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ANEXOS
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Copia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen
Preliminar (IPEA).
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De ser el caso, copia del contrato de acceso.
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Power of Attorney

The undersigned,

Poder

El suscrito,

ESTEVE QUIMICA, S.A.

domiciled in

by means of these presents hereby grants to Carlos

R. Olarte and/or Juan Guillermo Moure
full and sufficient Power of Attorney to file,
prosecute, obtain, defend and enforce any and all of
the company’s Patents for Inventions, Utility
Models, Layout-Designs (topographies) of
Integrated Circuits, Industrial Designs,
Trademarks, Advertising Slogans, Trade Names,
Commercial Emblems, Geographical Indications,
Protection of Trade Secrets, Obtainer’s
Certificates, Copyrights, Registration of Domain
Names, Health Registrations, or any other
intellectual property righ, also to file Unfair
competition actions and request injunctions in the
Republic of Colombia, to which end it empowers
them to take all steps necessary before any
administrative or judicial authority of any class for
the objects stated, to file petitions, recourses, replies
and oppositions, pay taxes and annuities, request
testimonies, receive documents and securities,
abandon applications, collect refunds, desist, settle,
conciliate or negotiate. Sufficient power is hereby
granted to receive notifications on behalf of the
Company, to confer powers on those who are to
represent the company judicially and extrajudicially,
to answer in court in the matter of all claims and
demands that may be presented in connection with
the objects stated, giving them likewise power to
substitute these presents revoke such
substitutions.

Signature/Firma: Mr. Davi
Date/Fecha: 22 October 2012

City,Country/Ciudad,Pais: Barcelona, Spain

domiciliado en
Avda. Mare de Déu de Montserrat, 12,
E-08024 Barcelona, Espaiia

por medio del presente otorga a Carlos R.

Olarte y/o Juan Guillermo Moure poder
amplio y suficiente para presentar, tramitar,
obtener, defender y hacer respetar todas y
cualquiera de las Patentes de Invencién, Modelos
de Utilidad, Esquemas de Trazados de
Circuitos Integrados, Disefios Industriales,
Marecas, Lemas  Comerciales, Nombres
Comerciales, Enseinas Comerciales,
Denominaciones de Origen, Proteccion de
Secretos Empresariales, Certificados de
Obtentor, Derechos de Autor, Registro de
Nombres de Dominio, Registros Sanitarios, o
cualquier otro bien de propiedad intelectual y
también para  presentar  acciones de
competencia desleal y pedir medidas cautelares
a nombre de la compafiia en la Republica de
Colombia, a cuyo efecto los faculta para dar todos
los pasos necesarios ante cualquier autoridad
administrativa o judicial de cualquier jerarquia
para cumplir con lo encomendado, elevar
solicitudes, recursos, respuestas y oposiciones,
pagar impuestos y anualidades, solicitar
testimonios, recibir documentos y valores, desistir,
transigir, y percibir. Se concede poder bastante
para recibir notificaciones a nombre de la
compafiia, otorgar poderes a quienes vayan a
representar a la  compaififa  judicial y
extrajudicialmente, responder en juicio a todas las
reclamaciones o demandas que por motivo de lo
encomendado se presentaren, dandoles asimismo
facultad para sustituir el presente y revocar dichas
sustituciones.

uiu Gonzalez (Managing Director)

(Cloudea)

Oficina Bogotd: Carrera 5 N° 34-03, Bogota 110311, Colombia; Tel: + 57 (1) 601-7700 Fax: + 57 (1) 601-7799
Oficina Medellin: Carrera 43A N° 1 Sur-31, Of. 403, Medellin 050021, Colombia; Tel y Fax: +57 (4) 266-0392

e-mail; office@olartemoure.com www.olartemoure.com
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CESION

Marti BARTRA SANMARTT
Ramon BERENGUER MAIMO
Jorge MEDRANO RUPEREZ
Jorge GARCIA GOMEZ
Javier ARIZA PIQUER

/7 1}
ZO\oUWlenQ

Carlos R. Olarte
Juan G. Moure

" Alexander Agudelo
Carlos A. Parra

Juan Felipe Acosta
Andrés Rincon
Monica Guevara
Andrés Alvarado
Ella Ponce

Liliana Galindo
Maria Clara Calderén
Mauricio Avila
Laura Escobar

José Jairo Dangond
Gina Caceres

Medellin
Maria Clara Minera

por medio de la presente y a cambio del pago de una contraprestacion economica, cedo (cedemos) a

ESTEVE QUIMICA, S.A.

una Sociedad organizada bajo las leyes de
Espaiia

domiciliada en

Avda. Mare de Déu de Montserrat, 12, E-08024 Barcelona, Espaiia

(de ahora en adelante el “CESIONARIO™),

todos mis (nuestros) derechos, titulo e interés sobre mi (nuestra) invencion tal como describe en:

“PROCESO PARA LA PREPARACION DE INTERMEDIOS DE 1-ARIL-PIRAZOL-3-ONA
UTILES EN LA SINTESIS DE INHIBIDORES DE RECEPTORES SIGMA”

Correspondiente al documento de prioridad No. 10382211.0 de fecha 30 de julio de 2010 y Solicitud
Internacional No. PCT/EP2011/063020 de fecha 28 de Julio de 2011.

en lo que concierne a la Reptiblica de Colombia,

el

j \/-

Y e

Cedente(s): MARTI BARTRA SANMARTI

Lugar y fecha: Barcelona, 22 October, 2012

Cedente(s): RKAMON BERENGUER MAIMO

Lugar y fecha: Barcelona, 22 October, 2012

=

i
Cedente(s): JORGE MEDRANO RUPEREZ

Lugar y fecha: Barcelona, 22 October, 2012

Cedente(s): JORGE GARCIA GOMEZ

Lugar y fecha: Barcelona, 22 October, 2012

Oficina Bogotd: Carrera 5 N° 34-03, Bogota 110311, Colombia; Tel: + 57 (1) 601-7700 Fax: + 57 (1) 601-7799
Qficina Medellin: Carrera 43A N° 1 Sur-31, Of. 403, Medellin 050021, Colombia; Tel y Fax: +57 (4) 266-0392
e-mail: office@olartemoure.comwww.olartemoure.com
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Cedente(s): JAVIER ARIZA PIQUER Cedente(s):
Lugar y fecha: Barcelona, 22 October, 2012 Lugar y fecha:
Cedente(s): Cedente(s):
Lugar y fecha: Lugar y fecha;
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
2 February 2012 (02.02.2012)

(10) International Publication Number

WO 2012/013755 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification:
C07C 59/125 (2006.01) CO7D 231/20(2006.01)
C07C 69/96 (2006.01) CO7D 317/30(2006.01)

International Application Number:
PCT/EP2011/063020

International Filing Date:
28 July 2011 (28.07.2011)

Filing Language: English
Publication Language: English
Priority Data:

10382211.0 30 July 2010 (30.07.2010) EP

Applicant (for all designated States except US): ES-
TEVE QUIMICA, S.A. [ES/ES]; Avda. Mare de Déu de
Montserrat,12, E-08024 Barcelona (ES).

Inventors; and

Inventors/Applicants (for US only): BARTRA SAN-
MARTI, Marti [ES/ES]; Fsteve Quimica, S.A., Avda.
Mare de Déu de Montserrat,12, E-08024 Barcelona (ES).
BERENGUER MAIMO, Ramon [ES/ES]; Esteve
Quimica, S.A., Avda. Mare de Déu de Montserrat,12,
E-08024 Barcelona (ES). MEDRANO RUPEREZ,
Jorge [ES/ES]; Esteve Quimica, S.A., Avda. Mare de
Déu de Montserrat,12, E-08024 Barcelona (ES). GAR-

74

62y

84)

sitat de Barcelona, C/Marti i Franqués 1-11, E-08028
Barcelona (ES).

Agent: ARIAS SANZ, Juan; ABG Patentes, S.L., Aveni-
da de Burgos, 16 D, Edificio Furomor, E-28036 Madrid
(ES).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Ccia GOMEZ, Jorge [ES/ES]; Universitat Autonoma De  Published:

Barcelona, Departament de Quimica Organica, Facultat de
Quimica, Universitat de Barcelona, C/Marti i Franqués
1-11, E-08028 Barcelona (ES). ARIZA PIQUER, Javier
[ES/ES]; Universitat Autonoma De Barcelona, Departa-
ment de Quimica Organica, Facultat de Quimica, Univer-

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: PROCESS FOR THE PREPARATION OF 1-ARYL-PYRAZOL-3-ONE INTERMEDIATES USEFUL IN THE SYN-
THESIS OF SIGMA RECEPTORS INHIBITORS
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(57) Abstract: The invention relates to a process for preparing 1-aryl-pyrazol-3-one intermediates, tautomers, and salts thereof, to
novel intermediates, and to the use of the intermediates in the preparation of sigma receptor inhibitors.
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PROCESS FOR THE PREPARATION OF
1-ARYL-PYRAZOL-3-ONE INTERMEDIATES
USEFUL IN THE SYNTHESIS OF SIGMA RECEPTORS INHIBITORS

Field of the invention
The invention relates to a process for preparing 1-aryl-pyrazol-3-one intermediates,
tautomers, and salts thereof, to novel intermediates, and to the use of the intermediates

in the preparation of sigma receptor inhibitors.

Background of the invention
Psychiatric and neurologic disorders are among the most severe and chronic diseases
and conditions. These disorders are also extremely difficult to treat effectively because

of the multiplicity of the symptoms and etiologies.

Amongst the therapeutic arsenal to combat these psychiatric and neurologic disorders,
sigma receptors inhibitors have been found useful in the treatment of psychosis and
movement disorders such as dystonia and tardive dyskinesia, and motor disturbances
associated with Huntington’s chorea or Tourette’s syndrome and in Parkinson’s disease
(Walker, J. M. et al, Pharmacological Reviews, 1990, 42, 355).

WO02006021462 and WO2007098953 describe pyrazole-containing compounds having
pharmacological activity towards the sigma receptor, being particularly useful in the
therapy of pain, in particular neuropathic pain or allodynia. These compounds have the

following chemical structure:

RS
RG—N/\
(CHR)y—0, R’
/T>x
N/ \ . /N \/
Ny R2 R O——(CHy)n
/ / \N
Il R? N
g
\\R4 \|(

These compounds may be prepared according to the route schemes disclosed in
WO02006021462 and W0O2007098953. Of particular interest are the intermediates
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2

represented by the formula (II) in said patent applications (further referred as final

intermediates):
HO, R

I

AN R2

7 |
O

wherein R’ and R* are independently halogen or Cjgalkoxy, or together with the phenyl

R3

to which they are attached to, they form an optionally substituted naphthyl ring.

According to the routes presented in the mentioned patent applications, these
intermediates can be prepared by reacting an acetohydrazide derivative with an ethyl
acetoacetate; by reacting an hydrazine derivative with an ethyl butynoate; or by the
method provided by F. Effenberger and W. Hartmann, Chem. Ber., 102(10), 3260-3267,

1969, where an ethoxy-acrylic acid hydrazide is reacted with concentrated mineral acid.

When considering different routes for the preparation of the 1-aryl-pyrazol-3-one
intermediates referred above, one approach is to directly react an arylhydrazine with a
ketoacetate. However, this shortcut presents the drawback that being the distal nitrogen
of hydrazine the most reactive atom, it will preferably react with the ketone carbonyl of
ketoacetate —more electrophilic— rather than with the ester carbonyl of the same reagent,
as it would be desired. The non-desired reaction results in an enamine that after
cyclization yields the non-desired isomer of 1-aryl-pyrazol-3-one intermediates, i.e. 1-
aryl-pyrazol-5-one (depicted below). This reaction was reproduced by the inventors
and it is also described in Bioor. and Med. Chem. 2004, 2317.

R! R?

HO

As such, because of this undesired reaction, the solution proposed by W02006021462
and W0O2007098953, protects the arylhydrazine by converting it into an acetohydrazide,
thereby forcing a reaction between the proximal nitrogen atom of the hydrazide —now

more reactive— with the ketone carbonyl of ethyl acetoacetate. An enamine is formed,
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which is submitted to energetic acidic conditions in order to be cyclised and thereby
results into the 1-aryl-pyrazol-3-one intermediate. Such energetic conditions generate a

significant amount of by-products that consequently diminish the reaction yield.

WO02009130314 (Laboratorios del Dr. Esteve) relates to a process for preparing
naphthalen-2-yl-pyrazol-3-one intermediates, tautomers, and salts thereof, to novel
intermediates, and to the use of the intermediates in the preparation of sigma receptor
inhibitors.  This alternative route comprises in particular submitting 2-methyl-2-

(naphthalen-2-yldiazenyl)furan-3(2H)-ones to acidic conditions.

Ueda et al. (Synthesis of pyrazolone derivatives. XLII. Synthesis and analgesic activity
of 2-methyl-1-phenyl-6,7-dihydro-1H,5H-pyrazolo[5,1-b][1,3]oxazin-8-ium bromide.
Yakugaku Zasshi (1982), 102(8), 743-7) proposes in Chart I of page 744 and in the last
two paragraphs on page 745, the reaction of an ethyl 2-(2-methyl-1,3-dioxolan-2-
yl)acetate with phenylhydrazine in the presence of sodium methoxide as a base and
benzene as a solvent, thereby obtaining 2-(2-methyl-1,3-dioxolan-2-yl)-N’-
phenylacetohydrazide, which is further cyclised after treatment with hydrochloric acid
10 % and heating on a water bath at 90 °C, to obtain 3-hydroxy-5-methyl-1-
phenylpyrazole. However, this method presents the disadvantage that both sodium
methoxide and benzene are unsuitable for industrial upscaling, in particular, sodium
methoxide is a dangerous and highly toxic reagent and benzene is carcinogenic and
therefore unsuitable for use in large quantities. Moreover, the reaction devised by Ueda
et al. presents a non-optimal yield for 2-(2-methyl-1,3-dioxolan-2-yl)-N'-
phenylacetohydrazide (30 %). Most importantly, when the inventors tried to reproduce
said reaction with similar conditions and a naphthylhydrazine was used instead of the
phenylhydrazine (see Example 26 below), they were unsuccessful in preparing the
desired final intermediate in optimal isomeric purity. Adversely, an isomeric mixture
(80:20) of S5-methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-ol (desired isomer) and 3-
methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol (non-desired isomer) was obtained. This
process does not avoid the distal nitrogen of the hydrazine from reacting with the ketone
carbonyl of the ketoacetate, thereby generating by-products that make this route not

interesting for industrial production.

As such, the inventors confronted with the problems on the control of the
regioselectivity of the mentioned reaction, and trying to meet the need for an improved
and industrially feasible process when compared to the ones proposed by
W02006021462, W02007098953, WO02009130314, and Ueda et al, they have
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envisaged a regioselective process where the ketoacetate is replaced by a more
advantageous reagent —the acid form— and have surprisingly found that said process not
only works and results in an increased yield versus the prior art processes, but it also
allows the industrial production of these intermediates with, most importantly, a high

5 degree of isomeric purity.

Summary of the invention

The present invention relates to a process for the preparation of a compound of formula

V),

10
RS R®
o o)
© H
e N ~N
R? N RS
H
R1
V)

said process comprising the step of:
al) coupling a compound of formula (II) with a compound of formula (IV) in a suitable
15 solvent, in the presence of a coupling agent, and optionally in the presence of an

activating agent of the coupling agent; or

RS R®
o o)
o)
R? OH H
R' N O R
(1D (Iv)

20
a2) converting a compound of formula (II) into a compound of formula (IIT) with an
activating agent, and coupling said compound of formula (IIT) with a compound of

formula (IV) in a suitable solvent,
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RS R®
o o)
o)
R? z
R1
(111)

wherein in each of the compounds of formula (II), (IIT), (IV), and (V), where applicable,
R' is hydrogen or C,alkyl;

R’ is hydrogen, Cyalkyl, or phenyl;

R’ is naphthyl optionally substituted with one or two substituents selected from halo
and C, salkoxy;

R’ and R® are, each independently, C,salkyl, polyhaloC,salkyl, -C(=0)-C salkyl,
phenyl, benzyl optionally substituted with nitro; or together with the two oxygen atoms
to which they are attached to, form a 4-7 membered heterocyclic ring optionally
substituted with one substituent selected from halo, C;salkyl, C,.salkenyl, polyhaloC;.
salkyl,  triC;ealkylsilyl,  diC;galkylphenylsilyl,  C;salkyldiphenylsilyl,  triC;.
calkylsilylCisalkyl, diCisalkylphenylsilylC;galkyl, CjsalkyldiphenylsilylC;.salkyl,
phenyl optionally substituted with nitro or methoxy, and pyridyl; or the 4-7 membered
heterocyclic ring is optionally substituted with two substituents selected from halo and
Cisalkyl;

Z represents halo, -0-CO-R’, or —0-CO-OR’; and

R’ is C4alkyl, aryl, or benzyl.

The invention also relates to the process presented above, wherein the ketal or acetal

group of the compound of formula (V) is further cleaved in a suitable solvent;

2T

PN

A
N

Iz

A
w

R1
V)

thereby forming a compound of formula (VI),
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(VD)
and cyclization of the compound of formula (VI) is allowed, thereby obtaining a
compound of formula (VII), a tautomer (VIla), and salts thereof;

R’ 0 R’ OH
/ NH / \N
R? R?
i i
5 R3 R3
(VID) (V1la)
wherein in each of compounds of formula (V), (VI), (VII), and (VIla), where

applicable,
RY, R% R, R, and R® are as defined above.
10

The above reactions may be performed in a one-pot fashion.

The invention further relates to compounds of formula (VI), (V), (III), (II), and (ITa),
per se, the salts and stereoisomers thereof, and to the use of (VI), (V), (III), (II), (Ia),

15 and (I), the salts and stereoisomers thereof, as intermediates in the preparation of a
compound of formula (X), pharmaceutically acceptable salts, isomers, prodrugs, and
solvates thereof.

O—(CHz)n

5 6
N—R9
M !

R3
20 D X)
wherein in each of compounds of formula (I) and (X), where applicable,
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RY, R%, R%, R®, and R® are as defined above and RY, R®, R®, and n will be defined

hereinafter.

Disclosure of the invention

5 The present invention relates to a process for the preparation of a compound of formula

V),

RS R®
o o)
© H
/N\
R? N RS
H
R1

V)
10  said process comprising the step of:
al) coupling a compound of formula (IT) with a compound of formula (IV) in a suitable
solvent, in the presence of a coupling agent, and optionally in the presence of an
activating agent of the coupling agent; or

RS R®
o o)
o)
R? OH H
R' N O R
15 (1) (IV)

a2) converting a compound of formula (II) into a compound of formula (IIT) with an
activating agent, and coupling said compound of formula (IIT) with a compound of

formula (IV) in a suitable solvent,

RS R®
o o)
o}
R? z
20 R
(110)

wherein in each of the compounds of formula (II), (IIT), (IV), and (V), where applicable,
R' is hydrogen or C,alkyl;
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R’ is hydrogen, Cyalkyl, or phenyl;

R’ is naphthyl optionally substituted with one or two substituents selected from halo
and C, salkoxy;

R’ and R® are, each independently, C,salkyl, polyhaloC,salkyl, -C(=0)-C salkyl,
phenyl, benzyl optionally substituted with nitro; or together with the two oxygen atoms
to which they are attached to, form a 4-7 membered heterocyclic ring optionally
substituted with one substituent selected from halo, C;salkyl, C,.salkenyl, polyhaloC;.
salkyl,  triC;ealkylsilyl,  diC;galkylphenylsilyl,  C;salkyldiphenylsilyl,  triC;.
calkylsilylCisalkyl, diCisalkylphenylsilylC;galkyl, CjsalkyldiphenylsilylC;.salkyl,
phenyl optionally substituted with nitro or methoxy, and pyridyl; or the 4-7 membered
heterocyclic ring is optionally substituted with two substituents selected from halo and
Cisalkyl;

Z represents halo, -0-CO-R’, or —0-CO-OR’; and

R’ is C4alkyl, aryl, or benzyl.

As used hereinbefore or hereinafter C;4alkyl as a group or part of a group defines
straight or branched chain saturated hydrocarbon radicals having from 1 to 4 carbon
atoms such as methyl, ethyl, propyl, 1-methylethyl, butyl; C,salkyl as a group or part of
a group defines straight or branched chain saturated hydrocarbon radicals having from 1
to 6 carbon atoms such as the group defined for Cj4alkyl and pentyl, hexyl, 2-
methylbutyl, and the like.

The term C;alkenyl as a group or part of a group defines straight and branched chained
hydrocarbon radicals having saturated carbon-carbon bonds and at least one double
bond, and having from 2 to 6 carbon atoms, such as, for example, ethenyl (or vinyl), 1-
propenyl, 2-propenyl (or allyl), 1-butenyl, 2-butenyl, 3-butenyl, 2-methyl-2-propeny]l, 2-
pentenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 2-methyl-2-butenyl, 2-methyl-2-
pentenyl and the like. Of interest amongst C;.salkenyl is C,4alkenyl.

The term C,.salkoxy means C;salkyloxy or a Cjsalkyl ether radical, wherein the term
Cisalkyl is as defined above. Examples of suitable alkyl ether radicals include
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy,
hexanoxy and the like.

As used herein, the term halide refers to fluorine, chlorine, bromine, and iodine.

The term halo is generic to fluoro, chloro, bromo, and iodo.
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The term polyhaloC,salkyl as a group or part of a group, e.g. in polyhaloC,salkoxy, is
defined as mono- or polyhalo substituted Cisalkyl, in particular C,galkyl substituted
with up to one, two, three, four, five, six, or more halo atoms, such as methyl or ethyl
with one or more fluoro atoms, for example, difluoromethyl, trifluoromethyl,
trifluoroethyl.  Preferred is trifluoromethyl. Also included are perfluoroC;galkyl
groups, which are C;salkyl groups wherein all hydrogen atoms are replaced by fluoro
atoms, e.g. pentafluoroethyl. In case more than one halogen atom is attached to an alkyl
group within the definition of polyhaloC,salkyl, the halogen atoms may be the same or
different.

The term naphthyl refers to naphth-1-yl or naphth-2-yl. The naphth-1-yl ring may be
substituted, for example with one or two halo or Cysalkoxy in each of the positions 2, 3,
4,5,6,7,and 8. The naphth-2-yl ring may be substituted, for example with one or two
halo or Cjcalkoxy in each of the positions 1, 3, 4, 5, 6, 7, and 8. In a preferred
embodiment, the naphthyl ring is naphth-2-yl. In a preferred embodiment, the naphth-
2-yl ring is unsubstituted. In another embodiment, the naphth-2-yl ring is substituted in
positions 5, 6, or 7 by a Cysalkoxy group, preferably selected from methoxy, ethoxy, n-

propoxy, and 1SOpropoxy.

Aryl as a group or part of a group refers to single and multiple ring radicals, including
multiple ring radicals that contain separate and/or fused aryl groups. Typical aryl groups
contain from 1 to 3 separated or fused rings and from 6 to about 18 carbon ring atoms,
such as phenyl, naphthyl, indenyl, fenanthryl or anthracyl radical. The aryl radical may
be optionally substituted by one or more substituents such as hydroxy, mercapto, halo,
alkyl, phenyl, alkoxy, haloalkyl, nitro, cyano, dialkylamino, aminoalkyl, acyl,

alkoxycarbonyl, etc.

It should be noted that the radical positions on any molecular moiety used in the

definitions may be anywhere on such moiety as long as it is chemically stable.

Radicals used in the definitions of the variables include all possible isomers unless
otherwise indicated. For instance pentyl includes 1-pentyl, 2-pentyl and 3-pentyl;

piperidinyl includes 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, or 4-piperidinyl.

When any variable occurs more than one time in any constituent, each definition is

independent.
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In each of the compounds of the present invention, R' is preferably selected from
hydrogen, methyl, ethyl, propyl, and isopropyl. More preferably, R' is selected from
hydrogen and methyl. Even more preferably R' is hydrogen.

In each of the compounds of the present invention, R is preferably selected from
hydrogen, methyl, ethyl, propyl, isopropyl, and phenyl. More preferably, R* is selected
from hydrogen, methyl, isopropyl, and phenyl. Even more preferably R? is methyl.

Compound of formula (V) may be prepared by either of the processes presented in step

al) or step a2).

The coupling reactions of each of steps al) and a2) are conducted according to the
methods known by the skilled in the art in a suitable solvent. Such suitable solvent is
usually of inert nature, such as halogenated hydrocarbons, e.g. dichloromethane,
chloroform, dipolar aprotic solvents such as acetonitrile, dimethylformamide,
dimethylacemide, ethers such as tetrahydrofuran, alcohols such as methanol,
isopropanol, and the like, toluene, ethyl acetate, water, amongst other. In particular,

solvents suitable for step a2) are dichloromethane and toluene.

The coupling reaction of step al) is performed in the presence of a coupling agent
according to the methods known by the skilled in the art. Such coupling agent may be
preferably  selected from (7-azabenzotriazol-1-yloxy)tripyrrolidinophosphonium
hexafluorophosphate ~ (PyAOP),  (benzotriazol-1-yloxy)tripyrrolidinophosphonium
hexafluorophosphate (PyBOP®), (benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (BOP, Castro’s reagent),
1-(3-dimethylaminopropyi}-3-ethvlcarbodiimide  (EDC), N-(3-dimethylaminopropyl)-
N’-ethylcarbodiimide hydrochloride (EDC hydrochloride, EDAC), 1,1’-carbonyl-di-
(1,2,4-triazole) (CDT), 1,3-di-p-tolylcarbodiimide, 1-[3-(dimethylamino)propyl]-3-
ethylcarbodiimide  methiodide (EDC  methiodide), i-iscbutvioxycarbonyi-2-
isobutyloxy- 1, 2-dihydroguinehine (IIDQ), 1-fert-butyl-3-ethylcarbodiimide (BEC), 2-
(1H-benzotriazol-1-y1)-N,N,N',N'-tetramethyluronium tetrafluoroborate (TBTU), 2-
chloro-1,3-dimethylimidazolidinium chloride (DMO), 2-chloro-1,3-
dimethylimidazolidinium hexafluorophosphate (CIP), 2-chloro-1,3-
dimethylimidazolidinium tetrafluoroborate (CIB), 2-chloro-1-methylpyridinium iodide,
2-chloro-4,6-dimethoxy-1,3,5-triazine ~ (CDMT), 2-ethoxy-1-ethoxycarbonyl-1,2-
dihydroquinoline (EEDQ), 2-fluoro-1,3-dimethylimidazolidinium hexafluorophosphate
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(DFIH), 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one (DEPBT), 4-(4,6-

dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (DMTMM),
bromotripyrrolidinophosphonium hexafluorophosphate (PyBroP®),
bromotris(dimethylamino)phosphonium hexafluorophosphate (BroP),

chlorotripyrrolidinophosphonium hexafluorophosphate (PyCloP), diphenyl phosphoryl
azide (DPPA), dipyrrolidino(N-succinimidyloxy)carbenium (HSPyU), N,N,N’N’-
tetramethyl-O-(N-succinimidyl)uronium hexafluorophosphate (HSTU), NNN’N'’-
tetramethyl-O-(N-succinimidyl)uronium tetrafluoroborate (TSTU), N,N’-carbonyl-
diimidazole (CDD), N,N’-dicyclohexylcarbodiimide (DCO), N,N’-
diisopropylcarbodiimide (DIC), N,N’-di-fert-butylcarbodiimide, N-cyclohexyl-N’-(2-
morpholinoethyl)carbodiimide metho-ptoluenesulfonate (CMO), O-(2-oxo-
1(2H)pyridyl)-N,N.N’ N -tetramethyluronium tetrafluoroborate (TPTU), O-(3,4-

dihydro-4-oxo-1,2,3-benzotriazin-3-yl)-N,N,N’,N - tetramethyluronium
tetrafluoroborate (TDBTU), O-(6-chlorobenzotriazol-1-yl)-N,N,N’,N -
tetramethyluronium (TCTU), O-(6-chlorobenzotriazol-1-yl)-N,N,N’ N -

tetramethyluronium  hexafluorophosphate  (HCTU), O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphate (HATU), O-(benzotriazol-1-yl)-
N,N.N’ N -bis(tetramethylene)uranium hexafluorophosphate (HBPyU), O-(benzotriazol-
1-y1)-N,N,N’ N -tetramethyluronium hexafluorophosphate (HBTU), O-
[(ethoxycarbonyl)cyanomethylenamino]-N,N.N’ N - tetramethyluronium
hexafluorophosphate (HOTU), O-[(ethoxycarbonyl)cyanomethylenamino]-N,N.N’.N’-
tetramethyluronium  tetrafluoroborate  (TOTU), O-benzotriazol-1-yl-N,N.N’ N -
bis(pentamethylene)uranium hexafluorophosphate (HBPipU), oxalic acid diimidazolide,
propylphosphonic anhydride solution, S-(1-oxido-2-pyridyl)-N,N,N’ N -
tetramethylthiuronium tetrafluoroborate (TOTT), fluoro-N,N,N’ N -
tetramethylformamidinium hexafluorophosphate (TFFH), and fluoro-N, NN’ N’-
bis(tetramethylene)formamidinium hexafluorophosphate (BTFFH).

Preferably, the coupling agent in step al) is a carbodiimide, more preferably,
dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide (DIC), or N-ethyl-N'-
[(3dimethylamino)propyl]carbodiimide (EDC).

In many instances, the coupling reaction of step al) can be enhanced by the addition of
an activating agent of the coupling agent that can be conveniently selected from 1-
hydroxybenzotriazole (HOBt) and 4-dimethylaminopyridine (4-DMAP).



10

15

20

25

30

35

WO 2012/013755 PCT/EP2011/063020

12

The reaction temperature of coupling reactions of steps al) or a2) may range between 0

°C and 50 °C and the reaction time may range between 15 min. and 24 h.

According to step a2) of the process for the preparation of the compound of formula
(V), the compound of formula (IT) may be converted into an activated form, i.e. the
compound of formula (III), with the use of an activating agent according to the methods
known by the skilled in the art. Such activating agent may be preferably selected from a
halogenating agent, C;alkyl acid halide, aryl acid halide, benzyl acid halide, C,4alkyl

haloformate, aryl haloformate, and benzyl haloformate.

Examples of halogenating agents that may be used include, but are not limited to,
inorganic acid halides, cyanuric chloride, thionyl chloride, PCls, POCl;, Vilsmeier
reagent, Gold's reagent, chlorinated heterocycles, and combinations of halogenating
agents such as halogens, CCly, C,Clg, or other alkyl halides with reducing agents such
as triaryl or trialkyl phosphines or phosphites or a hydrogen halide in the presence of a
dehydrating agent. Examples of Cj4alkyl acid halides include acetyl chloride,
propionyl chloride, butanoyl chloride, and the like. Examples of aryl acid halides
include phthaloyl chloride, isophthaloyl chloride, and terphthaloyl chloride. Examples
of benzyl acid halides include benzoyl chloride, benzoyl fluoride, benzoyl bromide.
Examples of C;alkyl haloformate include methyl chloroformate, ethyl chloroformate,
isopropyl chloroformate, and the like. Examples of aryl haloformate include phenyl
chloroformate, phenyl fluoroformate, and the like. Examples of benzyl haloformates
include benzyl chloroformate, benzyl fluoroformate, and the like. Other examples of
halogenating agents include 1-chloro-N,N-2-trimethyl-1-propenylamine, chloro-
N,N.N’ N -bis(tetramethylene)formamidinium tetrafluoroborate (PyClU), and chloro-
N,N.N’ N ’-tetramethylformamidinium hexafluorophosphate.

In one embodiment of the present invention, when compound of formula (II) is
activated as a compound of formula (IIT), in which Z is halo, it may be convenient to
add a base to the reaction mixture in order to neutralize a possible in situ formed acid,

such as hydrochloric acid.

Another embodiment of the present invention relates to the process presented above,
wherein the ketal or acetal group of compound of formula (V) is further cleaved in a

suitable solvent;
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R> R®
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R? N R3
H
R1
V)
thereby forming compound of formula (VI),
(@] (@]
H
~ N\
R? N R3
H
R1
5 (VD

and cyclization of compound of formula (VI) is allowed, thereby obtaining compound
of formula (VII), a tautomer (VIIa), and salts thereof;

R! 0 R! OH
/ NH / \N
R? R?
N/ N/
k k
(VID) (VIa)
10 wherein in each of compounds of formula (V), (VI), (VII), and (VIla), where

applicable,
RY, R% R, R, and R® are as defined above.

The ketal group refers to the functional group constituted by the carbon bonded to the —

15 OR’® and —OR® groups, and where R” is not hydrogen. The acetal group refers to the
functional group constituted by the carbon bonded to the —OR’ and —OR°® groups, and
where R” is hydrogen.

The term salt as mentioned herein is meant to comprise any stable salts, which the
20 compounds described herein, such as the intermediates of formula (IV), (VII), or (VIla),
are able to form. Preferred are the pharmaceutically acceptable salts, which are the non-
toxic salt forms. Salts that are not pharmaceutically acceptable are also embraced in the

scope of the present invention, since they refer to intermediates that are useful in the
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preparation of compounds with pharmacological activity. The salts can conveniently be
obtained by treating the base form with such appropriate acids as inorganic acids, for
example, hydrohalic acids, e.g. hydrochloric, hydrobromic and the like; sulfuric acid;
nitric acid, phosphoric acid and the like; or organic acids, for example, acetic,
propanoic, hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic, oxalic, malonic,
succinic, maleic, fumaric, malic, tartaric, 2-hydroxy-1,2,3-propane-tricarboxylic,
methanesulfonic, ethanesulfonic,  benzenesulfonic,  4-methylbenzene-sulfonic,
cyclohexanesulfamic, 2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the like acids.
Conversely the salt form can be converted by treatment with alkali into the free base
form. The term salts is also meant to include the hydrates or solvates which the
compounds of formula (VII) and (VIIa) are able to form, including, e.g. the alcoholates

such as methanolates or ethanolates.

The phrase “pharmaceutically acceptable” refers to molecular entities and compositions
that do not produce adverse, allergic, or other untoward reactions when administered to

an animal or a human.

The cleavage of the ketal or acetal group of compound of formula (V) is a common
procedure that can be carried out by the methods generally known to the skilled in the
art. One usual procedure to cleave ketal or acetal groups is acidic treatment. The acidic
treatment refers to the use of an acid in a suitable solvent such as an aqueous medium,
an organic solvent, or mixtures thereof. The organic solvent may be selected from
water-miscible solvents such as acetonitrile, dimethylformamide, alcohols such as

methanol, and the like.

Other possible procedures for the cleavage of the ketal or acetal group in compound of
formula (V) are described in the following paragraphs. These procedures are known in
the art, for example they are described in Greene's Protective Groups in Organic
Synthesis, by Peter G. M. Wuts and Theodora W. Greene.

Where R’ and R® are, each independently, Cigalkyl or phenyl, cleavage of the
ketal/acetal group may be performed with hydrochloric acid and a mixture of water and
methanol; with 2,2, 2-trifluoroacetic acid in a mixture of chloroform and water at a cool
temperature, such as 0 °C; with p-toluenesulfonic acid in acetone; with silicon dioxide
and oxalic or sulfuric acid; with trimethylsilyliodide in dichloromethane; with titanium
tetrachloride and lithium iodide in diethylether; with lithium tetrafluoroborate in

acetonitrile; with formic acid in pentane; with formic acid in tetrahydrofuran and water;
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with Amberlyst-15 in acetone and water; with hydrogen peroxide and trichloroacetic
acid in dichloromethane and t-butanol followed by the addition of dimethyl sulfide;
with trifluoroacetic acid and sodium bicarbonate; with acetic acid in water; with oxalic
acid in tetrahydrofuran and water; with trifluoroborane ethoxyethane (BF; .Et;0),
tetracthylammonium iodide, in trichloromethane, with 10 % water, silica gel,
dichloromethane; with dimethylsulfoxide, water, dioxane, and heating to reflux; with
diodosilane (SiH;I,) in acetonitrile at cool temperatures (approx. -40 °C); with
molybdenum acetylacetonate (Moy(acac),) in acetonitrile; with acetyl chloride,
samarium (III) chloride (SmCls) in pentane; with stannous chloride dehydrate, Ceo, and

dichloromethane; amongst other.

Where R’ and R are, each independently, polyhaloCsalkyl, cleavage of the ketal/acetal
group may be performed with zinc in ethyl acetate or tetrahydrofuran, at reflux

temperature.

Where R and R°® are, each independently, benzyl, cleavage of the ketal/acetal group

may be performed with palladium on carbon, hydrogen, and methanol as solvent.

Where R’ and R® are, each independently, 2-nitrobenzyl, cleavage of the ketal/acetal
group may be performed with photolysis at 350 nm.

Where R’ and R® are, each independently, acetyl, cleavage of the ketal/acetal group may
be performed with sodium hydroxide or potassium carbonate, in tetrahydrofuran, water,
or methanol; with alumina at approx. 35 °C; with potassium 3-dimethylaminophenoxide
in tetrahydrofuran at 0 °C; with expansive graphite, dichloromethane or benzene, at
reflux temperature; with CAN, silica gel, in dichloromethane; with montmorillonite clay
K-10 or KSF in dichloromethane at reflux temperature; or with the use of enzymes for

the hydrolysis of the acylals.

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a 1,3-dioxane, 1,3-dioxolane, 4-methyl-1,3-dioxolane, cleavage of the ketal/acetal
group may be performed with pyridinium tosylate (PPTS), acetone, water, and heat;
with acetone and p-toluenesulfonic acid monohydrate (TsOH); with acetone, water,
PPTS, at reflux temperature; with hydrochloric acid and a mixture of water and
methanol; with 5 % HCI in tetrahydrofuran, with 1 M HCI in tetrahydrofuran and

warming the reaction mixture from 0 °C to 25 °C; with 80 % acetic acid at around 65
g
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°C; with wet magnesium sulfate and benzene; with perchloric acid in dichloromethane

and warming the reaction mixture from 0 °C to 25 °C; amongst other methods.

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a S5-methylene-1,3-dioxane, cleavage of the ketal/acetal group may be performed
according to the procedures described by R.J. Corey and J.W. Suggs, Tetrahedron Lett.,
3775 (1975), or by H. Frauenrath and M. Kaulard, Synlett, 517 (1994).

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a 5,5-dibromo-1,3-dioxane, cleavage of the ketal/acetal group may be performed

with Zn-Ag, in tetrahydrofuran and acetic acid.

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a 5-(2’-pyridyl)-1,3-dioxane, cleavage of the ketal/acetal group may be performed
according to the procedure described by A.R. Katritzky, W.-Q. Fan, and Q.-L. Li,
Tetrahedron Lett., 28, 1195 (1987).

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a S-trimethylsilyl-1,3-dioxane, cleavage of the ketal/acetal group may be
performed with trifluoroborane ethoxyethane (BF; .Et,0O) in tetrahydrofuran; or with

lithium tetrafluoroborate in tetrahydrofuran at around 65 ° C.

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a 4-bromomethyl-1,3-dioxolane, cleavage of the ketal/acetal group may be
performed according to the method described by E.J. Corey and R.A. Ruden, J. Org.
Chem., 38, 834 (1973).

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a 4-(3-butenyl-1,3-dioxolane, cleavage of the ketal/acetal group may be performed
according to the method described by Z. Wu, D.R. Mootoo, and B. Fraser-Reid,
Tetrahedron Lett., 29, 6549 (1988).

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a 4-phenyl-1,3-dioxolane, cleavage of the ketal/acetal group may be performed
with  electrolysis:  Lithiwm  perchiorate, water, pyridine, acetonitrile, N-

hydroxyphthalimide; 0.85 V SCE; or with palladium on carbon and hydrogen.
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Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a 4-(4-methoxyphenyl)-1,3-dioxolane, cleavage of the ketal/acetal group may be
performed according to the method described by C.E. McDonald, L E. Nice, and K E.
Kennedy, Tetrahedron Lett., 35, 57 (1994).

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a 4-(2-nitrophenyl)-1,3-dioxolane, cleavage of the ketal/acetal group may be
performed by irradiation at 350 nm, with benzene.

Where R’ and R®, together with the two oxygen atoms to which they are attached to,
form a 4-trimethylsilylmethyl-1,3-dioxolane, cleavage of the ketal/acetal group may be
performed according to the method described by B.M. Lillie and M.A. Avery,
Tetrahedron Lett., 35, 969 (1994).

Once the ketal or acetal group of compound of formula (V) is cleaved, the resulting
compound of formula (VI) cyclises in the same reaction mixture. Cyclization usually
occurs spontaneously. Alternatively, it may be induced or accelerated by heating or
other methods known by the skilled in the art. In a preferred embodiment, the
cyclisation is performed under a temperature between room temperature and reflux
temperature, preferably at a temperature between 50 °C and reflux temperature, more
preferably at reflux temperature.

In one embodiment of the present invention, the preparation of compounds of formula
(V), (VD), (VII), a tautomer (VIla), and salts thereof, occurs in a one-pot procedure,
which is advantageous in an industrial production. As such, one embodiment of the
present invention relates to a process for the preparation of a compound of formula
(VII), a tautomer (VIla), and salts thereof, as defined in claim 2, said process
comprising the steps of:

al) coupling a compound of formula (IT) with a compound of formula (IV) in a suitable
solvent, in the presence of a coupling agent, and optionally in the presence of an

activating agent of the coupling agent,
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RS R®
o o)
o)
R? OH H
R' N O R
(1D (Iv)

or

5 a2) converting a compound of formula (II) into a compound of formula (III) with an
activating agent, and coupling said compound of formula (IIT) with a compound of

formula (IV) in a suitable solvent,

RS R®
o o)
o)
R? z
R1
(111)

10  thereby obtaining compound of formula (V),

RS R®
o o)
© H
/N\
R? N RS
H
R1

V)
followed by the cleavage, in the same reaction mixture, of the ketal or acetal group of

15 the compound of formula (V) in a suitable solvent, thereby forming compound of

formula (VI),
0] 0]
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and allowing cyclization of the compound of formula (VI), thereby obtaining a
compound of formula (VII), a tautomer (VIla), and salts thereof, wherein in each of
compounds of formula (V), (VI), (VII), and (VIIa), where applicable,

RY, R%L R, R, R, R, and Z are as defined above.

In the reactions mentioned above, in particular in steps al) or a2), the compound of
formula (IV) may be added as such —as a base free form, or as a salt thereof. In the case
where the compound of formula (IV) is added in salt form, the free base form is
consequently obtained by reacting said salt with an alkali base. Such reaction may be
performed in the same reaction mixture comprising compounds of formula (II) or (III),
as the case may be. Typical salts that compound of formula (IV) may form have

already been mentioned above. A preferred salt is chlorohydrate.

Interesting compounds of formula (IV) include the following:

e 2-naphthylhydrazine (CAS Registry Number: 2243-57-4), which may be obtained
from BetaPharma Shanghai, HC Scientific Resources, Bidragon Pharmservice |,
ARVI, Aurora Screening, and many others;

e 2-naphthalenyl hydrazine hydrochloride (CAS Registry Number: 2243-58-5 ),
which may be obtained from Advanced Technology, Allichem, AK Scientific,

ChemPacific, HC Scientific Resources, Bidragon Pharmservice, and many others.

In one embodiment of the present invention, the compound of formula (II) may be

prepared by cleaving R* from a compound of formula (I)

RS RS
o o)
o)
R4
R2 o
R1
D

wherein in compound of formula (I),
R, R% R®, and R® are as defined above; and

R* is Cy6alkyl, aryl, or benzyl.

Cleavage of the substituent R* from compound of formula (I) is carried out according to

the several methods known by the skilled in the art for cleaving esters.
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A common method for cleaving esters is hydrolysis. Examples of hydrolysis
procedures include the addition of aqueous solutions of strong acids, such as, for
example, HCl or H,SO,, or strong bases, such as, for example, NaOH, KOH or LiOH.
The hydrolysis reaction can be carried out in an organic solvent, in water, in mixtures of
organic solvents, or in mixtures of organic solvents with water. Examples of organic
solvents include ethers, such as diethyl ether, butyl methyl ether, dioxane,
tetrahydrofuran, glycol dimethyl ether or diethylene glycol dimethyl ether, or
hydrocarbons such as benzene, toluene, xylene or petroleum ether, or alcohols, such as
methanol or ethanol, or halogenated hydrocarbons, such as carbon tetrachloride,
chloromethane or dichloromethane. In a preferred embodiment of the invention, the
solvent is a mixture of water and methanol or dioxane. The reaction can generally be
carried out in a temperature range of from -20° C to 90° C, preferably of from 0° C to
90° C. The reaction can be carried out under atmospheric pressure, elevated or reduced
pressure (for example in a range of from 0.5 to 5 bar). In general, the reaction is carried

out under atmospheric pressure.

Interesting compounds of formula (I) include the following:

e cthyl 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetate (CAS Registry Number: 6290-17-
1), which is available from 3B Scientific Corporation, Takasago International Corp,
Amfinecom Inc., and Bepharm Ltd., amongst other.

e cthyl 3,3-diethoxypropanoate (CAS Registry Number: 10601-80-6), which is
available from APAC Pharmaceutical Waterstone Technology Zelinsky Screening,

TCI Organic Chemicals, Aldrich, and many others.

It is evident that in the foregoing and in the following reactions, the reaction products
may be isolated from the reaction medium and, if necessary, further purified according
to methodologies generally known in the art such as extraction, crystallization and

chromatography.

As such, one embodiment of the present invention refers to a compound of formula

(VD), per se, a salt, or stereoisomer thereof,
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wherein,

R' is hydrogen or C,alkyl;

R’ is hydrogen, Cy.salkyl, or phenyl; and

R’ is naphthyl optionally substituted with one or two substituents selected from halo
and C,; salkoxy.

An interesting group of compounds are those compounds of formula (VI) where one or

more of the following restrictions apply:

e R'ishydrogen;

e R%is Cygalkyl; and/or

e R’ is naphthyl optionally substituted with one or two substituents selected from halo
and C,; salkoxy.

Another interesting group of compounds are those compounds of formula (VI) where
one or more of the following restrictions apply:

e R'ishydrogen;

e R’is methyl; and/or

e R’isnapht-2-yl.

Another embodiment of the present invention refers to a compound of formula (V), per

se, a salt, or stereoisomer thereof,

RS R®
o o)
© H
e N ~N
R? N RS
H
R1

V)
wherein,
R' is hydrogen or Cyalkyl;
R’ is hydrogen, Cyalkyl, or phenyl;



10

15

20

25

30

35

WO 2012/013755 PCT/EP2011/063020

22

R’ is naphthyl optionally substituted with one or two substituents selected from halo
and C,; salkoxy; and

R’ and R® are, each independently, C,salkyl, polyhaloC,salkyl, -C(=0)-C salkyl,
phenyl, benzyl optionally substituted with nitro; or together with the two oxygen atoms
to which they are attached to, form a 4-7 membered heterocyclic ring optionally
substituted with one substituent selected from halo, C;salkyl, C,.salkenyl, polyhaloC;.
salkyl,  triC;alkylsilyl,  diC;galkylphenylsilyl,  C,salkyldiphenylsilyl,  triC;.
calkylsilylCisalkyl, diCisalkylphenylsilylC;galkyl, CjsalkyldiphenylsilylC;.salkyl,
phenyl optionally substituted with nitro or methoxy, and pyridyl; or the 4-7 membered
heterocyclic ring is optionally substituted with two substituents selected from halo and
Cisalkyl.

Another interesting group of compounds are those compounds of formula (V) where

one or more of the following restrictions apply:

e R'is hydrogen;

e R’is hydrogen or Cjalkyl;

e R’ is naphthyl optionally substituted with one or two substituents selected from halo
and C,salkoxy; and/or

e R’ and R®are, each independently, C,salkyl; or together with the two oxygen atoms
to which they are attached to, form a 4-7 membered heterocyclic ring optionally
substituted with one substituent selected from halo, Cialkyl, C,salkenyl, haloC;.
salkyl, trimethylsilyl, trimethylsilylmethyl, phenyl, 2-nitrophenyl, 4-methoxyphenyl,
2-pyridyl; or the 4-7 membered heterocyclic ring is optionally substituted with two

substituents selected from halo and C;alkyl.

Another interesting group of compounds are those compounds of formula (V) where
one or more of the following restrictions apply:

e R'is hydrogen;

e R%is methyl;

e R’isnapht-2-yl; and/or

e R’ and R® are together with the two oxygen atoms to which they are attached to,

form a 5 membered heterocyclic ring substituted with one C;salkyl.

Another embodiment of the present invention refers to a compound of formula (III), per

se, a salt, or stereoisomer thereof,
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RS R®
o o)
o)
R? z
R1
(111)

wherein,

R' is hydrogen or C,alkyl;

R’ is hydrogen, Cyalkyl, or phenyl;

R’ and R® are, each independently, ethyl, butyl, or together with the two oxygen atoms
to which they are attached to, form a 4-7 membered heterocyclic ring substituted with
one or more substituents selected from halo, Cisalkyl, C,salkenyl, polyhaloC;alkyl,
triCy.¢alkylsilyl, diC,salkylphenylsilyl, C,salkyldiphenylsilyl, triC, salkylsilylC;salkyl,
diCy salkylphenylsilylC,salkyl, C;salkyldiphenylsilylC,salkyl, phenyl optionally
substituted with nitro or methoxy, and pyridyl; or the 4-7 membered heterocyclic ring is
substituted with two substituents selected from halo and C,alkyl; and/or

Z represents halo, -0-CO-R’, or —0-CO-OR’; and

R’ is C4alkyl, aryl, or benzyl.

Another interesting group of compounds are those compounds of formula (III) where

one or more of the following restrictions apply:

e R'is hydrogen;

e R’is hydrogen or Cjalkyl;

e R’ and R’ are, each independently, ethyl, butyl, or together with the two oxygen
atoms to which they are attached to, form a 5 membered heterocyclic ring
substituted with one substituent selected from halo, Cisalkyl, C,salkenyl,
polyhaloC; salkyl; and/or

e Z represents halo, -0-CO-R’, or —0-CO-OR’; and

e R’isCjalkyl.

Another interesting group of compounds are those compounds of formula (III) where
one or more of the following restrictions apply:

e R'ishydrogen;

e R’is methyl;
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e R’ and R°® together with the two oxygen atoms to which they are attached to, form a
5 membered heterocyclic ring substituted with one substituent selected from halo,
Cisalkyl, C,6alkenyl, polyhaloC,salkyl; and/or
e Z represents halo, -0-CO-R’, or —0-CO-OR’; and
5 e R’isCalkyl.

Further interesting compounds are the following compounds embraced by formula (III):

0 o) o)
1.
/\OMO o
o) 0]
O><O)‘\ )]\
Et
10 O O/ ’

O O O

° ° M
ot T o cl.

Another embodiment of the present invention refers to a compound of formula (II), per

se, a salt, or stereoisomer thereof,

RS R®
o o)
o)
R? OH
15 R’
(IT)

wherein
R' is hydrogen;
R’ is methyl;
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R’ and R® are, each independently, Csalkyl; or together with the two oxygen atoms to
which they are attached to, form a 4-7 membered heterocyclic ring substituted with one
substituent selected from halo, Cisalkyl, Cjcalkenyl, polyhaloC,salkyl, triC;.
salkylsilyl, diCjsalkylphenylsilyl, Cisalkyldiphenylsilyl, triC;salkylsilylC;.calkyl, diC;.
salkylphenylsilylC; ¢alkyl, C;salkyldiphenylsilylC;salkyl, phenyl optionally substituted
with nitro or methoxy, and pyridyl; or the 4-7 membered heterocyclic ring is substituted

with one halo and one C,salkyl.

Another embodiment of the present invention refers to the following compound of

formula (I1a), per se, a salt, or stereoisomer thereof.
Me

Me OH
(ITa)

Compounds of formula (I), (IT), (ITa), (IIT), (V), and (VI) may have at least one center of
chirality (indicated below with an asterisk) and exist as stereochemically isomeric
forms. The term “stereochemically isomeric forms” as used herein defines all the
possible compounds made up of the same atoms bonded by the same sequence of bonds
but having different three-dimensional structures which are not interchangeable, which
the compounds of formula (1), (IT), (ITa), (IIT), (V), and (VI) may possess.

R® R® RS RS
! O/ O (L O/ 0] M e
R* *
P N Dy
R 1 R1 M e * O H
ey (1) (Ila)
R5 R6 RS R6
| O/ 0] | O/ 0
0] 0 H
R2 * * Z R2 * % H / \ R3
R1 R1
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0 0
N
R2 x N PN R3
R1
(VD)

In each of the compounds depicted above, the carbon atom substituted with R' becomes

a chiral center when R' is C, salkyl.

With reference to the instances where (R) or (S) is used to designate the absolute
configuration of a chiral atom within a substituent, the designation is done taking into

consideration the whole compound and not the substituent in isolation.

Unless otherwise mentioned or indicated, the chemical designation of a compound
encompasses the mixture of all possible stereochemically isomeric forms, which said
compounds may possess. Said mixture may contain all diastereomers and/or
enantiomers of the basic molecular structure of said compound. All stereochemically
isomeric forms of the compounds of the present invention both in pure form or mixed

with each other are intended to be embraced within the scope of the present invention.

Pure stereoisomeric forms of the compounds and intermediates as mentioned herein are
defined as isomers substantially free of other enantiomeric or diastereomeric forms of
the same basic molecular structure of said compounds or intermediates. In particular,
the term “stereoisomerically pure” concerns compounds or intermediates having a
stereoisomeric excess of at least 80% (i.e. minimum 90% of one isomer and maximum
10% of the other possible isomers) up to a stereoisomeric excess of 100% (i.e. 100% of
one isomer and none of the other), more in particular, compounds or intermediates
having a stereoisomeric excess of 90% up to 100%, even more in particular having a
stereoisomeric excess of 94% up to 100% and most in particular having a
stereoisomeric excess of 97% up to 100%. The terms “enantiomerically pure” and
“diastereomerically pure” should be understood in a similar way, but then having regard
to the enantiomeric excess, and the diastereomeric excess, respectively, of the mixture

in question.
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Pure stereoisomeric forms of the compounds and intermediates of this invention may be
obtained by the application of art-known procedures. For instance, enantiomers may be
separated from each other by the selective crystallization of their diastereomeric salts
with optically active acids or bases.  Examples thereof are tartaric acid,
dibenzoyltartaric acid, ditoluoyltartaric acid and camphosulfonic acid. Alternatively,
enantiomers may be separated by chromatographic techniques using chiral stationary
phases. Said pure stereochemically isomeric forms may also be derived from the
corresponding pure stereochemically isomeric forms of the appropriate starting
materials, provided that the reaction occurs stereospecifically. Preferably, if a specific
stereoisomer is desired, said compound will be synthesized by stereospecific processes
of preparation. These processes will advantageously employ enantiomerically pure

starting materials.

In the above-mentioned respective reactions, each of the obtained compounds, when
necessary, can be collected from the reaction mixture according to the processes known
in the art. For example, when insoluble materials are present, the desired compound can
be obtained -after removing the insoluble materials by filtration- by removing the
solvent, e.g. by removing the solvent under reduced pressure, and/or by adding water to
the residue and extracting the mixture with a water-immiscible organic solvent such as
ethyl acetate, etc. Optionally, the desired compound can be obtained after drying over
anhydrous sodium sulfate, for instance, and further, if necessary, by purifying with any
conventional process, such as recrystallization, column chromatography, or other

techniques.

Examples of specific compounds of formula (VII) or (VIla) in accordance with the
invention include those compounds referred to in the Examples below, and the salts
thereof.

The different compounds encompassed by formulae (VII) or (VIIa) may be converted
into each other following art-known functional group transformation reactions.
Suitably, they are obtained with starting materials, i.e. compounds of formula (I) and
(IV) already embracing the desired substituents R', R*, or R’.

The compounds of formula of the present invention may be converted to the
corresponding N-oxide forms following art-known procedures for converting a trivalent
nitrogen into its N-oxide form. The N-oxide forms of the present compounds are meant

to comprise the compounds of formula (VII) or (VIIa) wherein one or several nitrogen
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atoms are oxidized to the so-called N-oxide. Said N-oxidation reaction may generally
be carried out by reacting compound of formula (VII) or (VIIa) with an appropriate
organic or inorganic peroxide. Appropriate inorganic peroxides comprise, for example,
hydrogen peroxide, alkali metal or earth alkaline metal peroxides, e.g. sodium peroxide,
potassium peroxide; appropriate organic peroxides may comprise peroxy acids such as,
for example, benzenecarbo-peroxoic acid or halo substituted benzenecarboperoxoic
acid, e.g. 3-chlorobenzene-carboperoxoic acid, peroxoalkanoic acids, e.g. peroxoacetic
acid, alkylhydroperoxides, e.g. tert-butyl hydro-peroxide. Suitable solvents are, for
example, water, lower alcohols, e.g. ethanol and the like, hydrocarbons, e.g. toluene,
ketones, e.g. 2-butanone, halogenated hydrocarbons, e.g. dichloromethane, and mixtures

of such solvents.

Due to their favorable processability properties, as will be apparent from the examples,
the compounds of the present invention are useful as intermediates in the preparation of
a compound of formula (X) as defined above. In general, the compounds of the present
invention are useful in the preparation of a compound of formula (X), pharmaceutically
acceptable salts, isomers, prodrugs, and solvates thereof, which has pharmacological
activity against the sigma receptor -a cell surface receptor of the central nervous system,
which is said to be related to the dysphoric, hallucinogenic and cardiac stimulant effects

of opioids.

As such, one embodiment of the present invention refers to the use of compounds of
formula formula (VII), a tautomer (VIla), and salts thereof, as intermediates in the
preparation of a compound of formula (X), pharmaceutically acceptable salts, isomers,
prodrugs, and solvates thereof, said preparation according to the procedure or steps

described herein,

R! O——(CHy),
N—R®
DN
N
!
X)

30 wherein,

R, R?, and R’ are as defined above;

nis 2, 3, or4; and
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R® and R’ are, each independently, C,salkyl, C).alkoxyCigalkyl, benzyl, or together
with the nitrogen atom to which they are attached to, form a morpholinyl optionally
substituted with C;salkyl; thiomorpholinyl; piperazinyl optionally substituted with C;.
salkyl, Cisalkylcarbonyl, or C;salkoxycarbonyl; piperidinyl optionally substituted with
Cisalkylcarbonyl, phenyl, or 3H-imidazo[4,5-b]pyridinyl; pyrrolidinyl optionally
substituted with amino or C;salkylcarbonylamino; pirazolinyl; 1,2,3,4-

tetrahydroisoquinolinyl; or 3H-imidazo[4,5-b]pyridinyl.

Another embodiment of the present invention refers to the use of any one of compounds
of formula (VI), (V), (III), (II), (Ila), and (I), a salt, or stereoisomer thereof, each
independently, as intermediates in the preparation of a compound of formula (X),
pharmaceutically acceptable salts, isomers, prodrugs, and solvates thereof, as referred to

herein above.

The term 3H-imidazo[4,5-b]pyridinyl refers to the following moiety:

The term 1,2,3,4-tetrahydroisoquinolinyl refers to the following moiety:

_%_N

The term “prodrug” as used throughout this text means the pharmacologically
acceptable derivatives such as esters, amides and phosphates, such that the resulting in
vivo biotransformation product of the derivative is the active drug as defined in the
compounds of formula (X). The reference by Goodman and Gilman (The Pharmaco-
logical Basis of Therapeutics, 8th ed, McGraw-I-Till, hit. Ed. 1992, “Biotransformation
of Drugs”, p 13-15) describing prodrugs generally is hereby incorporated. Prodrugs
preferably have excellent aqueous solubility, increased bioavailability and are readily
metabolized into the active inhibitors in vivo. Prodrugs of a compound of the present

invention may be prepared by modifying functional groups present in the compound in
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such a way that the modifications are cleaved, either by routine manipulation or in vivo,

to the parent compound.

The term “solvate”, when referring to compounds of formula (X), refers to those crystal
forms of the compounds of formula (X) that contain either stoichiometric or non-
stoichiometric amounts of solvent. Since water is a solvent, solvates also include
hydrates. The term “pseudopolymorph” is synonym to solvate since it applies to
polymorphic crystalline forms that have solvent molecules incorporated in their lattice
structures. Examples of solvates are hydrates and alcoholates such as methanolates or

ethanolates.

The following specific examples are provided to further illustrate the invention and

various preferred embodiments.

Examples
o Synthesis of compounds of formula (I1)

As shown in examples 1 and 2, two different compounds of formula (II) were
synthesized : 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid [i.e. compound (Ila)], which

was used in the subsequent reactions, and 3,3-diethoxypropanoic acid.

Example 1: Preparation of 2-(2.4-dimethyl-1.3-dioxolan-2-yDacetic acid [compound

(I1a)]

Me OH
(ITa)

The acid 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid was obtained as a derivative
from saponification of the ester ethyl 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetate. The
hydrolysis of ethyl 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetate in alkaline medium is
described in different publications: a) Miranda et al., 7efrahedron, 1987, 143; b)
Lelandais et al., Can. J. Chem., 1983, 584; c) Oku et al., J. Org. Chem., 1997, 2123.
The acid was obtained with variable yields 50-82%.

3.6 g of ethyl 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetate in a solution of 1.18 g (1.1

equiv.) of KOH in 8 mL of water were mixed at room temperature under magnetic
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stirring. After 4 h, the basic aqueous layer was removed with 5 mL of tert-butyl methyl
ether, recovering 257 mg (7%) from the starting material. The aqueous layer was
brought to dryness. The residue was stirred in a mixture with 2 ml NaCl-saturated
water and 8 mL of CH,Cl, under vigorous stirring. H,SO4 were added until achieving
an acidic pH. The organic layers were dried with sodium sulphate, filtered off and
evaporated obtaining 2.344 g of the title compound (82% considering the previously

recovered 7%).

Example 2: Preparation of 3.3-diethoxypropanoic acid
0

EtO. OEt

H OH
Ref. F. Zaragoza et al, J. Med. Chem., 2005, 48(1), 306.

To a 250 mL round-bottomed flask with magnetic stirring that contained ethyl 3,3-
diethoxypropanoate (20.0 g, 102.0 mmol, colourless oil, 97 %), a previously prepared
solution of NaOH (5.23 g, 131.0 mmol) in H,O (30 mL) was added. The resulting
mixture was stirred to reflux (100 °C) during 1h. After allowing it to temper, the
mixture was acidified using HC1 37 % and it was extracted with AcOEt, 8x 20 mL. The
resulting organic phase was washed with 1x 20 mL NaCl sat., dried with Na,SO,,
filtered and concentrated to dryness. The obtained oil was confirmed to correspond to
the title compound (15.9 g, 98.0 mmol, 96 %).

o  Synthesis of the compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-
(naphthalen-2-yl)acetohydrazide via step al)

Example 3: Preparation of the compound of formula (V) 2-(2.4-dimethyl-1.3-dioxolan-
2-y1)-N'-(naphthalen-2-yl)acetohydrazide using EDC

— o
o} o. O H
o_ 0 N
PPN >
OH EDC H
H,0
lla

A solution of EDC (1.307 g, 6.82 mmol) in 10 mL of water was added to a suspension
of the compound of formula (IV) naphthalen-2-ylhydrazyne hydrochloride (1.236 g,
6.35 mmol) and the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid
(1.072 g, 6.69 mmol) in 30 mL of water. After 15 minutes the reaction mixture was
filtered and the solution was washed with 40 mL of 10°M HCI and then 40 mL of

water. The organic layer was dried over MgSO4 and after filtering the solvent was
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evaporated to dryness. The corresponding 0.705 g (37%) of the title hydrazide was

obtained. Further cyclation was not carried out.

o Synthesis of the compound of formula (VII)/(VIla) 5-methyl-1-(naphthalen-2-vl)-1H-

pyrazol-3-ol via step al)

The following reaction scheme shows the chemical transformations taking place in

examples 4-21.

H “NH;

o
o H
OH coupling agent (DCC or EDC) H
opt. activating agent (HOBt)
lta base (EtsN)
solvent
HCI aq.
OH
/.
Me N~ N

o
Q H
-— N
N
H

Example 4: Preparation of the compound of formula (VII)/(VIIa) S5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol with DCC

A solution of dicyclohexylcarbodiimide (DCC, 1.629 g, 7.91 mmol, 1.07 equiv.) in 14
mL of anhydrous methylene chloride was added to a suspension of the compound of
formula (IV) naphthalen-2-ylhydrazyne hydrochloride (1.434 g, 7.37 mmol), the
compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid (1.242 g, 7.75 mmol, 1.05
equiv.), and triethylamine (1070 pL, 7.75 mmol, 1.05 equiv.) in 10 mL of anhydrous

methylene chloride. After 20 minutes the reaction was considered to be completed.
The solid was filtered and the crude was then washed with 40 mL of 10°M HCI and
then with 40 mL of water. The organic layer was dried over MgSQOj4 and after filtering
the solvent, it was evaporated to dryness, to obtain the compound of formula (V) 2-(2,4-
dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 100 mL of MeOH. A solution of HCI in water (2 mL of
concentrated HCI in 5 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor

so as to reduce as much as possible the MeOH volume. This evaporated crude was
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basified to pH ~ 14 with 2M NaOH obtaining a precipitate. The basified crude was
filtered and the filtrate thus obtained was acidified with dilute AcOH (1:5 with water) to
pH ~ 7. During the neutralisation a new precipitate was observed, which was then
filtered and dried in a desiccator. 1.334 g (81%) of a solid was obtained corresponding
to the title compound. The isomeric ratio obtained for [S-methyl-1-(naphthalen-2-yl)-
1H-pyrazol-3-ol] : [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol] was 98:2.

Example 5: Preparation of the compound of formula (VII)/(VIIa) S5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC

A solution of DCC (1.644 g, 7.95 mmol) in 8 mL of MeOH was added to a suspension
of the compound of formula (IV) naphthalen-2-ylhydrazyne hydrochloride (1.406 g,
7.22 mmol), the compound (IIa) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid (1.273 g,
7.95 mmol), and triethylamine (1050 pL, 7.59 mmol) in 6 mL of MeOH. After 20

minutes the reaction was considered to be completed. It was filtered-and brought to

dryness to obtain the compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-
(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 100 mL of MeOH. A solution of HCI in water (2 mL of
concentrated HCI in 5 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor so
as to reduce as much as possible the MeOH volume. This evaporated crude was basified
to pH ~ 14 with 2M NaOH obtaining a precipitate. The basified crude was filtered and
the filtrate thus obtained was acidified with dilute AcOH (1:5 with water) to pH ~ 7.
During the neutralisation a new precipitate was observed, which was then filtered and
dried in a desiccator. 0.894 g (55%) of a solid was obtained corresponding to the title
compound. The isomeric ratio obtained for [S-methyl-1-(naphthalen-2-yl)-1H-pyrazol-
3-ol] : [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol] was 99,5:0,5.

Example 6: Preparation of the compound of formula (VII)/(VIIa) S5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC

A solution of DCC (8.098 g, 39.25 mmol, 1.1 equiv.) in 15 mL of anhydrous methylene
chloride was added to a suspension of the compound of formula (IV) naphthalen-2-
ylhydrazyne hydrochloride (6.944 g, 35.67 mmol), the compound (Ila) 2-(2,4-dimethyl-
1,3-dioxolan-2-yl)acetic acid (6.282 g, 39.22 mmol, 1.1 equiv.), and triethylamine (5.2
mL, 37.46 mmol, 1.05 equiv.) in 35 mL of anhydrous methylene chloride. After 20

minutes the reaction was considered to be completed. The solid was filtered and the
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crude was then washed with 80 mL of 10°M HCI and then with 80 mL of water. The
organic layer was dried over MgSQ, and after filtering the solvent, it was evaporated to
dryness to obtain the compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-
(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 200 mL of MeOH. A solution of HCI in water (4 mL of
concentrated HCI in 10 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor
so as to reduce as much as possible the MeOH volume. This evaporated crude was
basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The basified
crude was filtered and the filtrate thus obtained was acidified with dilute AcOH (1:5
with water) to pH ~ 7. During the neutralisation a new precipitate was observed, which
was then filtered and dried in a desiccator. 5.488 g (69%) of a solid was obtained

corresponding to the title compound.

Example 7: Preparation of the compound of formula (VII)/(VIIa) S5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC

A solution of DCC (8.122 g, 39.36 mmol, 1.1 equiv.) in 20 mL of methylene chloride
was added at 0°C to a suspension of the compound of formula (IV) naphthalen-2-
ylhydrazyne hydrochloride (6.942 g, 35.67 mmol), the compound (Ila) 2-(2,4-dimethyl-
1,3-dioxolan-2-yl)acetic acid (6.575 g, 41.05 mmol, 1.15 equiv.), and triethylamine (5.4

mL, 39.24 mmol, 1.1 equiv.) in 40 mL of methylene chloride. After 60 minutes the
reaction was considered to be completed. The solid was filtered and the crude was then
washed with 80 mL of 10°M HCI and then with 80 mL of water. The organic layer was
dried over MgSQ, and after filtering the solvent, it was evaporated to dryness to obtain
the compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl)
acetohydrazide.

The dry crude was dissolved in 200 mL of MeOH. A solution of HCI in water (4 mL of
concentrated HCI in 10 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction
was allowed to cool to room temperature. The crude was then concentrated in a
rotavapor so as to reduce as much as possible the MeOH volume. This evaporated
crude was basified to pH ~ 14 with 4M NaOH (~ 20 mL) obtaining a precipitate. The
basified crude was filtered and the filtrate thus obtained was acidified with dilute AcOH

(1:5 with water) to pH ~ 7. During the neutralisation a new precipitate was observed,



10

15

20

25

30

35

WO 2012/013755 PCT/EP2011/063020

35

which was then filtered and dried in a desiccator. 8.9 g (>100 %) of a solid was

obtained corresponding to the title compound.

Washes: A suspension of the solid crude (8.9 g) was heated to reflux for 1 hin 50 mL of
MeOH. It was cold filtered. The solid was washed with 20 mL of cold MeOH yielding
5.321 g (56%) of the title compound.

Example 8: Preparation of the compound of formula (VII)/(VIIa) S5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC

A mixture of DCC (5.906 g, 28.62 mmol, 1.1 equiv.) and the compound (Ila) 2-(2,4-
dimethyl-1,3-dioxolan-2-yl)acetic acid (4.317 g, 26.97 mmol, 1.05 equiv.) in 25 mL of
methylene chloride was slowly added at 0 °C to a suspension of the compound of
formula (IV) naphthalen-2-ylhydrazyne hydrochloride (4.999 g, 25.69 mmol), and
triethylamine (3.7 mL, 26.97 mmol, 1.05 equiv.) in 50 mL of methylene chloride. After
60 minutes the solid was filtered and the crude was then washed with 80 mL of 10°M
HCI and then with 80 mL of water. The organic layer was dried over MgSQOj4 and after

filtering the solvent was evaporated to dryness to obtain the compound of formula (V)
2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction
was allowed to cool to room temperature. The crude was then concentrated in a
rotavapor so as to reduce as much as possible the MeOH volume. This evaporated
crude was basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The
basified crude was filtered and the filtrate thus obtained was acidified with dilute AcOH
(1:5 with water) to pH ~ 7. During the neutralisation a new precipitate was observed,
which was then filtered and dried in a desiccator. 3.223 g (56 %) of a solid was
obtained corresponding to the title compound.

Washes: A suspension of the solid crude (3.101 g) was heated to reflux for 1 h in 30 mL
of MeOH. It was cold filtered. The solid was washed with 10 mL of cold MeOH
yielding 2.183 g (38%) of the title compound.

Example 9: Preparation of the compound of formula (VII)/(VIIa) 5-methyl-1-
(naphthalen-2-y)-1H-pyrazol-3-ol using DCC
A solution of DCC (5.861 g, 28.41 mmol, 1.1 equiv.) in 20 mL of toluene was added to

a dense suspension of the compound of formula (IV) naphthalen-2-ylhydrazyne
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hydrochloride (4.993 g, 25.69 mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-
2-yl)acetic acid (4.588 g, 28.64 mmol, 1.10 equiv.), and triethylamine (3.7 mL, 26.97
mmol, 1.05 equiv.) in 25 mL of toluene. After 60 minutes the solid was filtered and the
crude was then washed with 80 mL of 10°M HCI and then with 80 mL of water. The
organic layer was dried over MgSQ, and after filtering the solvent, it was evaporated to
dryness to obtain the compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-
(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction
was allowed to cool to room temperature. The crude was then concentrated in a
rotavapor so as to reduce as much as possible the MeOH volume. This evaporated
crude was basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The
basified crude was filtered and the filtrate thus obtained was acidified with dilute AcOH
(1:5 with water) to pH ~ 7. During the neutralisation a new precipitate was observed,
which was then filtered and dried in a desiccator. 5.032 g (87%) of a solid was obtained

corresponding to the title compound.

Example 10: Preparation of the compound of formula (VII)/(VIla) S-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC

A solution of DCC (5.844 g, 28.32 mmol, 1.1 equiv.) in 20 mL of THF was added at O
°C to a suspension of the compound of formula (IV) naphthalen-2-ylhydrazyne
hydrochloride (5.004 g, 25.71 mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-
2-yl)acetic acid (4.330 g, 27.03 mmol, 1.05 equiv.), and triethylamine (3.7 mL, 26.97
mmol, 1.05 equiv.) in 40 mL of THF. After 100 minutes the solid was filtered and the
solvent was evaporated to dryness to obtain the compound of formula (V) 2-(2,4-
dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of

concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one

hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction
was allowed to cool to room temperature. The crude was then concentrated in a
rotavapor so as to reduce as much as possible the MeOH volume. This evaporated
crude was basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The
basified crude was filtered and the filtrate thus obtained was acidified with dilute AcOH

(1:5 with water) to pH ~ 7. During the neutralisation a new precipitate was observed,
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which was then filtered and dried in a desiccator. 4.729 g (82 %) of a solid was
obtained corresponding to the title compound.

Washes: A suspension of the solid crude (4.589 g) was heated reflux for 30 min in 10
mL of ethyl acetate. It was cold filtered. The solid was washed with 6 mL of cold ethyl
acetate yielding 3.041 g (53%) of the title compound.

Example 11: Preparation of the compound of formula (VII)/(VIla) S5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC

A solution of DCC (5.823 g, 28.22 mmol, 1.1 equiv.) in 20 mL of AcOEt was added to
a suspension of the compound of formula (IV) naphthalen-2-ylhydrazyne hydrochloride
(4.988 g, 25.62 mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic
acid (4.352 g, 27.17 mmol, 1.05 equiv.), and triethylamine (3.7 mL, 26.97 mmol, 1.05
equiv.) in 40 mL of AcOEt. After 60 minutes solid was filtered and the crude was then
washed with 60 mL of 10°M HCI and then with 60 mL of water. The organic layer was
dried over MgSO, and after filtering the solvent was evaporated to dryness to obtain the
compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl)
acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of

concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one

hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction
was allowed to cool to room temperature. The crude was then concentrated in a
rotavapor so as to reduce as much as possible the MeOH volume. This evaporated
crude was basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The
basified crude was filtered and the filtrate thus obtained was acidified with dilute AcOH
(1:5 with water) to pH ~ 7. During the neutralisation a new precipitate was observed,
which was then filtered and dried in a desiccator. 3.614 g (62%) of a solid was obtained

corresponding to the title compound.

Example 12: Preparation of the compound of formula (VII)/(VIIa) S-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC

A solution of DCC (5.842 g, 28.31 mmol, 1.1 equiv.) in 20 mL of CH3CN was added at
0 °C to a suspension of the compound of formula (IV) naphthalen-2-ylhydrazyne
hydrochloride (4.994 g, 25.65 mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-
2-yl)acetic acid (4.354 g, 26.97 mmol, 1.05 equiv.), and triethylamine (3.7 mL, 26.97
mmol, 1.05 equiv.) in 40 mL of CH3CN. After 60 minutes the solid was filtered and the
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solvent was evaporated to dryness to obtain the compound of formula (V) 2-(2,4-
dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction
was allowed to cool to room temperature. The crude was then concentrated in a
rotavapor so as to reduce as much as possible the MeOH volume. This evaporated
crude was basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The
basified crude was filtered and the filtrate thus obtained was acidified with dilute AcOH
(1:5 with water) to pH ~ 7. During the neutralisation a new precipitate was observed,
which was then filtered and dried in a desiccator. 3.791 g (66%) of a solid was obtained

corresponding to the title compound.

Example 13: Preparation of the compound of formula (VII)/(VIIa) 5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC
A solution of DCC (5.542 g, 26.86 mmol, 1.1 equiv.) in 20 mL of isopropanol was

added at 0°C to a suspension of the compound of formula (IV) naphthalen-2-
ylhydrazyne hydrochloride (4.720 g, 24.25 mmol), the compound (Ila) 2-(2,4-dimethyl-
1,3-dioxolan-2-yl)acetic acid (4.095 g, 25.57 mmol, 1.05 equiv.), and triethylamine (3.5
mL, 25.46 mmol, 1.05 equiv.) in 40 mL of CH3CN. After 60 minutes the solid was
filtered and the solvent was evaporated to dryness to obtain the compound of formula
(V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction
was allowed to cool to room temperature. The crude was then concentrated in a
rotavapor so as to reduce as much as possible the MeOH volume. This evaporated
crude was basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The
basified crude was filtered and the filtrate thus obtained was acidified with dilute AcOH
(1:5 with water) to pH ~ 7. During the neutralisation a new precipitate was observed,
which was then filtered and dried in a desiccator. 2.587 g (48%) of a solid was obtained

corresponding to the title compound.

Example 14: Preparation of the compound of formula (VII)/(VIIa) 5-methyl-1-
(naphthalen-2-y)-1H-pyrazol-3-ol using DCC
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Over a solution of the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid
(8.68 kg, 54.2 mol) in methylene chloride (35 L), triethylamine (5.7 kg, 56.6 mol), the
compound of formula (IV) naphthalen-2-ylhydrazyne hydrochloride (10.5 kg, 53.9 mol)
and a solution of dicyclohexylcarbodiimide (11.3 kg, 55.0 mol) in methylene chloride
(13 L) were added. It was refluxed until the proper reaction control, was cooled at room
temperature and the suspension solid was filtered, washed with methylene chloride
(10.5 L). Methylene chloride was distilled and the obtained compound of formula (V)
2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide was dissolved
in methanol (157 L) and 35% HCI (6.3 L) and water (19 L) were added. The mixture
was refluxed for 1 hour to hydrolize the ketal group, thus obtaining the compound of
formula (VI) N'-(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises.
Methanol was distilled, water was added (42 L) and the solution was washed with
methylene chloride at basic pH. The organic layer was removed and pH of aqueous
layer fitted to 6. The precipitated solid was centrifuged, washed with water (15 L) and
suspended on ethyl acetate (37 L). It was centrifuged, washed with ethyl acetate (5 L)
and vacuum dried at 50°C. 8.7 kg of 5-methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-ol

(yield 72%) was obtained. No isomer was detected.

Example 15: Preparation of the compound of formula (VII)/(VIla) S-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC and HOBt

A solution of DCC (5.853 g, 28.37 mmol, 1.1 equiv.) in 20 mL of toluene was added at
0°C to a suspension of the compound of formula (IV) naphthalen-2-ylhydrazyne
hydrochloride (4.999 g, 25.69 mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-
2-yl)acetic acid (4.351 g, 27.16 mmol, 1.05 equiv.), triethylamine (3.7 mL, 26.97 mmol,
1.05 equiv.), and 1-hydroxybenzotriazole hydrate (HOBt) (201 mg, 1.31 mmol) in 40
mL of toluene. The reaction was kept at 0°C for one hour. After 60 minutes the solid
was filtered and the crude was then washed with 60 mL of 10°M HCI and 60 mL of

water. The organic layer was dried over MgSO, and finally the solvent was evaporated

to dryness to obtain the compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-
N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor
so as to reduce as much as possible the MeOH volume. This evaporated crude was
basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The basified
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crude was filtered and the filtrate thus obtained was acidified with dilute AcOH (1:5
with water) to pH ~ 7. During the neutralisation a new precipitate was observed, which
was then filtered and dried in a desiccator. 4.086 g (71%) of a solid was obtained
corresponding to the title compound. The isomeric ratio obtained for [5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-o0l] : [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol]
was 99.5:0.5.

Example 16: Preparation of the compound of formula (VII)/(VIla) S-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC and HOBt

A solution of DCC (5.830 g, 28.26 mmol, 1.1 equiv.) in 20 mL of toluene was added at
0 °C to a suspension of the compound of formula (IV) naphthalen-2-ylhydrazyne
hydrochloride (5.012 g, 25.75 mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-
2-yl)acetic acid (4.329 g, 27.03 mmol, 1.05 equiv.), triethylamine (3.7 mL, 26.97 mmol,
1.05 equiv.), and HOBt (201 mg, 1.31 mmol) in 40 mL of toluene. The reaction was

kept at 0 °C for two hours. After 60 minutes the solid was filtered and the filtrate was
evaporated to dryness to obtain the compound of formula (V) 2-(2,4-dimethyl-1,3-
dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor
so as to reduce as much as possible the MeOH volume. This evaporated crude was
basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The basified
crude was filtered and the filtrate thus obtained was acidified with dilute AcOH (1:5
with water) to pH ~ 7. During the neutralisation a new precipitate was observed, which
was then filtered and dried in a desiccator. 4.495 (78%) of a solid was obtained
corresponding to the title compound. The isomeric ratio obtained for [5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-o0l] : [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol]
was 99.5:0.5.

Example 17: Preparation of the compound of formula (VII)/(VIla) S-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC and HOBt

A solution of DCC (17.526 g, 84.94 mmol, 1.1 equiv.) in 60 mL of toluene was added at
0°C to a suspension of the compound of formula (IV) naphthalen-2-ylhydrazyne
hydrochloride (14.991 g, 77.01 mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-
dioxolan-2-yl)acetic acid (13.016 g, 81.26 mmol, 1.05 equiv.), triethylamine (11.2 mL,
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80.91 mmol, 1.05 equiv.), and HOBt (593 mg, 3.87 mmol) in 120 mL of toluene. The
reaction was kept at 0°C for one hour and 15 minutes. After 60 minutes the solid was
filtered and the crude was then washed with 180 mL of 10°M HCIl and 180 mL of
water. Finally the solvent from the organic layer was evaporated to dryness to obtain
the compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl)
acetohydrazide.

The dry crude was dissolved in 250 mL of MeOH. A solution of HCI in water (9 mL of
concentrated HCI in 21 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor
so as to reduce as much as possible the MeOH volume. This evaporated crude was
basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The basified
crude was filtered and the filtrate thus obtained was acidified with dilute AcOH (1:5
with water) to pH ~ 7. During the neutralisation a new precipitate was observed, which
was then filtered and dried in a desiccator. 14.020 g (81%) of a solid was obtained
corresponding to the title compound. The isomeric ratio obtained for [5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol] : [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol]
was 99.5:0.5.

Example 18: Preparation of the compound of formula (VII)/(VIla) S-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC and HOBt

A solution of DCC (5.859 g, 28.40 mmol, 1.1 equiv.) in 20 mL of CH,Cl, was added at
0 °C to a suspension of the compound of formula (IV) naphthalen-2-ylhydrazyne
hydrochloride (5.007 g, 25.72 mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-
2-yl)acetic acid (4.331 g, 27.04 mmol, 1.05 equiv.), triethylamine (3.7 mL, 26.97 mmol,
1.05 equiv.), and HOBt (199 mg, 1.30 mmol) in 40 mL of CH,Cl,. The reaction was
kept at 0 °C for one hour. After 60 minutes the solid was filtered, the filtrate was then
washed with 60 mL of 10°M HCI and 60 mL of water and the organic layer was dried

over MgSQy. Finally the solvent was evaporated to dryness to obtain the compound of
formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor

so as to reduce as much as possible the MeOH volume. This evaporated crude was
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basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The basified
crude was filtered and the filtrate thus obtained was acidified with dilute AcOH (1:5
with water) to pH ~ 7. During the neutralisation a new precipitate was observed, which
was then filtered and dried in a desiccator. 5.136 g (89%) of a solid was obtained
corresponding to the title compound. The isomeric ratio obtained for [5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-o0l] : [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol]
was 99.5:0.5.

Example 19: Preparation of the compound of formula (VII)/(VIla) S-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using DCC and HOBt

A solution of DCC (5.830 g, 28.26 mmol, 1.1 equiv.) in 20 mL of MeOH was added at
0 °C to a suspension of the compound of formula (IV) naphthalen-2-ylhydrazyne
hydrochloride (5.006 g, 25.72 mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-
2-yl)acetic acid (4.337 g, 27.08 mmol, 1.05 equiv.), triethylamine (3.7 mL, 26.97 mmol,
1.05 equiv.), and HOBt (197 mg, 1.28 mmol) in 40 mL of MeOH. The reaction was

kept at 0 °C for one hour. After 60 minutes the solid was filtered and the solvent was

evaporated to dryness to obtain the compound of formula (V) 2-(2,4-dimethyl-1,3-
dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor
so as to reduce as much as possible the MeOH volume. This evaporated crude was
basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The basified
crude was filtered and the filtrate thus obtained was acidified with dilute AcOH (1:5
with water) to pH ~ 7. During the neutralisation a new precipitate was observed, which
was then filtered and dried in a desiccator. 2.248 g (39%) of a solid was obtained
corresponding to the title compound. The isomeric ratio obtained for [5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-o0l] : [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol]
was 99.5:0.5.

Example 20: Preparation of the compound of formula (VII)/(VIIa) 5-methyl-1-
(naphthalen-2-vy1)-1H-pyrazol-3-ol using EDC
A solution of N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide (EDC, 1.439 g, 7.51

mmol) in 14 mL of anhydrous methylene chloride was added to a suspension of the

compound of formula (IV) naphthalen-2-ylhydrazyne hydrochloride (1.357 g, 6.99
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mmol), the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid (1.179 g, 7.36
mmol), and triethylamine (1020 pL, 7.36 mmol) in 6 mL of anhydrous methylene
chloride. After 15 minutes the solution was washed with 40 mL of 10°M HCI and then
40 mL of water. The organic layer was dried over MgSQOy and after filtering the
solvent, it was evaporated to dryness to obtain the compound of formula (V) 2-(2,4-
dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 100 mL of MeOH. A solution of HCI in water (2 mL of
concentrated HCI in 5 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor
so as to reduce as much as possible the MeOH volume (to » 10-15 ml). This evaporated
crude was basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The
basified crude was filtered, the solid was discarded and the filtrate thus obtained was
acidified with dilute AcOH (1:5 with water) to pH ~ 7. During the neutralisation a new
precipitate was observed, which was then filtered and dried in a desiccator. 1.301 g
(83%) of a solid was obtained corresponding to the title compound. The isomeric ratio
obtained for [S-methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-ol] : [3-methyl-1-(naphthalen-
2-yl)-1H-pyrazol-5-ol] was 99.5:0.5.

Example 21: Preparation of the compound of formula (VII)/(VIla) S-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol using EDC

A solution of EDC (5.041 g, 26.30 mmol, 1.16 equiv.) in 15 mL of methylene chloride
was added to a suspension at 0 °C of the compound of formula (IV) naphthalen-2-
ylhydrazyne hydrochloride (4.414 g, 22.68 mmol, 1 equiv.), the compound (I1a) 2-(2,4-
dimethyl-1,3-dioxolan-2-yl)acetic acid (4.030 g, 25.16 mmol, 1.1 equiv.), and

triethylamine (3.5 mL, 24.95 mmol, 1.1 equiv.) in 35 mL of anhydrous methylene
chloride. After 15 minutes the reaction mixture was washed with 80 mL of 10°M HCl
and then 80 mL of water. The organic layer was dried over MgSO, and after filtering
the solvent, it was evaporated to dryness to obtain the compound of formula (V) 2-(2,4-
dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction was
allowed to cool to room temperature. The crude was then concentrated in a rotavapor

so as to reduce as much as possible the MeOH volume (to ~ 10-15 ml). This evaporated
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crude was basified to pH ~ 14 with 4M NaOH obtaining a precipitate. The basified
crude was filtered, the solid was discarded and the filtrate thus obtained was acidified
with dilute AcOH (1:5 with water) to pH ~ 7. During the neutralisation a new
precipitate was observed, which was then filtered and dried in a desiccator. 4.613 g
(91%) of a solid was obtained corresponding to the title compound. The isomeric ratio
obtained for [S-methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-ol] : [3-methyl-1-(naphthalen-
2-yl)-1H-pyrazol-5-ol] was 99.5:0.5.

o Synthesis of the compound of formula (VII)/(VIIa) 5-methyl-1-(naphthalen-2-vl)-1H-

pyrazol-3-ol via step a2)

The following reaction scheme shows the chemical transformations taking place in
examples 22-23.

e}

o]

9 oo H
MOH EtsN Mo)ko/\ EtaN M”/N

HCI ag.

o
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S N
N
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Example 22: Preparation of the compound of formula (VID/(VIIa) S5-methyl-1-

(naphthalen-2-y1)-1H-pyrazol-3-ol via mixed anhydrides of formula (III)

Over a solution of the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid
(4.320 g, 26.97 mmol) in 50 mL of CH,Cl,, ethyl chloroformate (2.5 mL, 25.75 mmol)
at 0 °C was added. Keeping temperature at O °C anhydrous Et;N (3.9 mL, 28.26 mmol)
was slowly added to obtain the compound of formula (III) ethyl carbonic 2-(2,4-
dimethyl-1,3-dioxolan-2-yl)acetic anhydride. After 20 minutes of stirring, a suspension
of the compound of formula (IV) naphthalen-2-ylhydrazyne hydrochloride (5.007 g,
25.69 mmol) and Et;N (3.9 mL, 28.26 mmol) in 35 mL of anhydrous CH,Cl, was added

at r.t. over the mixed anhydride. After 3 hours solvent was evaporated to obtain the
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compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-(naphthalen-2-yl)
acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCI in 7 mL of water) was added and the reaction was refluxed for one
hour to hydrolyze the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. The reaction
was allowed to cool to room temperature. The crude was then concentrated in a
rotavapor so as to reduce as much as possible the MeOH volume. This evaporated
crude was basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The
basified crude was filtered, the solid was discarded and the filtrate thus obtained was
acidified with dilute AcOH (1:5 with water) to pH ~ 7. During the neutralisation a new
precipitate was observed, which was then filtered and dried in a desiccator. 5.612 g
(97%) of a solid was obtained corresponding to the title compound according to 'H
NMR. The isomeric ratio obtained for [S-methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-ol]
. [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol] was 98:2.

Example 23: Preparation of the compound of formula (VII)/(VIIa) 5-methyl-1-

(naphthalen-2-y1)-1H-pyrazol-3-ol via mixed anhydrides of formula (III)

Over a solution of the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid
(3.06 kg, 19.1 mol) in methylene chloride (27.5 L), triethylamine (4.1 kg, 40.1 mol) and
ethyl chloroformate (2.0 kg, 18.7 mol) were added at 0/5°C to obtain the compound of
formula (III) ethyl carbonic 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic anhydride. The
compound of formula (IV) naphthalen-2-ylhydrazyne hydrochloride (3.69 kg, 20.0 mol)
was added and stirred at room temperature until the proper reaction control. Methylene
chloride was distilled and the obtained compound of formula (V) 2-(2,4-dimethyl-1,3-
dioxolan-2-yl)-N'-(naphthalen-2-yl) acetohydrazide was dissolved in methanol (44 L)
and 35% HCI (2.2 L) and water (6.5 L) were added. The mixture was refluxed for 1
hour to hydrolize the ketal group, thus obtaining the compound of formula (VI) N'-
(naphthalen-2-yl)-3-oxobutanehydrazide which subsequently cyclises. Methanol was
distilled, water was added (15 L) and the solution was washed with methylene chloride
at basic pH. The organic layer was removed and pH of aqueous layer fitted to 6. The
precipitated solid was centrifuged, washed with water (7.5 L) and vacuum dried at
50°C. 3.7 kg of 5-methyl-1-(naphthalen-2-yl)-1H-pyrazol-3-ol (yield 86%) was

obtained.

The following reaction scheme shows the chemical transformations taking place in

examples 24-25.
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Example 24: Preparation of the compound of formula (VII)/(VIIa) 5-methyl-1-

(naphthalen-2-yl)-1H-pyrazol-3-ol using via acid chloride of formula (III)
An amount of the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid (1.043

g, 6.51 mmol) was dissolved in 20 ml of toluene. Under stirring, thionyl chloride (550
ul, 7.49 mmol, 1.15 equiv.) was added and the solution was heated at 80 °C for 2 h 15
min. After this period of time, the solution was allowed to cool to room temperature
and reduced by half the volume of toluene by distillation, thus obtaining a solution of
the compound of formula (III) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetyl chloride.

This solution of acid chloride in toluene was cannulated over a solution of the
compound of formula (IV) naphthalen-2-ylhydrazyne (free base, 1.072 g, 6.84 mmol)
and Et3N (1350 pL, 9.76 mmol) in 10 mL of methylene chloride in an ice bath. Once
acid chloride was added the cool bath was removed and the mixture was stirred at rt for
45 minutes. After this period of time, the reaction mixture was concentrated to dryness
to obtain the compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-
(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 100 mL of MeOH. A solution of HCI in water (2 mL of
concentrated HCl in 5 mL of water) was added to hydrolize the ketal group, thus
obtaining the compound of formula (VI) N'-(naphthalen-2-yl)-3-oxobutanehydrazide
which subsequently cyclises. The reaction was refluxed for one hour and was allowed
to cool to room temperature. The crude was then concentrated in a rotavapor so as to
reduce as much as possible the MeOH volume (to = 10-15 mL). This evaporated crude
was basified to pH ~ 14 with 2M NaOH obtaining a precipitate. The basified crude was
filtered and the filtrate thus obtained was acidified with dilute AcOH (1:5 with water) to
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pH ~ 7. During the neutralisation a new precipitate was observed, which was then
filtered and dried in a desiccator. 1.126 g (77%) of a solid was obtained corresponding
to the title compound. The isomeric ratio obtained for [S-methyl-1-(naphthalen-2-yl)-
1H-pyrazol-3-ol] : [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol] was 97:3.

Example 25: Preparation of the compound of formula (VII)/(VIIa) S5-methyl-1-

(naphthalen-2-yl)-1H-pyrazol-3-ol via acid chloride of formula (I1I)
An amount of the compound (Ila) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetic acid (5.575

g, 34.77 mmol, 1.35 equiv.) was dissolved in 50 ml of toluene. Under stirring, thionyl
chloride (2.5 mL, 34.77 mmol, 1.35 equiv.) was added and the solution was heated at
80°C for 2 h. After this period of time, the solution was allowed to cool to room
temperature and reduced by half the volume of toluene by distillation, thus obtaining a
solution of the compound of formula (III) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)acetyl
chloride.

This solution of acid chloride in toluene was cannulated over a solution of the
compound of formula (IV) naphthalen-2-ylhydrazyne hydrochloride (5.001 g, 25.69
mmol) and Et;N (10.1 mL, 72.7 mmol) in 20 mL of toluene in ice bath was added
dropwise. Once acid chloride was added the cool bath was removed and the mixture
was stirred at r.t. for 16 hours. After this period of time, the organic layer was washed
with 80 mL of water and dried over MgSO, and was filtered, and concentrated then to
dryness to obtain the compound of formula (V) 2-(2,4-dimethyl-1,3-dioxolan-2-yl)-N'-
(naphthalen-2-yl) acetohydrazide.

The dry crude was dissolved in 130 mL of MeOH. A solution of HCI in water (3 mL of
concentrated HCl in 7 mL of water) was added to hydrolize the ketal group, thus
obtaining the compound of formula (VI) N'-(naphthalen-2-yl)-3-oxobutanehydrazide
which subsequently cyclises. The reaction was refluxed for one hour and was allowed
to cool to room temperature. The crude was then concentrated in a rotavapor so as to
reduce as much as possible the MeOH volume (to ~ 10-15 mL). This evaporated crude
was basified to pH ~ 14 with 2M NaOH (~ 40 mL) obtaining a precipitate. The basified
crude was filtered and the filtrate thus obtained was acidified with dilute AcOH (1:5
with water) to pH ~ 7. During the neutralisation a new precipitate was observed, which
was then filtered and dried in a desiccator. 3.738 g (65%) of a solid was obtained
corresponding to the title compound. The isomeric ratio obtained for [5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-o0l] : [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol]
was 99.5:0.5.
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Example 26 (Comparative): Adaptation of the process by Ueda et al. 1982 for the
preparation of the compound of formula (VII)/(VIIa) S-methyl-1-(naphthalen-2-yI)-1H-
pyrazol-3-ol

Naphthalen-2-ylhydrazine hydrochloride (30 g) and NaOMe (20,85 g) were slurried in
toluene (300 ml) and heated to 80/85 °C. Ethyl 2-(2,4-dimethyl-1,3-dioxolan-2-
yl)acetate (30,6 ml) was added and maintained for 90 min. Ethyl 2-(2,4-dimethyl-1,3-
dioxolan-2-yl)acetate (8,2 ml) and NaOMe (2,5 g) were added and maintained for 2 h.
NaOMe (1,7 g) was added and maintained for 1 h. The mixture was cooled to room

temperature, water (450 ml) was added and pH adjusted to 6-8 with aqueous HCI. The
organic layer was concentrated to dryness under vacuum and methanol (450 ml), HCI
35% (18 ml) and water (54 ml) were added. The mixture was heated to reflux for 90
min and concentrated under vacuum to 165 ml of final volume. Water (120 ml) and
CH2CI2 (120 ml) were added and pH adjusted to 12,2-12,7 (basified with NaOH 25%).
Upper organic layer was discarded, and pH of lower aqueous layer was adjusted to 5,0-
7,0 with acetic acid 80%. The solid was filtered, washed with water (45 ml) and
slurried in ethyl acetate (102 ml) 2 h at 20/25 °C. The solid was filtered, washed with
ethyl acetate (15 ml) and dried to yield 20,24 g (46%) of a mixture [5-methyl-1-
(naphthalen-2-yl)-1H-pyrazol-3-ol]: [3-methyl-1-(naphthalen-2-yl)-1H-pyrazol-5-ol]
(80:20).
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Claims

1. A process for the preparation of a compound of formula (V)

2

RS R®
o o)
© H
e N ~N
R? N RS
H
R1
5 V)

said process comprising the step of:

al) coupling a compound of formula (II) with a compound of formula (IV) in a suitable
solvent, in the presence of a coupling agent, and optionally in the presence of an
activating agent of the coupling agent; or

10
RS R®
o o)
o)
R? OH H
R' N O R
(1D (Iv)

a2) converting a compound of formula (II) into a compound of formula (IIT) with an
15 activating agent, and coupling said compound of formula (IIT) with a compound of

formula (IV) in a suitable solvent,

RS R®
o o)
o)
R? z
R1
(111)

wherein in each of the compounds of formula (II), (IIT), (IV), and (V), where applicable,
20 R'ishydrogen or Cy.alkyl;

R’ is hydrogen, Cyalkyl, or phenyl;

R’ is naphthyl optionally substituted with one or two substituents selected from halo

and C, salkoxy;
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R’ and R® are, each independently, C,salkyl, polyhaloC,salkyl, -C(=0)-C salkyl,
phenyl, benzyl optionally substituted with nitro; or together with the two oxygen atoms
to which they are attached to, form a 4-7 membered heterocyclic ring optionally
substituted with one substituent selected from halo, C;salkyl, C,.salkenyl, polyhaloC;.
salkyl,  triC;ealkylsilyl,  diC;galkylphenylsilyl,  C;salkyldiphenylsilyl,  triC;.
calkylsilylCisalkyl, diCisalkylphenylsilylC;galkyl, CjsalkyldiphenylsilylC;.salkyl,
phenyl optionally substituted with nitro or methoxy, and pyridyl; or the 4-7 membered
heterocyclic ring is optionally substituted with two substituents selected from halo and
Cisalkyl;

Z represents halo, -0-CO-R’, or —0-CO-OR’; and

R’ is C4alkyl, aryl, or benzyl.

2. The process according to claim 1, wherein the ketal or acetal group of the compound

of formula (V) is further cleaved in a suitable solvent;

R® R®
o o
© H
7~ N\
R? N R3
H
R1
V)
thereby forming a compound of formula (VI),
0] 0]
H
e "
R? N R3
H
R1
(VD)

and cyclization of the compound of formula (VI) is allowed, thereby obtaining a

compound of formula (VII), a tautomer (VIla), and salts thereof;
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L L
(VID) (VIIa)

wherein in each of compounds of formula (V), (VI), (VII), and (VIIa),
RY, R% R, R®, and R® are as defined in claim 1.

3. A process for the preparation of a compound of formula (VII), a tautomer (VIla), and

salts thereof, as defined in claim 2, said process comprising the steps of

al) coupling a compound of formula (IT) with a compound of formula (IV) in a suitable

solvent, in the presence of a coupling agent, and optionally in the presence of an
10 activating agent of the coupling agent,

R® R®
o 0
@)
R? OH H
R' N O R
(I1) (Iv)
or
15
a2) converting a compound of formula (II) into a compound of formula (IIT) with an
activating agent, and coupling said compound of formula (IIT) with a compound of
formula (IV) in a suitable solvent,
R® R®
o o
@)
R? z
R1
20 (10

thereby obtaining a compound of formula (V),
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RS R®
o o)
© H
e N ~N
R? N RS
H
R1
V)

followed by the cleavage, in the same reaction mixture, of the ketal or acetal group of
the compound of formula (V) in a suitable solvent, thereby forming a compound of

formula (VI),
0] 0]

2T

PN

R1

(VD)
and allowing cyclization of the compound of formula (VI), thereby obtaining a
compound of formula (VII), a tautomer (VIla), and salts thereof, wherein in each of
compounds of formula (V), (VI), (VII), and (VIIa),
R, R%L R, R, R%, R, and Z are as defined in claims 1 or 2.

4. The process according to any one of claims 1-3, wherein the compound of formula
(IV) is obtained by reacting a salt of the compound of formula (IV) with a base.

5. The process according to claim 4, where the reaction of a salt of compound of the

formula (IV) with a base is performed in the same reaction mixture of claims 1-3.

6. The process according to any one of claims 1-5, wherein the coupling agent in step
al) is a  carbodiimide, preferably dicyclohexylcarbodiimide (DCC),
diisopropylcarbodiimide (DIC), or N-ethyl-N'-[(3dimethylamino)propyl]carbodiimide
(EDC).

7. The process according to any one of claims 1-6, wherein the activating agent of the
coupling agent in step al) is selected from 1-hydroxybenzotriazole (HOBt) and 4-
dimethylaminopyridine (4-DMAP).



WO 2012/013755 PCT/EP2011/063020

53

8. The process according to any one of claims 1-5, wherein the activating agent in step
a2) is selected from a halogenating agent, C,4alkyl acid halide, aryl acid halide, benzyl

acid halide, C;4alkyl haloformate, aryl haloformate, and benzyl haloformate.

5 9. The process according to any one of claims 1-8, wherein the compound of formula

(IT) is prepared by cleaving R* from compound of formula (I),

RS R®
o o)
o)
R4
R2 o
R1
D

10 wherein in compound of formula (I),
RY, R% R®, and R® are as defined in claim 1; and

R* is Ci6alkyl, aryl, or benzyl.

10. The process according to claims 2 or 3, wherein the cleavage of the ketal or acetal
15 group of compound of formula (V) is performed by acidic treatment in an aqueous

medium, an organic solvent, or a mixture thereof.

11. A compound of formula (VI), a salt, or stereoisomer thereof,

O O

2T

PN

R? RS

Iz

20 R'
(VD)
wherein,

R', R% and R’ are as defined in claim 1.

25 12. A compound of formula (V), a salt, or stereoisomer thereof,
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RS R®
o o)
© H
e N ~N
R? N RS
H
R1
V)

wherein,

R, R% and R’ are as defined in claim 1; and

R’ and R® are, each independently, C,.alkyl, polyhaloCisalkyl, acetyl, phenyl, benzyl,
2-nitrobenzyl; or together with the two oxygen atoms to which they are attached to,
form a 4-7 membered heterocyclic ring optionally substituted with one substituent
selected from halo, Cisalkyl, Cssalkenyl, haloC,salkyl, trimethylsilyl,
trimethylsilylmethyl, phenyl, 2-nitrophenyl, 4-methoxyphenyl, 2-pyridyl; or the 4-7
membered heterocyclic ring is optionally substituted with two substituents selected
from halo and C,salkyl.

13. A compound of formula (IIT), a salt, or stereoisomer thereof,
R® R®
o o

O

R? z

(IID)
wherein,
R' is hydrogen or C,alkyl;
R’ is hydrogen, Cyalkyl, or phenyl;
R’ and R® are, each independently, ethyl, butyl, or together with the two oxygen atoms
to which they are attached to, form a 4-7 membered heterocyclic ring substituted with
one or more substituents selected from halo, Cisalkyl, C,salkenyl, polyhaloC;alkyl,
triCy.¢alkylsilyl, diC,salkylphenylsilyl, C,salkyldiphenylsilyl, triC, salkylsilylC;salkyl,
diCy salkylphenylsilylC,salkyl, C;salkyldiphenylsilylC,salkyl, phenyl optionally
substituted with nitro or methoxy, and pyridyl; or the 4-7 membered heterocyclic ring is
substituted with two substituents selected from halo and C,alkyl;
Z represents halo, -0-CO-R’, or —0-CO-OR’; and
R’ is C4alkyl, aryl, or benzyl.
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14. A compound of formula (II), a salt, or a stereoisomer thereof.

RS R®
o o)
o}
R? OH
R1
(IT)
wherein

R' is hydrogen;

R’ is methyl;

R’ and R® are, each independently, Csalkyl; or together with the two oxygen atoms to
which they are attached to, form a 4-7 membered heterocyclic ring substituted with one
substituent selected from halo, Cisalkyl, Cjcalkenyl, polyhaloC,salkyl, triC;.
salkylsilyl, diCjsalkylphenylsilyl, Cisalkyldiphenylsilyl, triC;salkylsilylC;.calkyl, diC;.
salkylphenylsilylC; galkyl, C;salkyldiphenylsilylC;salkyl, phenyl optionally substituted
with nitro or methoxy, and pyridyl; or the 4-7 membered heterocyclic ring is substituted
with one halo and one C,salkyl.

15. Use of a compound of formula (VI), (V), (III), (I), (I), a salt, or stereoisomer
thereof, as defined in any one of claims 1, 2, 9, 11-14, as applicable,

as an intermediate in the preparation of a compound of formula (X),

R! O——(CHy),
N—R®
DN
N
!
X)

wherein,

RY, R?, and R’ are as defined in claim 1;

nis 2, 3, or4; and

R® and R’ are, each independently, C,salkyl, C).alkoxyCigalkyl, benzyl, or together
with the nitrogen atom to which they are attached to, form a morpholinyl optionally

substituted with C;salkyl; thiomorpholinyl; piperazinyl optionally substituted with C;.
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salkyl, Cisalkylcarbonyl, or C;salkoxycarbonyl; piperidinyl optionally substituted with
Cisalkylcarbonyl, phenyl, or 3H-imidazo[4,5-b]pyridinyl; pyrrolidinyl optionally
substituted with amino or C;salkylcarbonylamino; pirazolinyl; 1,2,3,4-
tetrahydroisoquinolinyl; or 3H-imidazo[4,5-b]pyridinyl.
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PROCESO PARA LA PREPARACION DE INTERMEDIOS DE
1-ARIL-PIRAZOL-3-ONA UTILES EN LA SINTESIS DE INHIBIDORES DE
RECEPTORES SIGMA

Campo de la invencion
La presente invencion se refiere a un proceso para preparar intermedios de 1-aril-pirazol-3-
ona, tautémeros, y sales de los mismos, a intermedios nuevos, y a la utilizacién de los

intermedios en la preparacion de inhibidores de receptores sigma.

Antecedentes de la invencion
Los trastornos psiquidtricos y neuroldgicos se encuentran entre las enfermedades y patologias
mas graves y cronicas. Estos trastornos son extremadamente dificiles de tratar de manera

eficaz debido a la multiplicidad de sintomas y etiologias.

Entre el arsenal terapéutico para combatir estos trastornos psiquidtricos y neuroldgicos, se ha
observado que los inhibidores de receptores sigma son ttiles en el tratamiento de la psicosis y
trastornos del movimiento, tales como distonia y la disquinesia tardia y alteraciones motoras
asociadas con la corea de Huntington o el sindrome de Tourette y en la enfermedad de
Parkinson (Walker, J.M. et al, Pharmacological Reviews, 1990, 42, 355).

W02006021462 y WO2007098953 describen compuestos que contienen pirazol que
presentan actividad farmacoldgica hacia el receptor sigma, siendo particularmente util en la
terapia del dolor, en particular el dolor neuropético o alodinia. Estos compuestos tienen la

siguiente estructura quimica:

R6—N
(CH2—© R’
S T>x
Ny R? R O——(CHy)»
~ /N
l R® R? N/
J
\\R4 \I/

Estos compuestos se pueden preparar segin las rutas esquemadticas descritas en
W02006021462 y W0O2007098953. De particular interés son los intermedios representados

1



por la férmula (II) en dichas solicitudes de patente (referidos adicionalmente como

intermedios finales):
HO R!

/o

AN R2
N

~ |
SO

en la que R’ y R* son independientemente halégeno o Cj.alcoxi, o junto con el fenil al que

R3

estan unidos, forman un anillo naftilo opcionalmente sustituido.

Segun las rutas presentadas en las solicitudes de patentes mencionadas, estos intermedios se
pueden preparar mediante la reaccion de un derivado de acetohidrazida con un acetoacetato de
etilo; mediante la reaccion de un derivado de hidracina con un butinoato de etilo; o mediante
el método proporcionado por F. Effenberger y W. Hartmann, Chem. Ber., 102(10), 3260-
3267, 1969, donde una hidracida del 4acido etoxiacrilico reacciona con acido mineral

concentrado.

Cuando se consideran las diferentes rutas para la preparacién de los intermedios de 1-aril-
pirazol-3-ona referidos anteriormente, una estrategia es reaccionar directamente una
arilhidrazina con un cetoacetato. Sin embargo, este atajo presenta la desventaja de que siendo
el nitrogeno distal de la hidracina el atomo mads reactivo, reaccionara preferiblemente con el
carbonilo de la cetona del cetoacetato — mds electrofilico — que con el carbonilo del éster del
mismo reactivo, que es lo que se desearia. La reaccién no deseada da lugar a una enamina que
después de la ciclacién produce el isémero no deseado de intermedios de 1-aril-pirazol-3-ona,
es decir 1-aril-pirazol-5-ona (representada a continuacién). Esta reaccion fue reproducida por

los inventores y también se describe en Bioor. and Med. Chem. 2004, 2317.
R! R?

HO

Por tanto, debido a esta reaccién no deseada, la solucién propuesta por W0O2006021462 y
WO02007098953, protege la arilhidrazina mediante su conversion en una acetohidrazida,

forzando asi la reaccion entre el dtomo de nitrégeno proximal de la hidrazida —ahora maés



reactiva— con el carbonilo de la cetona del acetoacetato de etilo. Se forma una enamina, que
es sometida a condiciones 4dcidas enérgicas para que se cicle y asi dar lugar al intermedio de
1-aril-pirazol-3-ona. Dichas condiciones enérgicas generan una cantidad significativa de

subproductos que consecuentemente disminuiran el rendimiento de la reaccion.

WO02009130314 (Laboratorios del Dr. Esteve) se refiere a un proceso para preparar
intermedios de naftalen-2-il-pirazol-3-ona, tautdmeros, y sales de los mismos, a intermedios
nuevos, y a la utilizacién de los intermedios en la preparacion de inhibidores de receptores
sigma. Esta ruta alternativa comprende en particular someter las 2-metil-2-(naftalen-2-

ildiazenil)furan-3(2H)-onas a condiciones acidas.

Ueda et al. (Synthesis of pirazolone derivatives. XLII. Synthesis and analgesic activity of 2-
methyl-1-fenil-6,7-dihydro-1H,5H-pirazolo[5,1-b][1,3]oxazin-8-ium bromide. Yakugaku
Zasshi (1982), 102(8), 743-7) propone en la Tabla I de la pagina 744 y en los dos ultimos
parrafos en la pagina 745, la reaccién de un 2-(2-metil-1,3-dioxolan-2-il)acetato de etilo con
fenilhidrazina en presencia de met6xido sédico como base y benceno como disolvente,
obteniendo asi la 2-(2-metil-1,3-dioxolan-2-il)-N’-fenilacetohidrazida, que se cicla
posteriormente después del tratamiento con écido clorhidrico al 10% y se calienta en un bafio
de agua a 90 °C, para obtener 3-hidroxi-5-metil-1-fenilpirazol. Sin embargo, este método
presenta la desventaja de que tanto el metéxido sédico como el benceno no son adecuados
para el escalado industrial, en particular el metéxido sddico es un reactivo peligroso y
altamente toxico y el benceno es carcinogénico y, por tanto, no es adecuado para su uso en
grandes cantidades. Ademds, la reaccién ideada por Ueda et al. presenta un rendimiento no
optimo para la 2-(2-metil-1,3-dioxolan-2-il)-N'-fenilacetohidrazida (30 %). Principalmente,
cuando los inventores intentaron reproducir dicha reaccién con condiciones similares y se
utiliz6 una naftilhidrazina en lugar de la fenilhidrazina (véase el Ejemplo 26 a continuacién),
no tuvieron éxito en la preparacidon del intermedio final deseado con una pureza isomérica
optima. Contrariamente, se obtuvo una mezcla isomérica (80:20) de 5-metil-1-(naftalen-2-il)-
1H-pirazol-3-ol (isémero deseado) y 3-metil-1-(naftalen-2-il)-1H-pirazol-5-ol (isémero no
deseado). Este proceso no evita que el nitrogeno distal de la hidrazina reacciones con el
carbonilo de la cetona del cetoacetato, generando asi subproductos que hacen que esta ruta no

sea interesante para la produccién industrial.

Por lo tanto, los inventores afrontaron estos problemas sobre el control de la regioselectividad
de la reaccién mencionada e intentando satisfacer la necesidad de un proceso mejorado e
industrialmente factible cuando se comparaba con los propuestos por W02006021462,
W02007098953, W02009130314, y Ueda et al., previeron un proceso regioselectivo en el

que el cetoacetato es sustituido por un reactivo mas ventajoso —la forma 4cida— y observaron



sorprendentemente que dicho proceso no sélo funciona y da lugar a un mayor rendimiento
frente a los procesos de la técnica anterior, sino que también permite la produccién industrial

de estos intermedios con, principalmente, un grado elevado de pureza isomérica.

Descripcion resumida de la invencion
La presente invencion se refiere a un proceso para la preparacién de un compuesto de férmula

V),

R RS
o 0
© H
/N\
R? N R3
H
R1

V)
comprendiendo dicho proceso la etapa de:
al) acoplar un compuesto de formula (II) con un compuesto de férmula (IV) en un disolvente
adecuado, en presencia de un agente de acoplamiento, y opcionalmente en presencia de un

agente desactivador del agente de acoplamiento; o

R® RS
o o)
o)
R2 OH .
R ++2r¢"//’ gs
0 av)

a2) convertir un compuesto de férmula (II) en un compuesto de férmula (II) con un agente
activador, y acoplar dicho compuesto de férmula (IIT) con un compuesto de férmula (IV) en

un disolvente adecuado,

R5 R
o o)
o}
R? z
R'l
(1II)

donde en cada uno de los compuestos de féormula (II), (IIT), (IV), y (V), donde sea aplicable,



R!es hidrégeno o C;alquilo;

R’ es hidrégeno, C;_salquilo, o fenilo;

R? es naftilo opcionalmente sustituido con uno o dos sustituyentes seleccionados entre
halégeno y Cj.salcoxi;

R’ y R® son, cada uno independientemente, C;galquilo, polihaloC;alquilo, -C(=0)-C;.
calquilo, fenilo, bencilo opcionalmente sustituido con nitro; o junto con los dos dtomos de
oxigeno a los que estd unido, forman un anillo heterociclico de 4-7 miembros opcionalmente
sustituido con un sustituyente seleccionado entre halo, C;salquilo, C,alquenilo, polilhaloC;.
salquilo, triCjalquilsililo, diC;alquilfenilsililo, Cjgalquildifenilsililo, triC;_alquilsililC;.
calquilo, diC,alquilfenilsililC;¢alquilo, C;¢alquildifenilsililC,¢alquilo, fenilo opcionalmente
sustituido con nitro o metoxi, y piridilo; o el anillo heterociclico de 4-7 miembros estd
opcionalmente sustituido con dos sustituyentes seleccionados entre haldgeno y Cjalquilo;

Z representa halégeno, -0-CO-R’, 0 —-0-CO-OR’; y

R’ esC 14alquilo, arilo o bencilo.

La presente invencién también se refiere al proceso presentado anteriormente, en el que el

grupo cetal o acetal del compuesto de férmula (V) se separa posteriormente en un disolvente

adecuado;
R® R®
o o)
© H
~ N\
R? N R®
H
R1
V)
formando de este modo un compuesto de férmula (VI),
(0] (0]
H
-~ N\
R? N R3
H
R']
(VD)

y permitiendo la ciclacién del compuesto de férmula (VI), obteniendo de este modo el

compuesto de formula (VII), un tautémero (VIla), y sales de los mismos;



R! o) R! OH

NH N
R2 R2
il il
R? R?
(VID) (VIla)

donde en cada uno de los compuestos de formula (V), (VI), (VID), y (VIla), cuando sea
aplicable,

1 p2 pP3 RS 6 . -
R, R% R R, y R” son tal como se han definido anteriormente.
Las reacciones anteriores se pueden realizar del modo “one-pot”.

La presente invencion se refiere ademds a compuestos de férmulas (VI), (V), (III), (II), y
(ITa), per se, las sales y estereoisomeros de los mismos, y a la utilizacién de (VI), (V), (III),
D), (la), y (I, las sales y estereoisomeros de los mismos, como intermedios en la
preparacion de un compuesto de férmula (X), sales farmacéuticamente aceptables, isémeros,

profarmacos, y solvatos de los mismos.

R! O——(CHy),
RS R
o 0 N—~R®
/
O R4 / \N R8
2
R? o/ R N/
R? ||a3
D (X)

donde en cada uno de los compuestos de férmula (I) y (X), cuando sea aplicable,
Rl, Rz, R3, RS, y R® son tal como se han definido anteriormente y R4, Rs, R9, y n son tal

como se han definido anteriormente.

Descripcion de la invencion
La presente invencion se refiere a un proceso para la preparacién de un compuesto de férmula

V),



V)
comprendiendo dicho proceso la etapa de:
al) acoplar un compuesto de formula (II) con un compuesto de férmula (IV) en un disolvente
adecuado, en presencia de un agente de acoplamiento, y opcionalmente en presencia de un

agente desactivador del agente de acoplamiento; o

R® RS
o o)
o)
R? OH H
R’ HNT RS
(I (Iv)

a2) convertir un compuesto de férmula (II) en un compuesto de férmula (III) con un agente
activador, y acoplar dicho compuesto de féormula (IIT) con un compuesto de férmula (IV) en

un disolvente adecuado,

R® R®
o o)
o}
R2 z
R1
(1IT)

donde en cada uno de los compuestos de formula (1), (IIT), (IV), y (V), cuando sea aplicable,
Rles hidrégeno o C;alquilo;

R’ es hidrégeno, C;_salquilo, o fenilo;

R? es naftilo opcionalmente sustituido con uno o dos sustituyentes seleccionados entre
halégeno y Cj.salcoxi;

R y R® are, cada uno independientemente, Cj.alquilo, polilhaloC,.alquilo, -C(=0)-C;.
calquilo, fenilo, bencilo opcionalmente sustituido con nitro; o junto con los dos dtomos de
oxigeno a los que estd unido, forman un anillo heterociclico de 4-7 miembros opcionalmente
sustituido con un sustituyente seleccionado entre haldgeno, Cjgalquilo, Cjealquenilo,

polilhaloC galquilo, triC;ealquilsililo, diC;ealquilfenilsililo, C,galquildifenilsililo, triC;.
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calquilsililC;_ealquilo, diC,.salquilfenilsililC, ¢alquilo, C,;alquildifenilsililC;¢alquilo, fenilo
opcionalmente sustituido con nitro o metoxi, y piridilo; o el anillo heterociclico de 4-7
miembros estd opcionalmente sustituido con dos sustituyentes seleccionados entre halégeno y
Cisalquilo;

Z representa halégeno, -0-CO-R’, 0 —-0-CO-OR’; y

R’ esC 14alquilo, arilo o bencilo.

Tal como se utiliza anterior o posteriormente en la presente invencién, Cj4alquilo como
grupo o parte de un grupo define radicales hidrocarburos saturados de cadena lineal o
ramificada que tienen de 1 a 4 4tomos de carbono, tales como metilo, etilo, propilo, 1-
metiletilo, butilo; C;¢alquilo como grupo o parte de un grupo define radicales hidrocarburos
saturados de cadena lineal o ramificada que tienen de 1 a 6 4&tomos de carbono, tales como el

grupo definido para C;4alquilo y pentilo, hexilo, 2-metilbutilo, y similares.

El término C,¢alquenilo como grupo o parte de un grupo define radicales hidrocarburos de
cadena lineal o ramificada que tienen alquenilo como grupo o parte de un grupo define
radicales hidrocarburos de cadena lineal o ramificada que tienen enlaces carbono-carbono
saturados y por lo menos un doble enlace, y que tiene de 2 a 6 d&tomos de carbono, tales como,
por ejemplo, etenilo (o vinilo), 1-propenilo, 2-propenilo (o alilo), 1-butenilo, 2-butenilo, 3-
butenilo, 2-metil-2-propenilo, 2-pentenilo, 3-pentenilo, 2-hexenilo, 3-hexenilo, 4-hexenilo, 2-
metil-2-butenilo, 2-metil-2-pentenilo y similares. De interés entre los C,¢alquenilo estd el C,.

salquenilo.

El término Cgalcoxi significa C;galquiloxi o un radical C,.alquil éter, donde el término C;.
calquilo es tal como se ha definido anteriormente. Entre los ejemplos de radicales alquil éter
adecuados se incluyen metoxi, etoxi, n-propoxi, isopropoxi, n-butoxi, iso-butoxi, sec-butoxi,

tert-butoxi, hexanoxi y similares.

Tal como se utiliza en la presente invencidn, el término haluro se refiere a fldor, cloro, bromo

y yodo.
El término halégeno es genérico para fluoro, cloro, bromo, y yodo.

El término polihaloC,.¢alquilo como grupo o parte de un grupo, por ejemplo, en polihaloC;.
¢alcoxi, se define como un C;galquilo sustituido con monohalégenos o polihalégenos, en
particular C;galquilo sustituido con hasta uno, dos, tres, cuatro, cinco, seis 0 mas dtomos de
hal6geno, tales como metilo o etilo con uno o mds atomos de flior, por ejemplo,

difluorometilo, trifluorometilo, trifluoroetilo. Se prefiere el trifluorometilo. También se



incluyen grupos perfluoroC;.¢alquilo, que son grupos Cj.salquilo donde todos los dtomos de
hidrégeno estdn sustituidos por atomos de fldor, por ejemplo, pentafluoroetilo. En el caso de
que mds de un dtomo de halégeno esté unido a un grupo segtn la definicién de polihaloC;.

calquilo, los atomos de hal6geno pueden ser iguales o diferentes.

El término naftilo se refiere a 1-naftilo o 2-naftilo. El anillo 1-naftilo puede estar sustituido
con uno o dos haldgenos o C;alcoxi en cada una de las posiciones 2, 3, 4, 5, 6, 7, y 8. El
anillo 2-naftilo puede estar sustituido con uno o dos halégenos o C;_salcoxi en cada una de las
posiciones 1, 3,4, 5, 6, 7, y 8. En una realizacién preferida, el anillo naftilo es 2-naftilo. En
una realizacién preferida, el anillo 2-naftilo no estd sustituido. En otra realizacion, el anillo 2-
naftilo estd sustituido en las posiciones 5, 6 6 7 por un grupo Cjgalcoxi, preferiblemente

seleccionado entre metoxi, epoxi, n-propoxi, € iSopropoxi.

Arilo como un grupo o parte de un grupo se refiere a radicales de anillos sencillos y mdltiples,
incluyendo los radicales de anillos multiples que contienen grupos arilo separados y/o
condensados. Los grupos arilo tipicos contienen de 1 a 3 anillos separados o condensados y
desde 6 hasta aproximadamente 18 dtomos de carbono en el anillo, tales como radical fenilo,
naftilo, indenilo, fenantrilo o antracilo. El radical arilo puede estar opcionalmente sustituido
por uno o mds sustituyentes tales como hidroxilo, mercapto, halo, alquilo, fenilo, alcoxilo,

haloalquilo, nitro, ciano, dialquilamino, aminoalquilo, acilo, alcoxicarbonilo, etc.

Debe indicarse que las posiciones de los radicales en cualquier grupo molecular utilizado en
las definiciones pueden estar en cualquier punto de dicho grupo siempre que sea

quimicamente estable.

Los radicales utilizados en las definiciones de las variables incluyen todos los posibles
isdmeros a menso que se indique lo contrario. Por ejemplo, ventilo incluye 1-pentilo, 2-
pentilo y 3-pentilo; piperidinilo incluye 1-piperidinilo, 2-piperidinilo, 3-piperidinilo o 4-
piperidinilo

Cuando cualquier variable aparece mds de una vez en cualquier constituyente, cada definicién

es independiente.

En cada uno de los compuestos de la presente invencién, R' se selecciona preferiblemente
entre hidrégeno, metilo, etilo, propilo e isopropilo. Mds preferiblemente, R' se selecciona

entre hidrégeno y metilo. Incluso mas preferiblemente, R' es hidrégeno.



En cada uno de los compuestos de la presente invencidn, R? se selecciona preferiblemente
entre hidrégeno, metilo, etilo, propilo, isopropilo y fenilo. Mas preferiblemente, R* se
selecciona entre hidrégeno, metilo, isopropilo y fenilo. Incluso mds preferiblemente R’ es

metilo.

El compuesto de formula (V) se puede preparar mediante cualquiera de los procesos

presentados en la etapa al) o etapa a2).

Las reacciones de acoplamiento de cada una de las etapas al) y a2) se realizan segtn los
métodos conocidos por el experto en la materia en un disolvente adecuado. Dicho disolvente
adecuado es normalmente de naturaleza inerte, tal como hidrocarburos halogenados, por
ejemplo, diclorometano, cloroformo, disolventes apréticos bipolares, tales como acetonitrilo,
dimetilformamida, dimetilacetamida, éteres, tales como tetrahidrofurano, alcoholes, tales
como metanol, isopropanol, y similares, tolueno, acetato de etilo, agua, entre otros. En

particular, los disolventes adecuados para la etapa a2) son diclorometano y tolueno.

La reaccién de acoplamiento de la etapa al) se realiza en presencia de un agente de
acoplamiento segtn los métodos conocidos por el experto en la materia. Dicho agente de
acoplamiento se puede seleccionar entre hexafluorofosfato de (7-azabenzotriazol-1-
iloxi)tripirrolidinfosfonio (PyAOP), hexafluorofosfato de (benzotriazol-1-
iloxi)tripirrolidinfosfonio (PyBOP®), hexafluorofosfato de (benzotriazol-1-
iloxi)tris(dimetilamino)fosfonio (BOP, reactivo de Castro), 1-(3-dimetilaminopropil)-3-
etilcarbodiimida (EDC), clorhidrato de N-(3-dimetilaminopropil)-N’-etilcarbodiimida
(clorhidrato de EDC, EDAC), 1,1-carbonil-di-(1,2,4-triazol) (CDT), 1,3-di-p-
tolilcarbodiimida, metiyoduro de 1-[3-(dimetilamino)propil]-3-etilcarbodiimida (metiyoduro
de EDC), l-isobutiloxicarbonil-2- isobutiloxi-1,2-dihidroquinolina (IIDQ), 1-fert-butil-3-
etilcarbodiimida (BEC), tetrafluoroborato  de 2-(1H-benzotriazol-1-il)-N,N,N',N'-
tetrametiluronio  (TBTU), cloruro de  2-cloro-1,3-dimetilimidazolidinio (DMC),
hexafluorofosfato de 2-cloro-1,3-dimetilimidazolidinio (CIP), tetrafluoroborato de 2-cloro-
1,3-dimetilimidazolidinio (CIB), yoduro de 2-cloro-1-metilpiridinio, 2-cloro-4,6-dimetoxi-
1,3,5-triazina (CDMT), 2-etoxi-1-etoxicarbonil-1,2-dihidroquinolina (EEDQ),
hexafluorofosfato de 2-fluoro-1,3-dimetilimidazolidinio (DFIH), 3-(dietoxifosforiloxi)-1,2,3-
benzotriazin-4(3H)-ona  (DEPBT), cloruro de 4-(4,6-dimetoxi-1,3,5-triazin-2-il)-4-
metilmorfolinio (DMTMM), hexafluorofosfato de bromotripirrolidinfosfonio (PyBroP®),
hexafluorofosfato de bromotris(dimetilamino)fosfonio (BroP), hexafluorofosfato de
clorotripirrolidinfosfonio  (PyCloP), difenil fosforil azida (DPPA), dipirrolidin(N-
succinimidiloxi)carbenio (HSPyU), hexafluorofosfato de N,N,N’,N’-tetrametil-O-(V-
succinimidil)uronio (HSTU), tetrafluoroborato de N,N,N’ N’-tetrametil-O-(N-

10



succinimidil)uronio (TSTU), N,N’-carbonil-diimidazol (CDI), N,N’-diciclohexilcarbodiimida
(DCC), N,N’-diisopropilcarbodiimida (DIC), N,N’-di-tert-butilcarbodiimida, N-ciclohexil-N’-
(2-morfolinoetil)carbodiimida meto-ptoluenosulfonato (CMC), tetrafluoroborato de O-(2-oxo-
1(2H)piridil)-N,N,N’,N’-tetrametiluronio (TPTU), tetrafluoroborato de O-(3,4-dihidro-4-oxo-
1,2,3-benzotriazin-3-il)-N,N,N’,N’- tetrametiluronio (TDBTU), O-(6-clorobenzotriazol-1-il)-
N,N,N’ . N’- tetrametiluronio (TCTU), hexafluorofosfato de O-(6-clorobenzotriazol-1-il)-
N,N,N’,N’-tetrametiluronio (HCTU), hexafluorofosfato de O-(7-azabenzotriazol-1-il)-
N,N,N',N'-tetrametiluronio (HATU), hexafluorofosfato de O-(benzotriazol-1-il)-N,N,N’,N’-
bis(tetrametilen)uranio (HBPyU), hexafluorofosfato de O-(benzotriazol-1-il)-N,N,N’,N’-
tetrametiluronio (HBTU), hexafluorofosfato de O-[(etoxicarbonil)cianometilenamino]-
N,N,N’,N’- tetrametiluronio (HOTU), tetrafluoroborato de O-(etoxicarbonil)
cianometilenamino]-N,N,N’,N’-  tetrametiluronio (TOTU), hexafluorofosfato de O-
benzotriazol-1-il-N,N,N’,N’-bis(pentametilen)uranio (HBPipU), diimidazolida de 4cido
oxalico, solucién de anhidrido propilfosfénico, tetrafluoroborato de S-(1-6xido-2-piridil)-
N.N.N’,N’-  tetrametiltiuronio  (TOTT), hexafluorofosfato de  fluoro-N,N,N’,N’-
tetrametilformamidinio (TFFH), y hexafluorofosfato de fluoro-N,N,N’,N -
bis(tetrametilen)formamidinio (BTFFH).

Preferiblemente, el agente de acoplamiento en la etapa al) es una carbodiimida, maés
preferiblemente, diciclohexilcarbodiimida (DCC), diisopropilcarbodiimida, o N-etil-N'-

[(3dimetilamino)propil]carbodiimida (EDC).

En muchos casos, la reaccién de acoplamiento de la etapa al) se puede mejorar mediante la
adicién de un agente desactivador del agente de acoplamiento que se puede seleccionar entre
1-hidroxibenzotriazol (HOBt) y 4-dimetilaminopiridina (4-DMAP).

La temperatura de reaccidn de las reacciones de acoplamiento de las etapas al) o a2) pueden

variar entre 0°C y 50 °C y el tiempo de reaccion puede variar entre 15 minutos y 24 horas.

Segin la etapa a2) del proceso para la preparacion del compuesto de formula (V), el
compuesto de férmula (II) se puede convertir en una forma activada, es decir, el compuesto de
féormula (III), con la utilizacion de un agente activador segin los métodos conocidos por el
experto en la materia. Dicho agente activador se puede seleccionar entre un agente
halogenante, un haluro de C;4alquil 4cido, un haluro de aril dcido, un haluro de bencil 4cido,

haloformiato de C,.4alquilo, haloformiato de arilo, y haloformiato de bencilo.

Entre los ejemplos de agentes halogenantes que se pueden utilizar se incluyen, pero sin

limitacién, haluros de 4cidos inorganicos, cloruro ciantrico, cloruro de tionilo, PCls, POCls,
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reactivo de Vilsmeier, reactivo de Gold, heterociclos clorados, y combinaciones de agentes
halogenantes, tales como hal6genos, CCly, C,Clg, u otros haluros de alquilo con agentes
redcutores, tales como triaril o trialquil fosfinas o fosfitos o un haluro de hidrégeno en
presencia de un agente deshidratante. Entre los ejemplos de haluros de C;4alquil 4cido se
incluyen cloruro de acetilo, cloruro de propionilo, cloruro de butanoilo, y similares. Entre los
ejemplos de haluros de aril dcido se incluyen cloruro de ftaloilo, cloruro de isoftaloilo y
cloruro de terftaloilo. Entre los ejemplos de haluros de bencil dcido se incluyen cloruro de
benzoilo, fluoruro de benzoilo, bromuro de benzoilo. Entre los ejemplos de haloformiato C;.
salquilo se incluyen cloroformiato de metilo, cloroformiato de etilo, cloroformiato de
isopropilo, y similares. Entre los ejemplos de haloformiato de arilo se incluyen cloroformiato
de fenilo, fluoroformiato de fenilo, y similares. Entre los ejemplos de haloformiatos de
bencilo se incluyen cloroformiato de bencilo, fluoroformiato de bencilo y similares. Otros
ejemplos de agentes halogenantes incluyen 1-cloro-N,N,2-trimetil-1-propenilamina,
tetrafluoroborato de cloro-N,N,N’,N’-bis(tetrametilen)formamidinio (PyClIU), y
hexafluorofosfato de cloro-N,N,N’,N’-tetrametilformamidinio.

En una realizacion de la presente invencion, cuando el compuesto de férmula (I) es activado
como un compuesto de férmula (III), en la que Z es un halégeno, puede ser conveniente
afiadir una base a la mezcla de reaccién con el fin de neutralizar un posible dcido formado in

situ, tal como acido clorhidrico.

Otra realizacion de la presente invencion se refiere al proceso presentado anteriormente, en el
que el grupo cetal o acetal del compuesto de férmula (V) se separa posteriormente en un

disolvente adecuado;

V)

formando de este modo el compuesto de férmula (VI),
(0] (0]

ZT

R2 RS

Iz

(VD
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y permitiendo la ciclaciéon del compuesto de férmula (VI), obteniendo de este modo el

compuesto de férmula (VII), un tautémero (VIIa), y sales de los mismos;

R! o) R! OH
/ NH / \N
R2 R2
il il
R3 R3
(VID) (VIIa)

donde en cada uno de los compuestos de férmulas (V), (VI), (VII), y (VIla), cuando sea
aplicable,

Rl, RZ, R3, RS, y R son tal como se han definido anteriormente.

El grupo cetal se refiere al grupo funcional constituido por el carbono unido a los grupos —
OR’ y —OR®, y donde R? no es hidrégeno. El grupo acetal se refiere al grupo funcional

constituido por el carbono unido a los grupos —OR’ y —OR®, y donde R’es hidrégeno.

El término sal tal como se menciona en la presente invencidén se entiende que comprende
cualquier sal estable, que los intermedios de férmulas (IV), (VII) o (VIla) son capaces de
formar. Se prefieren las sales farmacéuticamente aceptables, que son las formas no tdxicas de
sales. Las sales que no son farmacéuticamente aceptables también estdn comprendidas en el
alcance de la presente invencion, ya que se refieren a intermedios que son ttiles en la
preparacion de compuestos con actividad farmacoldgica. Las sales se pueden obtener
convenientemente mediante el tratamiento de la forma bésica con dichos dcidos apropiados,
tales como dcidos inorganicos, por ejemplo, hidricidos, por ejemplo, clorhidrico,
bromhidrico, y similares; dcido sulfdrico; dcido nitrico; dcido fosférico y similares; u dcidos
organicos, por ejemplo, dcido acético, propanoico, hidroxiacético, 2-hidroxipropanoico, 2-
ocopropanoico, oxalico, masénico, succinico, maleico, fumdrico, malico, tartdrico, 2-hidroxi-
1,2,3-propano-tricarboxilico, metanosulfénico, etanosulfénico, bencenosulfénico, 4-
metilbenceno-sulfonico, ciclohexanosulfamico, 2-hidroxibenzoico, 4-amino-2-
hidroxibenzoico y acidos similares. En cambio, la forma de sal se puede convertir mediante
tratamiento con dlcali en la forma de base libre. El término sales también se entiende que
incluye los hidratos o solvatos que los compuestos de formulas (VII) y (VIIa) son capaces de

formar, incluyendo, por ejemplo, los alcoholatos, tales como metanolatos o etanolatos.
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La frase “farmacéuticamente aceptable” se refiere a entidades moleculares y composiciones
que no producen reacciones adversas, alérgicas u otras reacciones perjudiciales cuando se

administran a un animal o un humano.

La separacion del grupo cetal o acetal del compuesto de férmula (V) es un procedimiento
habitual que se puede llevar a cabo mediante métodos generalmente conocidos por el experto
en la materia. Un procedimiento habitual para separar los grupos cetal o acetal es un
tratamiento 4cido. El tratamiento dcido se refiere a la utilizacién de un 4dcido en un disolvente
adecuado, tal como un medio acuoso, un disolvente orgdnico, o mezclas de los mismos. El
disolvente orgéanico se puede seleccionar entre disolventes miscibles en agua, tales como

acetonitrilo, dimetilformamida, alcoholes, tales como metanol, y similares.

Otros procedimientos posibles para la separacion de los grupos cetal o acetal en un compuesto
de férmula (V) se describen en los siguientes parrafos. Estos procedimientos son conocidos en
la técnica, por ejemplo, se describen en Greene's Protective Groups in Organic Synthesis, by
Peter G. M. Wuts y Theodora W. Greene.

Cuando R’ y R son, cada uno independientemente, C,alquilo o fenilo, la separacién del
grupo cetal/acetal se puede realizar con dcido clorhidrico y una mezcla de agua y metanol;
con 4cido 2,2,2-trifluoroacético en una mezcla de cloroformo y agua a temperatura fria, tal
como 0 °C; con 4cido p-toluenosulfénico en acetona; con didxido de silicio y dcido oxdlico o
sulfirico; con yoduro de trimetilsililo en diclorometano; con tetracloruro de titanio y yoduro
de litio en dietiléter; con tetrafluoroborato de litio en acetonitrilo; con acido formico en
pentano; con dcido férmico en tetrahidrofurano y agua; con Amberlyst-15 en acetona y agua;
con perdxido de hidrégeno y acido tricloroacético en diclorometano y t-butanol seguido de la
adicién de sulfuro de dimetilo; con 4cido trifluoroacético y bicarbonato sédico; con acido
acético en agua; con dcido oxdlico en tetrahidrofurano y agua; con trifluoroborano etoxietano
(BF; .Et;0), yoduro de tetraetilamonio, en triclorometano; con agua al 10 %, gel de silice,
diclorometano; con dimetilsulféxido, agua, dioxano, y calentamiento hasta reflujo; con
diyodosilano (SiH;I,) en acetonitrilo a temperaturas frias (aprox. -40 °C); con acetilacetonato
de molibdeno (Mo;(acac),) en acetonitrilo; con cloruro de acetilo, cloruro de samario (III)

(SmCl3) en pentano; con cloruro estanoso deshidratado, Cep, y diclorometano; entre otros.
Cuando R’ y RS son, cada uno independientemente, polilhaloC;alquilo, la separacién del

grupo cetal/acetal se puede realizar con zinc en acetato de etilo o tetrahidrofurano, a

temperatura de reflujo.
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Cuando R’ y R® son, cada uno independientemente, bencilo, la separaciéon del grupo

cetal/acetal se puede realizar con paladio en carbono, hidrégeno, y metanol como disolvente.

Cuando R’ y R® son, cada uno independientemente, 2-nitrobencilo, la separacién del grupo

cetal/acetal se puede realizar con fotdlisis a 350 nm.

Cuando R’ y R® son, cada uno independientemente, acetilo, la separacién del grupo
cetal/acetal se puede realizar con hidréxido sédico o carbonato potasico, en tetrahidrofurano,
agua o metanol; con alimina a aproximadamente 35 °C; con 3-dimetilaminofendxido potdsico
en tetrahidrofurano a 0 °C; con grafito expansivo, diclorometano o benceno, a temperatura de
reflujo, con CAN, gel de silice, en diclorometano; con arcilla montmorillonita K-10 o KSF en
diclorometano a temperatura de reflujo; o con el uso de enzimas para la hidrélisis de los

acilales.

Cuando R’ y R®, junto con los dos dtomos de oxigeno a los que se unen, forman un 1,3-
dioxano, 1,3-dioxolano, 4-metil-1,3-dioxolano, la separacién del grupo cetal/acetal se puede
realizar con tosilato de piridinio (PPTS), acetona, agua, y calor; con acetona y dcido p-
toluenosulfénico monohidratado (TsOH); con acetona, agua, PPTS, a temperatura de reflujo;
con 4cido clorhidrico y una mezcla de agua y metanol; con HCl al 5 % en tetrahidrofurano;
con HCI 1 M en tetrahidrofurano y calentamiento de la mezcla de reaccion desde O °C hasta
25 °C; con écido acético al 80 % a aproximadamente 65°C; con sulfato de magnesio himedo
y benceno; con dcido perclérico en diclorometano y calentamiento de la mezcla de reaccidn
desde 0°C hasta 25°C; entre otros métodos.

Cuando R’ y R®, junto con los dos dtomos a los que estdn unidos, forman un 5-metilen-1,3-
dioxano, la separacion del grupo cetal/acetal se puede realizar segin los métodos descritos por
R.J. Corey and J.W. Suggs, Tetrahedron Lett., 3775 (1975), o por H. Frauenrath y M.
Kaulard, Synlett, 517 (1994).

Cuando R’ y R6, junto con los dos atomos a los que estan unidos, forman un 5,5-dibromo-1,3-
dioxano, la separacién del grupo cetal/acetal se puede realizar con Zn-Ag, en tetrahidrofurano

y 4cido acético.
Cuando R’ y R, junto con los dos dtomos a los que estan unidos, forman un 5-(2’-piridil)-1,3-

dioxano, la separacidn del grupo cetal/acetal se puede realizar segtiin el método descrito por
A.R. Katritzky, W.-Q. Fan, y Q.-L. Li, Tetrahedron Lett., 28, 1195 (1987).
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Cuando R’ y RS, junto con los dos dtomos a los que estdn unidos, forman un 5-trimetilsilil-
1,3-dioxano, la separacion del grupo cetal/acetal se puede realizar con trifluoroborano
etoxietano (BF; .Et;,O) en tetrahidrofurano; o con tetrafluoroborato de litio en tetrahidrofurano

a aproximadamente 65 ° C.

Cuando R’ y R®, junto con los dos dtomos a los que estan unidos, forman un 4-bromometil-
1,3-dioxolano, la separacion del grupo cetal/acetal se puede realizar segin el método descrito
por E.J. Corey y R.A. Ruden, J. Org. Chem., 38, 834 (1973).

Cuando R’ y R6, junto con los dos dtomos a los que estdn unidos, forman un 4-(3-butenil-1,3-
dioxolano, la separacion del grupo cetal/acetal se puede realizar segin el método descrito por
Z. Wu, D.R. Mootoo, y B. Fraser-Reid, Tetrahedron Lett., 29, 6549 (1988).

Cuando R’ y R6, junto con los dos dtomos a los que estdn unidos, forman un 4-fenil-1,3-
dioxolano, la separacién del grupo cetal/acetal se puede realizar con electrdlisis: perclorato de
litio, agua, piridina, acetonitrilo, N-hidroxiftalimida; 0,85 V SCE; o con paladio sobre

carbono e hidrégeno.

Cuando R’ y R®, junto con los dos dtomos a los que estidn unidos, forman un 4-(4-
metoxifenil)-1,3-dioxolano, la separacion del grupo cetal/acetal se puede realizar segin el
método descrito por C.E. McDonald, L.E. Nice, y K.E. Kennedy, Tetrahedron Lett., 35, 57
(1994).

Cuando R’ y R®, junto con los dos dtomos a los que estdn unidos, forman un 4-(2-nitrofenil)-
1,3-dioxolano, la separacidon del grupo cetal/acetal se puede realizar mediante irradiacion a

350 nm, con benceno.

Cuando R’ y R® junto con los dos dtomos a los que estin unidos, forman un 4-
trimetilsililmetil-1,3-dioxolano, la separacion del grupo cetal/acetal se puede realizar segin el
método descrito por B.M. Lillie y M.A. Avery, Tetrahedron Lett., 35, 969 (1994).

Una vez se separa el grupo cetal o acetal del compuesto de férmula (V), el compuesto
resultante de férmula (VI) se cicla en la misma mezcla de reaccién. La ciclacién tiene lugar
normalmente de manera espontanea. Alternativamente, se puede inducir o acelerar mediante
calentamiento u otros métodos conocidos por el experto en la materia. En una realizacion
preferida, la ciclacién se realiza bajo una temperatura entre temperatura ambiente y la
temperatura de reflujo, preferiblemente a una temperatura entre 50°C y la temperatura de

reflujo, mas preferiblemente a la temperatura de reflujo.
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En una realizacién de la presente invencion, la preparacion de los compuestos de féormula (V),
(VD), (VII), un tautémero (VIla), y sales de los mismos, se produce en un procedimiento “one-
pot”, que es ventajoso en una produccién industrial. Por tanto, una realizacién de la presente
invencion se refiere a un proceso para la preparaciéon de un compuesto de férmula (VII), un
tautomero (VIIa), y sales de los mismos, tal como se define en la reivindicaciéon 1,
comprendiendo dicho proceso las etapas de:

al) acoplar un compuesto de formula (II) con un compuesto de férmula (IV) en un disolvente
adecuado, en presencia de un agente de acoplamiento, y opcionalmente en presencia de un

agente desactivador del agente de acoplamiento,

R R
o o
0
R? OH :
R' N RS
(I) Iv)

a2) convertir un compuesto de férmula (II) en un compuesto de férmula (II) con un agente
activador, y acoplar dicho compuesto de férmula (IIT) con un compuesto de férmula (IV) en

un disolvente adecuado,

R® R®
o o)
o}
R? z
R1
(1IT)

obteniendo de este modo el compuesto de férmula (V),

RS R
o o)
© H
/N\
R? N R3
H
R1

V)
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seguido de la separacién, en la misma mezcla de reaccidn, del grupo cetal o acetal del
compuesto de formula (V) en un disolvente adecuado, formando de este modo el compuesto

de férmula (VI),
0] 0]

ZT

PN

R? R3

Iz

R1
(V)
y permitiendo la ciclaciéon del compuesto de férmula (VI), obteniendo de este modo el
compuesto de férmula (VII), un tautémero (VIla), y sales de los mismos; donde en cada uno
de los compuestos de férmulas (V), (VI), (VII), y (VIIa),

Rl, RZ, R3, R, R6, R, y Z son tal como se han definido anteriormente.

En las reacciones mencionadas anteriormente, en particular las etapas al) o a2), el compuesto
de férmula (IV) se puede afadir como tal — en forma de base libre, o como sal del mismo. En
el caso en el que el compuesto de formula (IV) se afiade en forma de sal, la forma de base
libre se obtiene consecuentemente mediante la reaccién de dicha sal con una base alcalina.
Dicha reaccion se puede realizar en la misma mezcla de reacciéon que comprende los
compuestos de férmula (IT) o (IIT), segin sea el caso. Las sales habituales que los compuestos
de formula (IV) pueden formar ya se han mencionado anteriormente. Una sal preferida es el

clorhidrato.

Entre los compuestos interesantes de féormula (IV) se incluyen los siguientes:

e 2-naftilhidrazina (Nimero de Registro CAS: 2243-57-4) se puede obtener de BetaPharma
Shanghai, HC Scientific Resources, Bidragon Pharmservice , ARVI, Aurora Screening, y
muchos otros;

¢ C(Clorhidrato de 2-naftalenil hidrazina (Nimero de Registro CAS: 2243-58-5 ) se puede
obtener de Advanced Technology, Allichem, AK Scientific, ChemPacific, HC Scientific

Resources, Bidragon Pharmservice, y muchos otros.

En una realizacién de la presente invencion, el compuesto de férmula (II) se puede preparar

mediante la separacién de R* del compuesto de férmula (T)
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en la que en el compuesto de féormula (1),
Rl, RZ, RS, y R® son tal como se han definido anteriormente; y

R*es C 1.6alquilo, arilo o bencilo.

La separacion del sustituyente R* del compuesto de féormula (I) es lleva a cabo segin diversos

métodos conocidos por el experto en la material para la separacion de ésteres.

Un método habitual para separas ésteres es la hidrdlisis. Entre los ejemplos de procedimientos
de hidr6lisis se incluyen la adicidn de soluciones acuosas de dcidos fuertes, tales como, por
ejemplo, HCI o H,SOy, o bases fuertes, tales como, por ejemplo, NaOH, KOH o LiOH. La
reaccion de hidrélisis se puede llevar a cabo en un disolvente orgdnico, en agua, en mezclas
de disolventes orgénicos, o en mezclas de disolventes organicos con agua. Entre los ejemplos
de disolventes orgdnicos se incluyen éteres, tales como dietil éter, butil metil éter, dioxanos,
tetrahidrofurano, glicol dimetil éter o diletilenglicol dimetil éter, o hidrocarburos, tales como
benceno, tolueno, xileno o éter de petréleo, o alcoholes, tales como metanol o etanol, o
hidrocarburos halogenados, tales como tetracloruro de carbono, clorometano o diclorometano.
En una realizacién preferida de la invencion, el disolvente es una mezcla de agua y metanol o
dioxanos. La reaccion se puede llevar a cabo en general en un intervalo de temperaturas desde
-20° C a 90° C, preferiblemente desde 0° C hasta 90° C. La reaccién se puede llevar a cabo
bajo presion atmosférica, presion elevada o reducida (por ejemplo, en un intervalo desde 0,5 a

5 bars). En general, la reaccion se lleva a cabo bajo presion atmosférica.

Entre los compuestos interesantes de formula (I) se incluyen los siguientes:

e 2-(2,4-dimetil-1,3-dioxolan-2-il)acetato de etilo (Nimero de Registro CAS: 6290-17-1),
que estd disponible de 3B Scientific Corporation, Takasago International Corp,
Amfinecom Inc., and Bepharm Ltd., entre otros.

e 33-dietoxipropanoato de etilo (Numero de Registro CAS: 10601-80-6), que estd
disponible de APAC Pharmaceutical Waterstone Technology Zelinsky Screening, TCI
Organic Chemicals, Aldrich, y muchos otros.

Es evidente que en las reacciones anteriores y posteriores, los productos de reaccion se

pueden aislar del medio de reaccién y, si es necesario, se purifican adicionalmente segin las
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metodologias conocidas en general en la técnica, tales como la extraccidn, cristalizacién y

cromatografia.

Por tanto, una realizacidn de la presente invencion se refiere al compuesto de férmula (VI),

per se, una sal, o estereoisdmeros del mismo,
0] 0]

ZT

R'l
(VI)
en la que,
R!es hidrégeno o C,.alquilo;
R%es hidrégeno, C;_¢alquilo, o fenilo; y
R? es naftilo opcionalmente sustituido con uno o dos sustituyentes seleccionados entre

hal6geno y Calcoxi.

Un grupo interesante de compuestos son aquellos compuestos de férmula (VI) en los que se
aplican que una o mds de las siguientes restricciones:

e Rles hidrégeno;

e R’es C,-alquilo; o

e R’ es naftilo opcionalmente sustituido con uno o dos sustituyentes seleccionados entre

halégeno y C;.salcoxi.

Otro grupo interesante de compuestos son aquellos compuestos de férmula (VI) en los que se

aplican que una o mds de las siguientes restricciones:
e Rles hidrégeno;
e R’es metilo; o

e R?es 2-naftilo.

Otra realizacion de la presente invencion se refiere al compuesto de férmula (V), per se, una

sal, o estereoisomero del mismo,
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(V)
en la que,
R!es hidrégeno o C,.alquilo;
RZes hidrégeno, C;_salquilo, o fenilo;
R® es naftilo opcionalmente sustituido con uno o dos sustituyentes seleccionados entre
hal6geno y Cjgalcoxi; y
R’ y R® son, cada uno independientemente, Cj.alquilo, polilhaloC;ealquilo, -C(=0)-C;.
salquilo, fenilo, bencilo opcionalmente sustituido con nitro; o junto con los dos dtomos de
oxigeno a los que estan unidos, forman un anillo heterociclico de 4-7 miembros
opcionalmente sustituido con un sustituyente seleccionado entre halégeno, Csalquilo, C,.
calquenilo, polilhaloC_salquilo, triCy galquilsililo, diC;_ealquilfenilsililo, Ci.
calquildifenilsililo, triC,.¢alquilsililC,salquilo, diC;ealquilfenilsililC,.salquilo, Ci.
calquildifenilsililC; galquilo, fenilo opcionalmente sustituido con nitro o metoxi, y piridilo; o
el anillo heterociclico de 4-7 miembros estd opcionalmente sustituido con dos sustituyentes

seleccionados entre haldgeno y C.alquilo.

Otro grupo interesante de compuestos son aquellos compuestos de férmula (V) en los que se

aplican que una o mds de las siguientes restricciones:

e Rles hidrégeno;

e Rles hidrégeno o C,.salquilo;

e R’ es naftilo opcionalmente sustituido con uno o dos sustituyentes seleccionados entre
halégeno y Cjealcoxi; o

e R’ y R® son, cada uno independientemente, C;¢alquilo; o junto con los dos atomos de
oxigeno a los que estin unidos, forman un anillo heterociclico de 4-7 miembros
opcionalmente sustituido con un sustituyente seleccionado entre halégeno, C;.¢alquilo, C,.
salquenilo, haloC_¢alquilo, trimetilsilil, trimetilsililmetil, fenil, 2-nitrofenil, 4-metoxifenil,
2-piridilo; o el anillo heterociclico de 4-7 miembros estd opcionalmente sustituido con dos

sustituyentes seleccionados entre halégeno y C;_galquilo.

Otro grupo interesante de compuestos son aquellos compuestos de férmula (V) en los que se
aplican que una o mds de las siguientes restricciones:

e Rles hidrégeno;

e Res metilo;
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e R?es 2-naftilo; o
e R’ y R6, junto con los dos dtomos a los que estdn unidos, forman un anillo heterociclico

de 5 miembros sustituido con un C,_galquilo.

Otra realizacién de la presente invencion se refiere al compuesto de férmula (IIT), per se, una

sal, o estereoisomero del mismo,

R® RS
o o)
o}
R2 z
R']
(1II)

en la que,

R!es hidrégeno o C,.alquilo;

RZes hidrégeno, C;_salquilo, o fenilo;

R’ y R® son, cada uno independientemente, etilo, butilo, o junto con los dos atomos de
oxigeno a los que estdn unidos, forman un anillo heterociclico de 4-7 miembros sustituido con
uno o mas sustituyentes seleccionados entre halégeno, Cjgalquilo, C;.¢alquenilo, polilhaloC;.
salquilo, triCjalquilsililo, diC;alquilfenilsililo, Cjgalquildifenilsililo, triC;_alquilsililC;.
calquilo, diC,alquilfenilsililC;¢alquilo, C;¢alquildifenilsililC,¢alquilo, fenilo opcionalmente
sustituido con nitro o metoxi, y piridilo; o el anillo heterociclico de 4-7 miembros estd
sustituido con dos sustituyentes seleccionados entre halégeno y C,.salquilo;

Z representa halégeno, —O—CO—R7, 0 —O—CO—OR7; y

R’ esC 14alquilo, arilo o bencilo.

Otro grupo interesante de compuestos son aquellos compuestos de férmula (III) en los que se

aplican que una o mds de las siguientes restricciones:

e Rles hidrégeno;

e Rles hidrégeno o C,.salquilo;

e R’ y R® son, cada uno independientemente, etilo, butilo, o junto con los dos dtomos de
oxigeno a los que estdn unidos, forman un anillo heterociclico de 5 miembros sustituido
con un sustituyente seleccionado entre haldgeno, Cj.¢alquilo, C,alquenilo, polilhaloC;.
salquilo;

e Z representa haldgeno, —O—CO—R7, 0 —O—CO—OR7; 0

e Res Cj.alquilo.

Otro grupo interesante de compuestos son aquellos compuestos de férmula (III) en los que se

aplican que una o mds de las siguientes restricciones:
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e Rles hidrégeno;

e R’es metilo;

e R y R® junto con los dos dtomos a los que estdn unidos, forman un anillo heterociclico de
5 miembros sustituido con un sustituyente seleccionado entre halégeno, Cgalquilo, C,.
salquenilo, polilhaloC;_galquilo;

e Z representa halégeno, —O—CO—R7, 0 —O—CO—OR7; 0

e Res Cj.alquilo.

Otros compuestos también interesantes son los siguientes compuestos comprendidos por la
formula (III):

cl,y N cl,

Otra realizacién de la presente invencion se refiere al compuesto de formula (II), per se, una

sal, o estereoisomero del mismo,

R® R®
o o)
o}
R2 OH
R']
(ID

en la que

R!es hidrégeno;

R’ es metilo;

R’ y R® son, cada uno independientemente, Cs_;7alquilo; o junto con los dos dtomos de oxigeno

a los que estdn unidos, forman un anillo heterociclico de 4-7 miembros sustituido con un

sustituyente seleccionado entre halégeno, C;ealquilo, Cj.galquenilo, polilhaloC,alquilo,

triC; galquilsililo, diCjalquilfenilsililo, C;galquildifenilsililo, triC;alquilsililC,¢alquilo,
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diCjealquilfenilsililC,.¢alquilo,  CjgalquildifenilsililC;.¢alquilo, fenilo  opcionalmente
sustituido con nitro o metoxi, y piridilo; o el anillo heterociclico de 4-7 miembros esta

sustituido con un halégeno y un C;galquilo.

Otra realizacion de la presente invencion se refiere al siguiente compuesto de férmula (Ila),

per se, una sal, o estereoisomero del mismo.
Me

Me OH
(ITa)

Los compuestos de formula (I), (II), (Ila), (IIT), (V), y (VI) pueden tener al menos un centro
de quiralidad (indicado a continuacién con un asterisco) y existen como formas
estereoquimicamente isoméricas. El término “formas estereoquimicamente isoméricas” tal
como se utiliza en la presente invencion, define todos los posibles compuestos formados con
los mismos dtomos unidos por la misma secuencia de enlaces, pero que tienen estructuras
tridimensionales diferentes que no son intercambiables, que los compuestos de férmula (I),
D), (Ia), (IID), (V), y (VI) pueden poseer.

R® R® RS R6
~ ~
(|) 0 o) | o o Me
R10 ;* \
NFEERN o/ R2” N OH O><O/(\)‘\
R' R? Me™ * OH
(D (1) (ITa)
RS R® 5 6
e R R
0 0 o~ o
(e}
RZ * * Z R2 * * N/ \R3
H
R! R?
(III) V)
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R1
(VD)

En cada uno de los compuestos representados anteriormente, el 4&tomo de carbono sustituido

1 . . 1 .
con R’ se convierte en un centro quiral cuando R" es C;_alquilo.

En referencia a los casos en los que se utiliza (R) o (S) para designar la configuracién absoluta
de un 4dtomo quiral en un sustituyente, 1 designacion se realiza teniendo en cuenta el

compuesto completo y no el sustituyente de forma aislada.

A menos que se mencione o se indique lo contrario, la designacion quimica de un compuesto
comprende la mezcla de todas las posibles formas estereoquimicamente isoméricas, que
dichos compuestos pueden poseer. Dicha mezcla puede contener todos los diasteredmeros y/o
enantiomeros de la estructura molecular basica de dicho compuesto. Todas las formas
estereoquimicamente isoméricas de la presente invencidon tanto en formas pura como

mezcladas entre si se pretende que estén comprendidas en el alcance de la presente invencion.

Las formas estereoisoméricas puras de los compuestos e intermedios mencionados aqui se
definen como isémeros sustancialmente libres de otras formas enantioméricas o
diastereoméricas de la misma estructura molecular bdsica de dichos compuestos o
intermedios. En particular, el término “estereoisoméricamente puro” se refiere a compuestos o
intermedios que tienen un exceso estereoisomérico de por lo menos un 80% (es decir, un
minimo de 90% de un isémeros y un maximo de un 10% de los otros posibles isdmeros) hasta
un exceso estereoisomérico del 100% (es decir, 100% de un isémero y ninguno del otro), mas
en particular, compuestos o intermedios que tienen un exceso estereisomérico del 90% hasta
el 100%, incluso mds en particular que tiene un exceso estereisomérico del 94% hasta el
100%, y lo mas en particular que tiene un exceso estereisomérico del 97% al 100%. Los
términos ‘“enantioméricamente puro” y ‘“diastereoméricamente puro” deben entenderse de
forma similar, pero con respecto al exceso enantiomérico y el exceso diastereoimérico,

respectivamente, de la mezcla en cuestion.

Las formas estereoisoméricas puras de los compuestos e intermedios de la presente invencién
se pueden obtener mediante la aplicacién de procedimientos conocidos en la técnica. Por
ejemplo, los enantidmeros se pueden separar entre si mediante cristalizacién selectiva de sus

sales diastereoméricas con acidos o bases Opticamente activos. Algunos ejemplos de los
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mismos son 4cido tartdrico, dcido dibenzoiltartarico, dcido ditoluoiltartirico y 4cido
canforsulfénico. De forma alternativa, los enantidémeros se pueden separar mediante técnicas
cromatogréficas utilizando fases estacionarias quirales. Dichas formas estereoquimicamente
isoméricas puras también pueden derivar de las correspondientes formas estereoquimicamente
isoméricas puras de los materiales de partida apropiados, con la condicién de que la reaccién
tenga lugar de forma estereoespecifica. Preferiblemente, si se desea un estereoisomero
especifico, dicho compuesto se sintetizard mediante procesos estereoespecificos de
preparacion. Estos procesos utilizardan de forma ventajosa materiales de partida

enantioméricamente puros.

En las reacciones respectivas mencionadas anteriormente, cada uno de los compuestos
obtenidos, cuando es necesario, se pueden recoger de la mezcla de reaccién segin los
procesos conocidos en la técnica. Por ejemplo, cuando estdn presentes materiales insolubles,
el compuesto deseado se puede obtener — después de eliminar los materiales insolubles
mediante filtracion — mediante la eliminacion del disolvente, por ejemplo, mediante la
eliminacion del disolvente a presion reducida y/o mediante la adicion de agua al residuo y la
extraccion de la mezcla con un disolvente orgdnico inmiscible en agua, tal como acetato de
etilo, etc. Opcionalmente, el compuesto deseado se puede obtener después de secar sobre
sulfato sodico anhidro, por ejemplo, y posteriormente, si es necesario, mediante la
purificacién con cualquier proceso convencional, tal como recristalizacién, cromatografia en

columna u otras técnicas.

Entre los ejemplos especificos de los compuestos de férmula (VII) o (VIIa) segin la presente
invencién se incluyen aquellos compuestos a los que se hace referencia en los ejemplos a

continuacion, y las sales de los mismos.

Los diferentes compuestos comprendidos por las férmulas (VII) u (VIIa) se pueden convertir
entre si siguiendo las reacciones de transformaciones del grupo funcional conocidas en la
técnica. De manera adecuada, se obtienen con materiales de partida, es decir, compuestos de

férmula (I) y (IV) que ya comprenden los sustituyentes deseados R', R*, o R°.

Los compuestos de las formulas de la presente invencién se pueden convertir en las
correspondientes formas N-6xido siguiendo los procedimientos conocidos en la técnica de
conversion de un nitrégeno trivalente en su forma N-6xido correspondiente. Las formas N-
6xido de los presentes compuestos se entiende que comprenden los compuestos de férmulas
(VII) u (VIIa) en los que uno o varios dtomos de nitrégeno se oxidan a los denominados N-
6xidos. Dicha reaccion de N-oxidacidn se puede llevar a cabo en general mediante la reaccién

del compuesto de formulas (VII) o (VIIa) con un peréxido organico o inorgdnico apropiado.
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Los perdxidos inorgdnicos apropiados comprenden, por ejemplo, peréxido de hidrégeno,
perdxidos de metal alcalino o metal alcalinotérreo, por ejemplo, perdxido de sodio, peroxido
de potasio; los perdxidos organicos apropiados pueden comprender peroxiicidos, tales como,
por ejemplo, dcido bencenocarboperoxoico o 4cido bencenocarboperoxoico sustituido con
halégeno, por ejemplo, dcido dcido 3-clorobenceno-carboperoxoico, dcidos peroxoalcanoicos,
por ejemplo, dcido peroxoacético, alquilhidroperéxidos, por ejemplo, tert-butil hidroperéxido.
Algunos disolventes adecuados son, por ejemplo, agua, alcoholes inferiores, por ejemplo
etanol y similar, hidrocarburos, por ejemplo, tolueno, cetonas, por ejemplo, 2.butanona,

hidrocarburos halogenados, por ejemplo, diclorometano y mezclas de dichos disolventes.

Debido a sus propiedades de procesabilidad favorables, tal como quedaré claro a partir de los
ejemplos, los compuestos de la presente invencion son utiles como intermedios en la
preparacion de un compuesto de férmula (X) tal como se definen anteriormente. En general,
los compuestos de la presente invencién son utiles en la preparacién del compuesto de
formula (X), sales farmacéuticamente aceptables, isdmeros, profdrmacos, y solvatos de los
mismos, que tienen actividad farmacoldgica contra el receptor sigma — un receptor de la
superficie celular del sistema nervioso central, que se dice que estd relacionado con los

efectos disféricos, alucindgenos y estimulantes cardiacos de los opioides.

Por tanto, una realizacién de la presente invencion se refiere a la utilizacién de compuestos de
formula (VII), un tautémero (VIla), y sales de los mismos, como intermedios en la
preparacion de un compuesto de férmula (X), sales farmacéuticamente aceptables, isomeros,
profarmacos, y solvatos de los mismos, dicha preparacidn segin el procedimiento o etapas

descritas en la presente invencion,

R! O——(CHy),
N—R®
/Nl
R? N e
l
X)

en la que,

Rl, R? , ¥ R’ son tal como se han definido anteriormente;

nes2,3,604;y

R® y R’ son, cada uno independientemente, C,.¢alquilo, C;_salcoxiC,.salquilo, bencilo, o junto
con el dtomo de nitrégeno al que estd unido, forman un morfolinilo opcionalmente sustituido

con Cjealquilo; tiomorfolinilo; piperacinilo opcionalmente sustituido con Cjgalquilo, C;.
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salquilcarbonilo, o Cjgalcoxicarbonilo; piperidinilo opcionalmente sustituido con C;.
calquilcarbonilo, fenilo, o 3H-imidazo[4,5-b]piridinilo; pirrolidinilo opcionalmente sustituido
con amino o Cjgalquilcarboniloamino; pirazolinilo; 1,2,3,4-tetrahidroisoquinolinilo; o 3H-

imidazo[4,5-b]piridinilo.

Otra realizacién de la presente invencion se refiere a la utilizacion de cualquiera de los
compuestos de féormulas (VI), (V), (I1D), (II), (ITa), y (I), una sal, o estereoisémero del mismo,
cada uno independientemente, como intermedios en la preparacién de un compuesto de
formula (X), sales farmacéuticamente aceptables, isdmeros, profdrmacos, y solvatos de los

mismos, tal como se hace referencia anteriormente.
El término 3H-imidazo[4,5-b]piridinilo se refiere al siguiente grupo:
/\ N
o
N
/

El término 1,2,3,4-tetrahidroisoquinolinilo se refiere al siguiente grupo:

‘%‘N

El término “profarmaco” tal como se utiliza a lo largo del texto significa los derivados
farmacoldgicamente aceptables, tales como ésteres, amidas y fosfatos, de manera que el
producto de biotransformacidén in vivo resultante del derivado es el farmaco activo tal como
se define en los compuestos de férmula (X). La referencia a Goodman y Gilman (The
Pharmaco-logical Basis of Therapeutics, 8th ed, McGraw-I-Till, hit. Ed. 1992,
“Biotransformation of Drugs”, p 13-15) que describe profarmacos en general se incorpora en
la presente invencion por referencia. Los profarmacos tienen preferiblemente una solubilidad
acuosa excelente, una mayor biodisponibilidad y se metabolizan ficilmente en inhibidores
activos in vivo. Los profirmacos de un compuesto de la presente invencidon se pueden
preparar modificando los grupos funcionales presentes en el compuesto de manera que las

modificaciones, mediante manipulacién de rutina o in vivo, conducen al compuesto parental.
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El término “solvato” se refiere a aquellas formas en cristal de los compuestos de férmula (X)
que contienen cantidades estequiométricas o no estequiométricas del disolvente. Dado que el
agua es un disolvente, los disolventes también incluyen hidratos. El término
“pseudopolimorfo” es sinénimo de solvato, ya que se aplica a formas cristalinas polimérficas
que tienen moléculas de disolvente incorporadas en sus estructuras de red. Algunos ejemplos

de solvatos son hidratos y alcoholatos, tales como metanolatos o etanolatos.

Los siguientes ejemplos especificos se proporcionan para ilustrar adicionalmente la presente

invencion y varias realizaciones preferidas.

Ejemplos

e Sintesis de los compuestos de formula (1)

Como se muestra en los ejemplos 1 y 2, se preparaon dos compuestos diferentes de férmula
(II): 4cido 2-(2,4-dimetil-1,3-dioxolan-2-il)acético [compuesto (IIa)], el cual fue usado en

subsequntes reacciones, y dcido 3,3-dietoxpropandico.

Ejemplo 1: Preparacion de acido 2-(2.4-dimetil-1,3-dioxolan-2-il) acético [compuesto (IIa)]
Me

S
Me OH

(ITa)

El acido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético se obtuvo como un derivado a partir de la
saponificacién del éster 2-(2,4-dimetil-1,3-dioxolan-2-il) acetato de etilo. La hidrélisis del 2-
(2,4-dimetil-1,3-dioxolan-2-il) acetato de etilo en medio alcalino se describe en diferentes
publicaciones: a) Miranda et al., Tetrahedron, 1987, 143; b) Lelandais et al., Can. J. Chem.,
1983, 584; ¢) Oku et al., J. Org. Chem., 1997, 2123. El acido se obtuvo con rendimientos
variables de 50-82%.

Se mezclaron 3,6 g de 2-(2,4-dimetil-1,3-dioxolan-2-il) acetato de etilo en una solucién de
1,18 g (1,1 equiv.) de KOH en 8 mL de agua a temperatura ambiente bajo agitacion
magnética. Después de 4 h, se extrajo la capa acuosa con 5 ml de tert-butil metil éter,
recuperando 257 mg (7%) del material de partida. La fase acuosa se llevé a sequedad. El
residuo se agitd en una mezcla con 2 ml de agua saturada en NaCl y 8 mL de CH,Cl, bajo
agitacion vigorosa. Se afadié H,SO, hasta conseguir un pH écido. Las fases orgdnicas se
secaron con sulfato de sodio, se filtraron y se evaporaron obteniendo 2,344 g del compuesto

del titulo (82% considerando el 7% recuperado previamente).
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Ejemplo 2: Preparacion del acido 3,3-dietoxipropanoico

O
EtO OEt

H OH

Ref. F. Zaragoza et al, J. Med. Chem., 2005, 48(1), 306.

A un matraz de fondo redondo de 250 ml con agitacién magnética que contenia 3,3-
dietoxipropanoato de etilo (20,0 g, 102,0 mmol, aceite incoloro, 97%), se afadi6 una solucién
previamente preparada de NaOH (5,23 g, 131,0 mmol) en H,O (30 ml). La mezcla resultante
se agitd a reflujo (100 °C) durante 1 hora. Después de permitir que templara, la mezcla se
acidificé con HCI al 37% y se extrajo con AcOEt, 8x 20 ml. La fase orgdnica resultante se
lavé con 1 x 20 ml de NaCl saturada, se sec6 con Na,SQOy, se filtrd y se concentr6 a sequedad.
El aceite obtenido se confirmé que corresponden con el compuesto del titulo (15,9 g, 98,0
mmol, 96%).

o Sintesis del compuesto de formula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-

il)acetohidrazida via etapa al)

Ejemplo3: Preparaciéon del compuesto de formula (V) 2-(2.4-dimetil-1,3-dioxolan-2-i1)-N'-

(naftalen-2-il)acetohidrazida usando EDC
H

N.- CI
. "N
o) o 0% H
o_ 0O - N
0. 0] >N
OH EDC H

Ho0

Una disolucién de EDC (1,307 g, 6,82 mmol) en 10 ml de agua se afiadi6é a una suspensién
del compuesto de formula (IV) hidrocloruro de naftaleno-2-ilhidrazina (1,236 g, 6,35 mmol) y
el compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (1,072 g, 6,69 mmol) en 30
ml de agua. Después de 15 minutos la mezcla de reaccioén se filtré y la disolucién se lavd con
40 ml de HCI 10°M y, a continuacién 40 ml de agua. La capa orgénica se secé sobre MgSOy
y después de la filtracion, el disolvente se evapor6 a sequedad. Los correspondientes 0,705 g

(37%) de la hidrazida del titulo se obtuvieron. La ciclacién no se llevé a cabo.

o Sintesis del compuesto de férmula (VII)/(VIla) 5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol
via etapa al)

El siguiente esquema de reaccién muestra las transformaciones quimicas que tienen lugar en

los ejemplos 4-21.
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N_r
\ \
H
OH coupling agent (DCC or EDC) H

opt. activating agent (HOBt)
lta base (EtN)
solvent

HCI ag.

A — Moo
H

Ejemplo 4: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-i)-1H-

pirazol-3-ol con DCC

Se afiadié una solucién de diciclohexilcarbodiimida (DCC, 1,629 g, 7,91 mmol, 1,07 equiv.)
en 14 mL de cloruro de metileno anhidro a una suspensién del compuesto de férmula (IV)
clorhidrato de naftalen-2-il hidrazina (1,434 g, 7,37 mmol), el compuesto (Ila) acido 2-(2,4-
dimetil-1,3-dioxolan-2-il)acético (1,242 g, 7,75 mmol, 1,05 equiv.), y trietilamina (1070 uL,
7,75 mmol, 1,05 equiv.) en 10 mL de cloruro de metileno anhidro. Después de 20 minutos se
considerd que la reaccion se habia completado. El sélido se filtré y a continuacion se lavo el
crudo con 40 mL de HCI 10°M y a continuacién con 40 mL de agua. La fase orgdnica se
secO sobre MgSO4 y después de filtrar el disolvente, se evapord a sequedad, para obtener el
compuesto de féormula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 100 mL de MeOH. Se afiadié una solucién de HCl en agua (2
mL de HCI concentrado en 5 mL de agua) y la reaccion se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de férmula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejo enfriar hasta
temperatura ambiente. A continuacidn, se concentré el crudo en un rotavapor para reducir lo
maximo posible el volumen de MeOH. Este crudo evaporado se basific6 hasta pH = 14 con
NaOH 2 M obteniéndose un precipitado. El crudo basificado se filtrd y el filtrado obtenido de
esta manera se acidifico con AcOH diluido (1:5 con agua) hasta pH = 7. Durante la
neutralizacion se observé un nuevo precipitado, el cual se filtré a continuacidn y se secd en un
desecador. Se obtuvieron 1,334 g (81%) de un sé6lido correspondiente al compuesto del titulo.
La proporcién isomérica obtenida para [5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol] : [3-metil-
1-(naftalen-2-il)-1H-pirazol-5-ol] fue 98:2.
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Ejemplo 5: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-il)-1H-

pirazol-3-ol utilizando DCC

Se afiadié una solucién de DCC (1,644 g, 7,95 mmol) en 8 mL de MeOH a una suspension del
compuesto de formula (IV) clorhidrato de naftalen-2-il hidrazina ( 1,406 g, 7,22 mmol), 4cido
2-(2,4-dimetil-1,3-dioxolan-2-il) acético (1,273 g, 7,95 mmol), y trietilamina (1050 pL, 7,59
mmol) en 6 mL de MeOH. Después de 20 minutos se consideré que la reaccién se habia
completado. Se filtré y se llevo a sequedad, para obtener el compuesto de férmula (V) 2-(2,4-
dimetil-1,3-dioxolan-2-i1)-N'-(naftalen-2-il )acetohidrazida.

El crudo seco se disolvié en 100 mL de MeOH. Se afiadié una solucién de HCl en agua (2
mL de HCI concentrado en 5 mL de agua) y la reaccion se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de férmula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejo enfriar hasta
temperatura ambiente. A continuacidn, se concentré el crudo en un rotavapor para reducir lo
maximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M obteniéndose un precipitado. El crudo basificado se filtrd y el filtrado obtenido de
esta manera se acidifico con AcOH diluido (1:5 con agua) hasta pH = 7. Durante la
neutralizacion se observé un nuevo precipitado, el cual se filtr6 a continuacién y se secd en un
desecador. Se obtuvieron 0,894 g (55%) de un sé6lido correspondiente al compuesto del titulo.
La proporcién isomérica obtenida para [5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol] : [3-metil-
1-(naftalen-2-il)-1H-pirazol-5-ol] fue 99,5:0,5.

Ejemplo 6: Preparacion del compuesto de formula (VII)/(VIIa) 5-metil-1-(naftalen-2-11)-1H-

pirazol-3-ol utilizando DCC

Se afiadié una solucién de DCC (8,098 g, 39,25 mmol, 1,1 equiv.) en 15 mL de cloruro de
metileno anhidro a una suspensién del compuesto de férmula (IV) clorhidrato de naftalen-2-il
hidrazina (6,944 g, 35,67 mmol), el compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il)
acético (6,282 g, 39,22 mmol, 1,1 equiv.), y trietilamina (5,2 mL, 37,46 mmol, 1,05 equiv.) en
35 mL de cloruro de metileno anhidro. Después de 20 minutos se considerd que la reaccion se
habia completado. El s6lido se filtré y a continuacién se lavé el crudo con 80 mL HCI 10°M
y a continuacién con 80 mL de agua. La fase orgdnica se secd sobre MgSO, y después de
filtrar el disolvente, se evapord a sequedad, para obtener el compuesto de féormula (V) 2-(2,4-
dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 200 mL de MeOH. Se afiadié una solucién de HCI en agua (4
mL de HCI concentrado en 10 mL de agua) y la reaccién se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de formula (VI) N'-(naftalen-2-il)-

3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejé enfriar hasta

32



temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para reducir lo
mdaximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtré y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observo un nuevo precipitado, el cual se filtré a continuacion y se seco en
un desecador. Se obtuvieron 5,488 g (69%) de un sélido correspondiente al compuesto del

titulo.

Ejemplo 7: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-il)-1H-

pirazol-3-ol utilizando DCC

Se afiadié una soluciéon de DCC (8,122 g, 39,36 mmol, 1,1 equiv.) en 20 mL de cloruro de
metileno a 0°C a una suspensién del compuesto de férmula (IV) clorhidrato de naftalen-2-il
hidrazina (6,942 g, 35,67 mmol), el compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il)
acético (6,575 g, 41,05 mmol, 1,15 equiv.), y trietilamina (5,4 mL, 39,24 mmol, 1,1 equiv.) en
40 mL de cloruro de metileno. Después de 60 minutos se considerd que la reaccion se habia
completado. El sélido se filtré y a continuacién se lavé el crudo con 80 mL de HCl 10°M ya
continuacion con 80 mL de agua. La fase organica se sec6 sobre MgSQ, y después de filtrar
el disolvente, se evapord a sequedad, para obtener el compuesto de férmula (V) 2-(2,4-
dimetil-1,3-dioxolan-2-i1)-N'-(naftalen-2-il )acetohidrazida.

El crudo seco se disolvié en 200 mL de MeOH. Se afiadié una solucién de HCI en agua (4
mL de HCI concentrado en 10 mL de agua) y la reaccién se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de formula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejé enfriar hasta
temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para reducir lo
mdaximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 4M (= 20 mL) obteniéndose un precipitado. El crudo basificado se filtré y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observo un nuevo precipitado, el cual se filtrd a continuacion y se seco en
un desecador. Se obtuvieron 8,9 g (>100 %) de un sélido correspondiente al compuesto del

titulo.
Lavados: Se calent6 una suspension del crudo sélido (8,9 g) a reflujo durante 1 hora en 50 mL
de MeOH. Se filtr6 en frio. El sélido se lavé con 20 mL de MeOH frio produciendo 5,321 g

(56%) del compuesto del titulo.

Ejemplo 8: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-il)-1H-

pirazol-3-ol utilizando DCC
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Se afiadid lentamente una mezcla de DCC (5,906 g, 28,62 mmol, 1,1 equiv.) y el compuesto
de férmula (ITa) 4cido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,317 g, 26,97 mmol, 1,05
equiv.) en 25 mL de cloruro de metileno a 0 °C a una suspension del compuesto de férmula
(IV) clorhidrato de naftalen-2-il hidrazina (4,999 g, 25,69 mmol), y trietilamina (3,7 mL,
26,97 mmol, 1,05 equiv.) en 50 mL de cloruro de metileno. Después de 60 minutos el sélido
se filtr6 y a continuacién se lavé el crudo con 80 mL de HCl 10°M y a continuacién con 80
mL de agua. La fase organica se secd sobre MgSQO, y después de filtrar el disolvente se
evapord a sequedad, para obtener el compuesto de férmula (V) 2-(2,4-dimetil-1,3-dioxolan-2-
il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 130 mL de MeOH. Se afiadié una solucién de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccién se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de formula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejé enfriar hasta
temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para reducir lo
mdaximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtrd y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observo un nuevo precipitado, el cual se filtrd a continuacidn y se seco en
un desecador. Se obtuvieron 3,223 g (56 %) de un sélido correspondiente al compuesto del
titulo.

Lavados: Se calent6 una suspension del crudo sélido (3,101 g) a reflujo durante 1 h en 30 mL
de MeOH. Se filtr6 en frio. El s6lido se lavé con 10 mL de MeOH frio produciendo 2,183 g
(38%) del compuesto del titulo.

Ejemplo 9: Preparacion del compuesto de formula (VII)/(VIIa) 5-metil-1-(naftalen-2-11)-1H-

pirazol-3-ol utilizando DCC

Se afiadi6 una solucién de DCC (5,861 g, 28,41 mmol, 1,1 equiv.) en 20 mL de tolueno a una
suspension densa del compuesto de formula (IV) clorhidrato de naftalen-2-il hidrazina (4,993
g, 25,69 mmol), compuesto (Ila) 4cido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,588 g,
28,64 mmol, 1,10 equiv.), y trietilamina (3,7 mL, 26,97 mmol, 1,05 equiv.) en 25 mL de
tolueno. Después de 60 minutos el sélido se filtré y a continuacién se lavé el crudo con 80
mL de HCI 10°M y a continuacién con 80 mL de agua. La fase orgdnica se secé sobre

MgSO, y después de filtrar el disolvente, se evapord a sequedad.

El crudo seco se disolvi6é en 130 mL de MeOH. Se afiadi6 una soluciéon de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccion se puso a reflujo durante una hora.

La reaccion se dejo enfriar hasta temperatura ambiente. A continuacién, se concentrd el
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crudo en un rotavapor para reducir lo maximo posible el volumen de MeOH. Este crudo
evaporado se basificé hasta pH = 14 con NaOH 2 M (= 40 mL) obteniéndose un precipitado.
El crudo basificado se filtr6 y el filtrado obtenido de esta manera se acidific6 con AcOH
diluido (1:5 con agua) hasta pH = 7. Durante la neutralizacién se observé un nuevo
precipitado, el cual se filtré a continuacién y se sec6 en un desecador. Se obtuvieron 5,032 g

(87%) de un solido correspondiente al compuesto del titulo.

Ejemplo 10: Preparacién de 5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol utilizando DCC

Se afiadi6 una solucién de DCC (5,844 g, 28,32 mmol, 1,1 equiv.) en 20 mL de THF a 0 °C a
una suspension del compuesto de férmula (IV) clorhidrato de naftalen-2-il hidrazina (5,004 g,
25,71 mmol), acido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,330 g, 27,03 mmol, 1,05
equiv.), y trietilamina (3,7 mL, 26,97 mmol, 1,05 equiv.) en 40 mL de THF. Después de 100
minutos el s6lido se filtré y el disolvente se evapord a sequedad, para obtener el compuesto de
féormula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvi6é en 130 mL de MeOH. Se afiadi6 una soluciéon de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccion se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de férmula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejo enfriar hasta
temperatura ambiente. A continuacidn, se concentro el crudo en un rotavapor para reducir lo
maximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtré y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observé un nuevo precipitado, el cual se filtr6 a continuacién y se secé en
un desecador. Se obtuvieron 4,729 g (82 %) de un so6lido correspondiente al compuesto del

titulo.
Lavados: Se calentd una suspension del crudo sélido (4.589 g) a reflujo durante 30 minutos en
10 mL de acetato de etilo. Se filtrd en frio. El sdlido se lavé con 6 mL de acetato de etilo frio

produciendo 3,041 g (53%) del compuesto del titulo.

Ejemplo 11: Preparacion del compuesto de férmula (VII/(VIIa) 5-metil-1-(naftalen-2-11)-1H-

pirazol-3-ol utilizando DCC

Se afiadi6 una solucién de DCC (5,823 g, 28,22 mmol, 1,1 equiv.) en 20 mL de AcOEt a una
suspension del compuesto de férmula (IV) clorhidrato de naftalen-2-il hidrazina (4,988 g,
25,62 mmol), compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,352 g, 27,17
mmol, 1,05 equiv.), y trietilamina (3,7 mL, 26,97 mmol, 1,05 equiv.) en 40 mL de AcOEt.

Después de 60 minutos se filtré el sélido y a continuacién se lavé el crudo con 60 mL de HCI
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10°M vy a continuacién con 60 mL de agua. La fase orgénica se sec6 sobre MgSOy y después
de filtrar el disolvente se evapord a sequedad, para obtener el compuesto de férmula (V) 2-
(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 130 mL de MeOH. Se afiadié una solucién de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccién se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de formula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejé enfriar hasta
temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para reducir lo
mdaximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtrd y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observo un nuevo precipitado, el cual se filtré a continuacion y se seco en
un desecador. Se obtuvieron 3,614 g (62%) de un sélido correspondiente al compuesto del

titulo.

Ejemplo 12: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-il)-1H-
pirazol-3-ol utilizando DCC

Se afiadi6 una solucién de DCC (5,842 g, 28,31 mmol, 1,1 equiv.) en 20 mL de CH;CN a 0°C
a una suspension del compuesto de férmula (IV) clorhidrato de naftalen-2-il hidrazina (4,994
g, 25,65 mmol), el compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,354 g,
26,97 mmol, 1,05 equiv.), y trietilamina (3,7 mL, 26,97 mmol, 1,05 equiv.) en 40 mL de

CH;CN. Después de 60 minutos el solido se filtr6 y el disolvente se evapord a sequedad, para
obtener el compuesto de férmula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-

il)acetohidrazida.

El crudo seco se disolvié en 130 mL de MeOH. Se afiadié una solucién de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccién se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de formula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejé enfriar hasta
temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para reducir lo
mdaximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtrd y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observo un nuevo precipitado, el cual se filtré a continuacion y se seco en
un desecador. Se obtuvieron 3,791 g (66%) de un sélido correspondiente al compuesto del

titulo.
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Ejemplo 13: Preparacién del compuesto de férmula (VID/(VIIa) S-metil-1-(naftalen-2-il)-1H-
pirazol-3-ol utilizando DCC

Se afiadi6 una solucién de DCC (5,542 g, 26,86 mmol, 1,1 equiv.) en 20 mL de isopropanol a
0°C a una suspension del compuesto de férmula (IV) clorhidrato de naftalen-2-il hidrazina
(4,720 g, 24,25 mmol), compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,095
g, 25,57 mmol, 1,05 equiv.), y trietilamina (3,5 mL, 25,46 mmol, 1,05 equiv.) en 40 mL de
CH;CN. Después de 60 minutos el sdlido se filtrd y el disolvente se evapord a sequedad, para
obtener el compuesto de férmula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-

il)acetohidrazida.

El crudo seco se disolvié en 130 mL de MeOH. Se afiadié una solucién de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccién se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de formula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejé enfriar hasta
temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para reducir lo
mdaximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtrd y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observo un nuevo precipitado, el cual se filtrd a continuacidn y se seco en
un desecador. Se obtuvieron 2,587 g (48%) de un sélido correspondiente al compuesto del

titulo.

Ejemplo 14: Preparacién del compuesto de férmula (VID/(VIIa) S-metil-1-(naftalen-2-il)-1H-

pirazol-3-ol utilizando DCC

Sobre una disolucién del compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (8.68
kg, 54.2 mol) en cloruro de metileno (35 L) y trietilamina (5.7 kg, 56.6 mol) el compuesto de
féormula (IV) clorhidrato de naftalen-2-il hidrazina (10,5 kg, 53.9 mol) y una disolucién de
diciclohexilcarboiimida (11.3 kg, 55.0 mol) en cloruro de metileno (13 L) fueron afiadidos. Se
sometié a reflujo hasta que se alcanz6 el control de la reaccién adecuado, se enfridé a
temperatura ambiente y el s6lido en suspension se filtrd, se lavé con cloruro de metileno (10,5
L). El cloruro de metileno fue destilado y el compuesto obtenido de férmula (V) 2-(2,4-
dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida se disolvié en metanol (157 L) y
se afiadieron HCI al 35% (6,3 L) y agua (19 L).

La mezcla se someti6 a reflujo por una hora para hidrolizar el grupo cetal, obteniendo asi el
compuesto de férmula (VI) N'-(naftalen-2-il)-3-oxobutanohidrazida el cual se cicla
posteriormente. La reaccién se dejo enfriar hasta temperatura ambiente. A continuacion, se

concentro el crudo en un rotavapor para reducir lo méximo posible el volumen de MeOH. El
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metanol se destilo, se afiadié agua (42 L) y la disolucion se lavé con cloruro de metileno a pH
basico. La capa orgdnica se separé y la capa acuosa de pH fue ajustado a 6. El sélido
precipitado se centrifugd, se lavé con agua (15 L) y se suspendid en acetato de etilo (37 L). Se
centrifugd, se lavo con acetato de etilo (5 L) y se secd a vacio a 50 °C. 8,7 kg de 5-metil-1-

(naftalen-2-il)- 1H-pirazol-3-ol (rendimiento 72%) se obtuvieron. No se detectd isomer.

Ejemplo 15: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-il)-1H-
pirazol-3-ol utilizando DCC y HOBt

Se afiadi6 una solucién de DCC (5,853 g, 28,37 mmol, 1,1 equiv.) en 20 mL de tolueno a 0°C
a una suspension del compuesto de férmula (IV) clorhidrato de naftalen-2-il hidrazina (4,999
g, 25,69 mmol), el compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,351 g,
27,16 mmol, 1,05 equiv.), trietilamina (3,7 mL, 26,97 mmol, 1,05 equiv.), e hidrato de 1-

hidroxibenzotriazol (HOBt) (201 mg, 1,31 mmol) en 40 mL de tolueno. La reaccién se
mantuvo a 0°C durante una hora. Después de 60 minutos el sélido se filtré y a continuacién
se 1avé el crudo con 60 mL de HCI 10°M y 60 mL de agua. La fase orgénica se secé sobre
MgSO, y finalmente el disolvente se evaporé a sequedad para obtener el compuesto de
féormula (V) 2-(2,4-dimetil-1,3-dioxolan-2-i1)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 130 mL de MeOH. Se afiadié una solucién de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccién se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de formula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejé enfriar hasta
temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para reducir lo
mdaximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtrd y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observo un nuevo precipitado, el cual se filtrd a continuacidn y se seco en
un desecador. Se obtuvieron 4,086 g (71%) de un sélido correspondiente al compuesto del
titulo. La proporcion isomérica obtenida para [5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol] : [3-
metil-1-(naftalen-2-il)-1H-pirazol-5-ol] fue 99,5:0,5.

Ejemplo 16: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-il)-1H-
pirazol-3-ol utilizando DCC y HOBt

Se afiadi6 una solucién de DCC (5,830 g, 28,26 mmol, 1,1 equiv.) en 20 mL de tolueno a 0 °C
a una suspension del compuesto de férmula (IV) clorhidrato de naftalen-2-il hidrazina (5,012
g, 25,75 mmol), el compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,329 g,
27,03 mmol, 1,05 equiv.), trietilamina (3,7 mL, 26,97 mmol, 1,05 equiv.), y HOBt (201 mg,

1,31 mmol) en 40 mL de tolueno. La reaccién se mantuvo a 0 °C durante dos horas. Después
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de 60 minutos el solido se filtré y el filtrado se evapor6 a sequedad para obtener el compuesto
de férmula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 130 mL. de MeOH. Se afiadi6 una soluciéon de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccion se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de férmula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejo enfriar hasta
temperatura ambiente. A continuacidn, se concentré el crudo en un rotavapor para reducir lo
maximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtré y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observé un nuevo precipitado, el cual se filtr6 a continuacién y se secé en
un desecador. Se obtuvieron 4,495 (78%) de un so6lido correspondiente al compuesto del
titulo. La proporcion isomérica obtenida para [5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol] : [3-
metil-1-(naftalen-2-il)- 1H-pirazol-5-ol] fue 99,5:0,5.

Ejemplo 17: Preparacién del compuesto de férmula (VID/(VIIa) S-metil-1-(naftalen-2-i)-1H-
pirazol-3-ol utilizando DCC y HOBt
Se afiadié una soluciéon de DCC (17,526 g, 84,94 mmol, 1,1 equiv.) en 60 mL de tolueno a

0°C a una suspension del compuesto de férmula (IV) clorhidrato de naftalen-2-il hidrazina
(14,991 g, 77,01 mmol), el compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético
(13,016 g, 81,26 mmol, 1,05 equiv.), trietilamina (11,2 mL, 80,91 mmol, 1,05 equiv.), y
HOBt (593 mg, 3,87 mmol) en 120 mL de tolueno. La reaccién se mantuvo a 0°C durante
una hora y 15 minutos. Después de 60 minutos el sélido se filtré y a continuacién se lavé el
crudo con 180 mL de HCI 10°M y 180 mL de agua. Finalmente, el disolvente de la fase
orgdnica se evaporé a sequedad para obtener el compuesto de formula (V) 2-(2,4-dimetil-1,3-

dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 250 mL. de MeOH. Se afiadié una solucién de HCI en agua (9
mL de HCI concentrado en 21 mL de agua) y la reaccién se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de formula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejé enfriar hasta
temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para reducir lo
mdaximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtrd y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observo un nuevo precipitado, el cual se filtrd a continuacidn y se seco en

un desecador. Se obtuvieron 14,020 g (81%) de un sélido correspondiente al compuesto del
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titulo. La proporcién isomérica obtenida para [5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol] : [3-
metil-1-(naftalen-2-il)-1H-pirazol-5-ol] fue 99,5:0,5.

Ejemplo 18: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-il)-1H-
pirazol-3-ol utilizando DCC y HOBt

Se afiadi6 una solucién de DCC (5,859 g, 28,40 mmol, 1,1 equiv.) en 20 mL de CH,Cl, a 0 °C
a una suspension del compuesto de férmula (IV) clorhidrato de naftalen-2-il hidrazina (5,007
g, 25,72 mmol), el compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,331 g,
27,04 mmol, 1,05 equiv.), trietilamina (3,7 mL, 26,97 mmol, 1,05 equiv.), y HOBt (199 mg,
1,30 mmol) en 40 mL de CH,Cl,. La reaccién se mantuvo a 0 °C durante una hora. Después

de 60 minutos el sélido se filtrd, a continuacién se lavo el filtrado con 60 mL de HC1 10°M y
60 mL de agua y la fase orgédnica se secé sobre MgSQ,. Finalmente, el disolvente se evapord
a sequedad para obtener el compuesto de férmula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-

(naftalen-2-il)acetohidrazida.

El crudo seco se disolvi6é en 130 mL de MeOH. Se afiadi6 una solucién de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccion se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de férmula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejo enfriar hasta
temperatura ambiente. A continuacidn, se concentré el crudo en un rotavapor para reducir lo
maximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtré y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observé un nuevo precipitado, el cual se filtr6 a continuacién y se secé en
un desecador. Se obtuvieron 5,136 g (89%) de un sélido correspondiente al compuesto del
titulo. La proporcion isomérica obtenida para [5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol] : [3-
metil-1-(naftalen-2-il)- 1H-pirazol-5-ol] fue 99,5:0,5.

Ejemplo 19: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-il)-1H-
pirazol-3-ol utilizando DCC y HOBt

Se afiadi6 una solucién de DCC (5,830 g, 28,26 mmol, 1,1 equiv.) en 20 mL de MeOH a 0 °C
a una suspension del compuesto de férmula (IV) clorhidrato de naftalen-2-il hidrazina (5,006
g, 25,72 mmol), el compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,337 g,
27,08 mmol, 1,05 equiv.), trietilamina (3,7 mL, 26,97 mmol, 1,05 equiv.), y HOBt (197 mg,

1,28 mmol) en 40 mL de MeOH. La reaccién se mantuvo a 0 °C durante una hora. Después

de 60 minutos el solido se filtré y el disolvente se evapord a sequedad para obtener el
compuesto de férmula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.
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El crudo seco se disolvié en 130 mL de MeOH. Se afiadié una solucién de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccién se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de formula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejé enfriar hasta
temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para reducir lo
mdaximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtrd y el filtrado
obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta pH = 7. Durante
la neutralizacién se observo un nuevo precipitado, el cual se filtré a continuacidn y se seco en
un desecador. Se obtuvieron 2,248 g (39%) de un sélido correspondiente al compuesto del
titulo. La proporciéon isomérica obtenida para [5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol] : [3-
metil-1-(naftalen-2-il)-1H-pirazol-5-ol] fue 99,5:0,5.

Ejemplo 20: Preparacion de 5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol utilizando EDC

Se afiadi6 una solucién de N-(3-dimetilaminopropil)-N’-etilcarbodiimida (EDC, 1,439 g, 7,51
mmol) en 14 mL de cloruro de metileno anhidro a una suspensién del compuesto de férmula
(IV) clorhidrato de naftalen-2-il hidrazina (1,357 g, 6,99 mmol), el compuesto (Ila) acido 2-
(2,4-dimetil-1,3-dioxolan-2-il) acético (1,179 g, 7,36 mmol), y trietilamina (1020 pL, 7,36
mmol) en 6 mL de cloruro de metileno anhidro. Después de 15 minutos se lavo la solucién
con 40 mL de HCI 10°M y a continuacién 40 mL de agua. La fase orgdnica se secé sobre
MgSO, y después de filtrar el disolvente, se evapor a sequedad para obtener el compuesto de
féormula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 100 mL de MeOH. Se afiadié una solucién de HCl en agua (2
mL de HCI concentrado en 5 mL de agua) y la reaccion se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de férmula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejo enfriar hasta
temperatura ambiente. A continuacidn, se concentré el crudo en un rotavapor para reducir lo
maximo posible el volumen de MeOH (hasta = 10-15 ml). Este crudo evaporado se basifico
hasta pH = 14 con NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se
filtr6, se descartd el solido y el filtrado obtenido de esta manera se acidific6 con AcOH
diluido (1:5 con agua) hasta pH = 7. Durante la neutralizacién se observé un nuevo
precipitado, el cual se filtré a continuacién y se sec6 en un desecador. Se obtuvieron 1,301 g
(83%) de un sdlido correspondiente al compuesto del titulo. La proporcién isomérica
obtenida para [5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol] : [3-metil-1-(naftalen-2-il)-1H-
pirazol-5-ol] fue 99,5:0,5.

Ejemplo 21: Preparacion de 5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol utilizando EDC
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Se afiadié una solucién de EDC (5,041 g, 26,30 mmol, 1,16 equiv.) en 15 mL de cloruro de
metileno a una suspensién a 0 °C del compuesto de férmula (IV) clorhidrato de naftalen-2-il
hidrazina (4,414 g, 22,68 mmol, 1 equiv.),el compuesto (Ila) acido 2-(2,4-dimetil-1,3-
dioxolan-2-il) acético (4,030 g, 25,16 mmol, 1,1 equiv.), y trietilamina (3,5 mL, 24,95 mmol,
1,1 equiv.) en 35 mL de cloruro de metileno anhidro. Después de 16 minutos, la mezcla de
reaccién se lavé con 80 mL de HC1 10°M y a continuacién 80 mL de agua. La fase orgénica
se secO sobre MgSO, y después de filtrar el disolvente, se evapord a sequedad para obtener el

compuesto de féormula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 130 mL de MeOH. Se afiadi6 una soluciéon de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccién se puso a reflujo durante una para
hidrolizar el grupo cetal, obteniendo asi el compuesto de férmula (VI) N'-(naftalen-2-il)-3-
oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejo enfriar hasta
temperatura ambiente. A continuacidn, se concentré el crudo en un rotavapor para reducir lo
maximo posible el volumen de MeOH (hasta = 10-15 ml). Este crudo evaporado se basifico
hasta pH = 14 con NaOH 4M obteniéndose un precipitado. El crudo basificado se filtrd, se
descarté el solido y el filtrado obtenido de esta manera se acidificé con AcOH diluido (1:5
con agua) hasta pH = 7. Durante la neutralizacion se observé un nuevo precipitado, el cual se
filtr6 a continuacion y se secé en un desecador. Se obtuvieron 4,613 g (91%) de un sélido
correspondiente al compuesto del titulo. La proporcién isomérica obtenida para [5-metil-1-
(naftalen-2-il)-1H-pirazol-3-ol] : [3-metil-1-(naftalen-2-il)- 1H-pirazol-5-o0l] fue 99,5:0,5.

o Sintesis del compuesto de foromula  (VII)/(VIla) 5-methyl-1-(naphthalen-2-yl)-1H-

pyrazol-3-ol via etapa a2)

El siguiente esquema de reaccién muestra las transformaciones quimicas que tienen lugar en

los ejemplos 22-23.
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Ejemplo 22: Preparacion del compuesto de férmula (VII/(VIIa) 5-metil-1-(naftalen-2-11)-1H-

pirazol-3-ol mediante anhidridos mezclados de férmula (I11)

Sobre una solucién de acido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético (4,320 g, 26,97 mmol)
en 50 mL de CH,Cl,, se afiadié cloroformiato de etilo (2,5 mL, 25,75 mmol) a 0 °C.
Manteniendo la temperatura a 0 °C, se afiadié lentamente Et;N anhidro (3,9 mL, 28,26 mmol)

para obtener el compuesto de férmula (III) anhidrido etil carbénico del 4cido 2-(2,4-dimetil-
1,3-dioxolan-2-il)acético. Después de 20 minutos de agitacidn, se afiadié una suspension del
compuesto de formula (IV) clorhidrato de naftalen-2-il hidrazina (5,007 g, 25,69 mmol) y
Et;N (3,9 mL, 28,26 mmol) en 35 mL de CH,Cl, anhidro a temperatura ambiente sobre los
anhidridos mezclados. Después de 3 horas, se evapord el disolvente para obtener el
compuesto de féormula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 130 mL de MeOH. Se aiiadi6 una soluciéon de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) y la reaccion se puso a reflujo durante una hora
para hidrolizar el grupo cetal, obteniendo asi el compuesto de férmula (VI) N'-(naftalen-2-il)-
3-oxobutanohidrazida el cual se cicla posteriormente. La reaccién se dejo enfriar hasta
temperatura ambiente. A continuacidn, se concentré el crudo en un rotavapor para reducir lo
maximo posible el volumen de MeOH. Este crudo evaporado se basificé hasta pH = 14 con
NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo basificado se filtrd, se descartd
el solido y el filtrado obtenido de esta manera se acidific6 con AcOH diluido (1:5 con agua)
hasta pH = 7. Durante la neutralizacién se observé un nuevo precipitado, el cual se filtr6 a
continuacion y se secdé en un desecador. Se obtuvieron 5,612 g (97%) de un sdlido
correspondiente al compuesto del titulo segin RMN de 'H. La proporcién isomérica obtenida
para [5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol] : [3-metil-1-(naftalen-2-il)-1H-pirazol-5-ol]
fue 98:2.

Ejemplo 23: Preparacion del compuesto de férmula (VII)/(VIIa) 5-metil-1-(naftalen-2-11)-1H-

pirazol-3-ol mediante anhidridos mezclados de formula (I1I)

Sobre una disolucién del compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il)acético (3.06
kg, 19.1 mol) en cloruro de metileno (27.5 L), se afiadieron trietilamina (4.1 kg, 40.1 mol) y
cloroformiato de etilo (2.0 kg, 18.7 mol) a at 0/5°C para obtener el compuesto de férmula (I1I)
anhidrido etil carbonico del dcido 2-(2,4-dimetil-1,3-dioxolan-2-il)acético. El compuesto de
féormula (IV) hidrocloruro de naftaleno-2-ilhidrazina (3.69 kg, 20.0 mol) fue afadido y
agitado a temperature ambientehasta alcanzar el control adecuado de la reaccion control. El
cloruro de metileno fue destilado y el compuesto obtenido de férmula (V) 2-(2,4-dimetil-1,3-
dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida fue disuleto en metanol (44 L), y se afiadieron

HCI al 35% (2.2 L) y agua (6.5 L). La mezcla se sometié a reflujo por una hora para
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hidrolizar el grupo cetal, obteniendo asi el compuesto de férmula (VI) N'-(naftalen-2-il)-3-
oxobutanohidrazida el cual se cicla posteriormente. El methanol fue destilado, se afiadi6 agua
(15 L) solution la disolucién fue lavada con cloruro de metileno a pH basico. La fase organic
fue descartada y el pH de la fase acuosa fue ajustado a 6. El sdlido precipitado fue
centrifugado, lavado con agua (7.5 L) y secado a vacio a 50 C. 3.7 kg of 5-metil-1-(naftalen-
2-il)-1H-pirazol-3-ol (rendimiento 86%) fueron obtenidos.

El siguiente esquema de reaccién muestra las transformaciones quimicas que tienen lugar en

los ejemplos 24-25.

H
N<
s
or its HCl salt >—\

I\ o SOCl, I\ o o
o_ O - - . o_ O

X)J\OH toluene MC'

80°C

; O
-
I=
\
ZT

EtsN

lla

HClI aq.

Ejemplo 24: Preparacion del compuesto de férmula (VIID/(VIIa) 5-metil-1-(naftalen-2-11)-1H-

pirazol-3-ol utilizando cloruro de dcido de férmula (III)

Se disolvi6 una cantidad del compuesto (Ila) acido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético
(1,043 g, 6,51 mmol) en 20 ml de tolueno. Bajo agitacion, se afiadio cloruro de tionilo (550
uL, 7,49 mmol, 1,15 equiv.) y la solucién se calent6 a 80 °C durante 2 h 15 min. Después de
este periodo de tiempo, la solucién se dejo enfriar hasta temperatura ambiente y se redujo a la
mitad el volumen de tolueno mediante destilacidn, para obtener el compuesto de férmula (I1I)
anhidrido etil carbénico del acido 2-(2,4-dimetil-1,3-dioxolan-2-il)acético.

Esta solucién de cloruro de 4cido en tolueno se canuld sobre una solucién del compuesto de
féormula (IV) naftalen-2-il hidrazina (base libre, 1,072 g, 6,84 mmol) y Et;N (1350 pL, 9,76
mmol) en 10 mL de cloruro de metileno en un bafio de hielo. Una vez se anadié cloruro de
acido, se extrajo el bafio de hielo y la mezcla se agit6 a temperatura ambiente durante 45
minutos. Después de este periodo de tiempo, la mezcla de reaccion se concentré a sequedad
para obtener el compuesto de férmula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-
il)acetohidrazida.
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El crudo seco se disolvié en 100 mL de MeOH. Se afiadié una solucién de HCIl en agua (2
mL de HCI concentrado en 5 mL de agua) para hidrolizar el grupo cetal, obteniendo asi el
compuesto de férmula (VI) N'-(naftalen-2-il)-3-oxobutanohidrazida el cual se cicla
posteriormente. La mezcla de reaccion se puso a reflujo durante una hora y se dejé enfriar
hasta temperatura ambiente. A continuacién, se concentrd el crudo en un rotavapor para
reducir lo maximo posible el volumen de MeOH (hasta = 10-15 mL). Este crudo evaporado
se basificd hasta pH = 14 con NaOH 2 M obteniéndose un precipitado. El crudo basificado se
filtrd y el filtrado obtenido de esta manera se acidificé con AcOH diluido (1:5 con agua) hasta
pH = 7. Durante la neutralizacién se observé un nuevo precipitado, el cual se filtré a
continuacion y se secé en un desecador. Se obtuvieron 1,126 g (77%) de un sdlido
correspondiente al compuesto del titulo. La proporcién isomérica obtenida para [5-metil-1-
(naftalen-2-il)-1H-pirazol-3-ol] : [3-metil-1-(naftalen-2-il)-1H-pirazol-5-ol] fue 97:3.

Ejemplo 25: Preparaciéon de 5-metil-1-(naftalen-2-il)-1H-pirazol-3-o0l a través de cloruro de
acido de férmula (I11)

Se disolvi6 una cantidad del compuesto (Ila) dcido 2-(2,4-dimetil-1,3-dioxolan-2-il) acético

(5,575 g, 34,77 mmol, 1,35 equiv.) en 50 ml de tolueno. Bajo agitacidn, se afiadié cloruro de
tionilo (2,5 mL, 34,77 mmol, 1,35 equiv.) y la solucién se calenté a 80°C durante 2 h.
Después de este periodo de tiempo, la solucion se dejé enfriar hasta temperatura ambiente y
se redujo a la mitad el volumen de tolueno mediante destilacidn, para obtener el compuesto de
féormula (III) anhidrido etil carbénico del acido 2-(2,4-dimetil-1,3-dioxolan-2-il)acético.

Esta solucién de cloruro de 4cido en tolueno se canul6 sobre una solucién del compuesto (IV)
clorhidrato de naftalen-2-il hidrazina (5,001 g, 25,69 mmol) y se afiadi6 gota a gota EzN
(10,1 mL, 72,7 mmol) en 20 mL de tolueno en un bafio de hielo. Una vez se afiadi6 cloruro de
dcido, se extrajo el bafio de hielo y la mezcla se agit6 a temperatura ambiente durante 16
horas. Después de este periodo de tiempo, la fase orgédnica se lavé con 80 mL de agua y se
secO sobre MgSO, y se filtr6, y se concentr6 a continuacién a sequedad para obtener el
compuesto de férmula (V) 2-(2,4-dimetil-1,3-dioxolan-2-il)-N'-(naftalen-2-il)acetohidrazida.

El crudo seco se disolvié en 130 mL de MeOH. Se afiadié una solucién de HCI en agua (3
mL de HCI concentrado en 7 mL de agua) para hidrolizar el grupo cetal, obteniendo asi el
compuesto de formula (VI)  N'-(naftalen-2-il)-3-oxobutanohidrazida el cual se cicla
posteriormente. La mezcla de reaccidn se puso a reflujo durante una hora y se dejé enfriar
hasta temperatura ambiente. A continuacién, se concentré el crudo en un rotavapor para
reducir lo maximo posible el volumen de MeOH (hasta = 10-15 mL). Este crudo evaporado
se basifico hasta pH = 14 con NaOH 2 M (= 40 mL) obteniéndose un precipitado. El crudo
basificado se filtrd y el filtrado obtenido de esta manera se acidificé con AcOH diluido (1:5
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con agua) hasta pH = 7. Durante la neutralizacién se observé un nuevo precipitado, el cual se
filtré a continuacién y se secé en un desecador. Se obtuvieron 3,738 g (65%) de un sélido
correspondiente al compuesto del titulo. La proporcién isomérica obtenida para [5-metil-1-
(naftalen-2-il)-1H-pirazol-3-ol] : [3-metil-1-(naftalen-2-il)-1H-pirazol-5-ol] fue 99,5:0,5.

Ejemplo 26 (Comparativo): Adaptacion del proceso por Ueda et al. 1982 para la preparacién
del compuesto de férmula (VID)/(VIIa) 5-metil-1-(naftalen-2-il)-1H-pirazol-3-ol

Se mezclaron clorhidrato de naftalen-2-il hidrazina (30 g) y NaOMe (20,85 g) en tolueno (300
ml) y se calentaron hasta 80/85°C. Se afiadi6 2-(2,4-dimetil-1,3-dioxolan-2-il) acetato de etilo

(30,6 ml) y se mantuvo durante 90 min. Se afiadieron 2-(2,4-dimetil-1,3-dioxolan-2-il) acetato
de etilo (8,2 ml) y NaOMe (2,5 g) y se mantuvieron durante 2 h. Se afiadié NaOMe (1,7 g) y
se mantuvo durante 1 h. La mezcla se enfrié hasta temperatura ambiente, se afiadié agua (450
ml) y el pH se ajusté a 6-8 con HCI acuoso. La fase orgdnica se concentrd a sequedad bajo
vacio y se afiadieron metanol (450 ml), HCI al 35% (18 ml) y agua (54 ml). La mezcla se
calent6 hasta reflujo durante 90 minutos y se concentr6é al vacio hasta un volumen final de
165 ml. Se afiadieron agua (120 ml) y CH,Cl, (120 ml) y el pH se ajusté a 12,2-12,7
(basificado con NaOH al 25%). Se descarto la fase orgdnica superior, y se ajust6 el pH de la
fase acuosa inferior a 5,0-7,0 con 4cido acético al 80%. El sdlido se filtrd, se lavd con agua
(45 ml) y se mezcl6 en acetato de etilo (102 ml) 2 h a 20/25 °C. El sélido se filtrd, se lavé con
acetato de etilo (15 ml) y se secé para producir 20,24 g (46%) de una mezcla [S5-metil-1-
(naftalen-2-il)-1H-pirazol-3-ol]: [3-metil-1-(naftalen-2-il)-1H-pirazol-5-ol] (80:20).
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Reivindicaciones

1. Proceso para la preparacién de un compuesto de féormula (V),

ZT

™

Py
N
Iz

R1
V)
comprendiendo dicho proceso la etapa de:
al) acoplar un compuesto de férmula (I) con un compuesto de férmula (IV) en un disolvente
adecuado, en presencia de un agente de acoplamiento, y opcionalmente en presencia de un

agente desactivador del agente de acoplamiento; o

RS RO
o o)
o)
R? OH H
R' N R
) av)

a2) convertir un compuesto de férmula (II) en un compuesto de férmula (III) con un agente
activador, y acoplar dicho compuesto de formula (III) con un compuesto de formula (IV) en

un disolvente adecuado,

R® R®
o o)
o}
R2 z
R1
(1IT)

donde en cada uno de los compuestos de formula (1), (IIT), (IV), y (V), donde sea aplicable,
R!es hidrégeno o C;alquilo;

R’ es hidrégeno, C;_salquilo, o fenilo;

R® es naftilo opcionalmente sustituido con uno o dos sustituyentes seleccionados entre

halégeno y Cj_ealcoxi;
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R’ y R® son, cada uno independientemente, Cj.salquilo, polilhaloC,alquilo, -C(=0)-C;.
calquilo, fenilo, bencilo opcionalmente sustituido con nitro; o junto con los dos dtomos de
oxigeno a los que estdn unidos, forman un anillo heterociclico de 4-7 miembros
opcionalmente sustituido con un sustituyente seleccionado entre haldégeno, Cgalquilo, C,.
calquenilo, polilhaloC_ galquilo, triCealquilsililo, diC,alquilfenilsililo, Ci.
calquildifenilsililo, triC,¢alquilsililC, galquilo, diC;_ealquilfenilsililC, ¢alquilo, Ci.
salquildifenilsililC, galquilo, fenilo opcionalmente sustituido con nitro o metoxi, y piridilo; o
el anillo heterociclico de 4-7 miembros estd opcionalmente sustituido con dos sustituyentes
seleccionados entre halégeno y C;¢alquilo;

Z representa haldgeno, —O—CO—R7, 0 —O—CO—OR7; y

R es C 14alquilo, arilo o bencilo.

2. Proceso segtn la reivindicacion 1, en el que el grupo cetal o acetal del compuesto de

férmula (V) se separa posteriormente en un disolvente adecuado;

R1
V)

formando de este modo el compuesto de férmula (VI),
(0] (0]

ZT

R2 RS

Iz

R']
(VD)
y permitiendo la ciclacién del compuesto de férmula (VI), obteniendo de este modo el

compuesto de féormula (VII), un tautémero (VIla), y sales de los mismos;

R? 0 R? OH
/ NH / \N
R2 R2
il il
R® R®
(VID) (VIIa)

donde en cada uno de los compuestos de formulas (V), (VI), (VID), y (VIIa),
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Rl, RZ, R3, RS, y R son tal como se definen en la reivindicacién 1.

3. Proceso para la preparacion de un compuesto de férmula (VII), un tautémero (VIla), y sales

de los mismos, tal como se definen en la reivindicacion 2, comprendiendo dicho proceso las

etapas de:

al) acoplar un compuesto de féormula (II) con un compuesto de férmula (IV) en un disolvente

adecuado, en presencia de un agente de acoplamiento, y opcionalmente en presencia de un

agente desactivador del agente de acoplamiento,

R® R®
o o)
o)
R2 OH X
R’ N R
) av)

a2) convertir un compuesto de férmula (II) en un compuesto de férmula (II) con un agente

activador, y acoplar dicho compuesto de férmula (III) con un compuesto de férmula (IV) en

un disolvente adecuado,

R® R®
o o)
o}
R? z
R1
(1IT)

obteniendo de este modo el compuesto de férmula (V),

ZT

N

Py
¥}
Iz

V)
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seguido de la separacién, en la misma mezcla de reaccion, del grupo cetal o acetal del
compuesto de formula (V) en un disolvente adecuado, formando de este modo el compuesto

de férmula (VI),
0] 0]

ZT

R? R3

Iz

R'l

(VI)
y permitiendo la ciclaciéon del compuesto de férmula (VI), obteniendo de este modo el
compuesto de férmula (VII), un tautémero (VIla), y sales de los mismos; donde en cada uno
de los compuestos de férmulas (V), (VI), (VII), y (VIIa),

1 p2 p3 D5 P6 B7 . o .
R, R5 R, R R R, y Z son tal como se definen en las reivindicaciones 1 6 2.

4. Proceso segun cualquiera de las reivindicaciones 1-3, donde el compuesto de férmula (IV)

se obtiene mediante la reaccion de una sal del compuesto de férmula (IV) con una base.

5. Proceso segtin la reivindicacion 4, donde la reaccién de una sal del compuesto de férmula

(IV) con una base se realiza en la misma mezcla de reaccion de las reivindicaciones 1-3.

6. Proceso segun cualquiera de las reivindicaciones 1-5, donde el agente de acoplamiento en
la etapa al) es una carbodiimida, preferiblemente diciclohexilcarbodiimida (DCC),
diisopropilcarbodiimida, o N-etil-N'-[(3dimetilamino)propil Jcarbodiimida (EDC).

7. Proceso segtn cualquiera de las reivindicaciones 1-6, donde el agente activador del agente
de acoplamiento en la etapa al) se selecciona entre 1-hidroxibenzotriazol (HOBt) y 4-
dimetilaminopiridina (4-DMAP).

8. Proceso segtin cualquiera de las reivindicaciones 1-5, donde el agente activador en la etapa
a2) se selecciona entre un agente halogenante, haluro de C;_4alquil dcido, haluro de aril écido,
haluro de bencil dcido, haloformiato de Cj.4alquilo, haloformiato de arilo, y haloformiato de

bencilo.

9. Proceso segun cualquiera de las reivindicaciones 1-8, donde el compuesto de férmula (II)

se prepara mediante la separacién de R* del compuesto de férmula (I),

50



donde en el compuesto de férmula (1),
Rl, RZ, RS, y R® son tal como se definen en la reivindicacién 1; y

R*es C 1.6alquilo, arilo o bencilo.

10. Proceso segun la reivindicacion 2 o 3, donde la separacion del grupo cetal o acetal del
compuesto de férmula (V) se realiza mediante tratamiento acido en un medio acuoso, un

disolvente orgdnico o una mezcla de los mismos.

11. Compuesto de férmula (VI), una sal, o estereoisémero del mismo,

0} 0}

ZT

R2 R®

Iz

R']
(VD)
donde,

Rl, RZ, y R’ son tal como se definen en la reivindicacion 1.

12. Compuesto de férmula (V), una sal, o estereoisdémero del mismo,

R RS
o o)
© H
e N ~N
R? N R3
H
R1

V)
donde,
Rl, RZ, y R son tal como se definen en la reivindicacion 1; y
R’ y R® son, cada uno independientemente, C,.salquilo, polilhaloC,.alquilo, acetilo, fenilo,
bencilo, 2-nitrobencilo; o junto con los dos dtomos de oxigeno a los que estan unidos, forman

un anillo heterociclico de 4-7 miembros opcionalmente sustituido con un sustituyente
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seleccionado entre halégeno, Cjgalquilo, Cjgalquenilo, haloCisalquilo, trimetilsilil,
trimetilsililmetil, fenil, 2-nitrofenil, 4-metoxifenil, 2-piridilo; o el anillo heterociclico de 4-7
miembros estd opcionalmente sustituido con dos sustituyentes seleccionados entre halégeno y

C,alquilo.

13. Compuesto de férmula (IIT), una sal, o estereoisémero del mismo,

R® RS
o o)
o}
R2 z
R']
(1II)

donde,

R!es hidrégeno o C,.alquilo;

RZes hidrégeno, C;_salquilo, o fenilo;

R’ y R® son, cada uno independientemente, etilo, butilo, o junto con los dos atomos de
oxigeno a los que estdn unidos, forman un anillo heterociclico de 4-7 miembros sustituido con
uno o mas sustituyentes seleccionados entre halégeno, Cjgalquilo, Cy.¢alquenilo, polilhaloC;.
salquilo, triCjalquilsililo, diC;alquilfenilsililo, Cjgalquildifenilsililo, triC;_alquilsililC;.
calquilo, diC,alquilfenilsililC;¢alquilo, C;¢alquildifenilsililC,¢alquilo, fenilo opcionalmente
sustituido con nitro o metoxi, y piridilo; o el anillo heterociclico de 4-7 miembros estd
sustituido con dos sustituyentes seleccionados entre halégeno y C,.salquilo;

Z representa halégeno, —O—CO—R7, 0 —O—CO—OR7; y

R’ esC 14alquilo, arilo o bencilo.

14. Compuesto de férmula (II), una sal, o un estereoisomero del mismo,

R® R®
o o)
o}
R? OH
R1
(ID

donde

R'es hidrégeno;

R? es metilo;

R’ y R® son, cada uno independientemente, Cs_7alquilo; o junto con los dos 4tomos de oxigeno

a los que estdn unidos, forman un anillo heterociclico de 4-7 miembros sustituido con un
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sustituyente seleccionado entre halégeno, C;galquilo, Cj.salquenilo, polilhaloC, galquilo,
triC¢alquilsililo, diC,alquilfenilsililo, C;.salquildifenilsililo, triC;.salquilsililC;.¢alquil, diC;.
salquilfenilsililC; ¢alquilo, C;alquildifenilsililC;¢alquilo, fenilo opcionalmente sustituido
con nitro o metoxi, y piridilo; o el anillo heterociclico de 4-7 miembros esta sustituido con un

hal6égeno y un C;_salquilo.

15. Utilizacién del compuesto de férmula (VI), (V), (1), (II), (IIa), (I), una sal, o
estereoisdmero del mismo, tal como se define en cualquiera de las reivindicaciones 1, 2, 9,

11-14, segun sea aplicable, como intermedio en la preparacion del compuesto de férmula (X),

R! O—(CHy),
N—R®

X)
donde,
Rl, RZ, y R’ son tal como se define en la reivindicacién 1;
nes2,3,64;y
R® y R’ son, cada uno independientemente, C;.¢alquilo, C;salcoxiC;.¢alquilo, bencilo, o junto
con el dtomo de nitrégeno al que estin unidos, forman un morfolinilo opcionalmente
sustituido con Cjealquilo; tiomorfolinilo; piperacinilo opcionalmente sustituido con Cj.
¢alquilo, Cj_ealquilcarbonilo, o Cj.salcoxicarbonilo; piperidinilo opcionalmente sustituido con
Ciealquilcarbonilo, fenilo, o 3H-imidazo[4,5-b]piridinil; pirrolidinilo opcionalmente
sustituido con amino o) C|.¢alquilcarboniloamino; pirazolinilo; 1,2,3,4-

tetrahidroisoquinolinilo; o 3H-imidazo[4,5-b]piridinilo.
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RESUMEN

PROCESO PARA LA PREPARACION DE INTERMEDIOS DE
1-ARIL-PIRAZOL-3-ONA UTILES EN LA SINTESIS DE INHIBIDORES DE
RECEPTORES SIGMA

La presente invencidn se refiere a un proceso para preparar intermedios de 1-aril-pirazol-3-
ona, tautémeros, y sales de los mismos, a intermedios nuevos, y a la utilizacién de los

intermedios en la preparacién de inhibidores de receptores sigma.

R 0 R OH
A AN
N N
L L
(VID) (VIIa)

54



PATENT COOPERATION TREATY

ADVANCE E-MAIL

PCT

NOTIFICATION OF THE RECORDING
OF A CHANGE

(PCT Rule 92bis.1 and
Administrative Instructions, Section 422)

PCT/EP2011/063020

From the INTERNATIONAL BUREAU

To:

ARIAS SANZ, Juan

ABG Patentes, S.L.
Avenida de Burgos, 16 D
Edificio Euromor
E-28036 Madrid
ESPAGNE

Date of mailing (day/month/year)
22 November 2012 (22.11.2012)

Applicant's or agent's file reference

P6931PC00

IMPORTANT NOTIFICATION

International application No.

PCT/EP2011/063020

International filing date (day/month/year)
28 July 2011 (28.07.2011)

1. The following indications appeared on record concerning:

D4 the applicant D4 the inventor

Name and Address

ARIZA PIQUER, Javier
Universitat Autonoma De Barcelona

Barcelona

C/Marti i Franqués 1-11
E-08028 Barcelona
Spain

Departament de Quimica Organica, Facultat de Quimica, Universitat de

[J the agent [J the common representative
State of Nationality State of Residence
ES ES
Telephone No.

Facsimile No.

E-mail address

[ the person [ the name

D4 the address

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

[ the nationality [ the residence

Name and Address

ARIZA PIQUER, Javier
Universitat De Barcelona

Barcelona

C/Marti i Franqués 1-11
E-08028 Barcelona
Spain

Departament de Quimica Organica, Facultat de Quimica, Universitat de

State of Nationality State of Residence

ES ES
Telephone No.

Facsimile No.

E-mail address
O Notifications by e-mail authorized

3. Further observations, if necessary:

4. A copy of this notification has been sent to:
the receiving Office
[] the International Searching Authority
[ the Authority(ies) specified for supplementary search

D the International Preliminary Examining Authority
[] the designated Offices concerned

D the elected Offices concerned

[0 other:

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No. +41 22 338 89 75

Authorized officer

Gagliardi Ghislaine
e-mail pt05.pct@wipo.int
Telephone No. +41 22 338 74 05

Form PCT/IB/306 (January 2009)

1/MQ2ETWN4LRZAMO



PATENT COOPERATION TREATY

ADVANCE E-MAIL

PCT
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OF A CHANGE

(PCT Rule 92bis.1 and
Administrative Instructions, Section 422)
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From the INTERNATIONAL BUREAU

To:

ARIAS SANZ, Juan

ABG Patentes, S.L.
Avenida de Burgos, 16 D
Edificio Euromor
E-28036 Madrid
ESPAGNE

Date of mailing (day/month/year)
22 November 2012 (22.11.2012)

Applicant's or agent's file reference

P6931PC00

IMPORTANT NOTIFICATION

International application No.

PCT/EP2011/063020

International filing date (day/month/year)
28 July 2011 (28.07.2011)

1. The following indications appeared on record concerning:

D4 the applicant D4 the inventor

Name and Address

GARCIA GOMEZ, Jorge
Universitat Autonoma De Barcelona

Barcelona

C/Marti i Franqués 1-11
E-08028 Barcelona
Spain

Departament de Quimica Organica, Facultat de Quimica, Universitat de

[J the agent [J the common representative
State of Nationality State of Residence
ES ES
Telephone No.

Facsimile No.

E-mail address

[ the person [ the name

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

D4 the address

[ the nationality [ the residence

Name and Address

GARCIA GOMEZ, Jorge
Universitat De Barcelona

Barcelona

C/Marti i Franqués 1-11
E-08028 Barcelona
Spain

Departament de Quimica Organica, Facultat de Quimica, Universitat de

State of Nationality State of Residence

ES ES
Telephone No.

Facsimile No.

E-mail address
O Notifications by e-mail authorized

3. Further observations, if necessary:

4. A copy of this notification has been sent to:
the receiving Office
[] the International Searching Authority
[ the Authority(ies) specified for supplementary search

D the International Preliminary Examining Authority
[] the designated Offices concerned

D the elected Offices concerned
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1211 Geneva 20, Switzerland

Facsimile No. +41 22 338 89 75

Authorized officer

Gagliardi Ghislaine
e-mail pt05.pct@wipo.int
Telephone No. +41 22 338 74 05

Form PCT/IB/306 (January 2009)

1/R6UUJEL2R54P70



PATENT COOPERATION TREATY

From the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To:

' ABG Patentes, S.L.

- Avenida de Burgos 16D

. Edificio Euromor

- 28036 Madrid
ESPAGNE

PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL PRELIMINARY
REPORT ON PATENTABILITY

(PCT Rule 71.1)
Date of maningw
(daymonthiear)

27.11.2012

! Appticant's or agent's file reference ;

P6931PCO0 | IMPORTANT NOTIFICATION

‘ International application No. International filing date {(daymonthiear) [ Priority date (dayfmonthiear)
PCT/EP2011063020 28.07.2011 | 30.07.2010

. Applicant "

Esteve Quimica, S.A.

1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the
7 international preliminary report on patentability and its annexes, if any, established on the international
| application.

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for
‘ communication to all the elected Offices.

3. Where required by any of the elected Offices, the International Bureay will prepare an English translation of |
J the report (but not of any annexes) and will transmit such translation to those Offices. |

4. REMINDER

The applicant must enter the national phase before each elected Office by performing certain acts (filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices)
(Article 39(1)) (see also the reminder sent by the International Bureau with Form PCT/B/301).

Where a translation of the international application must be furnished to an elected Office, that translation
must contain a translation of any annexes to the international preliminary report on patentability. It is the
applicant's responsibility to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume Il of the
PCT Applicant's Guide.

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicability described in Article 33(2) to (4) merely serve the purposes of international
preliminary examination and that "any Contracting State may apply additional or different criteria for the
purposes of deciding whether, in that State, the claimed inventions is patentable or not" (see also Article
27(5)). Such additional criteria may relate, for example, to exemptions from patentability, requirements for
enabling disclosure, clarity and support for the claims.

S — T e T T T T T

Name and mailing address of the international | Authorized Officer
preliminary examining authority:

9

D-80298 Munich !
Tel. +49 892399 - 0

Fax: +49 89 2399 - 4465

European Patent Office I

|

. S e
Currie, Susan R 0) y
Tel. +49 89 2399-8031 -) §

Form PCTAPEA/416 (January 2004)




PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter Il of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)

Applicant's or agent's file refer

P%pggjnpscooog e FOR FURTHER ACTION See Form PCTIPEAA16
International application No. International filing date (day/monthiear) Priority date (day/monthiear)
PCTEP2011/063020 28.07.2011 30.07.2010

International Patent Classification (IPC) or national classification and IPC

INV. CO7C59/1 25

Applicant
Esteve Quimica, S.A.

1.

This report is the international preliminary examination report, established by this International Preliminary Examining
Authority under Article 35 and transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of § sheets, including this cover sheet.
3. This reportis also accompanied by ANNEXES, comprising:
a. B (sentto the applicant and to the International Bureau) a total « sheets, as follows:

K sheets of the description, claims and/or drawings which have been amended and/bor sheets containing
rectifications authorized by this Authority, unless those sheets were superseded or cancelled, and any
accompanying letters (see Rules 46.5, 66.8, 70.16, 91.2, and Section 607 of the Administrative
Instructions).

L] sheets containing rectifications, where the decision was made by this Authority not to take them into account
because they were not authorized by or notified to this Authority at the time when this Authority began to
draw up this report, and any accompanying letters (Rules 66.4bis, 70.2(e), 70.16 and 91.2).

[0 superseded sheets and any accompanying letters, where this Authority either considers that the
superseding sheets contain an amendment that goes beyond the disclosure in the international application
as filed, or the superseding sheets were not accompanied by a letter indicating the basis for the
amendments in the application as filed, as indicated in item 4 of Box No. | and the Supplemental Box (see
Rule 70.16(b}).

b. 0 (sent to the International Bureau only) a total of {indicate type and number of electronic carrier(s)) , containing a

sequence listing, in electronic form only, as indicated in the Supplemental Box Relating to Sequence Listing (see
paragraph 3bis of Annex C of the Administrative Instructions).

4. This report contains indications relating to the following items:

X Box No. | Basis of the report
[J BoxNo.ll  Priority
L Box No. Il

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
0 Box No. IV Lack of unity of invention

K Box No.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement
00 Box No.VI  Certain documents cited

[J Box No. VIl Certain defects in the international application
Bd Box No. VIl Certain observations on the international application

Date of submission of the demand Date of completion of this report

11.04.2012 27.11.2012

Name and mailing address of the international

Authorized officer
preliminary examining authority:

sy Pe:an,%(
5 .

& <
~———  European Patent Office 7 2
) D-80298 Munich Gotz, Gerhard 0)

Q Tel. +49 89 2399 - 0 §

Fax: +49 89 2399 - 4465 Telephone No. +49 89 2399-8105 E

Form PCTAPEA/409 (Cover Sheet) (July 2011)



INTERNATIONAL PRELIMINARY REPORT International application No.
ON PATENTABILITY PCT/EP2011/063020

Box No.| Basis of the report

1. With regard to the language, this report is based on
K the international application in the language in which it was filed

00 atranslation of the international application into , which is the language
of a translation furnished for the purposes of:
U international search (under Rules 12.3(a) and 23.1(b))
LI publication of the international application (under Rule 12.4(a))
U international preliminary examination (under Rules 55.2(a) and/or 55.3(a) and (b))

2. With regard to the elements* of the international application, this report is based on (replacement sheets which
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this
report as "originally filed" and are not annexed to this report):

Description, Pages
1-48 as originally filed

Claims, Numbers
1-15 as originally filed

[0 asequence listing - see Supplemental Box Relating to Sequence Listing.

3. 0 The amendments have resulted in the cancellation of:

L] the description, pages

O the claims, Nos.

L] the drawings, sheetsfigs

L the sequence listing (specify):

L any table(s) related to sequence listing (specify):

4. 00 This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since either they are considered to go beyond the disclosure as filed, or they were not
accompanied by a letter indicating the basis for the amendments in the application as filed, as indicated in the
Supplemental Box (Rules 70.2(c) and (c-bis)):

[1 the description, pages

O the claims, Nos.

[ the drawings, sheetsfigs

L1 the sequence listing (specify):

5. LI This report has been established:

[ taking into account the rectification of an obvious mistake authorized by or notified to this Authority
under Rule 91 (Rules 66.1(d-bis) and 70.2(e)).

L] without taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91(Rules 66.4bis and 70.2(e)).

6. 00 Supplementary international search report(s) from Authority(ies) hashave been received and taken into
account in establishing this report (Rule 45bis.8(b) and (c)).

Form PCTAPEA/409 (July 2011)



INTERNATIONAL PRELIMINARY REPORT International application No.

ON PATENTABILITY

PCT/EP2011/063020

Box No.V  Reasoned statement under Ar

applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes:
No:

Inventive step (IS) Yes:
No:

Industrial applicability (IA) Yes:
No:

2. Citations and explanations (Rule 70.7):

see separate sheet

Claims 1-15
Claims
Claims 1-15
Claims
Claims 1-15
Claims

Box No. Vili _ Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the

claims are fully supported by the description,

see separate sheet

Form PCTAPEA/409 (July 2011)

are made:

ticle 35(2) with regard to novelty, inventive step or industrial



INTERNATIONAL PRELIMINARY International application No.
REPORT ON PATENTABILITY
(SEPARATE SHEET) PCT/EP2011/063020

WO 2006/021462 A1 (ESTEVE LABOR DR [ES]; LAGGNER CHRISTIAN [AT];
D1 CUBERES-ALTISENT MARIA R) 2 March 2006 (2006-03-02)cited in the
application

MAHINDRA T MAKHIJA ET AL: "De novo design and synthesis of HIV-1
integrase inhibitors",

BIOORGANIC & MEDICINAL CHEMISTRY, PERGAMON, GB,

vol. 12, 1 January 2004 (2004-01-01), pages 2317-2333, XP002529546,
ISSN: 0968-0896, DOI: DOI:10.1016/J.BMC.2004.02.005

cited in the application ‘

D2

UEDA T ET AL: "Synthesis of Pyrazolone Derivatives. XLII. Synthesis and

Analgesic Activity of 2-Methyl-1-phenyl-6,7-dihydro-1H, 5H-pyrazolo [5,1-b]

[1,3] oxazin-8-ium Bromide",

YAKUGAKU ZASSHI - JOURNAL OF THE PHARMACEUTICAL SOCIETY OF
D3 JAPAN, JAPAN SCIENCE AND TECHNOLOGY INFORMATION

AGGREGATOR, ELECTRONIC, JP,

vol. 102, no. 8, 1 January 1982 (1982-01-01), pages 743-747, XP009143181,

ISSN: 0031-6903

cited in the application

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 The compounds according to present formulae (V1), (V), (I11), (1) are not
disclosed in any of the documents D1 to D3.
Consequently the subject matter of present claims 11, 12, 13 and 14 is novel
over said prior art (Article 33(2) PCT).
Since the compounds according to present formulae (VI), (V), (Hn, (11 are
novel, the process according to claims 1 to 10 is novel as well.
Furthermore, none of the documents D1 to D3 discloses the use of a
compound according to present formulae (V1), (V), (11, (II) and (1) as an
intermediate in the preparation of a compound of formula (X).

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 2005)



INTERNATIONAL PRELIMINARY International application No.
REPORT ON PATENTABILITY
(SEPARATE SHEET) PCT/EP2011/063020

The present application is thus considered to meet the criteria of Article 33(1)
PCT, because the subject-matter of claims 1 to 15 is new in the sense of
Article 33(2) PCT over said prior art.

2 Having regard to the disclosure of D1 to D3 the underlying problem is defined
by the provision of an alternative process for the preparation of 1-aryl-
pyrazol-3-ones. In particular new intermediates should be found which allow
the preparation of 1-aryl-pyrazol-3-ones with improved selectivity and
improved yield over the corresponding 1-aryl-pyrazol-5-ones (non-wanted
isomers).

The solution -according to the present application- consists in the claimed
process which is in particular characterized by the preparation of the
intermediates of formula (i1}, (I11), (V) and (VI).

It could be shown that these intermediates (in particular intermediate (I1)
enables to prepare the compound (V) in highly pure form without the
preparation of non-wanted isomers. Thus the claimed process represents a
highly regioselective process for preparing the compounds (V) which then can
be transformed via known reactions to the pharmaceutical active compounds
of formula (X). ‘
This effect of higher selectivity of the claimed process represents the basis for
an inventive step.

Since the claimed intermediates (claims 11 to 14) are essential for the claimed
process and since due to the preparation of these intermediates the effect of
higher selectivity is achieved, these claimed intermediates are considered as
well to be based on an inventive step.

The present application does thus meet the criteria of Article 33(1) PCT,
because the subject-matter of claims 1 to 15 is considered to involve an
inventive step in the sense of Article 33(3) PCT.

3 Industrial applicability is given for all claims 1 to 15 (Article 33(4) PCT).

Re Item VIiI

Certain observations on the international application

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 2005)



INTERNATIONAL PRELIMINARY International application No.
REPORT ON PATENTABILITY

(SEPARATE SHEET) PCT/EP2011/063020
1 Claim 1:
The term "aryl" (see the definition of R7) has a well-recognized meaning in the
art.

On page 9 of the description "aryl" is defined by with a broader meaning
because "aryl" can be "optionally substituted" by a list of different substituents.
This inconsistency leads to a lack of clarity of the claims 1, 3-8, 9, 10, and 13
(Article 6 PCT).

Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 2005)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE
see form PCTASA220 INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing
(day/month/iear) see form PCTASA210 (second sheet)

Applicant's or agent's file reference

FOR FURTHER ACTION

see form PCTASAR220 See paragraph 2 below
International application No. International filing date (day/monthjyear) Priority date (day/monthjear)
PCT/EP2011/063020 28.07.2011 30.07.2010

International Patent Classification (IPC) or both national classification and IPC

INV. C07C59/125 C07C6906 C07D231/20 C07D317/30

Applicant
ESTEVE QUIMICA, S.A.

1. This opinion contains indications relating to the following items:

X Box No. | Basis of the opinion

[0 Box No. Il Priority

[0 Box No. lll  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

O Box No. IV Lack of unity of invention

X Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

L] Box No. VI  Certain documents cited

[0 Box No. VIl Certain defects in the international application

Xl Box No. VIII Certain observations on the international application

2.  FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASAR220.
3.  For further details, see notes to Form PCTASA220.

Name and mailing address of the ISA: Date of completion of Authorized Officer o
- this opinion &Q.;\sc““ ""'%,.Q
European Patent Office . 3
9 = e oz, Gernard )
—— D-80298 Munich %, N
Tel. +49 89 2399 - 0 Telephone No. +49 89 2399-8105 Pt "
Fax: +49 89 2399 - 4465

Form PCTASA/237 (Cover Sheet) (July 2009)




WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/EP2011/063020

Box No.l Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
] the international application in the language in which it was filed

O atranslation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. O This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing filed or furnished:

a. (means)
O  on paper
L1 in electronic form
b. (time)
O in the international application as filed
O together with the international application in electronic form

L1 subsequently to this Authority for the purposes of search

4. 0 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-15
No: Claims

Inventive step (IS) Yes: Claims 14
No: Claims 1-13, 15

Industrial applicability (1A) Yes: Claims 1-15
No: Claims

2. Citations and explanations

see separate sheet

Form PCTASA/237 (April 2007)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/EP2011/063020

Box No. VIlI Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASA/237 (April 2007)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2011/063020

D1 WO 2006/021462 A1 (ESTEVE LABOR DR [ES]; LAGGNER CHRISTIAN
[AT]; CUBERES-ALTISENT MARIA R) 2 March 2006 (2006-03-02)cited in
the application

D2 MAHINDRA T MAKHIJA ET AL: "De novo design and synthesis of HIV-1
integrase inhibitors",
BIOORGANIC & MEDICINAL CHEMISTRY, PERGAMON, GB,
vol. 12, 1 January 2004 (2004-01-01), pages 2317-2333, XP002529546,
ISSN: 0968-0896, DOI: DOI:10.1016/J.BMC.2004.02.005
cited in the application

D3 UEDA T ET AL: "Synthesis of Pyrazolone Derivatives. XLIl. Synthesis and
Analgesic Activity of 2-Methyl-1-phenyl-6,7-dihydro-1H, 5H-pyrazolo [5,1-
b] [1,3] oxazin-8-ium Bromide",
YAKUGAKU ZASSHI - JOURNAL OF THE PHARMACEUTICAL
SOCIETY OF JAPAN, JAPAN SCIENCE AND TECHNOLOGY
INFORMATION AGGREGATOR, ELECTRONIC, JP,
vol. 102, no. 8, 1 January 1982 (1982-01-01), pages 743-747,
XP009143181,
ISSN: 0031-6903
cited in the application

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 The compounds according to present formulae (VI), (V), (lII), (Il) are not
disclosed in any of the documents D1 to D3.
Consequently the subject matter of present claims 11, 12, 13 and 14 is novel
over said prior art (Article 33(2) PCT).
Since the compounds according to present formulae (VI1), (V), (lll), (Il) are
novel, the process according to claims 1 to 10 is novel as well.
Furthermore, none of the documents D1 to D3 discloses the use of a
compound according to present formulae (VI), (V), (lll), (II) and (I) as an
intermediate in the preparation of a compound of formula (X).

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2011/063020

3

The present application is thus considered to meet the criteria of Article 33(1)
PCT, because the subject-matter of claims 1 to 15 is new in the sense of
Article 33(2) PCT over said prior art.

Having regard to the disclosure of D1 to D3 the underlying problem is defined
by the provision of an alternative process for the preparation of 1-aryl-
pyrazol-3-ones. In particular new intermediates should be found which allow
the preparation of 1-aryl-pyrazol-3-ones with improved selectivity and
improved yield over the corresponding 1-aryl-pyrazol-5-ones (non-wanted
isomers).

The alleged solution (according to the present application) should be seen in
the intermediates according to formulae (Il) (claim 14), () (claim 13), (V)
(claim 12) and (VI) (claim 11).

However, to represent a solution to the underlying problem it has to be
demonstrated that the claimed compounds do in fact solve this problem which
means that the claimed intermediates have to be prepared (i) and their wanted
and intended use in the preparation of in particular compounds of formula (X)
has to be shown (ii).

In the present application, however, only the compound (2-(2,4-dimethyl-1,3-
dioxolan-2-yl)acetic acid) has been shown to solve this problem.

No further compound has been prepared nor its use has been shown.

A solution of the underlying problem can thus only be accepted for this
compound and for the general formula (II) which is claimed in claim 14.

In the absence of a solution over the whole scope of the claims no inventive
step can be accepted.

The present application does thus not meet the criteria of Article 33(1) PCT,
because the subject-matter of claims 1 to 13 and 15 does not involve an
inventive step in the sense of Article 33(3) PCT.

Industrial applicability can be accepted for all claims (Article 33(3) PCT).

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2011/063020

Be ltem VIl

Certain observations on the international application

3.1

3.2

3.3

3.4

3.5

Claim 1:

The term "aryl" (see the definition of R7) has a well-recognized meaning in the
art.

On page 9 of the description "aryl" is defined by with a broader meaning.

This inconsistency leads to a lack of clarity of the claims 1, 3-8, 9, 10, and 13
(Article 6 PCT).

Example 2 is outside the scope of claim 14 where R2 must be methyl.

Since the term "prodrug" is chemically unclear and since neither "prodrugs"
nor "solvates" are within the scope of the claims the corresponding passage
on page 6 (lines 16-17), page 29 (line 12) renders the scope of the claims
unclear (Article 6 PCT).

The passage on page 25 (lines 9 to 13) is outside the scope of the claims
renders the scope of the claims unclear (Article 6 PCT).

The statement on page 6, line 13 that the invention relates to compounds (ll)a
is contrary to the scope of the claims and renders the scope of the claims
unclear (Article 6 PCT).
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