.350 g, 1.56 mmol) and sodium
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bicarbonate (0.219 g, 2.61 mmol), stirred at ambient temperatures for 16 h and
partitioned between ethyl acetate and water. The phases are separated and the
aqueous phase is extracted with methylene chloride. The extracts and the organic
phase are combined, washed sequentially with 10% aqueous sodium bicarbonate
solution and brine, dried over sodium sulfate and concentrated in vacuo to afford a
crude oil. This oil is added to a suspension of 10% palladium-on-carbon (40 mg) in
methanol and shaken on a Parr hydrogenator under a 40 psi hydrogen atmosphere
for 2 h and fittered through diatomaceous earth. The filtrate is concentrated in vacuo.
The resulting crude material is purified by flash chromatography (silica gel, 50:50
ethyl acetate/hexanes) to afford the title compound as a colorless oil, 0.106 g{#1%
yield), identified by NMR and mass spectral analyses.

EXAMPLE 127

Preparation of 3-(1-Naphthylsulfonyl)- 6-piperazin-1-yl-1H-indazole Hydrochloride

Using essentially the same procedure described in Example 106 hereinablove
and employing of 6-[4-t-butoxycarbonyl)piperazin-1-yl)-3-(1-naphthylsulfonyl)-1H-
indazole as substrate, the title product is dbtained as a white solid (98% vieid), rp
205-210 °C, identified by NMR and mass spectrai analyses.
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EXAMPLE 128

Comparative Evaluation of 5-HT6 Binding Affinity of Test Compounds

The affinity of test compounds for the serotonin 5-HT6 receptor is evaluated
in the following manner. Cultured Hela cells expressing human cloned 5-HT6
receptors are harvested and centrifuged at low speed (1,000 x g) for 10.0 min to
remove the cuiture media. The harvested cells are suspended in half volume of fresh
physiological phosphate buffered saline solution and recentrifuged at the same
speed. This operation is repeated. The collected cells are then homogenized in ten
volumes of 50 mM Tris.HCI (pH 7.4) and 0.5 mM EDTA. The homogehate is
centrifuged at 40,000 x g for 30.0 min and the precipitate is collected. The obtained
peliet is resuspended in 10 volumes of Tris.HCI buffer and recentrifuged at the same
speed. The final pellet is suspended in a small volume of Tris.HCI buffer and the.
tissue protein content is determined in aliquots of 10-25 4l volumes. Bovine Serum
Albumin is used as the standard in the protein determination according to the method
described in Lowry et al., J. Biol. Chem., 193:265 (1951). The volume of the
suspended cell membranes is adjusted to gi\ie a tissue protein concentration of 1.0
mg/m! of suspension. The prepared membrane suspension (10 times concentrated)
is a}iquoted in 1.0 ml volumes and stored at -70° C until used in subsequent binding
experiments.

Binding experiments are performed in a 96 well microtiter plate format, in a
total volume of 200 zl. To each well is added the following mixture: 80:0'ut of -
incubation buffer made in 50 mM Tris.HC! buffer (pH 7.4) containing’ 10.0 mM MgCl,
and 0.5 mM EDTA and 20 u of [PH]-LSD (S.A., 86.0 Ci/mmol, available from
Amersham Life Science), 3.0 nM. The dissociation constant, Kp of the [PH]LSD at the
human serotonin 5-HT6 receptor is 2.9 nM, ‘as determined by saturation binding with
increasing concentrations of [PHILSD. The reaction is initiated by the final addition of
100.0 p! of tissue suspension. 'N'or'\'s;')ecifié binding is measured in the presence of
10.0 uM methiothepin. The test compounds are added in 20.0 pl volume. .

The reaction is allowed to procéed in the dérk for 120 min at room
temperature, at which time, the bound ligand-receptor c'omplexlis filtered off on a 96
well unifilter with a Packard Filtermate® 196 Harvester. The bound complex caught
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on the filter disk is allowed to air dry and the radioactivity is measured in a Packard
TopCount® equipped with six photomultiplier detectors, after the addition of 40.0y
Microscint®-20 scintiliant to each shallow well. The unifiiter plate is heat-sealed and
counted in a PackardTopCount® with a tritium efficiency of 31.0%.

Specific binding to the 5-HT6 receptor is defined as the total radioactivity
bound less the amount bound in the presence of 10.0uM unlabeled methiothepin.
Binding in the presence of varying concentrations of test compound is expressed as
a percentage of specific binding in the absence of test compound. The results are
plotted as log % bound versus log concentration of test compound. Nonlinear
regression analysis of data points with a computer assisted program Prism® yields
both the 1C; and the K;values of test compounds with 95% confidence limits.

The amount of displacement by the test compound is given in percent (%)
inhibition and is derived from the following equation:

Bo- NSB
% inhibition = (1 - ~-~~eeeeeee- ) 100
TB-NSB .

where By is the amount of CPM bound in the presence of the testing a‘gént. NSB
represents the CPM bound in the prese'n’ce'of'a' saiﬁrating concentration of a
displacer and TB represents the total amount of CPM bound at zéro (0) concentration
of test compound. ' ' ' S "

Alternatively, a linear regression line of data points is plbtted, from which the
IC+ value is determined and the K; value is determined based upon the following *
equation: |

Ki =1Cs0/ (1 + L/Kp)
where L is the concentration of the radioactive ligand used and Kj, is the dissociation
constant of the ligand for the receptor, both expressed in nM.
Using this assay, the % inhibition and Ki values are determined and

compared to those values obtained by representative compounds known to
demonstrate binding to thev‘5'~_H.T6 receptqu. The data are ‘shown.in Table\_/, bt_a_lgw.
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TABLE V, cont.

EX. 5-HT6 Binding % Inhibition
No. Ki (nM) at 1
35 38 -
36 20 -
37 4 --
38 73 -
39 69 -~
40 62 -
41 13 - -
42 117 -
43 3 -
44 - 67
45 2 -
46 2 -
47 2 -
48 4 =
49 6 -
50 2 -
51 1 -
52 2 -
53 1 -
54 8 -
55 1 =
56 5 -
58 3 -
59 2 =
60 5 =
63 1 -
64 12 ! -
65 4 -
66 1 -
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TABLE V, cont.

PCT/US2004/003926

EX. 5-HT6 Binding % Inhibition
No. Ki (nM) at 1M
67 8 --
68 14 -
69 28 -
70 3 -
71 --
72 2 --
74 26 -
77 2 -
80 62 -
81 -
83 4 -
85 10 -
86 1 --
89 10 -
91 6 -
92 1 -
T4 12 -
98 22 -
99 20 -
100 -
101 5 -
5-HT6 binding
Comparative Examples Ki (nM)
Clozapine 6.0
Loxapine 414
" Bromocriptine 23.0
Methiothepin 8.3
Mianserin 44.2
Olanzepine 19.5
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CLAIMS:

1. A compound of formula |

R,
Ay
N

}\___—_ A/(CR6R7)n

Rs)g SO,R,

(R])m 3

(1)

wherein

AisC,CRyorN;

Ry is H, halogen, CN, CORs, OCO,R1, COzRy;, CONRyzR1a, SO.Rys,
NR15R46, ORy or a Gy -Cealkyl, Ca-C;cycloalkyf, aryi ot heteroaryl
group each optionally substituted:

R is an optionally substituted C,-Cgalkyl, C,-Creycloalkyl, aryl, or heteroary!
group or an opﬁonally substituted 8- to 13-membered bicyclic or
tricyclic ring system having a N atom at the bridgehead and optionally
containing 1, 2 or 3 additional hetercatoms selected from N,QorS;

Rs is H or a Cy-Cealkyl, C5-C;cycloalkyl, aryl or heteroaryl group each
optionally substituted;

Rsis H or a Cy-Cealkyl or C5-C,cycloalkyl group each optionally substituted;

Rs, Rs and R; are each independently H or a C;-Cqalkyl or Cs-Creycloalkyl
group each optionally substituted;

m and p are each independently an integer of 1, 2 or 3;

nis an integer of 1 or 2; - ' ' o

Rg is H, OH or an optionally substituted C;-Csalkoxy group;

Ra, Rio, R11 and Ry; are each independently H or a Ci-Csalkyl, C,-Cgalkenyl,
Cz-Cealkynyl, Cs-Cecycloalkyl, cyclohetercalkyl, aryl or heteroaryl
group each optionally subgtituted:

. N
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Ri2, Ria, Ris and Ryg are each independently H or an optionally substituted
C,-C4alkyl group or Ry, and Ri; or Rysand Rys may be taken together
with the atom to which they are attached to form a 5- to 7-membered
ring optionally containing another heteroatom selected from O, NRys

or SOy,
Ry, is a Gi-Cealkyl, Co-Cealkenyl, Co-Cgalkynyt, C5-Cscycloalkyl,

cycloheteroalkyl, aryl or heteroary! group each optionally substituted;
Ris is H or a Ci-Cealkyl, C2-Cealkenyl, C,-Cealkynyl, Cs-Crcycloalkyl,
cycioheteroalkyl, aryl or heteraryl group each optionally substituted;
x is 0 or an integer of 1 or 2; and
| ---- represents a single bond or a double bond; or a
stereoisomer thereof or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 wherein nis 1.

3. A compound according to claim 1 or claim 2 wherein Ry is H or an
optionally substituted C,-C,alkyl group.

4. Acompound according to any one of claims 1'to 3 wherein R is an
optionally substituted phenyl, naphthyl or heteroaryl group. L

5. A compound abcording to any one of claims 1 to 4 wherein the 6- or 7-
membered azacydlic ring is attached to the indazole in the 5 or 7 position.

6. A compound according to any one of claims 1 to 5 wherein Ais N,

7. A compound according 10 any one of clainis 1 to 6 wherein Rais
selected from hydrogen, phenyl and C,-C,alkyl which may be substituted by

'

optionally substituted phenyl:

8. A compound according to any one of claims 1 to 7 wherein m is 1 and
R, is hydrogen or halogen. ‘ R e R
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9. A compound according to claim 1 which is one of the following:
5-(4-methyipiperazin-1-yl}-3-(1-naphthylsuifonyl)-1H-indazole;
3-(1-naphthylsulfonyl)-5-piperazin-1-yl-1H-indazole;
1-(3-chiorobenzyl)-5-(4-methyipiperazin-1-yi)-3-(1-naphthylsulfonyl)-1H-indazole;
7-(4-methylpiperazin-1-yl)-3-(phenylsuffonyl)- 1 H-indazole;
3-(phenyisulfonyl)-7-(4-propylpiperazin-1-yl)- 1 H-indazole;
3-(phenylsulfonyl)-7-piperazin-1-yl- 1H-indazole;
5-(4-methylpiperazin-1-yl)-3-(phenylsulfonyl)- 1H-indazole;
3-(phenylsulionyl)-5-(4-propylpiperazin-1-yl)- 1H-indazole;
3-(phenylsulfonyl}-5-piperazin-1-yl- 1H-indazole;

- 5-piperazin-1-yl-3-[(3-cyanopheny!)suffonyl]- 1 H-indazole; S

7-(4-methylpiperazin-1-yl)-3-[(2-ethylphenyl)sulfonyl]- 1 H-indazole;
3-(1-naphthylsulfonyl)-7-(4-propylpiperazin-1-yl)- 1H-indazole;
5-(4-phenethylpiperazin-1-yl)-3-(1-naphthylsulfonyl)- 7H-indazole;
5-(4-methylpiperazin-1-yi)-3-(2-naphthylsulfonyl)- 1H-indazole;
3-[(2-chioro-4-fluorophenyl)sulfonyl}-5-piperazin-1-yl- 1H-indazole:
1-methyl-3-(phenylsulfonyl)-5-piperazin-1-yi- TH-indazole; " ™
1-phenyl-3-(phenylsulfonyl)-5-piperazin-1-yl- 1H-indazole;
1-methyl-3-(phenylsulfonyl)-7-piperazin-1-yl - 1H-indazole;
1-phenyl-3-(phenylsulfonyl)-7-(piperazin-1-yl)-1H-indazole;
7-piperazin-1-yl-3-[(3-fluorophenyl)sulfonyl]- 1Hindazole;
3-{(4-fluorophenyl)sulfonyl]-7-(4-methylpiperazin-1 -yl)- 1H-indazole;
3-[(2-chlorophenyl)sulfonyl]-7-piperazin-1-yl- 1 H-indazole;
3-{(4-’ar’i1ihophenyl)sulfonyl]-?-(piperazin-1 -yl)- 1H-indazole;
5-piperazin-1-yl-3-[(3-fluorophenyl)sulfonyi]- 1H-indazole;
3-[(4-flucrophenyi)sulfonyl]-5-(4- methylplperazm-1-y|) 1H-|ndazole
3-[(- chiorophenyl)sulfonyl] -5- (4—propylp|perazm- -y[) 1H-|ndazole
3 [(4 aminophenyi)sulfonyl]-5- p|pera2|n 1—yI 1H-|ndazole
3 [(5-chloroth|en 2-yl)su|fonyl]-5 plperazm 1-y| 1H—mdazole
3 [(5 -chlorothien- 2-yl)sulfony|] T—plperazm 1—yl 1H—Jndazole
4 chioro- 3 (phenylsuifonyl) 7- plperazm 1- yl 1H-|ndazole
5-fluoro-3- (phenylsulfonyi) 7- prperazm 1-yl 1H-indazole;
6-ﬂuoro—3-(phenylsu[fonyi)-7-pipéraziri—1 -yli 1 H—ihdazole;

—60-
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4-chloro-3-{phenylsulfonyl)-5-piperazin-1-yi- 1H-indazole;
7-fluoro-3-(phenylsulfonyl)-5-piperazin-1-yl- 1 H-indazole;
6-fluoro-3-(phenylsulfonyl)-5-piperazin-1-yl- 1H-indazole;
6-(4-phenethylpiperazin-1-yl)-3-(phenylsulionyl)- 1H-indazole;
6-(4-methyipiperazin-1-yl}-3-(phenylsulfonyi)- 1H-indazole;

- 6-(4-propylpiperazin-1-yl)-3-(phenylsulfonyl}- 1H-indazole;
3-(phenylsulfonyl)-6-piperazin-1-yl- 1H-indazole;
4-piperazin-1-y!-3-(phenylsulfonyl)- 7H-indazole;
4-(4-methylpiperazin-1-yl)-3-(phenylsulfonyl)- 1H-indazole;
4-{4-propylipiperazin-1-y!)-3-(phenylsulfonyl)- 1 H-indazole;
3-(phenylsulfonyl)-4-piperazin-1-yl- 1H-indazole;
3-[(5-chiorethien-2-yl)sutfonyl]-5-piperidin-1-yl- 1H-indazole;
3-[(5-chlorothien-2-yi)sulfonyl]-7-piperidin-1-yl- 1H-indazole;
1-methyl-3-{phenylsulfonyl)-5-piperidin-1-yi- 1 H-indazole;
3-[(3-fluorophenyi)sulfonyl}-5-piperidin-1-yl- 7H-indazole;
1-methyl-3-(phenylsulfonyl)-7-(4-methylpiperidin-1 -yi)‘- 1H-indazole;
3-[{3-fluorophenyl)suifonyl]-7-piperidin-1-yi-1 H;indazole;
3-[(3-fluorophenyl)sulfonyl]-5-piperidin-1-yl- 1H-indazole;
3-(phenylsulfony!)-5-piperidin-1-yi- 1H-indazole;
1-methyl-3-[(3-fluorophenyl)suifonyl]-7-piperidin-1-yl- 1 H-indazoie;
3-(phenylsulfony!)-7-piperidin-1-yl-1H-indazole;
ora stereoisomelr thereof; or a pharmaceutically acceptable salt thereof.

10. A method for the treatment of a central nervous system disorder related to or
affected by the 5-HT6 receptor in a batient in need thereof which comprises providing
to said patlent a therapeu’ncally effectlve amount of a compound of formu!a | as
claimed in any one of clalms 1to 9 or a sterediéomer thereof; or a pharmaceutlcally

. R
|

acceptable salt thereof.

~11. A method according to claim 10 wherein said disorder is a motor
disorder, anxiety disorder or cognitive disorder.
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12. A method according to claim 10 wherein said disorder is a
neurodegenerative disorder.

13. A method according to claim 11 wherein said disorder is selected from
5 the group consisting of: attention deficit disorder; obsessive compulsive disorder;
withdrawal from drug, alcohol or nicotine addiction: schizophrenia; depression; and
Alzheimer's disease.

14. A method according to claim 12 wherein said disorder is selected from
10 the group consisting of: stroke; head trauma; and neuropathic pain.

15. A pharmmaceutical composition which comprises a pharmaceutically
acceptable carrier and a compound of formula | as claimed in any one of claims 1 to

9 or a sterecisomer thereof; or a pharmaceutically acceptable salt thereof.
15

16. A process for preparing a compound of formula (1) according to claim
1 which comprises one of the following
{a) diazotising and cyclising a compound of formula (VIlA):

Ry
\ ,
N
{, (CReR,
(Rg)y A SO,R,
[, ]
T
(Ri)m (VIIA)

20 wherein the dotted line, m, n, p, A, Ry, Rz, Rs, Rs, Rs and Ry are as defined in claim 1,
e.g. with NaNO;/acid to give a cohpound of formula (1} wherein Rj is hydrogen,
or
(b) alkylating or arylating a protected compound of formuta (IA)

s o
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(R1)m (1A)

wherein the dotted line, m, n, p, A, Ry, Bz, Rs, Rs and R; are as defined in claim 1
and Pis a protecting group or R, where R, is as defined in claim 1excéepting
hydrogen, with an alkylating or arylating agent of formula R;-1.G where LG is a
leaving group and Rj is a C-Cealkyl, C4-Creycloalkyl, aryl or heteroaryl group each
optionally substituted; and if required removing the protecting group, to give a
corresponding compound of formula.(I) where Rj is a Cy-Cgalkyl, Co-Cyeycloalkyl, aryl
or heteroaryl group each optionally sgbstitUted; ’

or

-

(c) alkylating a compound of forfnula‘(’l'B)

(H1 )m (1B).
wherein the dotted line, m, n, p, A, h,, R., Rs,.Rs, Rg and Ry are as déﬁned in claim 1,
with an alkylating agent of formula FL,—LG where LG is a leaving group and R, is a C;-
Cealky! or C5-Cyoycioalkyl group each optionally substituted, to give a corresponding
compound of formula (1) where R, is a C;-Cgalkyl or C5-Cscycloalkyl group each
optionally substituted;
or

-63-



WO 2004/074243 PCT/US2004/003926

(d) reactmg a compound of formula (XIl):

S0.R,

\

(F‘1
(X1
wherein m, R;, Rz and Rs are as defined in claim 1, and LG’ is a leaving group such
as Cl, Br, | or an activated hydroxyl group such as triflate, with a compound of

5 formula (V):
L ' ?4 LT R

(RS)*’_EN]CRGW)"
H
(8
wherein n, p, Ry, Rs, Rs and R, are as defined in clai:m 1, in the presence of a
catalyst, e.g., a palladium or nicke! catalyst, to give a corresponding compound of
formula (1);
10 or
(e} reducing a compound of formuta (X11):

wherein m, n, p, Ry, Ry, Rs, Rs and R; are as defined in claim 1, P is a protecting

15 group or R, as defined in claim 1 and P’ is a protecting group or Rs as defined in
claim 1, if required removing any protecting group, to give a corresponding
compound of formula (I) wherein A is CH;

or
20 (f) acidifying a compound of formuta (XH):

-64-
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10

(XV)

wherein m, n, p, Ry, Ry, Rs, Rs and R; are as defined in claim 1, Pis a protecting
group or R, as defined in claim 1 and P’ is a protecting group or R; as defined in
claim 1, if required removing any protecting group, to give a correspvéﬁ‘d'irig
compound of formula (I) wherein A is C and ---- represents a double bond;
or

(9) converting a basic compound of formula (1) as defined in claim 1 to an
acid addition salt thereof or vice versa.
or ,

(h) separating a stereoisomer of a compound of formula () from a mixture
thereof. '
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. Apstract

-',panson o mmugmmc whxc
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" seemi devoid

' vom:rmg dlzzmc“
- -rale nf dme mmnun— Ve

Chnlme\tcrasc m!nbnor\ ire curremly the most extablished treatment strategy

“in Alzheimers disease: The treatmunt effect appoars mainly tu be symplomatic.
" Effects on progression of the diseose fallawing long lerm Ireatment, and possible

retiroprotective effects, have been investiguted. Delay until nursing home place-
ment has been ceported. Theee cholinesterase inhibitars: tacrine. donepezil and
rivastigmine, ‘are in clinical use. Other cholinesterase inhibitors. such as
galanlamine {galanthamine). metrifonate, physmugmmc cplastigmine, are cur-

. rently under clinical evatuation. So far the efficacy appeais’to, be’ comparable

between the various cholinesteraxe inhihitors; teestment for np o & manthe hae

pmduccd an improvernen! in Alzheimer’s Disease Assessiment Scale — Cognitive '

cng) nfbelwu,n 1.8 and 4. 9 n pauems w:th Alzheuncr ]

Subscale 'ﬁ.u:c (ADA S-
disense. ©
Tecrine, donepcul gn!amammc and phyw\l:gmlne are revercrhle inhibitors

" of acctylcholmcslense und: huryrylcho]mcsterasc while ‘metrifonite is consid-"

ered tobe an irreversible mhlb: tor end rivustigming npseudmrrevemble inhibitor.
Tacrine and physostigmine. hnve lower bicavailabifity, 17 10 37% arid 310 8%,

' .respecnvely. ihan ‘the other ;cholingsterase inhibitors such as’ rivastigmine,

galantamine and doncpeﬂ! [40 0] OO%) The elimination half-life is conmdcrably
lnngcr for doncpull (7ﬂ to HUh) in cnmpan sou to must oflhc u!hcc \.holmcslm asc
inhibilors, (0.3 10 12h). Dnncpezll is therefore admml:tercd ance dally in com-

Snmultancous l’ood muke. Iuwers the pla.\ma cuncentranon of {acring and re-
duces the adverse effects of rwamgmmc Drugs like theophylline and cimetidine
have beeq ceported (o change the pharmacokinetics of tacrine and duncpezil. In

_contrast, concomitant medication with various drugs with nvmugmlne does not -

seem 10 couse uny drug inteructions in patients with Alzheimer’s discasc.Tacrific,
donepezil and galantamine are metabohsed via the cymchromc 1450 (CYD) liver
enzymcs ‘Active melabohtec aré known fort lacrme and gnlamarm ne. Rivastigim-
ine is nof membohsed via CYP enzymcq hut via-esterases nnd is cxcreted in lhe
urine.
Tm.nne is,

tors, with a n incidence ranging between 7 to 30% For some cholmcslcrasc in-

hibitors, such as nvmummm. the! chulmcrgu; mdvenc cffects such as nausea, -
n be teduccd by slu\vmv lhn. :

rrhnm and abdommal pnm

I‘ admmmered twncc danly and (ax.nne whu.h is- - . ‘

x med wuh bcputotoxlcn) whulc olherchnhnewtemse inhibitors -
E 'adversc c‘r‘fcc( Increased lher enzyme vuluea ‘have bccn ob-"
-scrvu.l in 49%" of puucms wnh Alzhelmer s disessé trcn:ed wuh ‘tacrine.
‘Rechallenpe with tacrine reduces ihe incidence of elevated llvt.r cnzymc levels.
" Peripheral cholincrgic adverse cffects are common for the chulmeiterase inhibi-

&NOCID; <XP
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. ‘Alzheimer’s disease is th_e." ni'qst "'cominpr:\'_;'fc')m\'
of dementia and represents nbout 40 to 60% of late
_ onset dementia syndrome. It is a progressive and

coslly disease that causes suffering over a long pe-

Hiod for both the patients and their, families. The

disease is characterised by memoary loss and other

~cogaitive *Ymploms producing occupational and

© A romotionay Limited. AR Aghis rosenved.

~'social dmabmneq' (:eneuc cau\eq ha»c hcen re-

ported to be mvnlvcd in Tamilia} cases of Alz-

heimer's dmcase but’ ‘the discasc prabably- has a .

much more comph.x and hctcrogenuus actiol-

_ogy.l! 2 Althoug,h 2 great deal .of progress has heen -

miade in recent years ia further’ undcrsmndmg the

3enencnl 1berrauon-. as well as the pathophysio-

~

Daug Sotery 1999 Dac: 19(4)

‘BNS page 2



ICID; <XP

Tolerability of Chotinesterase lnhibitors

_ 467

logncal processes of ‘Algheimer’s dhea\e therc s sumcdt‘nata;pcum lrealnu:nlﬂlralegy may notbe

still av cuig fus e disease,

helpful foral} patients. Pauenls muy show ditterznt

CUgmllon is known to be depehdcnl on aevcral rates of progression of deterlomtmn during the
tnental fuctions, such as awareness, memory, lan-  course of the untreated drsease The disease in-
'guage; mental empo and’ \Isuospnual function. It volves ch'mges not only in cognition bul alse in

is still an vpen question

* be improved hy Lugnlllun-enh.'.l.ncmg ﬂuhﬂﬂnch )
~ Transmitter. rcpl.:cemcm Lhcmpy is onc of | sev:

. eral.possible treatmen
anuamylmd drugs "nel
: mﬂammamry drug
chohnerglc hypotlu.

. neetylcholine l6ad to cogmlnc decline l) Cholm-

25 10 whether memory can behavmur social and overall global functioning.

L. stra(egxes, pthcrs bcmg - ’_measurc the effoct of | traalnu.m wuhcholmeslcrase
rve’ ‘grow lh facloxs. an : -mhlbuors The. cognmvc Kests: mcludc the Mnm—
md duuomdum; R4l Thcv . Meéntal Stalc Examm.mon and” ‘the All_halmer $
clmms that low lcvels of - -Dmase Assessmcnl Sca]e whlleolherscalcs such

tylchotine and treaiment with these drugs has so far -~ have also been used 12l A valuable complement to

been:the most fiuviful

teatihient strawgy 1n Alz- . these scales are studies of the functional efiects of

helmer s disense. Cliniéal experience wuh th)lm- o l!heraples on thc brain, as evalvated by neuro-
estcra.su inhibitars, such as tacrine, mdxcates 1hat . 'psycholog:cal measurcmeme clec.tmencephnlo-

(hese compoundﬁ have
_tive funclion, especiully
lung term treatment als

memory. ‘episudic menory, vi wmputml 1b1hty und L

psychomomr speed. 79
‘Tacrine - was the fi rst

posjtive effects on cogni- gram (E.EG), and imaging techniques ‘including
ly.in atteation!® and that - positron emission tofmography. and single photon
sa has ‘effects on pnmnry, ‘ 'compuled crmssmn»lomography“” i

T B 3 Acotyichalinostordse and - ;.
chohncslcrase mhnbutor to :MMChOImeS'BIOSO nthe Bmms Of

be approved for usc in Alzheimer’s discase (m the '_f ' Pahen{s mlh Alzheimar's Dlsousa

US in 1993 and in Livrope in 1994), Mod‘.cl pullin-

tive cffccl: have heen observed, us well as some ..
" ‘slowing or arresting of the disease’ course. 10 The

:econd cholmcx[erase inhibitor dom:pe?n was np- -
e pmved i8-1996 in tlic’US and i"1997in n Europe,. - molccula f forms globular monoiners (G1), dimers
“and in 1998 rfvastigntine was approved in scverul®
. Europcan coantries. Other Lho)mecrerasc inhibi- -
tors, mclndmg gniantamme (gaianlhamme) metri--
funau: and epmsugmme, are curremly under clini-

cal ev uluu{mn

Thc aim of th;ﬂ paper is 'o compare xhcsc cho-

tinesterase mh:buon w

chohne-:tera-:e mhxbmon. pharmacokmenc proper- .
ties and metabolism, cfficacy, tolerab:hty and pos-
stble drug mteracunm :

1. Evaluation of Drug Treatment .
Efficacy in Alzheimer's Disease

Because of the gene

':Human hr1m rholmestemses cun be dIVlded

ases und !hcsc “ar¢ eaprezsed.in. at Icast 6-different

E aSymmetric rno!c.cules with I, 2 or 3 terramers (A4,

coiled stnicture:443) The most abundant form of
,Icelylcholme.\terasc is the extratellular G4 molec-
ular form bui the cymsohc Gt forem is also present
in & smaller amount in the brain 18 Acctylcholin-
' e\(crase has also been found in eryzhmcylcs while
highls levelv. of bmyrylcholmastcmse alsoknown as
psetdo or nonspeeific chohner.lcrase is found in
sécum.
The activity of acntylcho\ineslerase, and espe-
cially of the G4 form. has been seported 10 be de-
_ creased in the brains ol " patiets with Alzheimer's
tic, biological and clinical  disease.l"1"l Acetylchulinesteras¢ has also been

ith respect to specnﬁctly of

* heterogeneity of A}zhelmer s discase it can be as-  detected | in senile plaques and ncuruﬁbnilary tan-

v
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Jinto, acelylcholmoalerdses and buxyrylc.huhnester- g

P

(G2) and. tclramers (G4) ‘of cslalytlc subunits and -

_leferen: types of outcome measures have been
used in'clinical tnals o wuluace improveinent and |

T ns the chmu..m [ globa] assessment of séverity,
esterase mhlbuurs inhibit xhe membuln.m of mc- : change bcha\rmural ratings and functional scales,

- AB,A12) couplcd 0 a 1-suanded cullagen- like *
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gles in the hrains of patients with Alzheu'ner s dis-

_ease. The G4 torm ol acetyicholinesterase hus been
suggested o be of the asymmetric type and may, |

accelerate p-amyloid formation:!¥5-1% The activity

of bulyrylcholmesterase has been’ reported to be

increased inthe brains of patients with Alzheimer’s

d,gw,,l Wiasa comequence of reactive gliosis and. -

accumu!.umn of butyrylcholme:.(emse on neunm

’ plaqucs o
Acclylchulmes:erase levels ifi the ventncular or;
“lumbar ¢erebrospinal ﬂund (€SP are Iower in pa-_
" tieats wnlh Alzheimer's disez se compnred with
* -agé-matched “control§ 1122V 'An dnomalous molec- -
A ulnrform ofncelylcholmeste se hns been found i in -
e the CSF ofpahents with Al
e 'u a poss:ble mdlcnnon "of Changes in acerylcholm-‘
: “at the molecular leval. 2 Since the CSF.
zmomalous' acetylchohncstcram has alse” teen -
found in individuals without dcmenua. it has been- '
speculated that this molecular form of acetylcho-
_ - linéstérase may be’ prcscnl in CSF before clinical -
" “signs“of demenitia arc’ obscrved.?4 This. ﬁndmn'
"m.;y also explain the overlap in acctylchnlmeste -
© ase activity in CSF seen he.rwee.n mdmduaja

.md without dc.:memuL”ﬂ

“ Recently: ulu.mpm ‘have bccn made o vnualnc._-
’accly!cholme:terasc .tcuvny in v ‘0 USing, nnagmg; .
- techniges. Pdppara et al. 12 xing M C- physosng-?'-
“mine dnd positron em smn lo:nogruphy. showed d -

. regional distrihution- of acc(yicholmestcnse in lhe'

< human’ brain. Recently, by using !'C- -N-mcthyl-4-

1037505A | >

p:peridyl acetate, lyo et al. 21 demonstmted rc*’__

3, Moleculor and Funcﬂonal Properﬂes
of Cho!lnesterase Inhiblion

The d

,chuhnesteme mtnbuors (ﬁg 1Y) méke them differ- -
-~ ently - selective ‘for | acctylchollnesterase and .7
butyrylchoilne'neruse Tacnm. and physosusmm"' '
have dcmonstrnud rcasonably cqual pou.ncy for.

inhibiting acetylcholinesterase comparcd with in-

B Ads internalionat Umited, ap AGAIs tesorved.,

er! sdnsem which

‘terase inhibito:
) hcal(hy indi
; ¢_ixr.casc

. case in pati 3
5 "l.hc fncrllmm y pre.xynupnc mmcanmc M, recep--

hibiting butyrylcholinesterase und are therefore
considered us rather unselective cholinesterasc in-
hibitors. Other cholinesterase inhibitors, including
donepezil and rivastigmine. appear 1o be morc se-
tective for acetylcholinesterasc compared with
butyrylcholinesterase (table [). The.chulinesterase
inhibitors can also be characterised as reversible,
e.g. donepeznl tacrine and galantamine, or irre-

_ versible, c.g. metrifonate, as-well ‘as competitive,

eg. .,n!.mlnmmc or noncompetitive, €.g. tacrine
and donepezil, in nature. g
Thc strutegy behind using cholinesicrase inhib-

- itors for ‘Alzheimer's disease is to improve cholin-
| e.rgxc synaptic funcnon by elevaung the acetyl(.llu— )
- line_content of, the: syiaptic cleft and thercby

dugmemmg the runcuon “of the cholmerguc recep-

'm.rs _In vitro studues have irdicated that chnhnes—

A

C Lcraﬁc inhibitors such as physosngmme and tacrine

can énhance the potassium-induced acetylcholine
relcase from cortical tissue slices tiken ai autopsy
from patients who had had Alzheimes s discase.[281.
lntcreslmgly. the reledse 'of acetylcholine was de-
credsed in awopsy bmm tissue froim patients with-

- out Alzheimer's diséase in the presence of similar
-canceéntrations of the' choliaesterise inhibitors.1281

This fiading jilustrates that the €ffect of cholines-
an be différent i the brains of
fisals and pancms wuh Alzhclmer s

Depcndmg on the amoum‘or dcctylcholme in

" the synapu;. cleft, ‘an increase or decrease of the
: lcvcl of the transmmcr can be obmmcd in Lthe pre-
- sence of cholmcstcmse mhlbnors 1910 G levels of

acetylcho!me present in. Lhe »ynapnc clelt: (u!\ s the- - - -
nts; wuh Althelmer ] d:sea.sc) trigger

t0rS 0 increase the relc.m. of ucety!cholme into the -
Synaptic Elefci®r*

“Tacrine has been’ shown I have a varicty of
pharmucological actions’ mcludmg inhibition of
the uptakc ds well as increase in the relcase of sev-

“eral ncumtranqmutters. increase in the synthesis of
) accty}cholme dnd dlreuly binds to muscarinic and
" nicotinic receplors ind ion channels.*0l Whether

these various pharmatuluglcal cffects are excrted

\

v : .
Brug Sufoely 1998 Dec: 1§ (6)
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Tacrine
N

Galantaming Matiitonate

- Eplasngmine
CH,(CH,,),NH

:tCHp)icchc?;
Q . 7,

Donepexi

Fg.1. Chomical ctruaturos of cholinoctorace lnhabltnm acrine, doncpoxll gnfnnhmlno (gulonuwmmo) mc!nionata. phynoshgrmna, -

ephaﬁg-rnno and nvastlgmmn

) 'by other chohnestemse inhihitors has not hcen exX- ..
._plored extcmlvely Phyﬁosugmmc has demon-
' strnwd less ntﬁmly for, muscanific’ und ‘nicotinic:

receptors than tacrine, Al [nteresnngly. several *
cholinesterase mhlbl!or!i including tacrine, galan-
tamine and donepczﬂ havc ‘been shuwn o bmd lo -
an aﬂoslenc sile on the nicotinic- uctylchollne (e

cﬁscacy”' B o
" Increasing Icvcls of acetylcholme due lo cbolm—
esterase inhibition’ may regulate in. Ihe formatlon
of amyloid precursor proteins. Smd:es in ammals
and cell {ines indicatc that treatment with different -
“ cholinesterase inbibitors including tacrine, physo-
stigmine, cplastigmine. and metrifonate can en:
hance the release of non-amyloidogenic deriva-

€ AQt inlamationd Uinviad. Al rghty reserved,

1037505A__| >

A To‘éﬁrie',- o

~_ceptor and this may. be of.lmponance for chmcnl—“ )

.

. tives of amylmd prccursor protem and prevent ﬂ- o -
smylmd gccumblation.> 381 "Both ‘tacrine .and | | -
: donepcznl hiave 'been found to. atlenuau: [i-amylo-d

neumtoxlclty in cell Imes ]

Tacnne utuses an allosl:nc rcvcmble mhlb]
“tion of acctylcholmeslcrase and” butyrylc.holm
esterasc by mt:racung with a hydrophohic region

‘nedr the anjonic a and ¥ site of the cnzyme 39 4 7~

h_O% inhihition of acc:quhom:estemse in red blood

~¢ells and a 40% inhibition of cholinesterase in.” "

plasma were measired in patients receiving tacrine

160 mg/day,!“®! the highest remmmended clinical - .~

daily dose.

Onug Safety 1998 Oeez 19 (8)
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4.1 pharmacokinetics ' Higher plasma concentrations of. tucrine have

. L . becn reporied in women*®! compared with men.

. The pharmacokinetic properties of tacrine have  Thjg difference might be due to the lower activity
been studied following the administration of asin-  uf (hé CYP1A2 isoenzyme in women. A lower tac-

- gle dose and afier long term treatment.4™*® Inter-  ine concentration has been reported in smokers
individual variations in tacrine pharmacokinetic compared with nonsmokers and this might be ex-
parameters havc been reported.™® The bioavaila-  “plained by the fact that smoking induces CYP1A2
. bility of tacrine has been found to range from 1710 activity. 1591 )
37%41:43.43451 (1able 11). Time o reach maximal
plasma conccntranon (l,,,.,) in the blood was L o 2
.hours fnllowmg oral admlmslmuon of tacrine 10 to
50mg 10 patients. with: Alzheumr s disease. [4043-46)
The zhmmllon is, drrrracr-xi hy cnnrnmlrant mtake :
of food. The ehmmanon half—llfe furmcnnc is 1.3

w07 hours in patlents with’ Alzhmmer s dls-
ease 140414345

A posmve correlation hus been observcd be-

“tween tacrine concentration and_cholmestemse tn- .

hibition in plasrua 1% The therapeutic window for

_ tacrine has been suggested 1o mange hetween 7.5
and 20 pg/L*! Tacrire hasbeen shown tobe 75%
bound to plasma albumin. It is metabolised in the - DR JE

4.2 Adhilnisfrcﬂon Qeglmens -

T‘acnnc w usually adm:mxtnucd 4 tlmes ddzly
ﬂnﬁmg at, A1 initial dosage of 40 mg/day and in-
crcased every 6 weeks up to a maximal dosagé of
160 mp/day. New labelhng for the agent indicates
that the dosage of tacrine can be increased after 4
weeks at each dosage level. Since some patients
may not be able to toleraté thé highest dosage of
tacrine, titration to their maximum loleraled dos-

- agcis recommended.f%0521

liver by the cytochrome P450 (CYP) isoenzymes 4.3 Interochons
. CYP1A2 and CYPLID6 and. 5 metabolitey have
...." beenfound in serum and urinc. . [30.50) The anor :m--__ Theophyllme i< metabohscd via cyp; A2 nnd

- labolﬂc s’ hydroxy-lacnne, .Wthh is pn.aent in - cnncnmnnnl ndmlmslratmn of tacrme and theo-
plasma, and CSF uta concentration that is 10 times - phyllmc rcsl.llt.'i ina2- fold incredse in theophylline
higher than chat of tacrine.”’ This metabolite can concentration. 13030 Cimetidine inhibits the meta-
inhibit cholinesterase and cxcns clmlca! effccls on  bolism of lacnne in the elderly and mcrcases the
ns own (s, . B Lo L S plasma concenlrauon of tacrine. 130.50] ! -

...'._.__T,,.,. Ampm“mamnmsiemselnrﬁb‘nnindpemu{ldchoﬂnemicadwrsﬂewntsbe“ ! diﬂuurucwmmmolmumuaa S
- sections 3to' 11 for details and relorences) - : PR o
. Cholinestarase -/ Cholinesterase inkdition ™ : -Maxlml mninmnoi RBCAan e Mmmlstruﬂon R Choﬂnerqc ammse\
_ inhibilors® . ' (AChEva BuChE) - . - RBCACHE(%)  inhibiion{%) ~ *~ (imesiday) ™ ts (% of treated
s . . . © .- achievedwith . - - : patients)’ '
i ) tharapeulic dosages - . L Lo
Tacrine " BUChE = AChE - ) i 0. 4 1030
Donepezii "+ “AChE >» BUChE - SR - o oL
Galanhamine AChE> BUChE -~ . 3p60° - -:- 3 4-20. '
. Metrifonata AChE = BuChE . 6272 5070 R 78 -
Physosligmine  AChE > BUChE 70 2 7-40
Eptastigmine ByChE 5 AChE 18-44 38 20r3 34
Rivastignine  AChE > BuChE - 40 2t <20

a 82% CSF AChE Inhibliion.
AChE = acolylcholinesterase; BuChE = bmyryimmeutm RBC = rad biood caf, = o oquel m’vbﬂbn > a stronger inhibhtion: »> s much
slionger mhbmon

D Ads inlemnotional Urmited. All nghts resanved. Orug Sofaty 1908 Dec: 19 (6)
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¢ with Alzhcimar's desace (cos soctions 9 ta t1 for dotailg .

Tabia il. Pharmaoockinatlc pralile of diferont ahalir Inhiters in p
_and raterences) . X ) .
Cholinesterase Boavalabibly Y@l (h)  Eliminalion  Effecial  Melaboliam Excréted vig urine (%)
Inhibitor (%4} 1% ) food . . R
Tagrina - 1737 . 12 a7 Yes CYP1A2, CYP2D5 (5 <3
: o o matabolites, 16f which is active}
Donepazit 10 35 70-80 " None  GYP20E CYPaAQ 17
Gatantamine - 85 ) T 5. . 'NDA CYP206 (4 metabalites. | of 50
{saranthamine) C ' ’ ) which |3 aciive) '
Metrifonate NDA . 05 2.3 NDA Nol via CYP450 8a
Physostigmine® 3-8 0.6 03 NDA. Nol via CYP4sS0 . ‘NDA
Eptastigmine - NDA © 114 924 . NDA . NDA NDA
nww}gnnne - 40 7 © 052 - 062 3 Nolvia CYP45D (1 matabolte). | Mainly (via e metabakte
. - ' . NAP 2264 90) ’

a 25’6 undla.nged and 25% melabofised,

b Hea\\hy volinieers; no data avaisble los patients wnh A]zhmmsl’: diseaso. .

f

'4,4'Ad\(er‘s_é _Effecf's »

T 44l un.- I'oxfclry
The most umpommr ‘adverse effect of taciihe :s
R liver toxicity: The hepatotoxic eﬂ'ecLs of tacrine
®.  have been reviewed by Watkins et al.® who '
’ summarised dala frora 6. multicentre trials mvolv-'
ing 2446’ palu.nts Increases in serum alnmne dmi-
notransfcrase (ALT) levels occurred in 49% of § pa-
tieats with Alzheimer's diseasc treated wuh,
© 1ncrine. ¥ The ALT jével mcreased to 3 times the

- upper-limit of normal in 25% of thie’ patients; 8%

. ofthc paucm.s had AL’I‘ valuis that were 10 or more
times tiie upper linit of normial. Howcver this in- .
crease in 'ALT level'is mam]y asymptumnuu. al-

L ltmugh f.mgue. fever and ensinophilia occurred
' _morc frequenlly in patients with AL levels 10 or

o ‘times the upper level of norma|._Three pa- —. —

= “tignts ihdérwent at liver bnopsm which showed lob--

L T uldre hepanm The mcan mtcrval from initiation of

- tacrme treatmient to ALT level elevahonc to3 times
the opper limit of normal was 50 days add the ALT
levels increased mainly during the ﬁrsl 12 wecks
of treatment When patients were rechu]lenged .
with mcnne, 30% of them expenem,ed another in-

_ crease in ALT levels.5! 72% of paticnts who did
1ok cxperignce an elevation in ALT levels follow-
ing rechallenge were found to be able to tolerate
higher dosages than those thut caused the initial
increuse in ALT Jevels, 159

. @ Adknremanonat Limitad. All (ighls feserved.

QCID: <XP_ 1037505A__t >

cvp —|qtnrhrom P450 NDA = no dala avadah'la Emes = hmc o mmh mmdmum mmm'rallnn by = hati-Gign: .0

. 9%, follnwmg 30 weeks of treatment, with tacrine ~

P 2 omsr Adverse Eﬂocn , -
Relamely higher plasma concéintrations of tacr-
ine bave been rcpor-:cd in pau::nls dcvclopmg ad-
verse elfecis reluied 1o tacrine.™® The mast ¢om-

- mon adverse cvents uxpenenced by pauents wuh

Alzheimer's disease’ rc.cewmg tacriné relate to lhe
gastromtcsuna! sysmm ‘Ina randormsed control-
led trial of tacrme in p'mems with 410 AIzthmer s
disease, nnusca and vomlung were cx pcncuccd by .
35% of pat:cms. diarrhota by 18% anun:)ua by -
12% dy&pcpsla by 11% :md abdnrnmal pam by .

80 to 160 mg/day 182 Of the patients, 6% with-+ ©

drew from the study becnusc ‘of gasunlnlesnnal

comp[aml: (‘”The gnetmm!e.mnal adverse. effects
of tacnnecanbcsomewhm dmmuhedhy cnncom— -
ltim[ admumtrahon of tood .

'lhe safely_of lacnnc..as ubscrve | n—2706 pa—u _—
tients ‘with Alz.heimer s dxsease in chmc.d trials . :

and 986), pzmems wuh Alzhelmer s dnsease ina-- -

treatment mvesugauonal new. drug ('1‘ IND) ‘pro-
gramme, was recently overviewed.I4 398/2706
(15%) patients who-had been treated with tacrine
experienced an adverse cffect that was classified as

‘serious. 461 (17%) patients were wuhdmwn from

treetment due to adverse effects and transaininase
level elevations accouated for almost half of these
withdrawais. 24% of the patients (2404 patients) in
the TIND programimie were withdrawn from ircaf-
ment. 10% of the TIND patients were withdrawn

Drup Sataly 1988 Dev: 19 (8)
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srom Lreiument dus to elevalions in ALT levels, 6%

fur symptoms due 10 involvement of digestive sys:

wms and 6% related 10 CNS cffects including ugi-

(ation. confusion, hallvicinations. 3% of .patients .-

. {B] paticuts) in the TIND programme died, but -

. mmpc.mm. c.h.u'

only 2 of the Bl deaths werc con:ldered possnhly -’

n.lated 1o 1acrine treaiment.

5. Donepe'ﬂl

Doncpcnl isa rovcrslble specuﬁc plpcrldme ac- -’

uylghohm.s(crasc inhiBitor that primarily has a_
nunu)mp(.lltln. mhlbnory action but also his some
'mnu (m:xcd mhlbnlor) i 5“'

i 5 1 Pharmccoksnetncs

The ph:lrllldulkme _c. properues uf dunepenl .

have been studied l'ulluwmg admlmstranon of g’
single dtN. und (..,,., was l'ound 1o he 335 hour:
{table 17).1973%1 Maxnnai plasma cnnu.nlruuons of .
9.1 and ’ﬁ 6 pglL were obtained. follnwmg ddmm

istration of ﬁmgle oral diwes of donepcul 5 and

Hmg. rc~pccu\.c!3 S(eady state concenlrations -
were oblaincd fnllcwmg 15 days of trcatment LN
When dnnepenl way admrmstered in do:.age:"' f )
. -3 or 5Smg once dmly for 21. days the’ plnsmn £0n
s '_centmuons wcre 18 2 and JU 2 ;.lg!L rc-.p ‘-

tively 157391
The mh1blnon of rcd blood ccll ace:ylcholmes

_terase by 64607 was rcponcd following 6 weeks -,

, lremmenl with ‘doneperiis mglday while the cor-

responding inhibition with 10 mglduy was T.'% isoi

.. Duringlong't lerm treatmem wnth doepesil for 192_

T wauks, ncc(ylche

‘was measured ‘at-a plasma com.entralnon ol‘ ki

P/ rnllowmg admmustranon of doncpe?ll |0'

-mg/day.

Clala alta BPS 124

The Cllmlndnon half-life of donepezil has been
estimated 10 be 70 1o 80 hours!9! and’ the mean
apparent plasma cléarance has been Estimated AU
0,13 Libikg: A Joriger Half-life of donopezil hos:
been observed in'the clderly compared with young

Donepeeil i3 cxicnsively bound to protéins
(86%) with 75% bound 1o ulbumin and 21% bound
W wj-acld glycoprou:lns (*81 Doncpezil Is metabo-

* lised by'CYP2D6 and CYP3A4 and glucuronidised
with aboul 17% of the dose excreted unchanged i '

the unnc {sat

5.2 Admlnlstrohon Reg:mens

. Donepunl is recommended to be given once.

daily, initially at a-dosc of Smg for at Icast 4 t10°6 -
-weeks, Thcreafler the dnsagc can be mcrea.sed to

0 mglday

_‘__5 K] lnferocﬁons l

"No ereu ot tood on the absorpnon of donepeal
has been reported. Adminisiration of cimelidine,
“digoxin, theophylline or warfurin has not. been
found Lo significantly change the phnrmacnkmencs
‘of donepezil.1*¥! Donepezil 0.3 to 10 mg/L has not
" heen found 0 mﬂuence the in vitro binding of fu-

warfarin 3 mg/L, to albumin, It is possihle thatin.
ducers of CYP2D6 and CYP3A4 for example
phenytom carhamachmc dcxamcthasonc rifam-
: picinand phcnobzu'bunl (phenobarbltonc) may po-
tennally increasc the' chmmahon of donepenl but
:more studles need tobe’ perfonne.d to clarify this

f' issue. 8 The outcome of donepezil treatment in
- paticats with, déficicncics of the nocn;ymea'

CYP2D6 nnd CYP3A4 is unknown c e

o 5 4 Adverse Efrecfs

zind d\e moet frequent adverse effects rehled (o :

donepczﬁ are g.nslrumleslma! adverse eftects and
" dizziness! No liver foxicity has been repom:d fol-
‘lowing up to 192 weeks of doncpcznl treatment. 1611
" The most cominon adverse évents seen m ‘a’23-
weck, double-blind, placeho- contmlled lnal ‘of

" "donepezil 10 mg/day in 316 patieats with Alzl

" heimer's disease were nausea (expcncnced by 179%

adults although no difference in phazmacukmenc'.—' of dounepezil racap:emrvcrsus 455 of plate‘h-ureclp-

was observed betwien healthy older volunteers'

and patients wnh Alzheimer’s dlSEHbB 158.39.621

1 Ads iermational Um_r‘ea Al fighty KBeINVED, Vo

1N37HA5A | >

mnls) diarrhoea {17:Versus A%); gastric upsel (10

verﬁus 2%). dw::ncss (8 versus 4%) musclc

Druosamv !MOec_ 10'(5)

2

., rosemide (frusemide) S mglL digoxin 2 pg/l. or o

BNS page 8
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cmmy:} (8 versus l%)_lﬁul Thé frequency of adverse

effects: of donepezil was generally lower at the 5.
mg/day dosage (diarrhoea 9%, nausea 4%, vomit- .

ing 3%, dizziness'10%, muscle cramps 6%, In an
open study of donepezil up 1o 10 mg/day in [33
patieats with mild to moderate Alzheimer's disease
- adrninistered for 192 weeks, 83%.of. the patients

experienced adverse events that were inainly of a-
-mild and vansient nature on at least one occe-
sion.l!! However, 79% of these events were con-.

- sidered not to be related to donepezil but to be re-

lated to the puuenn un(lerlymg Alzhelmer 3.

- dxscase

6 Golanfamlne (Galanthomlne)

Gnlanumme is a phenanlhrenc alkalmd similar.

10 codeine which was isolated feom the Europcan
daftodil or common snowdmp. Galanthus nivalis.

- Galantamine is a reversible inhibitor of acetylcho.
*lincaterasc with d _t:omnétjgivc action. This mcans
.that the degree of inhibition cavsed by galaatamine

docs not depend on the absolute concentration of- |
- the agent but more on the relatjanship between the
. inhibitor and the substrate.concentration. 30 to . .
S 60%, lnhlbllmn of red blood cell ucetylcholinester-

* ! ase. is obtained 30.to 45 minutes folluwing oral
doscs of ga]amammc and the lnhxbuory effcct of - -
.+ /galantaming on red blood cell acetyicholinesterase ..
a7 i greater than its effect on buryrylcholmcsterase -

' (ublc l) e

- :_ 'é 1 pharmccokinehcs cnd Dosage

. ministration; wuh a blOﬂVa]lﬂblllty of 85% (mblr. )

. Follnwmg ‘oral admmlstrauon tmai I8, 52 min-

- utes' with a_plasma’ efimination half-life of 5.7
hours and a total plasma cledrance of 0.34 L/tvkg '

Sanguinine () dewmethyl- g'\l.mlumme) ira me-
tabolite of galalltamme formed by CYP2D6 and it
can account for up. 1o 20% of 1dm|mstered
galantaming. fost lulcrcs(mgly, sangumme has heen
reperted to be 3 times more potent than galantam-
ine as an acelylcholinesterase inhibitoc!*M 50% of
- the administered dose of gdlumumme hus been
“found in uning 72 hours after adminitration; 25%
is excreted unchangcd and 25% is mctabohscd
(table [1).154 i
LA galammmne dosage of 10mg 3 times daily is
recornmende } R

o 2 Adverse Effecis

" No hver loxmry has been’ repurted with - b

: gaianmmm: "Nausea wus reported 1o octor in 21,
.29 and 63% of 141 pauems ‘with Alzheuncr s dis-
easé who-were receiving galnnla.rmnc 29.4, 147

" and 37.9 mg/day for 13 weeks, respectively.lo8) -

Other symptoms such as diarrhoea. ahdominal
tramp and anorexia were observed in less than 4%
of the pauenr_\.."'“ o

7 Mehlfonofe

-Mctrifonate is an irreversible acetylcholinesterase
inhibitor with a biphasic effect; Inivally. it inter-
acts.competitively with the enzyme and then this

- . -changes 1o -poncompetitive - mhnbmon wuh pro-
gressive phosphorylauon of the \,'nlymc caeratic.

site: 91" Metrifondie can be characterised as a
pwudonncvemhle cholinesterase inhibitor. Jt in-

. :cholmestcracel“' to a similaj extent. “‘""

7 l Phcxrmocoklneﬁcs and Doscge

in young hcalthy volunteers. 4l A 30% lower:

. plasma half-life and clcarance was ub'zerved inpa-
Aients with Alzheuner s discase,/84) A pasiltive cor-

relation. has, becn obsewed bclwccn the concen-
tration of galantamme in red blaod cclls and

' acetylcholmcsterasc inhibition, 167} G.d.m!amme '

dves ot bind to plasina proteins.(64)

& Acts hf'_omvmd Lirniled. Al rightls rasarved.

1037505A_ |_>

Melnfouatc is rcadxlv absmbed afler oral ad-
mmlstrauon F ollowmg adnumst:auon of a single
dose ol 7.5 my/kg to patients with Alzheimer's dis-
€asC, tmgy Was 26 minutes. ™ An elimination half-
life of 2.3 hours with an uppurent aral clearance of

0.34 L/h/kg has been obtained for metrifonate in

Orug Sctary 1998 Dec: 19 (6

Memfonate is a. prodrug of dlchlorvos 2,2- .
‘d:chlorvmyl dimcthyl phoxphutc. or DVV'P) and . -
“undergoes’ spontancoiis dehydrochlorination.168)

“hibits -both ‘acelylcholinesterase | and bulyryl- |

7
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: heallhy voluntcers with similar estitnations in pa--
tients with. Alzheimer’s disease ™71 [1-js esti--
mated that 2% of metriforiate reaches the brain as -

‘poru:d to.be mhxblwd by 37 and 47% i 2 pauems:;:'-
.- with Aizhel mer’s disease l'ullowmg admmmrauon -
“ L. of me(nronate 5 mg/kglweek 112 Meirifonate s
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dnchlorvos 111} Red blnod ceil acetylcholinesterase
was mhlbu.cd by- 62 to 2% fol!owmg 28 days of

_treatmem wuh metnfonnte at’'a maintenance dos--
age of 04w 0.7 mg/duy in“patiénts with Alz-
heimer’s dlsanse (681 Récéntly Becker et al.ll re.” -

poried a 60% ° inhibition of red- blood cell

~ acetylcholinesteruse and plasma’ butyrylcholin- -
esterase tollowmg ‘6 months” -

mclnfonate Acctylcholmesterasc in CSF was re-

" ' ‘mainly eliminated via the urine (80%),168-

Mcmfonau: is ngen orully once. dally ’i‘hc
- maintenance dosage has been esnmal.ed tobe (. 64 T

: mglkg/day fesy

" 72 Adverse Eftects .

e,

Metrifonate is hydrolysed (o &h’aclive com: - "

pound and has been shown to interact with the CYP
system. No tiver function ahnorma[mes have been

: rcponed t'or metnfonate .

I '. A rhoea. wcakness und Icg cramps hitve been rcponed’
" follewing ireatmént with metrifonate. 4% In a doiible-
blind; piacebo-controtted study, involving-273.pa- -

tients teeated with metrifonate 0.65 mg/kg/day and

S 13s placebo patients treated for 26 weeks, 12% of
. mel.nfonatc-ttcated patienis. di sconunued treat- -
‘ment bccausc of adverse cffects compa.rcd with A% _

of placebo-!.reated pa!nenls 73 Adverse effects: fol- -

. Iowmg m:lnfonatc treatment* werfe: conndemd
mild to moderate in intensity and the occmmnce of

adverse events was 7 to 18% in the metrifonate-
Lrested group compared with 110 8% 'in the placeho—
treated group. 13 No correlation has been observed

between advarse eveuts and ncetylcholmcstemse ’

mhnbmon (e8] -

Dla.rrhoea was 1he mostcommon adversa cffecl h

(experlenced by 18% of metnfonate reuptents) '

and thiscffect was ‘assumed to be causeﬂ hy aver.
stimulation of the intestinal muscarinic receptors.

© Ads Intemainnal Uimiled. Al rightsesened. * * 1% 7

10A7RA5A | >

-iréatment with .

g uvely 11

Leg cramps were expericnced by 9% of metrifon-
ate recipients and they were assumed to occur.-be-
"caise of excessive activation of nicotinic receptors
at the peuromuscular junction.!”!.Interestingly,

" polyneurapathy has been reported in patients after

exposure {v large-doses of metrifonate taken acci-
- dentalty or intentionaliy.’! An experimental study
with cholinéstecase inhibitor intoxication has indi-
cated that the contractions of the trachea requires
inhibition of both acétylcholinesterase and butyryl-
cholinesterase.|”! Sifce some patients in clinical
“rials with mélfrifonate, have -experienced muscle

weaknesc the manuhclurer of metrifonate, Baycr,

has rc:cn:ly su:pended phase l[l tnals of this
4gt.nt et - i e 1o .

6 Physosﬂgmlne

Physomgmme is a tcmary amine w:th lipo-

phmc propetties which acts as a reversible inhibi-

tor of -both .hcctylcholmesterase and butyryl-
chulmcstcra.se

o

8 l Phcrmacoklnehcs ond Admln!sfrcfnon

Thc pharmacokinetic properties: of physosug-
mme followmg orel administralion. are charac-

tensed by high. first-pass metabohsm nnd ashost

. elimination haif-life which restricts irs thcrapcut:c'

ise.|””] Physostigmine is ‘available 2s controlled-

_release tablets and transdermal systems have heen

_ developed,I’7) Following the intravenous iafu-

s1on of phymsugrmne sahcy!ale 2mg to healthy_ -

hfe wss 0 5 houn and ehmmauon ciearance wis -

°5.7 Limin.1") Corresponding vilues for oral solu-
“1ion and transdermal patches (conlammg physo-
stigmine 30mg base) WETE Ly 0.6'and 14. U hours,
and plasta ha]f )1fc nf Q. 3 nnd 4. 9 hours. respec-

Physosugrnme has been reported to cause an in-
‘hibition of acerylcholl nesterase of up to 70% inred
blood cells %9 Physostigmine is knows fo be rap-
idly ‘metabolised hy nonspecific estcrases in
‘blood!$!).and the absolute hioavailabitity has been
estimated (o be 3 to 8%.175%2)

o b

" g SdteTy 1998 Ooci 19 (&)

‘ s [ A

e T

BNS page 10

70



£

e e e e

OCID: <XP

. istration of Single doses of eptasti »
" 30mg.!! 83), Following . admmnlmuon“of a_sinple, "
dose nf epwslxgmmc Lenax was found to be I ol4

1037505A__I.> .

Tolerability of Cholinestecase Inhibitors

s

Conlroncd reiease physo'mgmme salicylate
12mg is given orally twice daily.l78!

8.2 Adverse Effects -

Physostigminc has not becn.npuned 10 proddce
hepatotoxicity. ! Nausea and -vomiting was re-

ported in 40% of 183. paucms wnh A}zhenmer s

disense treated with physostigmine salu.y]atc 10to
30mg for- 10 weeks in a double- -blind. placebo-
controlled study.™ QOther adversé events experi-
enced by phy%osugmme-uemed patients in this
sludy were duurhoca (12.6% of pauenls) anore)ua

{10.9%) and dlzzmess (lt)‘)%}. these. effecls oc- ‘

curred in-1 to'd% of placeba treated pauemc B

9 Eptq gmme _ _ ‘
Eptawgmme (heptylphysosngmme) isa ca:ba-

" mate dérivative of physostigmine which reversibly.

inhibits uct.lylcholmes(erase and bulyrylcholln-
estuusu (lable l) . I

9 1 Phctmocoklneﬂcs cnd Admlntshoﬂcn

Thc pla.:ma c.oncenlrnnon of cpmsugmme n-
creased in a dose-related manncr followmg admin-
mine 10 to

hours -and . the. peak concentration . was. 0.86
pg/Ld '“ v} ‘The dlst.rlhuuon half-hfc was 0.44
hours in eldeﬂy vulunlccrs recewmg an oral dose

of eptastlgmme 30mg and the el:mm_allon hd" hfe T hnesterase and burylylcholmc

. was fmmd io bc 12,1 honrs {841 -

.3.6 hours after oml admlmslrauon of a smgle dase

of eptastigmine, 1010 30mg 131 Oral administration

of, eptastigmine: 12 to 28mg 3 tiies dajly for 14
days resulted in a. 18 10 4% mh:b-.uon of acetyl-
cholmestera-.e 1861 Plasma onccntranon ot‘ eptas-

‘tigming was Iound o be’ mversely comlaced Lo the

acctylchohnesterase activity in’ red bloed celh but
not 1o hutyrylchulinesterase dcuvuy in lhe
plasma. '3"'

" 9 Adh niemaronal Urnited. Al Agnts resenved.

: mxa (ﬂ!l

o e ke o m

Peak Znzyme. mh:bmon of acetylchohnesterase LT
_ia red blood cells (15 to 35%) was obtained. 3 to

In clinical trials, eptastigmine has been admin-
istered oraily at a dosage of 30 to 60 mg/day given
in 2 or 3 divided doses. '

92 Adyérse: f:‘»f_f_gcrs-

" Nou heputotoxicity is kaown Lo occur with
eptastigmine. 34% of pulients with- Ajzheimer's.
disease treated with eptastigmine 40 or 60 wg/day
for 4 weeks’ repnr:cd adverse events mainly of a
cholinergic- nalure such as nauses, vomiting,
brudycardia and ventricular extrasystoles.i®) In

.lhcsc panems ‘the iphihition of acclylcholme.-,ler-'
- ‘ase in-red bluod c.ellc at sleady stale was htgh W
- (0.1 7y i i
A deciesse i m th: numbe: of neutrophﬂs in pe -
. nphcral blood was reporlcd in.JO panents treatéd

* with eptastigmine | 3010 45 mgfday for 25° ‘weeks

compnred with I patient in the placebo groip 183! -
Rccently the manufaciurer af eptastigmine sus-
pended ali Lluucal dcvclopmcm studies involving

" this ‘agenit because 2 patieits in a clinical trial in-

volvmg 2000 panents devclopx.d aplasuc anae-

lo alvasﬁgminé"-r-

Rwast:gmme is consldcred a ‘psepdoirieversi-

hamoylatcd complcx ‘With? the. cnzyme"“" Riva-

stigmine has been’ repurled w0 sr,lecnvely inhihit -

'acetylcholmesterasc rather than. butyryh.holm-

| esterase in the brain.!®! Recenily, Cutler ct gl.1r ‘
'al:servvd ‘hat nvnsngmmp inhihits hnth acerylcho—'-_r T

mtthSFtn _, o

: smular exu:nt,

10 l Phczrmocoklnetlcs cnd Admlmstraﬂon

anmgmtm. i mpldiy abworbed fo]lowmg oral .
'_,:dmmmmuon with @ Ungy “of 0 5 16.2 hours:|#11
" Rivastigmine is 40% bound to’ plasma proteins and

_rapidly ehmmated (chmmaum hnlf—lufc 06102
“haur).199:491) Adminisiraiion’of the drug after in.

take ‘of ‘food has. hn.cn rcportcd to reduce lm.. by
30%.1921 Medication given concomitantly to pa-
tients with Al;]lenmer s disease inicluding antucids,

" Urug Solety 1998 Det: 19 (8) .

' ble ncclylcholmestcmse u'_nhnbuor that forms a car-, ..

7




- iageRaet

IKRNOCIN; <XP

476

Nordbery & sznsson.

B-blockers, calcium antagonists, estrogens, anti-
anginals, benzodiazepines und antidiabetics have
not shown any interactions with: rivastigmine.
Rivastigmine has becn reported 1o selectively in-
hibit the G1 isozyme of acetylcholinesterase in
brain.** An vral dose of rivastigming 3mg was ob-
served to inhibit acetylcholinesterase in CSF by

40% with minrimal effect on cholinesterase in the-
plasma ™! Rivastigmine- is capidly metabolised

and one mcLabthc ‘named NAP.226-90, has been
found in the CSF plasma and urine.!”s1 As the me-

. 1abolité of rivastigmine dppcar'a to'be rednced in
pnuents wnth renat and mild o modera!e hepmi(.
. impairment, dusagc newmmendalmns Iplitrate a¢-

cording ta individual wolerability should be closely
followed in these paticnts. %! Rivastigmine is inac-
tivated by cleavage 1o a phenolic product during
the process of inhibiting acetylcholinestcrase and
is excreted via the kidneys. (92! :

. Clinical studies have shown that lhe bc.\l main-
tenancc dose for rivasligmine is 6 o 12 mg/duy
givenas 2 divided doses.”!t . S,

10 2 Adverse Etfects

Rw.xsugmme is not mclabohsed via the cye.
,sysrcm and to date no hepatotoxicity has heen ob-

served Treatment with- the ma:umal dosage -of

) nvasu;mmc of 12 mg/day to 235 patients with Alz-
hexmer $ dusca.se for ZG wecks requllcd m adverse .

served were naaxr.a (20%). vormung (16%), dlzzn-

‘neis (14%) anet dyspepsia (5%).P4) When the data

from 3066 patients, treated with nvangmme and
985 patients treated with plncubo were summarised
regaxdmg adverse effects. it was. nbs«,ned that the

- most common advcrse efl‘ect was nausca (40% n

the treatment group vcrsus l(l% in the’ plm,ebo
group) fnllowed by vom:ung (24 versus 7%) die-

" ziness {20 versus 10%).121 The chioliucigic adverse
effects correlated better to the merabolite NAP- -

226-90'than to the mother compound. Similarly the
arcaunder the curve (AUC) of acetylcholinesterase
activity was most closcly correlated with the CSF
AUC of the metabolite. When the dose titration is

D Adh nlernational Umited. Al sghhs reserved.

10375054 _1_>

performed slowly and the dhg is given together
with food, less adverse effects are obscrvéd."-‘i

11. Clinical Emcacy of Cholinasioroso
lnhlbilors in Alzhelmet £ Dlseose '

The cltmca) efﬁcacy nf the drffcn:nl cholmes-

“tetase imhibilors in Alzheimer's disease cannot he

compared directly across irials since each trial used

slightly d:ﬁ'ercnt cmry criteria and different popuy-

lations, wcre perl’ormcd al dlﬁ'ercnl centres nnd
aomeumes also used” d»rfercm -outcome - assess-
ments. Thus. u direct comparisan of lhc cfﬁrncy of
the dlffemn! cholinesterase |Ilhlblt0r5 is lmpoeqnble

' A e;u:t.pt in head to head clinicul crials. -

The cholinesicrase inhibitors genemlly appcnr
to produce symptomatic effects in-patients with
Alcheimer's disease following different lengths of
treasment (table-1(}). The clinicai efﬁcm.y in drug
trials has revealed an improvement in the Alz-

hcimier's Dizease Assessment Scale - Cognitive .

Subscalc score (ADAS—cog) varying between ig8 .

10 4.9 points compared with placebo (table {11). The -

cholinestesterase inhibitors appear {0 have effect -

on mgnmun but - also beneficial. effects” on -

behavioural abnormalmes mcludmg apathy. anxi-

ety and delusions: 97

A significant cortelution ha.s bee.n reponed be-

‘tween change ja ADAS-cog and acctyleholinester-
*_ ast inhibitiop in red blood cells. (2! The maximal

mmbmun of acelylcholmcstcrasc for vanous cho-

(mble I) C hnhnestcruse 1nh1btturs causmg m:ld
pcnpheml cholinergic advcrsc elfects are sed in

_thenpcunc dosages that csuse greater acelylcho-

lmesu:rne m}ubmon in red blood cells {50 10 70%) .
thun those with pronounccd penpheral adversé ef-
fects (30%) IFor some of the cholinesterase inhib-

itors, eg.’ physost:gmmc, ‘eptastigmine ‘and

" merwifonate an inverse U-shaped: _relationship be-

Iween acetyll.holmevtemcr mhlhmnn and cogm-
tive effect has been reported ¥ Thus éptastigmine
hag been shown 10 have miaximal clinicat cfficacy

. at 40% red blood cell acetyicholinesterase inhibi-
tion.[¥%1{n preclinical studies, tacrine eso has been

shown (o have a U-shapcd dose-nesponset?® )

DOruy Salaty 1998 Dec: 19 (8)
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Tablclll Acompanson o‘l the clirical oﬂ'ncncyol different chdneslumse fnmbnors mpaumts mLh Alxhumnr sdluase(lmenllon to rrullovalu— ’

able patiant analysis rasults)

Chalingsterase inhibitor Daily qcsa . Langth of treatment ADAS-cog palrus drf!ofenca Relerance
L . N C L tu . romplacebo L )
Taciine . . . -BOmg,‘ L 12 wKS 38 ... . :54'
R : omg- . 30 wks 41 T 52
* “Danepezll " ° Sosmg e 24 wks Y 80’
tomg oo s B 60
Qalaniarnine 20-50'\1;: -_;,j L M B} BTN S
" (gelanthamine) | - T .
. . Meldfonate . 'osswnta L ebwas. Sl pes . T T e
" . Physostigming 18-30mp- . D Bwks - . Lo 18 0 Te
-Eptasnnmm ‘aceomg . . 25 wis S 200 - R
Rivastigming " tamg - i 28 wha ) 19 - 86

ADAs-eog a Alzhelmar's Dlaease Assessmanl Sca!e Cogruuve Subscale SC0M®

. term c.ﬂ'ccts of. cholmcster.sae mmbuors and that
" treayment with chohm.surmc ml'ubntors may dcl.sy
w'nursmg hume placemem.""‘” Th

‘whu:h mny he dnTu.uIt lo uhservc cllmcally since

the penphernl “adverse effccm lrmll .the use of
highcr dosés. S S -
.- There is ‘support for Lx:';lence uf pcrmlenl Iong

‘oulcume “of .
lreatmem Thay have slgmrcam unponance for

" hath patient and care-giver. Howcver, additionat

long (€rm suidies need to be performed using sev-

“* eral cholinestérase inhibitors.und focusing on “both-
chmcul effects.and. tolcrnblllty a.spccrs -in- patlenL -
i wuh A]?_heuner $ disease. ()t mLereﬁt fur Tuturc.

. _study are additional lndLLahom fur the use of chd- .
_hnesterase inhibitors,for ex.a.mple the powhle '
. treatment of aculc confuslon in elderly ’ .

"|2‘ Cohcws'io‘h's A ;;-__;*.L'_};;

" Three cholmcalcmac mhxbuors Lac.nne, donc-

. peﬂl and rvastigmine, have been apptoved for use

in Alzhcimer’s disease.in. l:umpe and two, tacrine
and donepezd have been approved in the US. They
differ. in'their risk of liver toxicity and peripheral
udverse effects while the clinical efficacy has been’
found to be similar. Some ather cholinesterasc in-

" hibitors arc presently undergoing clinical evalua-

tion and probably 2 Lo 3 mdditiunal agents will soon .
come mto clinical use in the trearment of Alz-
heimer's discase.

2 Adlt Internaliongl Linvied. All rights reservea

__\037S0SA_ 4 >

m 15 reasonab{e to assume :hm c.holme:terase

mhnhltors with few adverse eftect\ and long half-
lwcs allnwmg once or twicc dmly admmmmuon.

- will be prefeered in the fulurc by-ihe-clinicians. So
- far, the different chohnmem\c mhlhnors appcar',-j
onsistent regﬂrdmg cffcct size on cognitive

measurcs‘ it has been noted th'lt lhc degree uf gho-~

.lmcslcrnsc mhlbmon is noi alwnys dm:ctly corre- .
- ]uted ithe oisicome treatment effect: The possibifity

of mlerancc phcnumend rcgardmg chohncsteuse

mhlbmon fnllowmu lungcr term lrentment (| £ m__ff

have been obscrved in p.mems with’ Alzhem\er s
disease weared with tacring (A. Nnrdherg unpub-

treaiment is ﬁupporled by cxperlmenu] data suy-

gesting Uiat exposure to cholinesrerase mhnhnors_

incrcases amlylcholmeslcra.\c Lenc capres-
sion 1001001 . .
Drug momlunng} mc!udmg measuremcnn of
plasma levels and. cholinesterase inhibition in
blood and possibly the CSI‘ as well as the risk of
drug interactions have o he' !urlhcr investigated.
These factors may play an important role when
choosing between cholinesterase inhibitors. -

Lrug Sataty iv9B Dac: 19 (6)

2 of uprcgu]dtwn uf lhc acclylcholmeslerase enzyme o
- “after long term cholinesterisc inhibitor weatment

: -,'hshed observaunm) The cnhanc:..d acctylchohm -
esterase activity in lhe (‘SF of pancms wuh Alz-’
'helmers dnsease after 12 mcmLh\ ul “tagrine

L LYY S,
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The prospects for new ircatment s!ralegm in
Alzheimer's disease have brightened considerably

- during the recet ycars. Although existing therapy -
is still mainly considered os a symptomatic therapy -

with palliative cffects on existing cognitive distur-
bances it might also have some effects on prugres-
sion of the disease. Befare a curative of preventive
weatmenl strategy is aviilable for Alzheimer's dis-
ease the development of chalinesterase inhibitory
with. opumal efficacy and lolcmblllly musl be en-

couraged -
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