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ANEXOS
Comprobante de pago de |a tasa de presentacién de la solicitud.

Documento que acredita la existencla y representacién legal cuando el solidtante sea persona
juridica.

Poderes, s! fuere el caso.

Documento de cesién del Inventor al solicitante o a su causante.

Decdlaraciones.

Copla de la solicitud internacional. (Resumen, descripcldn, relvindicaclones, dibujos).

Traducclén de la solictud Intermacional al castellano. (Resumen, descripclén, reivindicaciones,
dlbujos).

Copla del examen preliminar Internacional efectuado por la Autoridad Intermacional de Examen
Preliminar (IPEA).

Traducclén del examen preliminar Interacional efectuado por la IPEA.
De ser el caso, copla del contrato de acceso.

De ser el caso, documento que acredite la licencla o autorizaclén de uso de conocimilentos
tradicionales de las comunidades Indigenas.

De ser el caso, certificado de depésito del material biolégico.

Arte final 12 x 12.

De ser el caso, Informaclén sobre otras solicitudes de patente o titulos obtenidos en el extranjero
por el mismo titular o su causante, relacionadas parclal o totaimente con la Invencién de esta
sollcitud.

De ser el caso, modificaclones efectuadas a la solicitud Internacional.

Otros. Blsqueda Internaclonal
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NOMBRE:_CARLOS R, OLARTE . FIRM

Solicito la conceslién de la patente,

C.C. 79.782,747 Btd T.P. 74,295

Instrucclones para el diligenclamiento del presente formularlo, ver reverso de esta pédgina.
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Traduccidn oficial del Inglés por Marlén Neira Castro, resolucién
2117 del Ministerio de Justicia de Colombia

APOSTILLA EN PODER DE REPRESENTACION DE
PFIZER INC.
Bilingle inglés- espafiol otorgado en Nueva York, Eatados Unidos el 14 de julio
de 2003 y firmado por J. Trevor Lumb, Vipepresidente de Pfizer Products Inc.
CERTIFICACION MOTARIAL
Bilinglle inglés- espafiol, el 14 da julio de 2003 el suscrito notario Kenneth
Greenwood certifica que J. Trevor Lumb, domiciliado en Nueva York ejercia
funciones de Asistente Ganeral Consejero de Patentes 1a Compaiifa Pfizer Inc., con
sede en Nueva York, Nueva York, Estados Unides.
Firma del notario: Kenneth Greenwood
Sello notarial: cert{ficado, verificado y autenticado en 1a Localidad de Egham
en Surrey, 14 julio, 2003 por el Notario Kenneth Greenwood-Horne Engall & Freeman

Sallo Notaric Pibl{ico en alto relieve rojo.
APOSTILLA

REIND UNIDO DE GRAN BRETARA E IRLANDA DEL NORTE
1. Pafs :Reino Unido de Gran Bretafia e Irlanda del Norte
Este documento Piblico
2. ha sido firmado por K. Greenwood
3. ejerce funciones de Hota}io Piblico
4, Lleva el sello de dicho Notario Piblico
CERTIFICADO
En Londres 8. E1 17 de julio de 2003
7. Por el Secretario.de Estado Principal de su WMajestad
exteriores y de 1a mancomunidad
8. No. G210434
9. Sallo del Secretario de Estado Principal de su Majestad para Asuntos
exteariores y de 1a mancomunidad
1. Firma de R. Bawden - Por Secretaric de Estado
§i e docomento 3¢ usa en wn pais qoe no es parte de la convesciba de 1a Waya del 5 de octabre 1081, debs

- presantarse en seccidn consular de 1a misidn que representa el pais.

Es tradoccidn fiel del inglés, con copla archivo para confrontacién, Bogotd 25 de julio-2003. Marleggietry C (\_,

MARLEN
Traductor @ Inférprete Oficial

Inglés - Espafiol - Inglés
Resolucién No. 2117 del 7 (1~ 100
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. OLARTE RAISBECK & FRIERI, LTDA,
LEGAL & PROFESSIONAL SERVICES

WORLD TRADE CENTER — TORREC
CalE 100 NO. BASS Piso 10
Boeata, COLOMRBIA
TELEPHONE: +57-1 63886200
Fax: +57-1 6388201

www.olarteralaback.com
Power of Attorney Poder
The ndersigned, El suscrito,
Pfizer Inc.
domiciled in domicilindo en

235 Rast 42 Street, New York, NY 10017 USA

by means of these presents hereby prants 10 Carlos
R. Olarte, J. Ian Raisheck and Ana

Maria Frier] full and sufficient Power of
Attorney to file, prosecute, obtain, defend and
enforce any and all of the company's Patents,
Utllity Models and Indnostrial Designs in the
Republic of Colombia, to which end it empowers
them to take all steps neceasary before any
administrative or judicial authority of any class for
the objects sinted, to file pefitions, appeals, replies
and oppositions, pay taxes and anmuities, request
teatimonies, receive documents and securities,
abandon applications and collect refumds. Suficient
power is hereby granted to receive notifications on
behalf of the Company, to confer powers on those
who are to represent the company judicially apd
extrajudicially, to anawer in court in the ratter of all
claims and demands that may be presented in
connection with the objects stated, giving them
likewise power to substitute these presents and
revoke such substitutions.

Signature/Firma: W

por medio del presente otorga a Carlos R.
Olarte, J. Ian Raisbeck y Ana Maria
Frier! poder especial, smplio y suficiente para
presentar, tramitar, obtener, defender y hacer
respeter indas y cualquiera de Patentes, Modelos
de Utllidad y Diseilos Industriales de In
compafiia en Ia Repiblica de Coiombia, » cuyo
efecto loa faculin pars dar todos los pasos
necesariog ants cualquier sutoridsd sdministrativa
0 judicial de cualquier jerarquia para cumplir con
lo encomendado, elevar solicitudes, apelaciones,
Tespuestas y oposiciones, pagar impuestos y
amualidades, solicitar testimonios, recibir
documentos y valores, desistir y percibir, Se
concede poder bastanto para recibir notificaciones
& nombre de 1a compaflia, otorgar poderea a
quienes vayun a representar o 1a compaflia judicial
y extrajudiciabmenin, responder en juicio a todas
las reclamaciones o demandas que por motivo de
1o encomendado se presentaren, dindoles
asimismo facultad pars sustituir el presepion
revocar dichas sustituciones.

Date/Fecha: July 14, 2003

City,Country/Ciudad Pafs: New York, USA
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OLARTE RAISBECK & FRIERI, LTDA.
LEGAL & PROPFESSIONAL SERVICES

WORLD TRADE CENTER— TORREC
CALLE 100 No. BA5S Piso 10
BoGOTA, COLOMBIA
TELErHONE +57-1 6388200
FAX: +57-1 6386201

www.olarteralsbeck.com

Notarial Certification

Certificacién Notarial

On this date, En esta fecha,
July 14, 2003
The undersi Notary Public certifica: el Notario Piblico suscrito certifica:
. That <7 « Zhoral £-yrrf 1. Que
J. Trevor Lumb

of legal age and domiciled in
A/‘ZA- “Folr , /A New York

signed the foregoing document.

2. That the grantor has executed the foregoing
document as Assistant General Patent Counsel
of Pfizer Inc.

3. That Pfizer Inc.,

baving its principal place of business located in
New York, New York, U.S.A.

is duly incorporated, is currently in existence, and
that the purposes for which the Power of Attorney is

gmnted sre within the scope of its corponate

purposcs

4, That the grantor has the authority to execute the
Power of Attorney and that his/her repregentation is
legal.

5. The foundation for my certifications contained in
points 2, 3 and 4 was the exhibition of the following
authentic document(s):

NOTARY- PUBLIC (Signature):

mayor de edad y domicilindo
suscribié el documento que antecede,

2. Que el otorgante ha guscrito el referido
documento en su caricter de

de

4. Que
con sede principal ubicada en

esth legalmente constituide, que tiepe existencia
legal vigento y que los propdsitos para loa cuales
sc otorge ¢l poder se encucntra dentro de los que
comprenden su objeto social.

4. Que ¢l otorgante tiene la representacidn para
suscribir ¢l poder, y que ésta es legitima,

5. fundamento de misa certificacionss
contenidas en los puntos 2, 3 y 4 fue la exhibicién
de los (del) siguiente(s) documento(s) suténtico(s):

Matls. Fuganla Rojus de Urvats
NOTARIA VEITIOSIETR




APOSTILLE
(Hagoe Convention of § October 1961 / Convention de La Hiye du 5 octobre 1961)
UNITED XINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND
1. Country. United Kingdom of Grest Britaln snd Northers freland
Puys: Roysume-Usl de Orande-Bresagne et dIriande du Nord
This public document / Lo présent acte public

1. Hssboen signed by K Gresxwoed

8 & signd par
3. Acting Inthe capacityof  Notary Publie

sgiagans en qualith do
4, Bemstesalstsmpof  The Sald Notsry Pablic

est revitu du scems/ttmbre de

Certified/Artestd

5. ot London/h Londres 6. thels 17 July 2003

7. by Her Majesty’s Princips! Secrotery of State Sor Forelgn and Covnonwenith Affairs /
par bp Secydiaive d"Bint Principal de 32 Majestd sux Affhires Etrangires ot du Commonweslth,

3. Numbocsou No G210434
10 Signawe: R Bawden

Rar fa Sucyesmy of Sita ¢ Pater ke Secrissive o't

1 this documet 1 1o be used in s country which ia not perty to the Hague Convention of § October 1961,
kﬂhwwummdummum.
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The present invention relates to a series of novel 5,7-diaminopyrazolo[4,3-d]
pyrimidines, which are cyclic guanylate monophosphate (cGMP)-specific
phosphodiesterase type 5 inhibitors (hereinafter referred to as PDE-5 inhibitors)
that are useful in the treatment of hypertension and other disorders, to
processaes for their pregéi'ation. intermediates used in their preparation, tcT o
compaositions containing them and the uses of said compounds and
compositions.

i) Hypertension

Blood pressure (BP) is defined by a number of haemodynamic parameters taken
either in isolation or in combination. Systolic blood pressure (SBP) is the peak -
arterial pressure attained as the heart contracts. Diastolic blood pressure is the
minimum arterial pressure attained as the heart relaxes. The difference

between the SBP and the DBP is defined as the pulse pressure (PP).

Hypertension, or elevated BP, has been defined as a SBP of at least 140mmHg
and/or-a DBP of at least 90mmHg. By this definition, the prevalence of
hypertension in developed countries is about 20% of the adult population, rising
to about 60-70% of those aged 60 or more, although a significant fraction of
these hypertensive subjects have normal BP when this is measured in a non-
clinical setting. Some 60% of this older hypertensive population have isolated
systolic hypertension (ISH), i.e. they have an elevated SBP and a normal DBP.
Hypertension is associated with an increased risk of stroke, myocardial
infarction, atrial fibrlllation, heart failure, peripheral vascular disease and renal
Impairment (Fagard, RH; Am. J. Geriatric Cardiology 11(1), 23-28, 2002; Brown,
MdJ and Haycock, S; Drugs 59(Suppl 2), 1-12, 2000).

The pathophysiology of hypertension is the subject of continuing debate. While
it is generally agreed that hypertension is the result of an imbalance between
cardiac output and peripheral vascular resistance, and that most hypertensive
subjects have abnormal cardiac output and increased peripheral resistance
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there is uncertainty which parameter changes first (Beevers, G et al.; BMJ 322,
912-916, 2001).

Despite the large number of drugs available in various pharmacological
categories, including diurstics, alpha-adrenergic antagonists, beta-adrenergic
antagonists, calcium channel blockers, angiotensin converting enzyme (ACE)
inhibitors and angiotensin receptor antagonists, the need for an effective
treatment of hypertension is still not satisfied.

il) PDE-5 Inhibitors

Vascular endothelial cells secrete nitric oxide (NO). This acts on vascular
smooth muscle cells and leads to the activation of guanylate cyclase and the
accumulation of cyclic guanosine monophosphate (cGMP). The accumulation
of cGMP causes the muscies to relax and the blood vessels to dilate. This
dilation reduces vascular resistance and so leads to a reduction in blood
pressure.

The cGMP is inactivated by hydrolysis to guanosine 5'-monophosphate (GMP)
by a cGMP-specliic phosphodiesterase. One important phosphodiesterase has
been identified as Phosphodiasterase type 5 (PDE-5). inhibitors of PDE-5
decrease the rate of hydrolysis of cGMP and so potentiate the actions of nitric
oxide. '

Inhibitors of PDE-5 have been reported In several chemical classes, including:
pyrazolo[4,3-djpyrimidin-7-ones (e.g. published intemational patent applications
WO 93/06104, WO 98/49166, WO 99/54333, WO 00/24745, WO 01/27112 and
WO 01/27113); pyrazolo[3,4-djpyrimidin-4-ones (e.g. published intemational
patent application WO 93/07149); pyrazolo[4,3-d]pyrimidines (ae.g. published
international patent application WO 01/18004); quinazolin-4-ones (e.g. published
international patent application WO 93/12095); pyridof3,2-d]pyrimidin-4-ones
(e.g. published international patent application WO 94/05661); purin-6-ones (e.g.
published international patent application WO 84/00453); hexahydro-
pyrazinof2',1':6, 1]pyrido[3,4-bjindole-1,4-diones (e.g. published intemational
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application WO 95/19978) and imidazo{5,1-fi{1,2,41trlazin-ones (e.g. published
intemational application WO 95/24433).

Although they have been suggested as agents for the treatment of related
conditions such as angina, PDE-5 inhibitors have not yet been adopted as
agents for the treatment of hypertension. PDE-5 inhibitors are known for the
treatment of male erectile dysfunction, e.g. sildenafil, tadalafil and vardenafil.
There remains a demand for new PDE-5 inhibitors, particularly with improved
pharmacokinetic and pharmacodynamic properties.

WO 02/00660 and WO 01/18004 disclose pyrazolof4,3-dipyrimidines with a
PDE-5 inhibiting effect, which can be used for treating disorders of the
cardiovascular system.

According to a first aspect, the present invention provides compounds of formula

()
R _R
N
H:E) B
N .)\ ,Rs
N
HS

\
R*
wherein

R' is a cyclic group selectsd from R*, R®, R® and R®, each of which is optionally
substituted with one or more R’ groups;

R? is hydrogen or C,-C alkyl;

R® and R* are each independently C,-Cs alkyl, C2-Cs alkenyl, Co-Cs alkynyl or
Cs-Cio cycloalkyl, each of which is optionally subsiituted with one or more R®
groups, or RF, which Is optionally substituted with one or more R® groups, or
hydrogen;
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or -NR*R* forms RF, which is optionally substituted with one or more R™ groups;

R°® is C1-Cs alkyl, C1-Cs haloalkyl, C-Cs alkenyl, C>-Cs alkynyl or Cs-Cy
cycloalkyl, each of which is optionally substituted by one or more groups
selected from hydroxy, C-Cg alkoxy, C4-Cs haloalkoxy, Ca-C; cycloalkyl and Cs-
C; cycloalkoxy, or hydrogen;

R®, which may be attached at N' or N?, is R** or hydrogen;

R is'C1-Cq alkyl, C+-Cg haloalkyl, C2-Cq alkenyl or C-Ca alkynyl, each of which
is optionally substituted by C1-Cg alkoxy, (Cs-Cs cycloalkyl)C1-Cs alkoxy, C1-Ca
haloalkoxy or a cyclic graup selecied from R, R¥, R“ and R, or R* is R", C»-C;
cycloalkyl or C5-C7 halocycloalkyl, each of which is optionally substituted by C+-
Ce alkoxy or C;-Cg haloalkoxy;

R’ is halo, C1-Cg alkyl, C,-Cs haloalkyl, C2-Cs alkenyl, Co-Ce alkynyl, Cs-C1o
cycloalkyl, Ca-Cio halocycloalkyl, oxo, phenyl, OR'?, OC(O)R'2, NO,, NR'ZR'S,
NR'?C(O)R™, NR'CO;R", C(O)R', CO;R'2, CONR™R" or CN;

R is halo, phenyl, C,-Cs alkoxyphenyl, OR'™, OC(O)R'2, NO,, NR"R",
NR'2C(O)R"3, NR'2CO.R", C(O)R™, CO.R'?, CONR'?R", CN, Cs-Cs cycloalkyl,
R® or R", the last two of which are optionally substituted with one or more R®
groups;

R is C1-Ca alkyl, C1-Cg haloalkyl or CO,R'2;

R'is halo, Cy-Cyo cycloalkyl, Cs-Cio halocycloalkyl, phenyl, OR™, OC(O)R™,
NOz, NR?R™, NR'2C(O)R™, NR'2CO.R'*, C(O)R'2, CO.R", CONR'?R™, CN,
ox0, C1-Cq alkyl or C+-Cg haloalkyl, the last two of which are optionally

substituted by R'":

R' is OH, phenyl, NR'?R" or NR™*CO,R™;
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R* and R" are each independently hydrogen, C1-Caalkyl or C,-Cg haloalkyt;
R' is C1.Csalkyl or C;1-Cg haloalkyl;

R* and R’ are each independently a Ca-C1g cycloalkyl or Cs-C1o cycloalkenyl
group, each of which may be either monocyclic or, when there are an
appropriate number of ring atoms, polycyclic and which may be fused to either

(a) a monocyclic aromatic ring selected from a benzene ring and a 5-
or 6-membered heteroaromatic ring containing up to three heteroatoms selected
from nitrogen, oxygen and sulphur, or

(b) ab5-, 6- or 7-membered heteroalicyclic ring containing up to three
hetsroatoms seliected from nitrogen, oxygen and sulphur;

AP and R* are each independently a phenyl or naphthyl group, each of which
may be fused to

(a) a CsCy cycloalkyl or Cs-Cr cycloalkenyl ring,

{b) ab5-, 6- or 7-membered heteroalicyclic ring containing up to three
heteroatoms selected from nitrogen, 6xygen and sulphur, or

{c) a5- or 8-membered heteroaromatic ring containing up to three
heteroatoms salected from nitrogen, oxygen and suiphur;

R®, Rt and R" are each independently a monocyclic or, when there are an
appropriate number of ring atoms, polycyclic saturated or partly unsaturated ring
system containing between 3 and 10 ring atoms, of which at least one is a
heteroatom selected from nitrogen, oxygen and sulphur, which ring may be
fused to a Cs-C7 cycloalkyl or Cs-Cy cycloalkenyl group or a monocyclic aromatic
ring selected from a benzene ring and a 5- or 8-membered heteroaromatic ring
containing up to three heteroatoms selected from nitrogen, oxygen and sulphur;

R® and R are each independently a 5- or 6-membered heteroaromatic ring
containing up to three heteroatoms independently selected from nitrogen,
oxygen and sulphur, which ring may further be fused to
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(a) asecond 5 or 6-membered heteroaromatic ring containing up to
three heteroatoms selected from nitrogen, oxygen and sulphur;

(b) Cs-C; cycloalkyt or Cs-C; cycloalkenyl ring;

(c) ab5-, 6- or 7-membered heteroalicyclic ring containing up to three

heteroatoms selected from nitrogen, oxygen and suiphur, or

(d} abenzene ring;

RE, RF and R® are each Independently a monocyclic or, when there are an
appropriate humber of ring atoms, polycyclic saturated ring system containing
between 3 and 10 ring atoms, of which at least one is a heteroatom selected

from nitrogen, oxygen and sulphur; .

and

R" is a 5- or 6-membered heteroaromatic ring containing up to three
heteroatoms independently selected from nitrogen, oxygen and sulphur;

a tautomer thereof or a pharmaceutically acceptable salt, solvate or polymorph
of said compound or tautomer.

Unlese otherwisas indicated, an alkyl or alkoxy group may be straight or branched

and contain 1 to 8 carbon atoms, preferably 1 to 6 and particularly 1 to 4 carbon .
atoms. Examples of alkyl Include methyl, ethyl, n-propyl, isopropyl, n-butyi,

Isobutyl, sec-butyl, pentyl and hexyl. Examples of alkoxy include methoxy,

ethoxy, isopropoxy and n-butoxy.

Unless otherwise indicated, an alkenyl or alkynyl group may be straight or
branched and contain 2 to 8 carbon atoms, preferably 2 to 6 and particularly 2 to
4 carbon atoms and may contain up to 3 double or triple bonds which may be
conjugated. Examples of alkenyl and alkynyl include vinyl, allyl, butadienyl and

propargyl.
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Unless otherwise indicated, a cycloalkyl or cycloalkoxy group may contain 3 to
10 ning-atoms, may be either monocyclic or, when there are-an appropriate
number of ring atoms, polycyclic. Examples of cycloalkyl groups are cyclopropyl,
cyéldpentyl, cyclohexyl and adamantyl.

Unless otherwise indicated, a cycloalkenyl group may contain 3 to 10 ring-atoms,
may be either monocyclic or, when there are an appropriate number of ring
atoms, polycyclic and may contain up to 3 double bonds. Examples of
cycloalkenyl groups are cyclopentenyl and cyclohexenyl.

Aryl includes phenyl, naphthyl, anthracenyl and phenanthrenyl.

Uniess otherwise indicated, a heteroalicyclyl group contains 3 to 10 ring-atoms
up to 4 of which may be hetero-atéms such as nitrogen, oxygen and sulfur, and
may be saturated or partially unsaturated. Examples of heteroalicyclyl groups
are oxiranyl, azetidinyl, fetrahydrofuranyl, thiolanyl, pyrrolidinyl, pyrrolinyi,
imidazolidinyl, imidazolinyl, sulfolanyi, dioxolanyt, dihydropyranyl,
tetrahydropyranyl, piperidinyl, pyrazolinyl, pyrazolidinyl, dioxanyl, morpholinyl,
dithianyl, thiomorpholinyl, piperazinyl, azepinyl, oxazepinyl, thiazepinyl,
thiazolinyl and diazapanyl.

Unless otherwise indicated, a heteroaryl group contains 3 to 10 ring-atoms up to
4 of which may be hetero-atoms such as nitrogen, oxygen and sulfur. Examples
of heteroaryl groups are furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl,
pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, tetrazolyl, triazinyl. In addition, the term
heteroaryl includes fused heteroaryl groups, for example benzimidazolyl,
benzoxazolyl, imidazopyridinyl, benzoxazinyl, benzothlazinyl, oxazolopyridinyl,
benzofuranyl, quinolinyl, quinazolinyl, quinoxalinyl, benzothiazolyl, phthalimido,
benzofuranyl, benzodiazepinyl, indolyl and isolndolyl.
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For the avoidance of doubt, oxo-substituted heteroaromatic systems such as
pyridinonyl, pyranonyl, imidazolonyl and the like are also considered to be
heteroaryl groups.

Halo means fluoro, chloro, bromo or iodo.

Haloalky! includes monohaloalkyl, polyhaloalkyl and perhaloalkyl, such as
2-bromoethyl, 2,2,2-trifluoroethyt, chiorodiftuoromethyl and trichioromethyl.

Haloalkoxy includes monohailoalkoxy, polyhaloalkoxy and perhaloalkoxy, such as
2-bromoethoxy, 2,2, 2-trifluoroethoxy, chlorodifluoromethoxy and .
trichloromethoxy. Halocycloalky! includes monchaiocycloalkyi,

polyhalocycioalkyt and perhalocycloalkyt.

Unless otherwise indicated, the term substituted means substituted by one or
more defined groups. In the case where groups may be selected from a number

" of alternative groups, the selected groups may be the same or diffarent.

In one preferred embodiment, R' 18 R*, which is optionally substituted with one
or more R’ groups; and ,
R* is a Cs-Cyp cycloalkyl group, which may be either monocyclic or, when there .
are an appropriate number of ring atoms, polycyclic, which may be fused to '
either

(a) a monocyclic aromatic ring selected from a benzene ring and a 5-
or 6-membered heteroaromatic ring containing up to three heteroatoms selected
from nitrogen, oxygen and sulphur, or
(b) a5, 6- or 7-membsered heteroalicyclic ring containing up to three
heteroatoms selected from nitrogen, oxygen and sulphur.

Preferably, R* is a monocyclic C3-Cs cycloalkyl group.

More preferably, R* is a monocyclic Cs-C; cycloalkyl group.
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Most preferably, R* is cyclopenty! or cyciohexyl.

In another preferred embodiment, R’ is R®, which is optionally substituted with
one or more R’ groups.

Preferably, R® is phenyi.

In another preferred embodiment, R' is R®, which is optionally substituted with
one or more R’ groups.

Preferably, R® is a monocyclic saturated or partly unsaturated ring system
containing between 3 and 8 ring atoms, of which at least one is a heteroatom
selected from nitrogen, oxygen and sulphur.

More preferably, R® is a monocyclic saturated or partly unsaturated ring system
containing between 5 and 7 ring atoms, of which at least one is a heteroatom
selected from nitrogen, oxygen and sulphur.

More preferably, R® is a monocyclic saturated ring system containing between 5
and 7 ring atoms, of which at least one is a heteroatom salected from nitrogen,
oxygen and sulphur.

Most preferably, R® Is piperidinyl.

In another preferred embodiment, R' is RP, which is optionally substituted with
one or more R’ groups.

Preferably, R” is a 5- or 6-membered hetaroaromatic ring containing up to three
heteroatoms independently selected from nitrogen, oxygen and sulphur.

More preferably, R” is a 5-membered heteroaromatic ring contalning a
heteroatom selected from nitrogen, oxygen and sulphur and optionally up to two
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further nitrogen atoms in the ring, or a 6-membered heteroaromatic ring
including 1, 2 or 3 nitrogen atoms.

More preferably RP is furanyl, thienyl, pyrrolyl, pyrazotyl, imidazolyl, isoxazoly,
oxazolyl, isothiazolyl, thiazolyl, oxadiazolyl, pyridyl, pyridazinyl, pyrimidyt or
pyrazinyl.

Most preferably, R is pyrazolyl, imidazolyl, isoxazolyl, oxazolyi, oxadiazolyl,
pyridyl, pyridazinyl, pyrimidyl or pyrazinyl.

Preferably, R’ is halo, C:-Cs alkyl, C:-Cg haloalkyl, oxo, OR'? or CONR™R™,

More preferably, R” is halo, C;-Cs alkyl, C1-Cs-haloalkyl, oxo, C1-C; alkoxy,
hydroxy or CONH{(C1-Cs alkyl).

Most preferably, R’ is fluoro, methyl, ethyl, hydroxy, methoxy, propoxy,
trifluoromethyl, oxo or CONHMe.

Preferably, R? is hydrogen or methyl.

More preferably, R? is hydrogen. .

Preferably, R® is hydrogen, C-Cs alkyl, which is optionally substituted with one
or more R® groups, or RE, which is optionally substituted with one or more R*
groups; and wherein RE is a monocyclic or, when there are an appropriate
number of ring atoms, polycyclic saturated ring system containing between 3 and
7 ring atoms, of which at least one is a heteroatom selected from nitrogen,
oxygen and sulphur.

More preferably, R? is hydrogen, Cy-Cs alkyl, which is optionally substituted with
one or more R® groups, or R, which is optionally substituted with one or more R®
groups; and wherein REis a monocyclic saturated ring system containing
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between 3 and 7 ring atoms, of which at least one is a heteroatom selected from
nitrogen, oxygen and sulphur.

In one preferred embodiment, R® is RE, which is optionally substitutad with one
or more R® groups and wherein REisa monocyclic saturated ring system
containing between 3 and 7 ring atoms containing one nitrogen atom.

More preferably, RE is azetidinyl, pyrrolidinyl or piperidinyl.

In another prefarred embodiment, R® is C+-C, alkyl, which is optionally
substituted with one or more R® groups and wherein R® is halo, phenyl, C1-Cs
alkoxyphenyl, OR'?, NR'?R"®, NR'?CO.R", CO.R™, CONR'™R", R® or R", the
last two of which are optionally substituted with one or more R groups.

More preferably, R® is hydroxy, methoxy, methoxyphenyl, NHa, NHMe, NMex,
NHCO.'Bu, NMeCO,'Bu, CO:H, CONHMe, R® or RY, the last two of which are
optionally substituted with one or more R® groups.

In ona preferred embodiment, R® is RS, which is optionally substituted with one
or more R® groups and wheraein R? is a monocyclic saturated ring system
containing between 3 and 7 ring atoms, of which at least one is a heteroatom
selected from nitrogen, oxygen and sulphur.

More preferably, Reisa monocyclic saturated ring system containing between 3
and 7 ring atoms containing one nitrogen atom and optionally one oxygen atom.

Most preferably, R® is pyrrolidinyl, piperidinyl or morpholinyl.
in another preferred embodiment, R® is R", which is optionally substituted with
one or more R” groups and wherein R" is a 5- or 6-membered heteroaromatic

ring containing up to two nitrogen atoms.

More preferably, R" is pyrazolyl.
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Preferably, R® is methyl or CO.'Bu.

In another preferred embodiment, R? is hydrogen or C4-C, alkyl, which is
optionally substituted with one or more R® groups, or R® is azetidinyl, pymolidinyl
or piperidinyl, each of which is optionally substituted with one or more R’ groups,
wherein

R® is hydroxy, methoxy, methoxyphenyl, NHz, NHMe, NMez, NHCO2'Bu,
NMeCO;'Bu, COzH, CONHMe, pyrrolidinyl, piperidinyl, morpholinyt or pyrazolyl,
the last four of which are optionally substituted with one or more R® groups and
wherein

R? is methy! or CO2'Bu.

In one preferred embodirnent, R* is hydrogen, C4-Cg alkyl, C,-Cq haloalkyl, C-Cs
alkeny! or C>-Cs aliynyl.

More preferably, R* Is hydrogen, C4-Cs alkyl or C;-Cg haioalkyl.
Most preferably, R* is hydrogen, methy! or ethyl.

In another preferred embadiment, -NR°R* forms R, which is optionally
substituted with one or more R'™ groups and wherein RF ia a monocyclic or,
when there are an appropriate number of ring atoms, polycyclic saturated ring
system containing between 3 and 10 ring atoms containing at least one nitrogen
atom and optionally one other atom selected from oxygen and sulphur.

More preferably, R" is a monocyclic or, when there are an appropriate number of
ring atoms, polycyclic saturated ring system containing between 3 and 10 ring
atoms containing one or two nitrogen atoms and optionally one other atom
selected from oxygen and sulphur.

Most preferably, RF is selected from azetidinyl, pyrolidinyl, plpeﬂdlriyl,
piperazinyl, morpholinyl, 3-azabicyclo[3.1.0]hex-3-yl, homopiperazinyl,




®-

'
| T

15

25

30

WO 2004/096814 PCT/IB2004/N1433

-13-

2,5-diazabicyclo[2.2.1}hept-2-yi, 2,5-diazabicyclo[2.2.2]oct-2-yl,
2,5-diazablcyclo{4.3.0Jnon-2:yl, 3,8-diazabicyclo[3.2.1]oct-3-yl,
3,8-diazabicyclo[3.2.1]oct-8-yl, 1,4-diazabicyclo[4.3.0Jnon-4-yl and
1,4-diazabicycio[3.2.2]non-4-yl.

Preferably R' is halo, OR'2, NR'2R"3, NR'°CO.R™*, COzR'?, oxo, Ci-Cs alkyl or
C1-Cs haloalkyl, the last two of which are optionally substituted by R".

More preferably, R'” is halo, methyl, ethyl, isopropyl, hydroxy, methoxy, NHz,
NHMs, NMez, NHCO2'Bu, CO2H, CO2Bu, oxo, benzyl, -CHzOH, -CHaNH;,
-CH2NHMe, -CHzNMe; or -CH.NMeCO,'Bu.

In a particularly preferred embodiment -NR*R* forms a piperazine ring that is
optionally substituted by one or two methyl groups, and/or is bridged by a -CH»-
or -CHzCHx- group. Suitable bridged piperazines include
2,5-diazablcyclo[2.2.1]hept-2-yl, 2,5-diazabicyclo[2.2.2]Joct-2-yl, 3,8-
diazabicyclo[3.2.1}Joct-3-yl and 3,8-diazabicyclo[3.2.1]oct-8-yl ring systems.

In another preferred embodiment, R® is C4-Cj alkyl, which is substituted by one
R® group, or A%, which is substituted by one R? group; or -NR*R* forms a cyclic
group RF, which is substituted with one R™ group, and R®, R® and R are all
CO-H.

Preferably, R® is C,-C, aliyl or C;-C, haloalkyl, each of which is optionally
substituted by hydroxy, C;-C, alkoxy or C-C, haloalkoxy.

In one more preferred embodiment, R® is C1-C, alkyl, hydroxymethyi or C1-C4
alkoxymethyl.

in another more preferred embodiment, R® is methyl, ethyl or propyl, each of
which Is optionalty substituted by hydroxy, methoxy or sthoxy.
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Most preferably, R° is methyl, ethyl, n-propyl, isopropyl, hydroxymethyl,
methoxyrnethyl or ethoxymethyi. '

Preferably, R® is R%A.

When R® is hydrogen, the compounds of formula (1) wherein R® is attached at N*
and at N? are tautomers. These tautomers will tend to co-exist in both the solid
and solution state, and will not be readily separable. The amounts of each
tautomer present in any equilibrium mixture will be determined by the relative

10 thermodynamic stabilities of the two forms. In most cases, the 1H-tautomer will
tend to be the predominant form.

When R® is R®, two regloisomers of the compounds of formula (1) can be
distinguished. in one, preferred, embodiment of the invention, R® is positioned
15 on N’ to give the compounds of formula (I*):

R. _R°
e N
/ N
Nyl 3
Z R
LA
R R ™

In an altemative embodiment, R** is positioned on N? to give the compounds of
20 formula (1%):
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Preferably, R® is C1-Cg alkyl or C;-Cs haloalkyl, each of which is optionally
substituted by C1-Cg alkoxy, C1-Cs haloalkoxy, (Ca-Ce cycloalkyl)C1-Cg alkoxy or
a cyclic group selected from R', R~ and RY, or R** is R";

R’ is a C3-C7 monocyclic cycloatkyl group;

R" and R" are each independently a monocyclic, saturated or partly unsaturated
ring system containing between 4 and 7 ring atoms, of which at least one is a '
heteroatom selectsd from nitrogen, oxygen and sulphur; and

R is a 5- or 6-membered heteroaromatic ring containing up to three

heteroatoms independently selected from nitrogen, oxygen and suiphur.

More preferably, R® Is C1-C, alkyl or C4-C, haloalkyl, each of which is optionally
substituted by C1-C,4 alkoxy, C1-C4 haloalkoxy, (Cs-Cg cycioalkyl)C1-Cg alkoxy or
a cyclic group selected from R’, R" and R, or R* is R";

R’ is cyclopropy! or cyclobutyl;

R" and R" are each independently a monocyclic saturated ring system
containing either 5 or 6 ring atoms, of which at least one is a heteroatom
selected from nitrogen, oxygen and sulphur; and

R is a 5- or 6-membered heteroaromatic ring containing a heteroatom selected
from nitrogen, oxygen and sulphur.

More preferably, R™ is C,-C, alkyl or C4-C, haloatkyl, each of which is optionally
substituted by C4-C, alkoxy, C-C4 haloalkoxy, (Cs-Cg cycloalkyl)methoxy or a
cyclic group selected from R’, R~ and R, or R® is R";

R’ is cyclopropyl or cyclobutyl;

R" and RM are each independently a monocyclic saturated ring system
containing either 5 or 6 ring atoms containing one heteroatom selected from
nitrogen, oxygen and sulphur; and

R is a 5- or 6-membered heteroaromatic ring containing one nitrogen atom.

More preferably, R* is C1~C, alkyl or C4-C, haloalkyl, each of which is optionally
substituted by C-C, alkoxy, C1-C4 haloalkoxy, (Cs-Ce cycloalkyl)methoxy,
cyclopropyl, cyclobutyl, tetrahydrofuranyl, tetrahydropyranyl or pyridinyl, or R®A is
tetrahydropyranyl.
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Most preferably, R® is methyl, ethyl, isopropyl, isobutyl, methoxysthyl,
methoxypropyl, ethoxyethyl, ethoxypropyl, n-propoxyethyl, isopropoxyethyi,
2,2 2-rifluoroethyl, 2,2,2-trifluorosthoxyethyl, tetrahydrofuranyimethy),
tetrahydropyranylmethyl, tetrahydropyranyl or pyridinyimethyi.

A particularly preferrad embodiment is & compound of formula (I) wherein R® is
R® attached at the N'-position, and R® is 2-(2,2,2-trifluoroethoxy)ethyl,

Preferred embodiments of compounds of formula (l) are those that incorporate
two or more of the foregoing preferences.

A particularly preferred embodiment is a compound of formula (I) wherein R' is a
cyclic group selected from R*, R®, R® and RP, each of which is optionally
substituted with one or more R’ groups;

R? is hydrogen or C4-C; alkyf;

R? is hydrogen, C1-C. alkyl, which is optionally substituted with one or more R®
groups, or RF, which is optionally substituted with one or more R® groups;

R* is hydrogen, C1-Cs alkyl or C-Ca haloalkyl;
or -NR’R* forms RF, which is optionally substituted with one or more R'° groups;

R® Is C4-Cq alkyl, C;-Cs haloalkyl, C2-Cs alkenyl, C2-Cq alkynyl or Cs-Cr
cycloalkyl, each of which is optionally substituted by one or more groups

selected from hydroxy, C4-Cg alkoxy, C4-Ce haloalkoxy, Ca-C; cycloalkyl and
Cs-C~ cycloalkoxy, or hydrogen;

R? is R® or hydrogen;
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R® is C,-C4 alkyl or C1-C4 haloalkyl, each of which is optionally substituted by
C1-C. alkoxy, C1-C. haloalkoxy or a cyclic group selected from R, R and R™, or
R% is RV,

R’ is halo, C+-Cs alkyl, C1-Cs haloalkyl, C>-Cs alkenyl, C2-Cg alkynyl, Cs-C1o
cycloalkyl, Ca-C1o halocycloalkyl, phenyl, oxo, OR'2, OC(O)R'2, NO,, NR'2R™3,
NR'2C(O)R', NR'?CO.R", C(O)R', CO,R'2, CONR'R™ or CN;

R® is halo, phenyl, C,-Cq alkoxyphenyl, OR'2, OC(O)R', NO2, NR'?R",
NR'2C(O)R"3, NR'2CO.R', C(O)R'?, CO:R'2, CONR'R'3, CN, R® or R", the last
two of which are optionally substituted with one or more R® groups;

R® is C;-Cs alkyl, C;1-Cg haloalkyt or CO.R'%;

R'™ ig halo, C3-C1o cycloalkyl, C3-C1o halocycloalkyl, phenyl, OR'2, OC(O)R™,
NO2, NR™2R™ NR'2C(O)R'®, NR'?’CO.R', C(O)R™, CO.R'™, CONR"R", CN,
oxo, C1-Cg alkyl or C1-Cg haloalkyl, the last two of which are optionally
substituted by R™; '

R'' is OH, phenyl, NR"?R™ or NR*2CO:R",

R' and R are each independently hydrogen, C,.Cs alkyl or C;-Cq haloalkyl;
R'* is C,.Cg alkyl or Cy-Cg haloalkyl;

R* is a monocyclic Cs-Cs cycloalkyl group;

R® is pheny;

R® is a monocyclic saturated or partly unsaturated ring system containing

between 3 and 8 ring atoms, of which at least one is a heteroatom selected from
nitrogen, oxygen and sulphur;
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RP is a 5- or 6-membered heteroaromatic nng containing up to three
heteroatoms independently selected from nitrogen, oxygen and sulphur;

RE is a monocyclic saturated ring system containing between 3 and 7 ring atoms,
of which at least one is a heteroatom selected from nitrogen, oxygen and
sulphur,;

R and R® are each independently a monocyclic or, when there are an
appropriate number of ring atoms, polycyclic saturated ring system containing
between 3 and 10 ring atoms, of which at least one is a heteroatom selected
from nitrogen, oxygen and sulphur;

R" is a 5- or 6-membered heteroaromatic ring containing up to three
heteroatoms independently selectad from nitrogen, oxygen and sulphur;

R’ is cyclopropy! or cyclobutyl;

R" and RM are each independently a monocyclic saturated ring system
containing either 5 or 6 ring atoms, of which at least one is a heteroatom
selected from nitrogen, oxygen and sulphur;

and

A" is a 5- or 6-membered heteroaromatic ring containing a heteroatom selected
from nitrogen, oxygen and sulphur.

More preferably, R! is a cyciic group selected from R*, R®, R® and RP, each of
which is optionally substituted with one or more R groups;
R? is hydrogen or C4-C; alkyl;

R’ Is hydrogen, C-Cy alkyl, which is optionally substituted with one or more R®
groups, or RE, which is optionally substituted with one or more R® groups;
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R* is hydrogen, C4-Cg alkyl or C1-Cs haloalkyl;
or -NR°R* forms R, which is optionally substituted with one or more R'° groups;

R® is C1-C, alkyl or C1-C4 haloalkyl, each of which is optionally substituted by
hydroxy, C4-C, alkoxy or C4-C4 haloalkoxy;

R® is A®™ or hydrogen;

R™ is Cy-C, alkyl or C+-C4 haloalkyl, each of which is optionally substituted by
C,-C. alkoxy, C4-C4 haloalkoxy or a cyclic group selected from R”, R and R, or
R™ is RY;

R’ is halo, C4-C alkyl, C1-Ce haloalkyl, oxo, OR' or CONR'R'®;

R® is halo, phenyl, C;-Cg alkoxyphenyl, OR'2, NR'2R™®, NR'2CO.R", CO,R",
CONR™R", R or R", the last two of which are optionally substituted with one or
more R® groups;

R’ is C4-Cq alkyl, C1-Cg haloalkyt or COR';

R' is halo, Cs-C1 cycloalkyl, Cs-C1o halocycloalkyl, phenyl, OR', OC(O)R™,
NO2, NRR'®, NR'2C(O)R"™, NR'>CO.R™, C(O)R™%, CO:R", CONR'™R™, CN,
oxo, C1-Cg alkyl or C;-Cg haloalkyl, the last two of which are optionally
substituted by R'";

R is OH, phenyl, NR**R'® or NR2CO,R':

R'? and R* are each indepsndently hydrogen, C,.Coalkyl or C,-Cg haloalky;

R is Cy.Cgalkyl or C;-Cg haloalkyl;
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R* is a monocyelic Cs-C; cycloalkyl group;
R® is phenyt;

R® is a monocyclic saturated ring system containing between 5 and 7 ring
atoms, of which at least ohe is a heteroatom selected from nitrogen, oxygen and
sulphur,;

R® is a 5-membered haeteroaromatic ring containing a heteroatom selected from
nitrogen, oxygen and sulphur and optionally up to two further nitrogen atoms in
the ring, or a 6-memberad heteroaromatic ring including 1, 2 or 3 nitrogen
atoms;

RE is a monocyclic saturated ring system containing between 3 and 7 ring atoms
containing one nitrogen atom;

RF is a monocyclic or, when there are an appropriate number of ring atoms,
polycyciic saturated ring system containing between 3 and 10 ring atoms
containing at least one nitrogen atom and optionally one other atom selected
from oxygen and suiphur;

R® Is a monocyclic saturated ring system containing between 3 and 7 ring
atoms, of which at least one is a heteroatom selected from nitrogen, oxygen and
sulphur;

R" is a 5- or 6-membered heteroaromatic ring containing up to two nitrogen
atoms;

R" and R" are each independently a monocyclic saturated ring system
containing either 5 or 6 ring atoms, of which at least one Is a heteroatom

selected from nitrogen, oxygen and sulphur;

and
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R is a 5- or 6-membered heteroaromatic ring containing a heteroatom selected
from nitrogen, oxygen and suiphur.

Most preferred compounds are:

1-(2-ethoxyethyi)-3-methyl-5-[(3A)-3-methylpiperazin-1-yl}- N-pyrimidin-4-yi-1 H-
pyrazolo[4,3-d]pyrimidin-7-amine,

1-(2-ethoxyethyl)-3-ethyl-5-{(3 A)-3-methylpiperazin-1-yl}-N-pyrimidin-4-y--1 H
pyrazolo[4,3-djpyrimidin-7-amine,
1-(2-sthoxyethyl)-3-ethyl-N°-methyl-AP-(1-methyipiperidin-4-yl)-N’-pyrimidin-4-yl-
1 H-pyrazolo[4,3-d]pyrimidine-5,7-diamine,

3-methyl-5-[(3A)-3-methylpiperazin-1-yl}-1-(2-n-propoxysthyl)-N-pyrimidin-4-yl-
1H-pyrazolo[4,3-d]pyrimidin-7-amine,

5-[(2R,585)-2,5-dimethyipiperazin-1-yl}-1-(2-ethoxyethyl)-3-methyl-N-pyrimidin-4-
yl-1H-pyrazolof4,3-djpyrimidin-7-amine,

5-{(2A,55)-2,5-dimethylpiperazin-1-yl}-1-(2-ethoxyethyl)-3-ethyl-N-pyrimidin-4-yl-
1H-pyrazolo[4,3-djpyrimidin-7-amine,

1-{2-ethoxyethyi)-A*,3-dimethyl-N’-(4-methylpyridin-2-yl)-N°-{(3S)-1-
methylpymolidin-3-yi]- 1 H-pyrazolo[4,3-d]pyrimidine-5, 7-diamine,

1-(2-ethoxyethyl)-3-ethyl-N°-methyl-N’-(4-methylpyridin-2-yl)-N°{(35)-1-
methylpyrrolidin-3-yl}- 1 H-pyrazolo[4,3-d]pyrimidine-5,7-diamine,

1-(2-ethoxyethyl)-3-(methoxymethyl)-5{(3R)-3-methylpiperazin-1-yl}-N-(4-
methylpyridin-2-yl)-1H-pyrazolo[4,3-djpyrimidin-7-amine,
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1-(2-emoxyethy|)-3-(methoxymethy|)-nf.Af-dimathyl-N’-@-meﬂnylpyridin-z-yl)-
1 H-pyrazolo[4,3-d]pyrimidine-5,7-diamine,

{1-(2-ethoxyethyl)-5-[ N-ethyl-N-methylamino}-7-{{4-methylpyridin-2-yi)amino}-1 H-
pyrazolo[4,3-d}pyrimidin-3-yljmethanol, '

1-(2-isopropoxyethyl)-3-methyl-5{(3A)-3-methylpiperazin-1-yl}-N-pyrimidin-4-yl-
1 H-pyrazolo[4,3-dlpyrimidin-7-amine,

1-(2-ethoxyethyl)-Af 3-dimethyl-N*-[(35)-1-methylpyrrolidin-3-yi} N-pyrimidin-4-
yi-1H-pyrazolo[4,3-d]pyrimidine-5,7-diamine,

1-(2-athoxyethyl)-3-athyl-N°-methyi-N-(5-methyipyridin-2-yl)-N*-[(35)-1-
methylpytrolidin-3-yl}-1 H-pyrazolo[4,3-dlpyrimidine-5,7-diarine,

1-methyl-54{(3 A)-3-methylpiperazin-1-yi]-3-propy-N-pyrimidin-4-yi-1 -
pyrazolo{4,3-d]pyrimidin-7-amine,

N{5-((1R, 4R)-2,5-diazabicyclo[2.2.1]hept-2-yi)-1-(2-ethoxyethyl)-3-ethyl-1+-
pyrazolo[4,3-d]pyrimidin-7-yl}-4-methylpyridin-2-ylamine,

N-5-{(1S, 45)-2,5-dlazabicyclof2.2.1]hept-2-yi)-1-(2-sthoxyethyl)-3-ethyl-1 H-
pyrazolo[4,3-djpyrimidin-7-yl]-4-methylpyridin-2-ylamine,

N-{1-(2-ethoxyethyl)-3-methoxymethyi-5-[(3 R)-3-methylpiperazin-1-yi}-1 H
pyrazolo[4,3-d]pyrimidin-7-yi}-6-msethylpyridin-2-ylamine,

NH{3-methyl-5-[(3A)-3-methylpiperazin-1-yl}-1-{2-(2,2,2-trifluorosthoxy)ethyil-1 H
pyrazolo[4,3-d]pyrimidin-7-yl}pyrimidin-4-ylamine,

N-{5-(3,8-diazabicyclo[3.2. 1]oct-3-yl)-3-methyl-1-[2-(2,2,2-trifluoroethoxy)ethyl]-
1 H-pyrazoloj4,3-djpyrimidin-7-yi}-6-methylpyridin-2-ylamine,
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N-(3-ethyl-5-[(3R)-3-methyipiperazin-1-yl]-1-[2-(2,2,2-trifluoroethoxy)ethyl]- 1 H-
pyrazolo[4,3-d]pyrimidin-7-yl}pyrimidin-4-ylamine,

N-{3-methyl-5-(piperazin-1-yl)-1-[2-(2,2,2-trifluoroethoxy)ethyl]- 1 H-pyrazolo[4,3-
dlpyrimidin-7-yl}-6-methylpyridin-2-ylamine,

1-{3-methyi-7-(6-methyipyrimidin-4-ylamino)-1-[2-(2,2,2-trifluoroethoxy)ethyl]-1 H
pyrazolo[4,3-d]pyrimidin-5-yl}piperidine-4-carboxylic acid,

N-{3-ethy|-5-[(3H)-s-methylpiperazin-1 -yl}-1-[2-(2,2,2-trifluoroethoxy)ethyl}- 1 H-
pyrazoio[4,3-d]pyrimidin-7-yl}pyridazin-4-ylamine,

N-{3-ethyl-5-[(3R)-3-methylpiperazin-1-yl}-1-[2-(2,2,2-trifluorosthoxy)ethyl]-1 H-
pyrazolo[4,3-d]pyrimidin-7-yl}-2-methylpyrimidin-4-ylamine,

3-ethyl-N*-methyl-N°-(1-methylpiperidin-4-yl)-N’-(6-methylpyrimidin-4-yl)-1-[2-
(2,2,2-trifluoroethoxy)ethyl}-1 H-pyrazolo[4,3-dlpyrimidine-5,7-diamine,

N-{3-methoxymethyl-5-{(3A)-3-methylpiperazin-1-yi]-1{2-(2,2,2-trifluorosthoxy)-
ethyl]-1 H-pyrazolo[4,3-d]pyrimidin-7-yl}-6-methylpyridin-2-ylamine,

N-{3-ethoxymaethyl-5-[(3 R)-3-methylipiperazin-1-yi}-1-[2-(2,2,2-trifluoroethoxy)-
ethyl]-1 H-pyrazolo[4,3-d]pyrimidin-7-yi}-6-methylpyridin-2-ylamine,

N-{3-methoxymethyl-5-[(3R)-3-methylpiperazin-1-yi}-1-{2-(2,2,2-trifluorosthoxy)-
ethyl}-1 H-pyrazolof4,3-djpyrimidin-7-yi}-4-methylpyridin-2-ylamine,

1-{3-methyt-7-(4-methyipyridin-2-ylamino)-1-[2-(2,2,2-trifluoroethoxy)ethyl]- 1 H-
pyrazolo[4,3-d}pyrimidin-5-yl}piperidine-4-carboxylic acid,

N-{3-ethoxymethyl-5-[(3 A)-3-methylpiperazin-1-yi}-1-[2-(2,2,2-trifluoroethoxy)-
ethyl}-1 H-pyrazolo[4,3-d]pyrimidin-7-yl}-4-methylpyridin-2-ylamine,
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1-{3-ethyl-7-(6-methylpyrimidin-4-ylamino)-1-{2-(2,2,2-triflucroethoxy)ethyl}-1 H-
pyrazolof4,3-djpyrimidin-5-yi}piperidine-4-carboxylic acid, and

3,A-dimethyl-N°-(1-methylpiperidin-4-yl)-N"-(6-methylpyrimidin-4-yl)-1-[2-(2,2 2-

trifluoroethoxy)ethyl]-1 H-pyrazolo[4,3-d]pyrimidine-5,7-diamine

and tautomers thereof and pharmmacseutically acceptable salts, solvates and
polymorphs of said compounds or tautomer.

Pharmaceutically acceptable saits of the compounds of formula (l) include the
acid addition and base salts (including disatts) thereof.

Sultable acid addition salts are formed from acids which form non-toxic salts,

Examples Include the acetate, aspariate, benzoate, besylate,

bicarbonate/carbonate, Bisulphate. camsylate, citrate, edisylate, esylate,

fumarate, gluceptate, gluconate, glucuronate, hibenzate, hydrochioride/chloride,
hydrobromide/bromide, hydroiodidefiodide, hydrogen phosphate, isethionate, D-

and L-actate, malate, maleate, malonate, mesylate, methylsulphate, 2-

napsylate, nicotinate, nitrate, orotats, pamoate, phosphete, saccharate, stearate,
succinate, sulphate, D- and L-tartrate, and tosyiate salts. .

Suitable base salts are formed from bases which form non-toxic salts. Examples
include the aluminium, arginine, benzathine, calcium, choline, dlethylamine,
diolamine, glycine, lysine, magnesium, meglumine, olamine, potassium, sodium,
tromethamine and zinc salts.

For a review on suitable salts, see Stahl and Wermuth, Handbook of
Phamaceutical Salts; Properties, Selection, and Use, Wiley-VCH, Weinheim,
Gemany (2002).

A pharmaceutically acceptable salt of a compound of formula (I) may be readily
prepared by mixing together solutions of the compound of formula (I) and the
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desired acid or base, as appropriate. The salt may precipitate from solution and
be collected by fiitration or may be recovered by evaporation of the solvent.

Phhfmaoeutically acceptable solvates in accordance with the invention include
hydrates and solvates wherein the solvent of crystallization may be isotopically
substituted, 6.g. D20, acetone-ds, DMSO-ds.

Also within the scope of the invention are clathrates, drug-host inclusion
complexes wherein, in contrast to the aforementioned solvates, the drug and
host are prasent in non-stoichiometric amounts. For a review of such complexes,
see J Pharm Scl, 64 (8), 1269-1288 by Haleblian (August 1975).

Hereinafter all references to compounds of formula (i) include references to salts
thereof and to solvates and clathrates of compounds of formula (I) and salts
thereof.

‘The invention inciudes all polymorphs of the compounds of formula (1) as

hereinbeafore defined.

Also within the scope of the invention are so-called “prodrugs” of the compounds
of formula (). Thus certain derivatives of compounds of formula (I} which have
little or no pharmacological activity themselves can, when metabolised upon
administration into or onto the body, give rise to compounds of formula (1) having
the desired activity. Such derivatives are referred to as "prodrugs®.

Prodrugs in accordance with the invention can, for example, be produced by
replacing appropriate functionalities present in the compounds of formula () with
certain moieties known to those skilled in the art as *pro-moieties" as described,
for example, in "Design of Prodrugs® by H Bundgaard (Elsevier, 1985).

Finally, certain compounds of formula (f) may themselves act as prodrugs of other
compounds of formula (1). '
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Compounds of formula (I} containing one or more asymmetric carbon atoms can
exist as two or more optical isomers. Where a compound of formula (I) contains
an alkenyl or alkenylene group, geometric cig/irans (or Z/E) isomers are
possible, and where the compound contains, for example, a keto or oxime
group, tautomeric isomerism (‘tautomerism’) may occur. It follows that a single
compound may exhibit more than one type of isomerism.

Included within the scope of the present invention are all optical isomers,
geometric isomers and tautomeric forms of the compounds of formula (1),
including compounds exhibiting more than one type of isomerism, and mixtures
of one or more thereof.

Cls/trans isomers may be separated by conventional techniques well known to
those skilled in the art, for example, fractional crystallisation and

chromatography.

Conventionai techniques for the preparation/isolation of individual sterecisomers
include the conversion of a suitable optically pure precursor, resolution of the
racemate (or the racemate of a salt or derivative) using, for example, chiral
HPLC, or fractional crystallisation of diasteracisomeric salts formed by reaction
of the racemate with a suitable optically active acid or base, for exampile, tartaric
acid.

The present invention also includes all pharmacsutically acceptable isotopic
variations of a compound of formula (I). An isotoplc variation is defined as one in
which at least one atom Is replaced by an atom having the same atomic number,
but an atornic mass different from the atomic mass usually found in nature.

Examples of isotopes suitable for inclusion in the compounds of the Invention
include isotopes of hydrogen, such as °H and ®H, carbon, such as **C and 'C,
nitrogen, such as '®N, oxygen, such as 'O and 0, phosphorus, such as 2P,
sulphur, such as %S, fluorine, such as '®F, and chlorine, such as 3Cl.
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Substitution of the compounds of the invention with isotopes such as deuterium,
i.6. 2H, may afford certain therapeutic advlelntagés resulting from greater
metabolic stability, for example, increased in vivo half-life or reduced dosage
reduirements. and hence may be preferred in some circumstances.

Certain isotopic vartations of the compounds of formula (l), for example, those
incorporating a radioactive isotope, are useful in drug and/or substrate tissue
distribution studies. The radloactive isotopes tritium, i.e. °H, and carbon-14, i.e.
4G, are particularly useful for this purpose in view of their ease of incorporation
and ready means of detection.

Isotopic variations of the compounds of formula (I) can generally be prepared by
conventional techniques known to those skilled in the art or by processes
analogous to those described in the accompanying Examples and Preparations
using appropriate isotopic variations of suitable reagents.

The compounds of formula (I} may be freeze-dried, spray-dried, or evaporatively
dried to provide a solid plug, powder, or film of crystalline or amorphous material.
Microwave or radio frequency drying may be used for this purpose.

The compounds of formula () are inhibitors of PDE-5. Accordingly, in a further
aspect the present invention provides for the use of a compound of formula (1),
or a tautomer, salt or soivate thereof, as a medicament, and particularly as a
medicament for the treatment of a disease or condition where inhibition of PDE-
5 is known, or can be shown, to produce a beneficial effect.

The term “treatment” includes pelliative, curative and prophylactic treatment.

Diseases and conditions suitable for treatment with the compounds of the
invention inciude hypertension (including essential hypertension, pulmonary
hypertension, secondary hypertension, isolated systolic hypertension,
hypertension associated with diabetes, hypertension associated with
atherosclerosis, and renovascular hypertension), congestive heart fallure, angina
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(including stable, unstable and variant (Prinzmetal) angina), stroke, coronary
artery disease, congestive heart fallure, conditions of reduced blood vessel
patency (such as post-percutaneous coronary angloplasty), peripheral vascular
disease, atherosclerosis, nitrate-induced tolerance, nitrate tolerance, diabetes,
impaired glucose tolerance, metabolic syndrome, obesity, sexual dysfunction
(including male erectile disorder, impotence, female sexual arousal disorder,
clitoral dysfunction, female hypoactive sexual desire disorder, fomale sexual
pain disorder, female sexual orgasmic dysfunction and sexual dysfunction due to
spinal cord injury), premature labour, pre-eclampsia, dysmenorrhea, polycystic
ovary syndrome, benign prostatic hyperplasia, bladder outlet obstruction,
incontinence, chronic obstructive pulmonary disease, acute respiratory fallure,
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, gut motility disorders
(including irritable bowel syndrome), Kawasaki's syndrome, multiple sclerosis,
Alzheimer's disease, psoriasis, skin necrosis, scarming, fibrosls, pain (particularly
neuropathic pain), cancer, metastasis, baldness, nutcraker oesophagus, anal
fissure and haemorrhoids.

In a further aspect, the present invention provides for the use of a compound of
formula (), or a tautomer, sait or solvate thereof, for the manufacture of a
meadicament for the treatment of a disease or condition where inhibition of PDE-
5 is known, or can be shown, io produce a beneficial effect, and in particular
those diseases and conditions listed in the preceding paragraph.

In a preferred embodiment, the disease or condition is hypertension. Mor
epreferably it is easential hypertension, puimonary hypertension, secondary
hypertension, Isolated systolic hypertension, hypertension associated with
diabetes, hypertension assoclated with atherosclerosis, or renovascular
hypertension.

In another preferrad embodiment, the disease or condition is diabetes.

In a further aspect, the present invention provides a method of treatment of a
disorder or condition where Inhibition of PDE-5 is known, or can be shown, to
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produce a beneficial effect, in a mammal, which method comprises
administering to said mammal a therapeutically effective amount of a compound

of formula (1) or a pharmaceutically acceptable salt, solvate or polymorph
thereof.

In a preferred embodiment, the disease or condition is hypertension. More’
preferably it is essential hypertension, puimonary hypertension, secondary
hypertension, isolated systolic hypertension, hypertension associated with
diabetes, hypertension associated with atherosclerosis, or renovascular
hypertension.

In another preferred embodiment, the disease or condition is diabetes.

The compounds of the present invention may be used alone or in combination
with other therapeutic agents. When used in combination with ancther
therapeutic agent the administration of the two agents may be simultaneous or
sequential. Simuitaneous administration includes the administration of a single
dosage form that comprises both agents and the administration of the two
agents in separate dosage forms at substantially the same time. Sequential
administration includes the administration of the two agents according to
different schedules provided that there is an overlap in the periods during which
the troatment is provided. Suitable agents with which the compounds of formula
(1) can be co-administered include aspirin, angiotensin Il receptor antagonists
(such as losartan, candesartan, telmisartan, valsartan, irbesartan and
eprosartan), calcium channel blockers (such as amlodipine), beta-blockers (i.e.
beta-adrenergic receptor antagonists such as sotalol, propranolol, timolol,
atenolol, carvedilol and metoprolol), C11027, CCR5 receptor antagonists,
imidazolines, soluble guanylate cyclase activators, diuretics (such as
hydrochlorothiazide, torsemide, chlorothiazide, chiorthalidone and amiloride),
alpha adrenergic antagonists (such as doxazosin), ACE (angiotensin converting
enzyme) inhibitors (such as quinapril, enalapril, ramipril and lisinopril),
aldosterone raceptor antagonists (such as eplerenone and spironolactone),
neutral endopeptidase inhibitors, antidiabetic agents (such as insulin,
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sulfonyiureas (such as glyburide, glipizide and glimepiride), glitazones (such as
rosiglitazone and pioglitazone) and matl‘o'rmin). cholesterol lowering agents
(such as atorvastatin, pravastatin, lovastatin, simvastatin, clofibrate and
rosuvastatin), and aipha-2-delta ligands (such as gabapentin, pregabalin,

[(1 R,5R,6.5)-6-(aminomethyl)bicyclo[3.2.0]hept-6-yllacetic acid, 3-(1- ]
(aminomethyl)cyclohexylmethyt)-4+-[1,2,4Joxadiazol-5-one, C-[1-(1H-tetrazol-5-
yimethyl)cycloheptyljmethylamine, (35,4 5)-(1-aminomethyl-3,4-dimethyl-
cyclopentyl)acetic acid, (10,3c,50)-(3-(aminomethyl)bicyciof3.2.0Jhept-3-yl)acetic
acid, (3S,5F)-3-aminomethyi-5-methyloctanoic acid, (3S,5R)-3-amino-5-
methyiheptanoic acid, (35,5A)-3-amino-5-methyinonanocic acid and (3S5,5R)-3-
amino-5-methyloctanoic acid).

In a further aspect, the present invention provides for a pharmaceutical
composition comprising a compound of formula (1), or a phamacedtically
acceptable salt, solvate or polymorph thereof, and a second pharmaceutically
active agent selected from those listed in the preceding paragraph.

The compounds of the invention may be administered alone or in combination
with other drugs and will generally be administered as a formulation in
association with one or more pharmaceutically acceptable excipients. The term
*exciplent” is used herein to describe any ingredient other than the compound of
the invention. The choice of excipient will to a large extent depend on the
particular mode of administration.

The compounds of the invention may be administered orally. Oral administration
may involve swallowing, so that the compound enters the gastrointastinal tract,
of buccal or sublingual administration may be employed by which the compound
enters the blood stream directly from the mouth.

Formulations sultable for oral administration include solid formulations such as
tablets, capsules containing particulates, liquids, or powders, lozenges (including
liquid-filled), chews, muiti- and nano-particulates, gels, flims (including muco-
adhesive), ovules, sprays and liquid formulations.
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Liquid formulations include suspensions, solutions, syrups and elixirs. Such
formulations may be employed as fillers in soft or hard capsules and typically
corhbrise a carrier, for example, water, ethanol, propylene glycol,
methyliceliulose, or a suitable oil, and one or more emulsifying agents and/or
suspending agents. Liquid formulations may also be prepared by the
recongtitution of a solid, for example, from a sachet.

The compounds of the invention may also be used in fast-dissolving, fast-
disintegrating dosage forms such as those describaed in Expert Opinion in
Therapeutic Patents, 11 (6), 981-986 by Liang and Chen (2001).

The composition of a typical tablet in accordance with the invention may
comprise:

Iingredient % wiw
Compound of formuta (1) 10.00*
Microcrystalline cellulose 64.12
Lactose 21.38
Croscarmeliose sodium 3.00
Magnesium stearate 1.50

* Quantity adjusted in accordance with drug activity.

A typical tablet may be prepared using standard processes known to a
formulation chemist, for example, by direct compression, granulation (dry, wet, or
melt), melt congealing, or extrusion. The tablet formulation may comprise one or
more layers and may be coated or uncoated.

Examples of exciplents suitable for oral administration include carriers, for
example, cellulose, calcium carbonate, dibasic calcium phosphate, mannitol and
sodium citrate, granulation binders, for example, polyvinylpyrrolidine,
hydroxypropyicellulose, hydroxypropylmethyicellulose and gelatin, disintegrants,
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for example, sodium starch glycolate and silicates, lubricating agents, for
example, magnesium stearate and stearic acid, wetting agents, for example,
sodium lauryl sulphate, preservatives, anti-oxidants, flavours and colourants.

Solid formulations for oral administration may be formulated to be immediate
and/or modified release. Madified release formulations include delayed-,
sustained-, pulsed-, controlled dual-, targeted and programmed release. Details
of suftable modified release technologies such as high energy dispersions,
osmotic and coated particles are to be found in Verma et al, Pharmaceutical
Technology On-line, 25(2), 1-14 (2001). Other modifiad release formulations are
described in US Patent No. 6,106,864.

The compounds of the invention may also be administered directly into the blood
stream, into muscle, or into an intemal organ. Suitable means for parenteral
administration include intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrastemnal, intracranial, intramuscular and
subcutaneous. Suitable devicas for parenteral administration include needle
(including microneedie) injectors, needle-free injectors and infusion techniques.

Parenteral formulations are typically aqueous solutions which may contain
excipients such as salts, carbohydrates and buffering agents (preferably to a pH
of from 3 to 9), but, for some applications, they may be more suitably formulated
as a sterile non-aqueous solution or as a dried form to be used in conjunction
with a suitable vehicie such as sterile, pyrogen-free water.

The preparation of parenteral formulations under sterile conditions, for example,
by lyophilisation, may readily be accomplished using standard pharmaceutical
techniques well known to those skilled In the art.

The solubility of compounds of formuta () used in the preparation of parenteral
solutions may be increased by suitable processing, for example, the use of high
energy spray-dried dispersions (see WO 01/47495) and/or by the use of
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appropriate formulation techniques, such as the use of solubility-enhancing
agents.

Formulations for parenteral administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlled dual-, targeted and programmed release.

The compounds of the invention may aiso be administered topically to the skin
or mucasa, either dermally or transdemmally. Typical formulations for this
purpose include gels, r;ydrogels. lotions, solutions, creams, cintments, dusting
powders, dressings, foams, films, skin patches, wafers, implants, sponges,
fibres, bandages and microemulsions. Liposomes may also be used. Typical
carriers include alcohol, water, mineral oil, liquid petrolatum, white petrolatum,
glycerin and propylene glycol. Penetration enhancers may be incorporated - see,
for example, Finnin and Morgan, J Pharm Sci, 88 (10), 955-958 (October 1999).

Other means of topical administration Include delivery by iontophoresis,
electroporation, phonophoresis, sonophoresis and needie-free or microneedle
injection.

Formulations for topical administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, conirolled dual-, targeted and programmaed release. Thus
compounds of the invention may be formulated in a more solid form for
administration as an implanted depot providing long-term release of the active
compound.

The compounds of the invention can also be administered intranasally or by
inhalation, typically in the form of a dry powder (either alone, as a mixture, for
example, in a dry blend with lactose, or as a mixad component particle, for
example, mixed with phospholipids) from a dry powder inhaler or as an aeroso!
spray from a pressurised container, pump, spray, atomiser (preferably an
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atomiser using electrohydrodynamics to produce a fine mist), or nebuliser, with
or without the use of a suitable propellant, such as dichlorofluoromethane.

The pressurised container, pump, spray, atomizer, or nebuliser contains a
solution or suspension of the active compound comprising, for example, ethanol
(optionally, aqueous ethanol) or a suitable alternative agent for dispersing,
solubilising, or extending release of the active, the propellant(s) as solvent and
an optional surfactant, such as sorbitan trioleate or an oligolactic acid.

Prior to use in a dry powder or suspension formulation, the drug product is .
micronised 1o a size suitable for delivery by inhalation (typically less than 5

microns). This may be achieved by any appropriate comminuting method, such

as spiral jet milling, fluid bed jet milling, supercitical fluid processing to form
nanoparticles, high pressure homogenisation, or spray drying.

A suitable solution formulation for use in an atomiser using

electrohydrodynamics to produce a fine mist may contain from 1ug to 10mg of

the compound of the invention per actuation and the actuation volume may vary

from 1pl to 100pl. A typical formulation may comprise a compound of formula (l),
propylene glycol, sterile water, ethanol and sodium chloride. Altemative solvents

which may be used instead of propylene glycol include glycerol and polyethylene ‘
glycol.

Capsules, blisters and cartridges (made, for example, from gelatin or HPMC) for
use in an Inhaler or insuifflator may be formulated to contain a powder mix of the
compound of the invention, a suitable powder base such as lactose or starch

and a performance modifier such as Heucine, mannitol, or magnesium stearate.

in the case of dry powder inhalers and aerosols, the dosage unit is determined
by means of a valve which delivers a metered amount. Units in accordance with
the invention are typically arranged to administer a metered dose or “puff"
containing from 1pug to 20mg of the compound of formula (I). The overali daily
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dose will typically be in the range 1ug to 80mg which may be administered in a
single dose or, more usually, as divided doses throughout the day.

Fo'nﬁulations for inhaled/intranasal administration may be formulated to be
immediate and/or modified release. Modified release formulations include
delayed-, sustained-, pulsed-, controlled dual-, targeted and programmed
release.

The compounds of the invention may be administered rectally or vaginally, for
axample, in the form of a suppository, pessary, or enema. Cocoa butter is a
traditional suppository base, but various altematives may be used as

appropniate.

Formulations for rectal/ivaginal administration may be formulated to be
immediate and/or modified release. Modified release formulations include
delayed-, sustained-, pulsed-, controlled dual-, targeted and programmed
release.

The compounds of the invention may also be administersd directly to the eye or
ear, typically in the form of drops of a micronised suspension or solution in
isotonic, pH-adjusted, sterile saline. Other formulations suitable for ocular and
andial administration include ointments, biodegradable (e.g. absorbable gel
sponges, collagen) and non-biodegradable (e.g. silicone) implants, wafers,
lenses and particulate or vesicular systems, such as nicsomes or liposomes. A
polymer such as crossed-linked polyacrylic acid, polyvinylalcohol, hyaiuronic
acid, a cellulosic polymer, for example, hydroxypropyimethyicellulose,
hydroxyethylcellulose, or methyl cellulose, or a heteropolysaccharide polymer,
for example, gelan gum, may be incorporated together with a preservative, such
as benzalkonium chloride. Such formulations may also be delivered by
iontophoresis.
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Formulations for ocular/andial administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlled dual-, targeted, or programmed release.

The compounds of the invention may be combined with soluble macromolecular
entities such as cyclodextrin or polyethylene glycol-containing polymers to
improve their solubllity, dissolution rate, taste-masking, bioavailability and/or
stability.

Drug-cyclodextrin complaxes, for example, are found to be generally useful for
most dosage forms and administration routes. Both inclusion and non-inclusion
complexes may be used. As an aliernative to direct complexation with the drug,
the cyclodextrin may be used as an auxiilary additive, i.e. as a carrier, diluent, or
solubiliser. Most commonly used for these purposes are alpha-, beta- and
gamma-cyclodexirins, examples of which may be found in International Patent
Applications Nos. WO 981/11172, WO 94/02518 and WO 88/55148.

For adminisatration to human patients, the total daily dose of the compounds of

the invention is typically in the range 0.1mg to 500mg depending, of course, on

the mode of administration. For example, oral administration may require a total

daily dose of from 0.1mg to 500mg, while an intravenous dose may only require .
from 0.01mg to 50mg. The total daily dose may be administered in single or

divided doses.

These dosages are based on an average human subject having a weight of
about 65 to 70kg. The physiclan will readily be able to determine doses for
subjects whose weight falls outside this range, such as infants and the elderiy.

Compounds of the invention may be prepared, in known manner in a variety of
ways. In the following reaction schemes and hereafter, unless otherwise stated R'
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to R? are as defined in the first aspect. These processes form further aspects of
the invention.

1, Scheme 1 summarises a synthetic route that is applicable to the synthesis
5 of compounds of formula (l), and particularly for those compounds of formula (})
wherein R is hydrogen orunsubstituted alkyl or cycloalkyl. The starting
materials are pyrazolecarboxylic acids of formula (Il). Some compounds of
formula (Il) are items of commerce, and others are known in the literature.
Where they are not known they may be prepared according to one or more of
10 the methods that are available in the art, such as those discussed in part 2

. below.

@
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Step (a)

The carboxylic acid of formula (1) is converted to the corresponding amide of
formula (lll) either directly or, preferably, via an acid chioride intermediate.
Direct conversion may be achieved by treating a solution of the acid with excess
ammonia in the presence of a coupling agent such as a carbodiimide (e.g
dicyclohexylicarbodiimide or 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide) and
optionally a hydroxytriazole such as HOBT or HOAT. Suitable solvents include
dichloromethane and ethyl acetate. Indirect conversion may be achieved by
foming an acid chloride by treatment with oxaly! chioride and N,N-
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dimethylformamide in a suitable solvent such as dichioromethane, or with thionyl
chioride. A solution of the acid chioride in a suitable solvent such as
dichlpromethane, tetrahydrofuran or dioxan is then treated with gaseous
ammonia or agueous ammonia to provide the amide of formula (1ll).

Preferably, a solution of the acid of formula (I} in dichloromethane is treated at
room temperature with oxalyl chloride and a catalytic quantity of N,N-
dimethyiformamide for 2 hours. The mixture is then cooled to -20°C, excass
ammonia is added, and the mixture is stirred for 2 hours at a temperature of
between -20°C and room temperature.

Step (b)

When R® is R*, this group may be introduced in an N-alkylation step. The
compound of formula (lll) may be treated with a base such as an alkaline metal
carbonate or bicarbonate, for example potassium carbonate or caesium
carbonate, or a tertiary amine, for example triethylamine, N-ethyi-
diisopropylamine or pyridine, and the appropriate chioride (R%-Cl), bromide
(R%-Br), iodide (R®*-1), mesylate (R™-OS0,CHs) or tosylate (R*-0SO.Tol) in a
suitable solvent at a temperature of between -20°C and 100°C. Suitable
solvents include ethers such as tetrahydrofuran and dioxan, lowser alcohols such
as methanol, ethanol and butanol, ketones such as acetone and 2-butanone, N-
methylpymolidinone, N,N-dimethylformamide and acetonitrile.

ARemnatively, an alkali metal hydroxide such as sodium hydroxide or potassium
hydroxide may be used as the base. Suitable solvents then include water and
mixtures of water and water-miscible organic solvents.

Alternatively, an alkali metal (C-C,)alkoxide such as sodium methoxide or
potassium tert-butoxide may be used as the base. Suitable solvents then
include the corresponding lower alcohols (i.e. methanol for sodium methoxide),
ethers such as tetrahydrofuran and dioxan, N-methyipyrrolidinone, N,N-
dimethylformamide and acetonitrile. '
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Stronger bases such as sodium hydride and sodium or potassium
hexamethyldisilazide may also be used. Suitable solvents then include ethers
such as tetrahydrofuran and dioxan, N-methylpyrrolidinone, and N,N-
dimethylformamide.

The reaction may also be carried out under phase transfer conditions using
aqueous sodium or potassium hydroxide as base, dichloromethane or
chloroform as organic solvent, and a tetraalkylarnmonium chloride or hydroxide
as phase transfer catalyst.

Altematively, the transfonmnation may be achieved using the Mitsunobu reaction
(Organic Reactions 1992, 42), in which a solution of the compound of formula
(i) and the appropriate alcohol R*-OH in a suitable solvent is treated with
triphenylphosphine and a dialkyl azodicarboxylate such as diethyl
azodicarboxylate or diisopropyl azodicarboxylate. Suitable solvents include
tetrahydrofuran and dioxan. The reaction is preferably performed at a
temperature of between -10°C and amblent temperature.

Preferably, the compounds of formula (lll) is treated with either 1 equivalent of
R*-Br and 1 equivalent of potassium carbonate in N,N-dimethylformamide at
room temperature for 18 hours, or with 1.2 equivalents of R%-OH, 1.4
equivelents of diisopropyl azodicarboxylate and 1.4 equivalents of
triphenylphosphine in teirahydrofuran at a temperature of between 0°C and 25°C
for 2 hours.

Depending on the precise choice of reagents and conditions chosen, the
reaction may give the N'- or N-alkylated product, or a mixture of the two.

Where a mixture is produced then the individual components may be separated
using conventional methods such as chromatography or fractional crystallisation.




10

15

20

27

WO 20047096810 PCT/AB2004/001433

41-

Step (c)

Reduction of the nitro group of compounds of formula (IV) to provide the amines
of formula (V) can be achieved by, for example, transfer or catalytic
hydrf:genation. or by a dissolving metal reduction.

For transfer hydrogenation, the nitro compound is reacted with a suitable
hydrogen donor, such as ammonium formate or cyclohexene, in a polar solvent,
such as tetrahydrofuran, methanol or ethanal, in the presence of a transition
metal or transition metal salt catalyst, such as palladium or palladium(ll)
hydroxide, optionally at elevated temperature and pressure.

For catalytic hydrogenation, a solution of the nitro compound in a polar solvent,
such as tetrahydrofuran, methanol or ethanol, is stimed under a hydrogen
atmosphere in the presence of a transition metal or transition metal salt catalyst,
such as palladium or Raney® nickel, optionally at elevated pressure. The
catalyst may be in solution (homogeneous catalysis) or in suspension
(heterogeneous catalysis).

For dissolving metal reduction, the nitro compound in ethanol is treated with a
suitable reactive metal, such as zinc or tin, in the presence of an acid such as
acetic acid or hydrochloric acid. Other reducing agents, such as tin(ll) chloride,
may also be used.

Preferably, a solution of the compound of formula (IV) in methanol or ethanol is
treated with 10% (by weight) of 10% Pd{OH)z-on-carbon and 5 equivalents of

ammonium formate, and the mixture is heated at reflux for between 2 and 18
hours.

Step (d)

A solution of the pyrazolecarboxamide (V) and phosgene or an equivalent
thereof, such as 1,1'-carbonyldiimidazole, trichloromethyl chloroformate or
bis(trichloromethyl) carbonate, in a suitable solvent is stirred at a temperature of
between ambient temperature and the boiling point of the solvent, optionally at
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elevated prassure, for between 2 and 18 hours to provide the corresponding
pyrazolopyrimidinedione of formula (VI). Suitable solvents include acetonitrile,
dichloromethane and N,N-dimethytformamide. Preferably, a solution of the
dione and 1 to 2 equivalents of carbonyl diimidazole in acetonitrile, N,N-
dimethyiformamide or dichloromethane is heated at a temperature of between
50°C and 80°C for 18 hours.

Step (e)

The dione of formula (VI) is treated with a large excess of a suitable chlorinating
reagent such as phosphorus oxychioride (POCls) or phenylphosphonyl dichloride ‘
(PhP(O)Clo) in the presence of a tertiary amine such as N-ethyldiisopropylamine,
N-methylmorpholine, triethylamine or N,A-dimethylaniline at elevated
temperature for 8-48 hours to provide the comesponding
dichloropyrazolopyrimidine of formula (VIl). N,N-dimethylformamide can
optionaily be added as a catalyst. Altematively, the dione Is treated with POCI,
or PhP(O)Cl in a suitable solvent in the presence of a tetraalkylammonium
chloride, such as tetrasthylammonium chloride, at elevated temperature.
Suitable solvents include acetonitrile and propionitrile.

Preferably, the dione is treated with 10-30 equivalents of POCl; and 3-5
equivalents of tetrasthylammonium chloride in propionitrile at reflux for 4-18
hours.

Step (f)
A solution of the dichloride of formula (V11), the amine HNR'R® and an excess of

a tertlary amine such as A-ethyldiisopropylamine, A-methyimorpholine or
triethylamine in a sultable solvent are stirred at ambient or elevated temperature
for between 1 and 24 hours to provide the corresponding compound of formula
(Vill). Suitable solvents include dichloromethane, dimethylsulfoxide, N,N-
dimethyiformamide, tetrahydrofuran and A-methyipyrrolidinone.

Alternatively, a solution of the amine HNR'R? in & suitable Solvent is treated with
butyllithium or sodium hexamethylidisilazide at low temperature, and the
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dichloride is added to the resulting solution. Suitable solvents include
tetrahydrofuran, dioxan and N-methylpyrrolidinone.

Pre'férably. either the dichloride is treated with 3-5 equivalents of the amine
HNR'R? and optionally 3-5 equivalents of N-ethyidiisopropylamine in
dichloromethane, dimethylsulfoxide or a mixture of dimethylsulfoxide and N-
methylpyrrolidinone at 20-90°C for 1-18 hours, or a solution of 2-4 equivalents of
HNR'R? in tetrahydrofuran is treated with an equimolar amount of butyllithium or
sodium hexamethyldisilazide, 1 equivalent of the dichloride is added, and the
mixture is stirred at a temperature of between 0°C and room temperature for
between 2 and 3 hours.

It will be appreclated that any functional groups that are substituents on R, and
particularly any primary or secondary amine groups, may need to be protected in
order to allow this reaction to proceed successfully. Suitable protecting groups
are well known in the art, and are described in, for example, *Protective Groups
in Organic Synthesis”, Greene, T. W. and Wauitts, P. G. M., 3" edition, John
Wiley & Sons, Ltd, Chichester, 1999. Examples of protacting groups for primary
and secondary amines include tsrt-butyloxycarbony! (BOC), benzyloxycarbonyl
(CBZ or Z) and 9-fluorenylmethyloxycarbonyl (Fmoc) groups. Carboxylic acids
may be protected as their methyl, ethyl, benzyl or ter-butyl esters. Alkohols
may be protected as ester or ether derivatives.

Step (g)

A solution of the monochioride (VIll) and the amine HNRR* in a suitable dipolar
aprotic solvent are stirred at elevated temperature for between 1 and 24 hours to
provide the corresponding compound of formula (1). Suitable solvents include
dimethylsulfoxide, N, N-dimethylformamide and N-methylpyrrolidinone. An
excess of a tertiary amine such as N-gthyldiisopropylamine, N-methylmorpholine
or triethylamine and/or a fiuoride source such as cassium fluoride or
tetrasthylammonium fluoride may optionally be included. It is sometimes
necessary to perform the reaction at elevated eressure in & closed vessel,
particularly when the amine HNR®R* or the solvent is volatile.
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Alternatively, the reaction may be carried out under microwave irradiation.

Preferred conditions are:

the monochloride is treated with 3-5 equivalents of the amine HNR°R* and
optionally with 3-5 equivalents of N-ethyidiisopropylamine in dimethylsulfoxide or
N-methyipymrolidinone, optionally in a sealed vessel, at 80-125°C for 12-18
hours; or

the monochloride is treated with 3-5 equivalents of the amine HNR°R* and 1
equivalent of caesium fluoride in dimethylsulfoxide or N-methylipymrolidinone,
oplionally in a sealed vessel, at 100-120°C; or

the monochloride is treated with 3-5 equivalents of the amine HNR®R* and
optionally with 3-5 equivalents of N-ethyldlisopropylamine and/or optionally in the
presence of caesium fluoride or tetrasthylammonium fluoride in N-methyl-
pyrrolidinone under microwave irradiation for 40 minutes.

It will be appreciated that, as for step (f) above, any functional groups in -NR°R’,
and particularty any primary or secondary amine groups, may need to be
protected In order to allow this reaction to proceed successfuily.

In some cases, I is possible to perform the transformations of steps (f) and (g)
as a “one-pot” operation, l.e. without isolating the monochloride of formula (VIIl).
The compound of formula (Vi) is treated with the amine HNR'R?, as described
in step (f), then the amine HNR®R* is added to the mixture and the reaction is
carried forward as described in step (g).

When one or more protecting groups have been used in the course of the
synthesis, there will be a final deprotection protocol to unmask the functional
groups of the target compound. This protocol may be a singie operation or may

proceed in several steps. [t may also be combined with the preceding synthetic
manipulation.



WO 2004/096810 PCT/1B2004/7001433

10

15

-45-

Deprotection is well known in the art, as described in “Protective Groups in
Organic Synthesis®, Greene, T. W. and Wutts, P. G. M., 3™ edition, John Wiley &
Sons, Lid, Chichester, 1999. For example, fert-butyloxycarbonyl-protected
amines and tart-butyl esters of carboxylic acids may be deprotected by treatment
with acids such as trifluoroacetic acid or anhydrous hydrogen chloride in a
suitable solvent, benzyloxycarbonyl-protected amines and benzyl esters of
carboxylic acids may be deprotected by catalytic hydrogenolysis,
9-fluorenylimethyloxycarbonyl-protected amines may be deprotected by
treatment with piperidine, and methyl and ethyl esters of carboxylic acids may be
deprotected by treatment with an alkali metal hydroxide.

Preferably, tert-butyloxycarbonyl and tert-butyl protecting groups are removed by
treatment with triflucroacetic acid in dichloromethane at room temperature for
between 1 and 18 hours, or, for tert-butyloxycarbonyl protecting groups, by
treatment with excess hydrogen chloride in dioxan at room temperature for 18
hours. Benzyl protecting groups are preferably removed by hydrogenation at
80psi in the presence of Pd(OH)z in ethanolic hydrogen chloride at room
temperature for 18 hours.

2. Scheme 2 summarises two methods, the Knorr and the Pechmann
syntheses, available for the synthesis pyrazolecarboxyiic acids of forrnula (1i).
Other methods known in the art may also be used.
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Step (h)
The 1,3-diketones of formula (X) that are the starting materials for the Knorr
pyrazole synthesis can be prepared from the corresponding methyl ketonas of
formula (IX) using a crossed Claisen condensation. The methyl ketone of
formula (IX) Is reacted with dimethyl oxalate in a suitable solvent in the prasence
of a sultable base. Suitable solvents include ethers, such as tetrahydrofuran.
Suitable bases include sodium hydride, potassium teri-butoxide and lithium
dilsopropylamide. Alternatively, sodium methoxide may be used as the base
and methanol as the solvent.

Step (1)
The 1,3-diketone of formula (X) may be reacted with hydrazine to give a pyrazole

of formula (Xi) following the well known methodology of the Knorr pyrazole
synthesis.
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It will be appreciated that substituted hydrazines R*NHNH, may also be used in
the Knorr pyrazole synthesis to provide ar'\alogues of the compounds of formula
(XI) which are N-alkylated. A mixture of N'- and NP-alkylated product is
nor'nially produced and the individual components may be separated using
conventional methods such as chromatography or fractional crystallisation.
Hydrolysis and nitration according to the methods described for steps (I) and (m)
below, followed by amide formation according to the method described in part 1,
step (a), above, then provides the compounds of formula (IV} without the need
for the alkylation reaction of part 1, step (b).

Step ()

In this variant of the Pechmann pyrazole synthesis, a diazo compound of formula
(XIl) is reacted with methyi propiolate to provide a pyrazole of formuia (XI). The
diazo compounds of formula (Xil) can be prepared by known methods, such as

from the corresponding primary amine R°CH,NH; via an A-arylsulfonyl-N-nitroso
derivative.

Step (k)

In this atemative variant of the Pechmann pyrazole synthesis, an acetylene of
formula (XIil) is reacted with methyl diazoacetate to provide a pyrazole of
formula (X1).

Step (1)

Hydrolysis of the ester of the compounds of formula (XI) then provides the
compounds of formula (XIV). The conversion may conveniently be
accomplished by treating the compound of formula (XI) with an alkaline metal
hydroxide such as lithium hydroxide, sodium hydroxide or potassium hydroxide
in a suitable solvent at a temperature of between about 10°C and the bolling
point of the solvent. Suitable solvents include water, methanol, ethanol and
mixtures of water with methanol, ethanol, tetrahydrofuran and dioxan.
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Step (m)

The nitration of pyrazoles is well known. The compounds of formula (XIV) are
treated with a nitrating agent such as nitric acid or a mixture of nitric acid and
sulphuric acid to provide the compounds of formula (l1).

3. Scheme 3 provides a variation to the synthetic route of Scheme 1 that is
applicable to the synthesis of compounds of formula (l) wherein R® is R*, in
which this group is introduced In the final step.

Scheme 3
RL _R?
H N
N
’ NN ()
N\ I o P i +
N N . 2
Rs E# H\ /H
(16 §
i G
N~ N7
R’ e
(1®)
Step (n)

Compounds of formula (i), l.e. compounds of formula (I} wherein R® is
hydrogen, can be converted to the N-alkylated compounds of formulae (I*) and
(1™ following the methods described in part 1, step (b), above. When the
reaction gives a mixture of the two products (1) and (I*), these can be separated
using standard techniques. The use of more reactive alkylating agents tends to
promote the formation of the N*-substultuted compounds of formula (1%).
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4. The methodology of Schemes 1 and 2 is generally applicable to the

synthesis of compounds of formula (l) wherein R® s hydrogen or unsubstituted
alkyl or cycloalkyl. It may also be applied to the synthesis of other compounds
of formula () provided that any functional groups in R® are compatible with the
chemical manipulations involved. For example, polyfluoroalkyl and
perfluoroalkyl groups are likely to be compatible, as are ether functional groups,
particularly if remote from the pyrazolopyrimidine nucleus. In some cases,
however, it may be desirable or necessary to introduce or elaborate R® at an
intermediate stage in the overall synthesis. Representative methods are
described below in Schemes 4 to 11. It will be appreciated that many of the
transformations could be performed at points in the overall synthesis other than
those lllustrated.

Scheme 4 summarises a synthetic route for the synthesis of compounds of
formuta (1) in which the group R® is introduced in the final step by a cross-
coupling reaction. The method is particularly suited to instances of R® that are
branched or unsaturated at the point of attachment to the pyrazolopyrimidine
nucleus. Saturated alkyl and cycloalkyl groups may also be obtained following
this method by introducing them as their alkenyl and cycloalkeny! analogues and
then reducing the unwanted double bond in a suhsequent catalytic
hydrogenation step.

33



WO 2004/056810 PCT/1B2004/001433

Scheme 4

§ H ;
N R
N, I OH (o) ,N NH, () NH,
\ — N | —= N
NO,

N~ O
(xV)
(.)l l l (VI%)
1
R, _R? R“N“F"z

8
H‘ \N (t) R%)
N’b S J\ R
ALY R R
R
o 0 ®
Step (o)

Commerclally available 4-nitro-(2H)-pyrazole-3-carboxylic acid is converted to 4-
5 nitro-(2H)-pyrazole-3-carboxamide following the methods described in part 1,
step (a), above.

Step (p)

The compounds of formula (IV*), i.e. compounds of formula (IV) wherein R® is
10 hydrogen, are obtained following the methods described in part 1, step (b),

above.
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Step (q)

The compounds of formula (VI“), .. compounds of formula (V1) wherein R® is
hydrogen, are obtained in two steps following the methods described in part 1,
steps (c) and (d), above

Step (r)

The compounds of formula (VI*) may be brominated to provide the
corresponding compounds of formula (XV) by treatment with N-
bromosuccinimide in N,N-dimethylformamide at elevated temperature, or with
bromine and excess sodium acetate in acetic acid at reflux. Preferably the
compound of formuia (VI*) is treated with N-bromosuccinimide in N,N-
dimethylformamide at 50°C for 18 hours.

Step (s)
The compounds of formula (XVI) are obtained following the methods described
in part 1, steps (e), (f) and (g), above.

Step (1)

The compounds of formula (XV1) may be coupled to a suitable reagent R®-M,
where Miis a metal, a metal derivative or a boron derivative such as: lithium (M =
Li); halomagnesium, particularly chioromagnesium, bromomagnesium and
iodomagnesium (M = CIMg, BrMg and IMg); halozinc, particularly chiorozinc,
bromozinc and iodozinc (M = CIZn, BrZn and IZn); trialkyitin, for example tri-n-
butyttin (M = n-BusSn); dialkylboron, for example diethylboron (M = Et,B); and
dialkoxyboron, for example dimethoxyboron (M = (HaCO)zB). The reaction is
generally carried out in the prasence of a transition metal catalyst such as a
palladium or nickel, or derivatives thereof, and may additionally call for the use of
a base such as potassium carbonate, caesium fluoride or triethylamine.
Representative coupling methods include the “Suzuki” and “Stille” protocols,
which are described in detail in “Metal-Catalysed Cross-Coupling Reactions®, F.
Diederich (ed.), Wiley-VCH, 1998 (and references cited therein).

7
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5. Scheme 5 summarises synthetic routes that are particularly useful for the
preparation of compounds of formula (1) whersin R® is hydroxymethyl,
alkoxymethyl, haloalkoxymethyt or cycloalkoxymethyl. In Scheme 5, X
represents a leaving group such as a chlorine, bromine or iodine atom or an
alkyi, aryl or perfluoroatkylsulfonate group (for example a methanesulfonate,
toluenesulfonate or trifluoromethanesulfonate group), and R® represents an

alkyl, cycioalkyl or haloalkyl group.

Scheme 5
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Step (u)

The reduction of the esters of formula (XVII) to provide the primary aicohols of
formula (XVIIl) can be achieved using a metal hydride reagent such as lithium
aluininiumhydride. lithium borohydride, lithium triethylborohydride or
diisobutylaluminium hydride (DIBAL) in a suitable solvent at a temperature of
less than 0°C. Suitable solvents include hydrocarbons such as pentane,
hexane and toluene, ethers such as tetrahydrofuran, and mixtures thereof.
Altemnatively, the ester can be reduced by hydrogenation over a copper chromite
catalyst at elevated temperature and pressure. Preferably, the ester is treated
with 8-10 equivalents of DIBAL in tetrahydrofuran at a temperature of between
-78°C and -5°C for 15 minutes to 1 hour.

The esters of formula (XVII) can be prepared according to the methods
described in part 6, below.

Step (v)
Compounds of formula (I°), i.e. compounds of formula (1) wherein R® is

hydroxymethyl, may be obtained from the alcohols of formula (XVIIil) following
the methods of part 1, step (g).

Step (w)

Compounds of formula (XIX) wherein X is Br may be prepared from the alcohols
of formula (XVIll) by trae-mnent with hydrogen bromide or a mixture of
triphenylphosphine and bromine, tetrabromomethane or N-bromosuccinimide,
optionally in the presence of pyridine, In a suitable solvent such as diethyl ether,
dichloromethane or proplonitrile. Preferably the alcohol is treated with

triphenylphosphine and tetrabromomethane in dichloromethane at room
temperature for 1 hour.

Compounds of formula (XIX) wherein X is Cl may be prepared from the alcohols
of formula (XViil) by treatment with thionyl chloride, phosphorus trichloride or a
mixture of triphenylphosphine and N-chlorosuccinimide in a suitabie solvent such

S5
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as dichloromethane. Preferably the alcohol is treated with excess thionyl
chioride in dichloromethane for 2-18 hours.

Compounds of formula (XIX) wherein X is | may be prepared from the

comresponding bromide or chioride by treatment with sodium iodide.

Compounds of formula (XtX) wherein X is an alkyisuifonate, aryisulfonate or
perfluoroalkylsulfonate may be prepared from the alcohols of formula (XVIil) by
treatment with a sulfonyl chloride or anhydride, such as methanesulfonyl chloride
(mesyl chloride), toluenesulfonyl chloride (tosyl chloride) or i
trifluoromethanesulfonic anhydride (iriflic anhydride), in the presence of a tertiary .
amine such as triethylamine, N-ethyidiisopropylamine or N-methyimorpholine, in

a suitable solvent, for example dichloromethane. Alternatively, pyridine may be

used as solvent, in which case there is no need for the use of a tertiary amine.

Step (x)

Compounds of formula (XX) may be obtained by treating the corresponding
compounds of formula (X1X) with a sodium or potassium alkoxide, NaOR® or

KOR®. Altematively, the compounds of formula (XIX) may be treated with an

aexcess of the alcohol R*OH and a catalyst such as silver tetrafluoroborate

(AgBF,). Suitable solvents include acstonitrile, N-methylpymolidinone and N,N-
dimethylformamide. Altematively, the alcohol R®*0H may be used as solvent “
provided that it can be removed easily after the reaction, for example by

evaporation.

Preferably, a compound of formula (XIX) wherein X is Cl or Br is treated with an
excess of NaOR" in N,N-dimethyiformamide or R*0OH at room temperature for
between 30 minutes and 72 hours.

Step (y)
Compounds of formula (XX) may also be obtained from the primary alcohols of

formula (XVIH) by reaction with an alkylating agent R*-X, using methods
analogous to those discussed in part (y) above. Thus a solution of the alcohol
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of formula (XVIH) in a suitable solvent, for example N,N-dimethylformamide or
acetonitrile, may be treated with a strong base such as sodium hydride to form
the sodium alkoxide, and then with the alkylating agent R®-X.

It will be appreciated that this transformation may aiso be carried out using the

primary alcohols of formula (1% as starting materials, which transformation leads
to the production of compounds of formula (i)

Step (2)
Compounds of formula (1), i.e. compounds of formula (1) wherein R® is

R"OCH--, may be obtained from the alcohols of formula (XX) following the
methods of part 1, step (g)._

6. The esters of formula (XVII*), i.e. compounds of formula (XVII) wherein
R® is attached at the N'-position, and of formula (XV11®), i.e. compounds of
formula (XVII) wherein R® is attached at the N-position, can be prepared
according to the methods summarised in Scheme 6.
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. '.( ﬁe ' a
N
/ OCH N OCH, (bb
N\ I 3 (aa) ﬁ ( ) ﬁ
o) H,CO
o) o)

Step (aa)

(XX1)

(XXH)

(dd)

(XVII8)

Dimethyl 4-nitropyrazole-3,5-dicarboxylate, which is readily prepared according
to the method describad in published international patent application
WO00/24745 (see preparation 2, page 48), can be N-alkylated according to the
methods described in part 1, step (b), above.
sensitivity of the ester groups to hydrolysis and trans-esterification means that
alkali metal hydroxides and alkoxides (other than methoxides) cannot be used

it will be appreciated that the
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as bases, and water and alcohols (other than methanol) cannot be used as a
soivents or cosolvents.

Bei:a-use the two nitrogen atoms of the pyrazole are equivalent, a single
alkylation product is obtained.

Step (bb)

Selective hydrolysis of the diesters of formula (XXI) with one equivalent of alkali
metal hydroxide according to the method of Chambers et al. (J. Org. Chem. 50,
4736-4738, 1985) cleaves the ester adjacent to the substituted nitrogen to
provide the monoacids of formuia (XXII).

Preforably, the diester is treated with 1 equivalent of potassium hydroxide in
methanol at room temperature for 18 hours.

Step (cc)

Compounds of formula (XVI1*), i.e. compounds of formula. (XV1I) wherein R® is
atiached at the N'-position of the pyrazoiopyrimidine, may be obtained from the
compounds of fonmula (XXIi) following the methods of part 1, steps (b) to (f).

The introduction of the -NR'R? group is preferably achieved by treating the
corresponding dichloride with 3-5 equivalents of HNR'R? in dimethylsulfoxide at
30°C for 1 hour.

Step (dd)
The compounds of formula (XXII) may be prepared by treating the monoacids of

formula (XXII) with tert-butyl acetate or isobutene in the presence of a mineral
acid.

Step (ee)
Hydrolysis of the methyl ester of the compounds of formula (XXIIl) according to
the methods described in part 2, step (f), above, followed by elaboration of the
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resulting monoacid following the methods of part 1, steps (a) to (d), above,
provides the N*-substituted pyrazolopyrimidine-5,7-diones of formula (XXIV).

Step (ff)

The tert-buty! ester of the compounds of formula (XXI1V) is cleaved by treatment

with acid such as trifluoroacstic acid or a solution of hydrogen chioride in a

suitable solvent such as dioxan. The resulting carboxylic acid is converied to the
methyl ester using any of the methods well known in the art, such as by

formation of the acid chioride using oxalyl chioride or thionyl chioride followed by
treatment with methanol, or by treatment with methanol and a carbodiimide. The.
methyl ester is then camried forward as described in part 1, steps ((e) and (f) ‘
above, to provide the compounds of formula (XVIIP).

7. The synthatic route illustrated In Scheme 6 can be low-yielding in cases
where the amine HNR'R? is only wealdy nucieophilic, such as when R' is a
pyrimidine or pyrazine ring. in these casas, it is necassary to reducse the ester
group prior to the introduction of the -NR'R? group, as illustrated in Scheme 7.
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N~ el

HO
PG

(XXVIIN)
Step (gg)

Compounds of formula (XXV) may be obtained from the compounds of formula

(XXV)

(X

(XX) following the methods of part 1, steps (b) to (s), above.

Step (hh)

Compounds of formula (XXVI) may be obtained from the compounds of formula
(XXV) following the methods of part 5, step (v), above.

35
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Step (Nl)

The primary alcohol is then protected to give compounds of formula (YOCVII),
whersin PG is an alcohol protecting group. A preferred protecting group is a
trialkyisilyl group, particularly a fer-butyldimethyisilyl group. Preferably, the
alcohol is treated with 1.1 equivalents of tert-butyldimethylsilyl chloride and 1.1
equivalents of imidazole in dichloromethane at room temperature for 18 hours.

Step (II)

Compounds of formula (XXVIIl) may be obtained from the compounds of formula
(POVII) following the methods of part 1, step (f), above. ,’
Step (kk)

The compounds of formula (XXVIli) are deprotected to provide the primary
alcohols of formula (XVi) using appropriate conditions. When PG Is a
trialkyisilyl group it may be removed by treatment with a fluoride sait, such as
tetrabutylammonium fluoride, or with hydrogen chioride in methanol. Preferably,
when PG Is a tertbutyldimethylsilyl group It is removed by treatment with 2
equivalents of tetrabutylammonium fiuorie in tetrahydrofuran at room
temperature for 18 hours, or with hydrogen chloride in methanol at room
temperature for 18 hours.

8.  The alcohols of formula (XVIil) and {I°) can be oxidised to the .
corresponding aldehydes of formula (XXIX), which are particularly versatiie
intermediates in the preparation of compounds of formula (l). Some
representative transforrmations are shown In Scheme 8. Unless otherwise
indicated, In schemes 8 to 11 Y is either Cl or -NR’R*, and may praferably be Cl.
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cheme 8
1
HLN/RE R\N’ R
8
R B3 ()] RN B
N N
NO — N[
A AN
0
HO H
(I°): Y =NRR¢ (XXIX)
(xviil): Y =ClI
(mm) (qq)

(OKX1) (oKX T POXXV)

Step (1)
The oxidation of the alcohols of formula (X1X) can be achieved using a

5 chromium(VI) reagent such as pyridinium chlorochromate, an activated
dimethylsulfoxide reagent as in the Swern oxidation protocol, a hypervalent
iodine reagent such as the Dess-Martin periodinane, or a combination of tetra-n-
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propylammonium perruthenate and N-methylmorpholine-N-oxide in a suitable
solvent at a temperature of between 0°C and ambient temperature. Suitable
solvents include dichloromethane.

A preferred reagent is the Dess-Martin periodinane.

In principle, the aldehydes of formula (XXIX) may also be prepared from the
corresponding esters by reduction with DIBAL at low temperature, but in practice
it is very difficult to stop the reduction at the aldehyde stage, and the primary

alcohol is generalty the major product. ”

Step (mm)

Reaction of the aldehydes of formula (XXIX) with a Grignard reagent R®MgHal,
where R is an alkyl or cycloaliyl group and Hal is C!, Bror |, orwithan
organolithium reagent R°Li, provides the secondary alcohols of formula (XXX).

The compounds of formula (X)) wherein Y is NR?R* are themselves
compounds of formula (I) wherein R® is alkyl substituted with a hydroxy! group.

Step (nn)

The compounds of formula (XXX) may be canled forward as discussed in part 5 .
above for the primary alcohol analogues. For example, they may be alkylated to .. -
provide the compounds of formula (XXXI) foliowing the methods described In

part 5, steps (x) and (y), or part 5, siep (z), above.

Another possibllity, not lllustrated in Scheme 8, is to oxidise the secondary
alcohol using the methods of step (ll) to obtaln a ketone, which may be further
elaborated in a manner analogous to the aldehydes of formula {(XXIX).

Step (00) _
Using the Wittig reaction methodology, the aldehydes of formula (XXIX) may be
treatod with a phosphorane reagent PhsP:C(R®RY, where R® and R are
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hydrogen, alkyl or cycloalkyl, to provide compounds of formula (XXXII), in which
there is a double bond adjacent to the pyrazolopyrimidine nucleus.

Analogous compounds may also be prepared from the alcohols of formula (XXX)

when R® is CH(R*)R® by acid-catalysed dehydration, or by base-catalysed
elimination from the comresponding chloride or mesylate.

Step (pp)
If not required in the final product, the double bond in compounds of formula
(>XXI1) may be reduced by catalytic hydrogenation.

Step (qq) —

The use of (methoxymetﬁylene)triphenylphosphorane in the Wittig reaction of
step (00) provides the enol ethers of formula (XXXIV).

Step (rr)
The enol ethers of formula (XXXIV) may be hydrolysed in acid solution to provide

the aldehydes of formuila (XXXV). These may then be eiaborated in the same
ways as discussed above for the aldehydes of formula (XXIX).

9. The aldehydes of formula (XXIX) can also be homologated to provide
asters, as illustrated in Scheme 9. The esters so obtained can then be

elaborated to provide compounds of formula () following the methods outiined in
parts 5 and 8 above.

72
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Scheme 9

OOXXVH) 000KIX)

Step (ss)
The aldehydes of formula (XXIX) are treated with methyl methyimarcaptomethyl

sulfoxide (CHaSCHS(O)CHs) and triton B in tetrahydrofuran to give
intermediates of formula POOCVI).
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Step ()
The intermediates of formula (XXXVI) are treated with methanol and acetyl
chloride to provide the ester of formula (XXXVIL).

Step (uu)

The aldehydes of formula (XXIX) can be converted to the acrylate ester of -
formula QOOXVIIT) by reaction with a phosphorus reagent following the pratocols
of the Wittig, Homer or Wadsworth-Homer-Emmons reactions. The reagent is
prepared by treating a triphenylphosphonium salt PhsP"CH2CO2CHs. X (Wittig),
a phosphine oxide Ph,P(O)CH.CO>CHs (Homer), or a phosphonate
(EtO).P(O)CHCO,CHj3 (Wadsworth-Homer-Emmons), with a base such as
butyllithium, a lithium dialkylamide or an alkaline metal alkoxide, in a suitable
solvent such as tetrahydrofuran,

The method is not limited to the preparation of a-unsubstituted acrylate esters.
The use of an alkyl-substituted phosphorus reagent such as
PhaP*CH(R)CO2CHa.X or the equivalent phosphine oxide or phosphonate,
wherein R is alkyl, gives access to the corresponding a-alkyl acrylate derivative.

The conversion of the aldehydes of formula (XXIX) to acrylate esters of formula
(XXXVIII) can also be achieved by reaction with a malonate derivative following
the method of the Knoevenagel condensation.

Step (wv)

The reduction of the carbon-carbon double bond of (XXXVIII) to give the
compounds of fornula (XXXIX) can be accomplished by catalytic hydrogenation
using molecular hydrogen in the presence of a transition metal catalyst such as
palladium, platinum or nickel.

The acrylates of formula (XXXVIIl) can also be treated with alkylcopper reagents
to give analogues of the compounds of formula (XXXIX) in which an alkyl
substituent is introduced on the carbon atom adjacent to the pyrazolopyrimidine
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ring system, or with a sulphonium ylid or a carbene equivalent to give a 2-
(pyrazolopyrimidinyl)-cyclopropane-1-carboxylate derivative.

5 10. The homologated esters of formula (XXXVH) can also be prepared by the
method illustrated in Scheme 10.

Scheme 10

o Y=cl (00X
(XXXX); Y = NRSR¢ )

(OXVII)

10 Step (ww)
The methyl esters of formulae {(XVII) and (XXXX) may be hydrolysed to provide
the acids of formula (XXXXI} following the methods of part 2, step (n), above.
(The esters of formula (XXXXX) may be obtained from the esters of formula (XV1I)
following the methods of part 1, step (g) above.)

15
Step (xx)
The acids of formula (XXXXI) may be homologated following the methods of the
Amdi-Eistert reaction. The carboxylic acid is converted to a reactive
intermediate such as the acld chloride (by reaction with oxalyl chioride) or a
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mixed anhydride (by reaction with isobutyl chloroformate). The intermediate is
reacted with diazomethane to provide an a-diazoketone. This is treated with

silver axide in the presence of methanol to give the homologated ester of
formula (XXXVII).

11. The homologated esters of formula (XXXIX) can aiso be prepared by the
method illustrated in Scheme 11.

10 Se¢ e 11

(XXIX); Y = Cl
(OOXII); Y = NReR¢

: / (OXXIIN)
(z=)

(2OXXIX)
Step (yy)
The chiorides of formulae (XXIX) and (XXXXH) are reacted with a dialky!
malonate (CH302C).CH: and a base in a suitable solvent. Typically, the base is
15 an alkaline metal alkoxide such as sodium ethoxide or potassium teri-butoxide,
and the solvent is an alcohol such as methanol or ethanol, or an ether such as
tetrahydrofuran. Preferably the base and the solvent are chosen such as to
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minimise transesterification with the malonate reagent and the intermediate
(OXXIN).

The method can be extended to substituted malonates (CHyO2C).CHR, where R
is an alkyl group. This gives access to compounds analogous to (XXXIX) in
which the group R is a substituent on the carbon atom adjacent to the R*0.C
group. These compounds can also ba prepared by alkylating the intermediate
(XOXXXT11) with R-Br or R-| in the presence of an alkaline metal alkoxide base.

Step (z2) ,
The intermediate (OXXXII) is then decarboxylated to give the product XXXIX). .
This can be achieved by selective hydrolysis using one equivalent of an alkaline

metal hydroxide, such as sodium hydroxide, followed by acidification, or by any

other method known In the art.

The following compounds form further aspects of the present invention:

A compound of formula (Vi)

wherein R® and R? are as defined above.

Preferred is a compound of formula (ViI*)
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(VIIA)
wherein R and R® are as defined above.
A compound of formuia (VIII)
RLN,H’
RN N
"'"Nz )
>
A N/I\Cl
R (Vill)
wherein R', R?, R® and R® are as defined above.
Preferred is a compound of formula (VIII*)
(VIIIA)

wherein R', R2, R® and R® are as defined above.

The invention Is further iliustrated by the following, non-limiting examples.
Melting points were determined on a Gallenkamp melting point apparatus using
glass capillary tubes and are uncorrected. Uniess otherwise indicated all
reactions were carried out under a nitrogen atmosphere, using commercially
avallable anhydrous solvents. Reactions performed under microwave iradiation
were carried out using an Emrys Creator machine {Parsonal Chemistry Ltd.) with
a power output of 15 to 300W at 2.45GHz. '0.88 Ammonia’ refers to
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commercially-avallable aqueous ammonia solution of about 0.88 spacific gravity.
Thin-layer chromatography was performeél on glass-backed pre-coated Merck
silica gel (60 F254) plates, and silica gel column chromatography was carried out
using 40-63um silica gel (Merck silica gel 60). lon exchange chromatography
was performed using with the specified ion exchange resin which had been pre-
washed with deionised water. Proton NMR spectra were measured on a Varian
inova 300, Varian Inova 400, or Varian Mercury 400 spectrometer in the solvents
specified. In the NMR spectra, only non-exchangeable protons which appeared
distinct from the solvent peaks are reported. Low resolution mass spactra were
recorded on elther a Fisons Trio 1000, using thermospray positive ionisation, or
a Finnigan Navigator, dsing electrospray positive or negative ionisation. High
resolution mass spectra were recorded on a Bruker Apex Il FT-MS using
electrospray positive ionisation. Combustion analyses were conducted by
Exeter Analytical UK. Ltd., Uxbridge, Middlesex. Optical rotations were
determined at 25°C using a Perkin Elmer 341 polarimeter using the solvents and
concentrations specified. Example compounds designated as (+) or (-) optical
isomers are assigned based on the sign of optical rotation when determined in a
sultable solvent. '

bbreviations and nition:

Arbocel™ Flitration agent, from J. Rettenmaier & Sohne, Germany ‘.

Amberlyst® 15  lon exchange resin, available from Aldrich Chemical Company

APCI Atmospheric Pressure Chemical lonisation

atm Pressure in atmospheres (1 atm = 760 Torr = 101.3 kPa)

Biotage™ Chromatography performed using Flash 75 silica gel cartridge,
from Biotage, UK

BOC tert Butyloxycarbonyl group

br Broad

c Concentration used for optical rotation measurements in g per
100 ml (1 mg/ml is ¢ 0.10)

cat Catalytic

d Doublet
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Degussa° 101

Develosil
Combi-RP Csg
hplc column

Dowex®
ee
HRMS

Hyflo™
liq
LAMS

LRMS (ES)

m
m/z
MCI™ gel

Phenomenex
Luna C18 hplc
column

psi

q

Ry

s
Sep-Pak®

TLC

Z
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Doublet of doublets

10 wit% palladium on activated carbon, Degussa type E101
available from Aidrich Chemical Company

Supplied by Phenomenex - manufactured by Nomura Chemical
Co. Composed of spherical silica particles ( size 3 ym or 5 pm})
which have a chemically bonded surface of C30 chains. These
particles are packed into stainiess steel columns of dimensions 2
cm intemat diameter and 25 cm long.

lon exchange resin, from Aldrich Chemical Company
Enaniiomeric oxcess

High Resolution Mass Spectrocopy (electrospray ionisation
positive scan)

Hyflo supercel®, from Aldrich Chemical Company

Liquid

Low Resolution Mass Spectroscopy (electrospray or thermospray
ionisation positive scan)

Low Resolution Mass Spectroscopy (electrospray ionisation
negative scan)

Multiplet

Mass spectrum peak

High porous polymer, CHP20P 75-150um, from Mitsubishi
Chemical Corporation

Supplied by Phenomenex. Composed of spherical silica particles
(size 5 um or 10 pym) which have a chemically bonded surface of
C18 chains. These particles are packed into a stainiess steel
column of dimensions 2.1cm intemal diameter and 25 cm long.

Pounds per square inch (1 psi = 6.9 kPa)
Quartet

Retention factor on TLC

Singlet

Reverse phase Cij silica gel cartridge, Waters Corporation
Triplet

" Thin Layer Chromatography
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8 Chemical shift

Unless otherwise provided herein:

PyBOP® means Benzotriazol-1-yloxytris(pyrrolidino)phosphonium

hexafluorophosphate;

PyBrOP® means bromo-tris-pyrrolidino-phosphonium

hexafluorophosphate;

CDI means N,N'-carbonytdlimidazole;

WSCDI means 1-(3-dimethylaminopropyl)-3-ethyicarbodiimide

hydrochloride;

Mukaiyama's reagent means 2-chioro-1-methylipyridinium iodide;

DCC means N,N'-dicyclohexyicarbodilmide;

HOAT means 1-hydroxy-7-azabenzotriazole;

HOBT means 1-hydroxybenzotriazole hydrate;

Hanig’s base means N-sthyldiisopropylamine;

EtaN means triethylamine;

NMM means A-methylmorpholine;

NMP means 1-methyl-2-pyrralidinone;

DMAP means 4-dimethylaminopyridine;

NMO means 4-methyimorpholine N-oxide;

KHMDS means potassium bis(trimethyisllyl)amide;

NaHMDS means sodium bis(trimethyisilyl)amide;

DIAD means diisopropyl azodicarboxylate;

DEAD means diethyl azodicarboxylate;

DIBAL means dilsobutylaluminium hydride;

Dess-Martin periodinane means 1,1,1-triacetoxy-1, 1-dihydro-1,2-
benziodoxol-3(1H)-one;

TBDMS-C! means tert-butyldimathylichloresilane;

TMS-Cl means chlorotrimethyisilane;

BOC means tert-butoxycarbonyl;

CBz means benzyloxycarbonyl;

MeOH means methanol, EtOH means sthanol, and EtOAc means ethyl
acetate;
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THF means tetrahydrofuran, DMSO means dimethylisulfoxide, and DCM
means dichloromethane; DMF means N,N-dimethyliformamide;
AcOH means acetic acid, TFA means trifluoroacetic acid.

The following Examples illustrate the preparation of the compounds of the
formula (I):-

Examples 1-28

A soiution of the required monochioride (see preparations 68, 70-82, 85, 86 and
90) (1eq), the required HNR®R* amine (5eq) and A-ethyldiisopropylamine (5eq)
in dimethylsulfoxide (3-4 mL.mmol ) was heated in a sealed vessal at 120°C for
18 hours. The reaction mixture was diluted with water and the product extracted
with ethyl acetate (x3). The organics were combined, washed with water dried
over magnesium sulphate and concentrated in vacuo. The crude product was
purified using column chromatography on silica gel eluting with

dichloromethane:ethyl acetate, dichloromethane:methanol or pentane:ethyl
acetate as solvents.

The following compounds were made by the method described above:
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IEx
Fl‘
8 HN~
il
/N l \N
\ N I,Ra
H,C R*
51 N
1 R'= P : -NR°R* = -NHCHs3; R® = -(CH2):OCHs
" “CH,
['H NMR (CDsOD, 400MHz) 5: 1.33 (t, 3H), 2.40 (s, 3H), 2.85 (m, 2H),
.99 (s, 3H), 3.44 (s, 3H), 3.84 (t, 2H), 4.65 (br s, 2H), 6.92 (s, 1H), 8.14
(d, 1H), 8.39 (s, 1H). LRMS:m/z APCl+ 342, [MH]*
\N,CH,
1 NN .
- . 4 _ . - o
R [R'= )l\) . -NR°R* = N : R® = <(CH2);0CH.CHs
CH,

/\\"N
. p‘= ‘J\) : -NRR* = I_\ ;R°=-(CH2)200HQCH3’

H NMR (CDCls, 400MHz) 5: 1.25 (t, 3H), 1.40 (t, 3H), 1.78 (m, 2H), 2.02
m, 2H), 2.22 (m, 2H), 2.40 (s, 3H), 2.92 (q, 2H), 3.07 (m, 2H), 3.11 (s,
3H), 3.68 (g, 2H), 3.90 (m, 2H), 4.62 (m, 2H), 4.65 (m, 1H), 8.28 (dd, 1H),
B-55 (d, 1H), 8.86 (s, 1H), 10.08 (s, 1H). LRMS:m/z ES+ 440,' [MH]*

\
N—

NH,

'H NMR (CDCls, 400MHz) &: 1.22 (t, 3H), 1.38 {t, 3H), 2.92 (q, 2H), 3.65
Fm. 2H), 3.81 (m, 2H), 3.92 (m, 3H), 4.42 (m, 2H), 4.63 (t, 2H), 8.43 (m,
1H), 8.53 (m, 1H), 8.85 (s, tH)

[.nms APC| m/z 384 [MH]*
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NF RA
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R\ HN RTB
N
7 ~N
N N
AL
&5 N N/YCHS
NH

~

ra‘ = -CHs; R® = -(CH2)20(CH2)2CHs; R™ = H; R™ = -CHg

H NMR (CDCls , 400MHz) 5: 0.75 (t, 3H), 1.49 (d, 3H), 1.61 (m, 2H), 2.37
s, 3H), 2.47 (s, 3H), 3.07-3.41 (m, 5H), 3.52 (t, 2H), 3.89 (t, 2H), 4.64 (t,
H), 4.74 (d, 2H), 6.81 (d, 1H), 8.10 (s, 1H), 8.20 (d, 1H), 9.68 (s, 1H).
RMS:m/z APCl+ 425, [MH]*

® = -CH(CHa)s; R® = -(CH,)20CHs; R™ = H; R™ = -CHy

H NMR (DMSO-dg, 400MHz) 5: 1.02 (d, 3H), 1.33 (d, 6H), 2.32 (s, 3H),
43 (m, 1H), 2.67 (m, 2H), 2.76 (m, 1H), 2.91 (m, 1H), 3.19 (m, 1H), 3.35
(s, 3H) 3.74 (t, 2H), 4.35 (m, 2H), 4.57 (br s, 2H) 6.91 (d, 1H), 8.03 (br s,
1H), 8.17 (d, 1H), 9.79 (br 1H). LRMS:m/z APCl+ 425, [MH]*

IR® = -CHa: R® = H; R™ = H: R™ = -CH,
'H NMR (DMSO-ds , 400MHz) 5: 1.05 (d, 3H), 2.34 (d, 6H), 2.56 (m, 1H)
70 (m, 2H), 2.78-2.95 (m, 2H), 4.45 (4, 2H), 6.93 (d, 1H), 8.22 (d, 1H),

.27 (s, 1H), 9.94 (br s, 1H), 12.23 (br 5, 1H). LRMS:nmvz APCI+ 338,
MH[*

® = -CHg; R® = -(CHg)20{CH3):CHa; R™ = -CHs; R™® = H

H NMR (CDCls , 400MHz) 8: 0.75 (t, 3H), 1.21 (d, 3H), 1.62 (m, 2H), 2.30
8, 3H), 2.47 (s, 3H), 2.65 (m, 1H), 2.97 (m, 3H), 3.15 (m, 1H), 3.51 (t,

H), 3.88 (t, 2H), 4.63 (m, 4H), 7.50 (d, 1H), 8.14 (s, 1H), 8.18 (d, 1H),

.57 (s, 1H). LRMS:m/z APCH+ 425, [MH]*
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® = -CH(CHa)z; RE = -(CH,).0CHs; R =-CHs; R =H

H NMR (DMSO-de, 400MHz) 8: 1.00 (d, 3H), 1.32 (d, 6H), 2.25 (s, 3H),
.40 (m, 1H), 2.65 (m, 2H), 2.76 (m, 1H), 2.89 (m, 1H), 3.19 (m, 1H), 3.35
8, 3H), 3.75 (t, 2H), 4.33 (br d, 2H), 4.57 (br s, 2H), 7.62 (d, 1H), 8.00 (br
, 1H), 8.15 (8,1H) 9.67 (br s, 1H). LAMS:m/z APCl+ 425, [MHT*

& = .CH3; R® =CH(CHa); R™ = -CHg; R = H
H NMR (CDsOD , 400MHz2) 5: 1.25 (d, 3H), 1.562 (d, 6H), 2.34 (s, 3H),
42 (8, 3H), 2.73 (m, 1H), 2.95 (m, 1H), 3.04 (m, 2H), 3.20 (m, 1H), 4.59
br 8, 2H), 5.03 (br 5, 1H), 7.69 (d, 1H), 7.95 (br 8, 1H), 8.16 (s, 1H).
L AMS:m/z APCl+ 381, [MH]*

IR® = -CHa; R? = -(CH2)sOCHg; R"™ = -CHjy; R'® =H

'H NMR (DMSO-dg, 400MHz) 5: 1.01 (d, 3H), 1.84 (t, 2H), 2.33 (s, 3H),
.48 (br d, 1H), 2.66 (br m, 2H), 2.80 (br m, 1H), 2.92 (br d, 1H), 3.17 (m,

EH). 4.37 (br d, 2H), 4.43 (t, 2H), 7.85 (brd, 1H), 8.59 (d , 1H), 8.81 (s,

1H). LRMS:m/z APCI+398, [MH]*

rr" = -CHs; R® = -(CHZ)eOCH.CHs; R'% = -CHy; R'® = H
H NMR (CDCls, 400MH2) &: 1.25 (t, 3H), 1.34 (d, 3H), 2.48 (s, 3H), 2.87
m, 1H), 3.01 (m, 2H), 3.28 (m, 2H), 3.66 (q, 2H), 3.91 (t, 2H), 4.63 (m,

H), 8.13 (d, 1H), 8.56 (d,1H), 8.87 (8, 1H), 10.13 (br 8, 1H). LRMS:m/z
S+ : 398, [MH["
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2 [R° =-CHs; R® = «(CHz)zOCH.CHs; R™ = H; R = -CH3
'H NMR (CDCls, 400MHz) §: 1.25 {t, 3H), 1.40 (d, 3H), 2.48 (s, 3H), 3.01
_km, 2H), 3.17 (m, 1H), 3.26 (m, 2H), 3.66 (q, 2H), 3.91 (t, 2H), 4.63 (m,

' EH), 8.13 (d, 1H), 8.56 (d,1H), 8.87 (s, 1H), 10.15 (br s, 1H). LRMS:m/z
S+ : 398, [MH]*

13 R° =-CHa; R® = -(CHo)2OCH,CHs; R'™ = -CH(CHa)s; R'™® =H
H NMR (CDCla, 400MHz) 5: 1.12 (m, 1H), 1.18 (m, 6H), 1.26 (t, 3H), 2.10
br m, 1H), 2.47 (s, 3H), 3.04 (m, 2H), 3.44 (m, 2H), 3.67 (m, 2H), 3.91 (t,
H), 4.64 (t, 2H), 4.70-4.86 (br m, 2H), 8.14 (d, 1H), 8.54 (d,1H), 8.88 (s,

1H), 10.17 (br s, 1H). LAMS:m/z ES+ : 426, [MH]*

14 R°=-CHs; R® = -(CH2)2OCH:CHs; R™ = H; R'® = -CH(CHa),

H NMR (CDCla, 400MHZ) 5:1.08 (m, 1H), 1.18 (m, 6H), 1.26 (t, 3H), 2.30

m, 1H), 2.47 (s, 3H), 3.10 (m, 2H), 3.25 (m, 2H), 3.67 (m, 2H), 3.91 {t,
H), 4.64 (t, 2H), 4.76 (m, 1H), 4.92 (m, 1H), 8.14 (d, 1H), 8.54 (d,1H),

.88 (s, 1H), 10.20 (br s, 1H). LRMS:m/z ES+ : 426, [MH]"

15 |R®=-CH:CHs; R® = -(CH2);0CH,CHs; R™ = -CHg; R'™® = H

'H NMR (CDCls, 400MHz) 5: 1.26 (t, 3H), 1.30 (d, 3H), 1.39 (t, 3H), 2.78-
3.02 (br m, 7H), 3.66 (q, 2H), 3.91 (t, 2H), 4.62 (m, 4H), 8.15 (d, 1H), 8.55
(d, 1H), 8.86 (s, 1H), 10.13 (br s, 1H). LRMS:m/z ES+ : 412, [MH]*

16  [R® = -CH.CHg; R® = -(CHZ):OCH,CHg; R'™ = H; R™ = -CH;

'H NMR (CDCls, 400MHzZ) &: 1.26 (t, 3H), 1.30 (d, 3H), 1.39 {t, 3H), 2.78-
3.02 (br m, 7H), 3.66 (q, 2H), 3.91 {t, 2H), 4.62 (m, 4H), 8.15 (d, 1H), 8.55
r(d.u-l). 8.86 (s, 1H), 10.13 (br s, 1H). LRMS:m/z ES+ : 412, [MH]*
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FT

18

19

il

= -CH,CH; R® = -{CH)20CH;CHa; R = CH({CHa)z; R ° = H
H NMR (CDCls, 400MHz) 5: 1.21 (d, 6H), 1.27 (t, 3H), 1.38 (t, 3H), 2.30
m, 1H), 2.90 (m, 2H), 3.00 (m, 1H), 3.10 (m, 1H), 3.33 (m, 1H), 3.69
m,4H), 3.93 (t, 2H), 4.66 (t, 2H), 4.84 (m, 2H), 8.14 (d, 1H), 8.62 (d, 1H),
91 (s, 1H), 10.46 (br s, 1H). LRMS:m/z ES+ : 440, [MH]*

® = -CHoCHs; R® = -(CHo):OCH:CHs; R™ = H; R' = -CH(CH3)2
H NMR (CDCls, 400MHz) 5: 1.08 (d, 6H), 1.21 (t, 3H), 1.39 (t, 3H), 2.90
m, 4H), 3.11 (m, 2H), 3.21 (m, 2H), 3.83 (m, 2H) 3.90 (t, 2H), 4.61 (m,
3H), 4.78 (br d, 1H), 8.18 (d, 1H), 8.51 (d, 1H), 8.83 (s, 1H), 10.12 (br s,
1H). LRMS:mvz ES+ : 440, [MH]*

® = -CHzCHy; R® = -(CH2):OCHzCHg; R'™ = -CH,CHs; R'® = H

H NMR (CDCls, 400MHz) 5: 1.16 (t, 3H), 1.25 (m, 5H), 1.39 (t, 3H), 2.91
g, 2H), 8.10 (m, 2H), 3.30 (m, 1H), 8.50 (m, 2H), 3.68 (m, 2H), 3.92 (m,
H), 4.65 (t, 2H),4.77 (m, 2H), 8.06 (d, 1H), 8.55 (d,1H), 8.88 (s, 1H),
10.23 (br s, 1H). LRMS:m/z ES+ : 426, [MH]"

H‘ = -CHs; R® = {CHo)2OCH(CHa)z; R'™ = CHy; R'® = H

'H NMR (DMSO-ds, 400MHz) &: 1.04 (d, 6H), 1.33 (d, 3H), 2.38 (s,3H),
8.08-3.11 (m, 2H), 3.30-3.40 (m, 3H), 3.59 (m, 1H), 3.75 (t, 2H), 4.55 (d,
H), 4.61 (m, 2H), 8.08 (d, 1H),8.70 (d,1H),9.01 (s,1H), 9.30 (br 1H), 9.54
fbr, 1H). LRAMS:m/z APCl+ 412, (MH]*

= H; R® = (CHz)20CHCHy; R™ = -CHs; "™ =H
H NMR (DMSO-dy, 400MHz2) 5: 1.05 (t, 3H), 1.32 (d, 3H), 3.03 (m,1H),
.14 (m, 1H), 3.35 (m, 3H), 3.47 (q, 2H), 3.79 (t, 2H), 4.50 (m, 2H), 4.73
t, 2H), 7.98 (s, 1H), 8.05 (d, 1H), 8.72 (d, 1H), 9.01 (s, 1H), 9.40 (br s,
H), 9.52 (br 8, 1H). LRMS:m/z APCl+ 384, [MH]*
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25A

[R® = -CH,CHs; R° = -(CHz):0CHzCHz; R™ = -CHg; R™°® = -CHs
H NMR (CDsOD, 400MHz) §: 1.18 (d, 6H), 1.22 (t, 3H), 1.36 {t, 3H), 2.53
t, 2H), 2.89 (m, 4H), 3.65 (q, 2H), 3.88 (m, 2H), 4.63 (m, 4H), 8.20 (d,

" [iH), 8.57 (d, 1H), 8.79 (s, 1H). LAMS:m/z ES+ 426, [MH]*

B = CHa; R® = -(CH2)20(CHa)2CHs; R'™ = -CH3; R"™® = H

H NMR (CD3OD , 400MHz) &: 0.76 (t, 3H), 1.19 (d, 3H), 1.63 (m, 2H),

.43 (s, 3H), 2.68 (m, 1H), 2.89 (m, 2H), 3.06 {m, 2H), 3.54 (t, 2H), 3.87 (1,
H), 4.59 (m, 2H), 4.65 (t, 2H), 8.20 (d, 1H), 8.58 (d, 1H), 8.79 (s, 1H).
RMS:m/z APCl+ 412, [MH]"

=-CHg; R® = -CH(CHa)s; R'™* = -CHg; R'® = H

H NMR (CDsOD , 400MHz) 5:1.18 (d, 3H), 1.47. (dd, 6H), 2.43 (s, 3H),
.64 (m, 1H), 2.87 (m, 2H), 3.06 (m, 2H), 4.50 (br s, 2H), 5.00 (br, 1H),
7.88 (br s, 1H), 8.53 (d, 1H), 8.79 (s, 1H). LRMS:m/z APCIl+ 368, [MH]"

R® = -CHs; R® = -(CHg)sOCHCHs; R'™ = -CH3; R'™® =H

['H NMR (DMSO-de, 400MHz) &: 0.96 (t, 3H), 1.32 (d, 3H), 1.88 (m, 2H),
41 (s, 3H), 2.94-3.20 (br m, 3H), 3.23-3.42 (br m, 6H), 4.44-4.59 (br m,
H), 7.81 (d, 1H), 8.62 (d, 1H), 8.95 (s, 1H). LRMS APCI vz 412 [MH["

S5
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I1N
/ SN
Ny P CH,

N~ SN
|
P86 [NR'R’= HN/’\/'\CH ; R® = -CHs; R® = (CHa2)20CH:CHy
l 3
I'H NMR (CDOD, 400MHz) &: 1.20 (m, 6H), 242 (s, 3H), 250 (s, 3H),
.86 (m, 1H), 2.88 (m, 2H), 3.00 (m, 1H), 3.10 (m, 1H), 3.84 (g, 2H), 3.87

t, 2H), 4.58 (d, 2H), 4.64 (t, 2H), 8.18 (8, 1H), 8.87 (s, 1H). LRMS:m/z
PCl+ 412, [MHT'.

N’N\

|
R7 INR'R*= #~  ; R®=-(CHg)sCHs; R® = -CHj

l

'H NMR (DMSO-ds, 400MHz) 5: 0.82 (t, 3H), 0.89 (d, 3H), 1.72 (g, 2H),
E.sa (bt, 1H), 2.63 (br d, 2H), 2.71 {t, 2H), 2.88 (br d, 2H), 4.13 (8, 3H), |-

.24 (br d, 2H), 7.66 (m, 1H), 8.01 (brd, 1H), 8.82 (br 8, 1H). LRMS:m/z
PCl+ 368, [MH]*

e

1§
g8 [NR'R*= “acxN/k) ; R® = -CH2CHy; R® = <(CH,)eOCH:CHg

'H NMR (CDCls, 400MHz) 8: 0.97 (t, 3H), 1.15 (d, 3H), 1.41 (t, 3H), 2.56
m, 1H), 2.91 (m, 4H), 3.10 (m, 1H), 3.22 (m, 2H), 3.48 (m, 3H), 3.61 (s,
H), 3.97 (t, 2H), 4.59 (t, 2H), 6.39 (d, 1H), 8.24 (d, 1H), 8.77 (s, 1H).
RMS:m/z APCl+ 426, [MH]*
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A= the products were dissolved in dichioromethane, and treated with sthereal
HCI, then evaporated in vacuo to provide the HCI salts

Notes for Examples 1-28

Example 3: tert-Butyl azetidin-3-yicarbamate used as HNR’R*.amine. The
product was treated with 9eq of trifluoroacetic acid in sufficient dichloromethane
to achieve solution, and stirred for 18 hours. The reaction mixture was
concentrated in vacuo to yleld the trifluoroacetate salt of the compound shown.

Examples 13 and 17: (2A)-2-Isopropyipiperazine (WO 01/32646, pg. 19,
description 54) used as HNRR* amine.

Examples 14 and 18: (2S)-2-I1sopropylpiperazine (US 6432957, pg. 29,
preparation 65) used as HNRR* amine.

Example 18: (2R)-2-Ethylpiperazine (Preparation 124) used as HNR'R* amine.

Exampl 9-
2 1
ﬂe H\N/R
HNR3R4 ,N XN
e R
Nyl
\Y P f°
N/'\N/
R® |!|4

A solution of the raquired monochloride ( see preparations 60, 66, 67, 69, 83,
84, 86-89) (1eq.), and N-ethyldiisopropylamine (5eq) in dimethyisulfoxide (3.5-
AmL.mmor") was added to a solution of the appropriate amine (HNR°RY) or
BOC-protected amine (2-4eq), washing in with dimethylsulfoxide as required.
The reaction vessel was sealed and heated to 120°C for 18 hours and the
cooled mixture concentrated /n vacuo. The crude product was purified by
column chromatography on silica gel using an elution gradient of
dichioromethane:acetonitrile:methanol, or by HPLC using a Develosil Combi-RP



5

10
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Cso column, and methanol:water.diethylamine as eluant, to afford the title
compound.

When deprotection of the amine was required the crude products were aither

treated with a solution of trifluoroacetic acid:dichioromethane (20:80 to 50:50 by
volume) and the reaction stirred for 6 hours or dissolved in dichloromethane and
treated with a solution of HCI in ether, at room temperature for 18 hours. The
solutions were then evaporated /n vacuo and purified either by column
chromatography on silica gel using dichloromethane:methanol:0.88 ammonia as
sluant, or by HPLC using a Phenomenex Luna C18 2 x 15cm Sum column using ,'
an elution gradient of 0.1% aqueous triflucroacetic acid: acetonitrile to give the
trifluoroacetate salt of the title compound (B).

Ex
Rg* [INRR*=
'H NMR (D20, 400MHz) &: 0.77 (t, 3H), 1.21 (d, 6H), 1.57 (m, 2H), 2.25 (s,
H), 2.70 (t, 2H), 3.06 (m, 1H), 3.40 (m, 1H), 3.56 (m, 1H), 3.72 (m, 1H),
.05 (m, 2H), 4.10 (s, 3H), 7.59 (d, 1H), 7.87 (d, 1H), 8.09 (s, 1H).
MS:m/z ES+ 395, [MH]*
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LINR*R* = \N :R™=-CHs; R =H
NH

J‘H NMR (D20, 400MHz) &: 0.77 (t, 3H), 1.21 (d, 3H), 1.57 (g, 2H), 2.24 (s,
BH), 2.68 (t, 2H), 3.11 (m, 2H), 3.35 (m, 3H), 4.08 (s, 3H), 4.29 (m, 2H),
7.55 (d, 1H), 7.83 (d, 1H), 8.06 (s, 1H). LRMS:m/z ES+ 381, [MH]*

NH

N
INRR* = (/\f/ :R™=-CHy; R®=H

'H NMR (D20, 400MHz) 5: 0.77 (t, 3H), 1.22 (d, 3H), 1.58 (q, 2H), 2.25 (s,
3H), 2.68 (t, 2H), 3.11 (m, 2H), 3.35 (m, 3H), 4.08 (s, 3H), 4.29 (m, 2H),
7.60 (d, 1H), 7.90 (d, 1H), 8.05 (s, 1H). LRMS:m/z ES+ 381, [MH]*

N CH,

INRPR® = NH ‘R™=-CHz: R™®=H
CH,
'H NMR (D;0, 400MHz) &: 0.78 (t, 3H), 1.21 (d, 6H), 1.56 (q, 2H), 2.27 (8,

3H), 2.68 (1, 2H), 2.94 (t, 2H), 3.28 (m, 2H), 4.06 (s, 3H), 4.39 (m, 2H),
7.60 (m, 1H), 7.92 (m, 1H), 8.05 (m, 1H). LRMS APCl+ m/z 395 [MH]*

NH

Ha
INR°R* = \/N(Tj ; R’ =-CHy; R® =H
H,C

['H NMR (DMSO-ds, 400MHz) 5: 0.89 (t, 3H), 1.28 (d, 6H), 1.71 (q, 2H),
R.27 (s, 3H) 2.76 (t, 2H), 2.80 (m, 2H), 3.33 (m, 2H), 4.14 (m, 3H), 4.60
(m, 2H), 8.08 (m, 1H). MS ES+ 395 m/z (MH]*




WO 2004096810 PCTIB2004M01433
-84-

-
N
34* |INR°R*= /jm :R™ =-CHz; R®=H

'H NMR (DMSO-ds 400MHz2) 5: 1.94 (t, 3H), 1.72 (m, 2H), 2.25 (s, 3H),
2.80 (m, 2H), 3.20 (m, 4H), 3.95 (m, 4H), 4.25 (s, 3H), 7.95 (m, 2H), 8.21
(s, 1H). MS ES+ m/z 367 [MHT*

SN
B5 [NR'R‘= O\  R™ = -CHg; R =H
OH

"H NMR (CDsOD, 400MHz) 5; 0.97 (t, 3H), 1.52 (m, 2H), 1.77 (g, 2H), <D
1.89 (m, 2H), 2.32 (s, 3H), 2.81 (m, 2H), 3.21 (m, 2H), 3.82 (m, 1H), 4.18
Ks. 3H), 4.42 (m, 2H), 7.66 (m, 1H), 8.16 (m, 2H). MS ES+ m/z 382 [MH[*

SN
36 NR°R*= O ‘R™ =CHy: R®=H

'H NMR (CD;OD, 400MHz2) 5: 0.96 (t, 3H), 1.64 (m, 6H), 1.78 (m, 2H), '
.31 (8, 3H), 2.81 (m, 2H), 3.75 (M, 4H), 4.19 (s, 3H), 7.63 (M, 1H), 8.15
(m, 2H). MS ES+ mvz 366 [MH]"

: H
B7 INR'R'= \l},ﬂ : R = CHy; R® =H
H

'H NMR (D20, 400MHz) 5: 0.85 (t, 3H), 1.81 (g, 2H), 2.26 (s, 3H), 2.57 (m,)
1H), 2.8 (t, 2H), 3.08 (m, 2H), 4.12 (s, 3H), 4.40 (m, 1H), 4.58 (m, 1H),
7.39 (d, 1H), 7.81 (d, 1H), 7.99 (s, 1H). MS ES+ m/z 353 [MHT*
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¥

T
INRR* = \'?' . R = -CHz; R®=H
CH

'H NMR (DMSO-ds, 400MHz2) 5: 0.93 (t, 3H), 1.66 (g, 2H), 2.32 (s, 3H),
2.70 (m, 2H), 3.01 (s, 3H), 3.29 (m, 2H), 4.24 (s, 3H), 4.38 (m, 2H), 4.56
(m, 1H), 7.58 (m, 2H), 8.20 (m, 2H), 8.80 (m, 1H). MS ES+ m/z 367 [MH]"

\ “cHa
N (Y
LNR?R* = O :R™=H; R®=-CHs

NH

H NMR (CDCls, 400MHz) 5: 1.00 (t, 3H), 1.34 (d, 3H), 1.83 (q, 2H), 2.40
8,3H), 2.84 (m, 3H), 3.01 (m, 2H), 3.25 (m, 2H), 4.27 (s, 3H), 4.67 (m,

H), 6.87 (d, 1H), 7.50 (s, 1H), 8.16 (d, 1H), 8.24 (s, 1H). LRMS:m/z ES+
: 381, [MH]*

N
LNR°R? = Crﬁ - A7 = H; R™ = -CH,

"H NMR (CDCls, 400MHz) 5: 1.00 (t, 3H), 1.34 (d, 3H), 1.83 (q, 2H), 2.40
(s,3H), 2.84 (m, 3H), 3.01 (m, 2H), 3.25 (m, 2H), 4.27 (s, 3H), 4.67 (m,

H), 6.87 (d, 1H), 7.50 (s, 1H), 8.16 (d, 1H), 8.24 (br s, 1H). LRMS:m/z
FS+ : 381, [MH]*

\
N
FNRR* = O :R™ =H: R™®=-CHs
“CH,

r'H NMR (CDCls, 400MHz2) 5: 1.00 (t, 3H), 1.82 (q, 2H), 2.38 (s, 3H), 2.42

s, 3H), 2.62 (m, 4H), 2.83 (1, 2H), 3.95 (br m, 4H), 4.27 (br s, 3H), 6.85
tbr s, 1H), 7.50 (br s, 1H), 8.15 (br s, 1H), 8.24 (br 8, 1H). LRMS:m/z ES+
: 381, [MH]*

77
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N,CH_,,
ENR’R* = \N * R’ = H; R"® = -CHj
|
H

"H NMR (DMSO-dg, 400MHz) 8: 0.91 (t, 3H), 1.64 (m, 4H), 2.00-2.20 (m,
FH), 2.45 (s, 3H), 2.69 (t, 2H), 2.78 (s, 3H), 3.00 (m, 2H), 3.20-3.60 (m,

H), 3.96 (m, 1H), 4.21 (s, 3H), 7.10 (d, 1H), 7.80 (8, 1H), 8.18 (d, 1H).
RMS:m/z ES+ 395, [MHT'

N CHe

NR®R = \N/O s R™ = H; R™ = -CHj
|~
CH,

'H NMR (DMSO-dg, 400MHz) §: 0.93 (t, 3H), 1.51 (m, 1H), 1.71 (q, 2H),
1.92 (m, 3H), 2.39 (8, 3H), 2.76 (m, 2H), 2.80 (m, 2H), 3.00 (s, 3H), 3.45
Fm, 5H), 4.19 (s, 3H), 4.60 (m, 1H), 7.02 (m, 1H), 7.83 (s, 1H), 8.18 (d,
1H). LRMS:nVz ES+ 409, [MH]*

N Sy e O

CH,
I'H NMR (DMSO-ds 400MHz) 3: 0.94 (t, 3H), 1.72 (g, 2H), 2.20 (m, 2H),
40 (s, 3H), 2.75 (t, 2H), 2.90 (m, 2H), 3.10 (s, 3H), 3.20-3.95 (complex,

H), 4.15 (s, 3H), 5.33 (t, 1H), 6.98 (d, 1H), 7.84 (s, 1H), 8.19 (d, 1H).
RMS:m/z ES+ 395, [MHT

‘R =H: R™ = -CHs
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a7®

. \N .
ENRYR* = O\ - AP =H: R™® =-CH;
NH

['"H NMR (CDCls, 400MHz) &: 0.92 (t, 3H), 1.65 (m, 2H), 1.98 (m, 2H), 2.23
(m, 2H), 2.52 (s, 3H), 2.81 (m, 2H), 3.23 (m, 2H), 3.50 (m, 2H), 4.31 (s,

3H), 4.55 (m, 1H), 7.16 (brs, 1H), 7.69 (br s, 1H), 8.13 (br s, 1H).
| RMS:mvz ES+ 381, [MH]*

N7 M\
N
ENRR* = K//NH :R™=H: R® =-CHj3

H NMR (CDCls, 400MHz) 8: 0.95 (1, 3H), 1.72 (q, 2H), 2.06 (br m, 2H),
51 (s, 3H), 2.82 (1, 2H), 3.31 (br m, 2H), 3.48 (br m, 2H), 3.92 (br m,
H), 4.15 (br m, 2H), 4.27 (s, 3H), 7.07 (br s, 1H), 7.76 (s, 1H), 8.04 (s,
1H). LRMS:m/z ES+ 381, [MH]*

N7\
FNRPR* = NKJN—GH; ; R =H; R™® = -CH,
"'H NMR (DMSO-ds, 400MHz) 5: 0.92, (t, 3H), 1.70 (g, 2H), 2.17 (t, 2H),

.39 (s, 3H), 2.75 (t, 2H), 2.82 (s, 3H), 3.24-3.75 (complex, BH), 4.17 (s,
3H), 7.01 (brs, 1H), 7.86 (s, 1H), 8.18 (d, 1H). LRMS:m/z ES+ 395, [MH]

NH
FNRR* = \N/O ;R =H; R =-CHs
{
H

"H NMR (CDCls, 400MHz) 8: 0.95 (t, 3H), 1.65 (m, 2H), 2.05 (m, 2H), 2.30
(m, 2H), 2.45-2.5 (s, 3H), 2.65 (t, 2H), 2.80 (t, 2H), 3.25 (m, 2H), 3.50 (m,

H), 4.20 (s, 3H), 4.30 (m, 1H), 7.05 (m, 1H), 7.15 (s, 1H), 8.20 (m, 1H).
RMS: 381, [MH]*
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N

'H NMR (DMSO-ds 400MHz) 5: 0.93 (t, 3H), 1.30-1,95 (m, 7H), 2.40 (s,
3H), 2.74 (1, 2H), 2.97 (t, 2H), 3.14 (t, 2H), 4.17 (s, 3H), 4.25 (m, 2H), 7.04
(d, 1H), 7.83 (br s, 1H), 8.19 (d, 1H). HRMS: 395, [MH]*

Hn’ = -(CHg)2NHCHs; R* = H; R™ = H; R™ =-CH;

'H NMR (DMSO-dgs 400MHz2) 8: 0.92 (t, 3H), 1.85 (q, 2H), 2.44 (s, 3H),
57 (8, 3H), 2.70 (t, 2H), 3.15 (m, 2H), 3.60 (m, 2H), 4.21 (s, 3H), 7.10 (d,
1H), 7.84 (s, 1H), B.19 (d, 1H). HRMS: 355, MH* '

= -{CHzsNHz; R* = H; R™ = H; R™ = -CH,
H NMR (DMSO-ds, 400MHzZ) 8: 0.91 (t, 3H), 1.64 (q, 2H), 1.88 (t,. 2H),
.43 (s, 3H), 2.69 (1, 2H), 2.85 (br m, 2H), 3.43 (br m, 2H), 4.21 (s, 3H),
7.09 (d, 1H), 7.74 (s, 1H), 8.18 (s, 1H). HRMS: 355, MH*

RGN
LNR®R* = N/cHa R™=H;R®= -CH;

CH,
'H NMR (DMSO-ds, 400MHz) 5: 0.93 (t, 3H), 1.59 (g, 2H), 1.72 (g, 2H),
.05 (m, 2H) 2.36 (8, 3H), 2.75 (m, BH), 2.92 (M, 2H), 3.42 (m, 2H), 4.14

8, 3H), 4.68 (s, 1H), 6.96 (d, 1H), 7.83 (s, 1H), 8.18 (d, 1H). HRAMS: 409,
H+
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PCT/IB2004/001433

\N NICHa
%3’ INRPR® = A/\O - A™ = H: R™ = -CHj,

?B

"H NMR (DMSO-ds, 400MHz) 5: 0.92 (t, 3H), 1.09 (m, 1H), 1.55-1.90 (m,
5H), 2.10 (m, 1H), 2.45 (s, 3H), 2.80 (s, 3H), 3.20-3.60 (complex, 4H),

22 (s, 3H), 7.12 (d, 1H), 7.88 (br s, 1H), 8.18 (d, 1H). LRMS ES+ m/z
08 [MHJ*

N N~
LNRSF# - éHf\O : R‘]A = H; HTB = _CH3
3

'H NMR (DMSO-dg, 400MHz) : 0.93 (t, 3H), 1.10 (m, 1H), 1.60-1.90 (m,
EH), 2.20 (m, 1H), 2.41 (s, 3H), 2.60 (m, 1H), 2.72 (s, 3H), 2.76 (m, 2H),

A7 (s, 3H), 8.26-3.77 (m, 6H), 4.19 (s, 3H), 7.04 (m, 1H), 7.85 (s, 1H),
21 (d, 1H). LAMS ES+ m/z 423 [MH]*

fHe
N“CH3

R =H; R"® =-CHs
\N

LNRPR* =

I'H NMR (DMSO-de, 400MHz) 5: 0.90 (t, 3H). 1.57-1.78 (m, 8H), 2.34 (s,
BH), 2.72 (t, 2H), 2.78 (s, 8H), 3.08-3.22 (m, 2H), 3.80 (m, 2H), 4.12 (s,

3H), 4.46 (br s, 1H), 5.19 (br s, 1H), 6.99 (m, 1H), 7.72 (m, 1H), 8.18 (m,
1H). LAMS ES+ m/z 423 [MH]*
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o

INRPR* = \q;’t") ; R™ = H; R™ = -CHs
H

'H NMR (DMSO-de, 400MH_2) &: 0.93 (, 3H), 1.66 (q, 2H), 1.74-2.40 (m,
H), 2.42 (s, 3H), 2.71 (t, 2H), 2.83 (s, 3H), 3.10-3.80 (m, 4H), 4.20 (s,
3H), 7.07 (m, 1H), 7.78 (br s, 1H), 8.18 (d, 1H). LRMS ES+ m/z 385
[MH]*

LNR°R* = \N/\O : R =H; R™® =-CH
- K/N y Ll B 1 = 3

H NMR (DMSO-ds, 400MHz) 8: 0.93 (t, 3H), 1.74 (q, 2H), 1.82-2.25 (br
m, 4H), 2.36 (s, 3H), 2.74 (t, 2H), 2.97-3.91 (complex, 8H) 4.15 (s, 3H),
6.97 (d, 1H), 7.81 (s, 1H), 8.18 (d, 1H). LRMS ES+ m/z 407 [MH]*

H NMR (DMSO-de, 400MHz) : 0.91 (t, 3H), 1.65 (g, 2H), 2.40 (8, 3H),
67 (t, 2H), 2.80 (s, 6H), 3.28 (m, 2H), 3.72 (t, 2H), 4.19 (s, 3H), 7.09 (m,
1H), 7.77.(m, 1H), 8.18 (d, 1H). LRMS ES+ m/z 369 [MH]"

E’ = -(CH2)eN{CHa)2; R* =H; RA = H; R™ = -CHy

R = -(CH2)2N(CHa)e; R* = -CHg; R™ = H; R™ = -CHs

'H NMR (DMSO-ds, 400MHz) & 0.93 (t, 3H), 1.72 (g, 2H), 2.36 (s, 3H),
k.74 (1, 2H), 2.82 (s, 6H), 3.14 (s, 3H), 3.33 (m, 2H), 3.91 (t, 2H), 4.14 (s,
3H), 8.96 (d, 1H), 7.80 (s, 1H), 8.18 (d, 1H). LRMS ES+ m/z 383 [MH]"

=-(CHz)sN(CHa)z; R* =H; R™ = H; R™ = -CHy
H NMR (DMSO-ds, 400MHz) &: 0.93 (1, 3H), 1.64 (m, 2H), 1.94 (m, 2H),
A8 (s, 3H), 2.71 (m, 2H), 2.78 (8, 6H), 3.08 (m, 2H), 3.43 (m, 2H), 4.21
s, 3H), 7.09 (d, 1H), 7.88 (s, 1H), 8.17 {d, 1H). LRMS ES+ m/z 383 [MH]"
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B1" |R° = (CH2)aN(CHg); R® = -CHg; R = H; R® = -CHz

"H NMR (DMSO-ds, 400MHz) 5: 0.92 (1, 3H), 1.64 (m, 2H), 1.95 (m, 2H),
_ .40 (s, 3H), 2.73 (s, 6H), 2.75 (m, 2H), 3.00 (m, 2H), 3.14 (s, 3H), 3.65
(m, 2H), 4.18 (m, 3H), 7.02 (m, 1H), 7.90 (m, 1H), 8.18 (d, 1H). LRMS
ES+ m/z 397 [MHT*

82" rl’ = -(CHz)2NH(CH;); R* = -CHg; R™ = H; R™® = :CH3

H NMR (CDCls, 400MHz) §: 0.97 (t, 3H), 1.72 (q, 2H), 2.53 (s, 3H), 2.76
(t, 3H), 2.90 (1, 2H), 3.29 (s, 3H), 3.35 (m, 2H), 4.28 (t, 2H), 4.31 (s, 3H),
P 7.04 (d, 1H), 7.54, (s, 1H), 8.02 (d, 1H). LAMS:m/z ES+ 369, [MH["

~_ CH,
83 INRR*= I\(/\"E' ‘R =H:R®=-CH;,

"H NMR (CDCls, 400MHz) 5: 0.92 (t, 3H), 1.43 (m, 3H), 1.77 (m, 2H), 2.58
(m, 3H), 2.85 (t, 2H), 3.18-3.75 (m, 5H), 4.30 (8, 3H), 4.58 (m, 2H), 7.18
(m, 1H), 7.79 (m, 1H), 8.18 (m, 1H). LRMS APCI m/z 381 [MH[*

N
B4® INRR*= \N/E) s R™ =H; R™® =-CHa
|
H

'H NMR (CDCls, 400MHz2) &: 0.97 (t, 3H), 1.06 (m, 1H), 1.73 (m, 2H), 1.85
m, 1H), 2.27 (m, 1H), 2.53 (s, 3H), 2.80 (t, 2H), 2.85 (m, 1H), 3.37-3.88
complex 3H), 4.38 (s, 3H), 7.03 (m, 1H), 7.26 (s, 1H), 8.28 (br s, 1H).
RMS APCI mv/z 367 [MH]"
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Bg7°

\Nm ¥
4 _ | .0fA _ 4.8 _
LNRR* = H \ :R™ =H; R™® = -CHy

H

'"H NMR (CDCls, 400MHz) &: 0.96 (t, 3H), 1.68 (q, 2H), 1.93 (m, 1H), 2.25
(m, 1H), 2.52 (8, 3H), 2.76 (t, 2H), 2.92 (m, 1H), 3.31 {m, 2H), 3.50-3.60
(m, 4H), 4.32 (s, 3H), 7.05 (s, 1H), 7.50 (br s, 1H), 8.05 (d, 1H). LRMS
IAPCI m/z: 381, [MH]*

SN
NR°R* = @ :R™ =H; R™ = -CH;
~CH,

'H NMR (CDCls, 400MHz) 5: 0.98 (t, 3H), 1.78 (g, 2H), 2.18 (m, 4H), 2.52
(s, 3H), 2.85 (m, 5H), 3.78 (d, 2H), 3.99 (s, 2H), 4.29 (s, 3H), 4.56 (d, 2H)
7.07 (d, 1H), 7.93 (s, 1H) 8.05 {(d, 1H). LRMS APCI m/z 407 MHT

NH
ENRR" = \,?l : R™ =H; R™ = -CHs
CH,

LRMS:nmvz ES+ 395, [MH]*

\N
LNR°R* = @\ :R™ = H; R™® =-CHs
NH

H NMR (CDCh, 400MHz) 3: 0.8 (t, 3H), 1.62 (q, 2H), 2.48 (s, 3H), 2.52
m, 2H), 2.77 (¢, 2H), 3.03 (m, 1H), 3.85 (d, 2H), 4.15 (d, 2H), 4.27 (s, 3H),
.99 (d, 1H), 7.34 (d, 1H), 8.13 (d, 1H). LRMS:m/z ES+379, [MH]"
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SN
B9® [NR°R*= O\NICHa ; R™ = H; R™® = -CHj

H

"H NMR (CDCls, 400MHz) &: 0.94 (t, 3H), 1.68 (q, 2H), 1.99 (m, 2H), 2.28
Em. 2H), 2.50 (s, 3H), 2.68 (s, 3H), 2.85 (t, 2H), 3.15 (t, 2H), 3.26 (m, 1H),

27 (s, 3H), 4.68 (d, 2H), 7.02 (d, 1H), 7.57 (s, 1H), 8.11 (d, 1H).
RAMS:m/z ES+395, [MH]*

“~
70° INRPR'= N\} NH, :R™ =H; R"™® =-CH;

I'H NMR (CDCly, 400MH2) 8: 0.87 (t, 3H), 1.62 {q, 2H), 2.43 (m, 2H), 2.48
(s, 3H), 2.72 (t, 2H), 3.77 (m, 1H), 3.95 (m, 1H), 4.00-4.24 (m, 3H), 4.29

(s, 3H), 7.00 (d, 1H), 7.42 (s, 1H), 8.14 (d, 1H). LRMS APCI m/z: 367
[MH]

\N
71 INRPR'= | ' R™ = H: R™ =-CH,
H o,cHa

H NMR (CDCls, 400MHz) 5: 1.00 (t, 3H), 1.82 (g, 2H), 2.34 (s, 3H), 2.84
t, 2H), 3.79 (s, 3H), 4.29 (s, 3H), 4.65 (d, 2H), 6.74 (br s, 1H), 6.8 (d,
H), 7.34 (d, 2H). LRMS:m/z ES+ 418, [MH}*

722 R =-(CHo):0CHs; R* = H; R™ = H; R™® = -CH,
'H NMR (CDCls, 400MHz) &: 1.00 (t, 3H), 1.81 (g, 2H), 2.41 (s, 3H), 2.80

(m, 2H), 3.41 (s, 3H) 3.66 (m, 4H), 4.29 (s, 3H), 6.82 (s, 1H), 7.60 (br s,
1H), 8.12 (br s, 1H). LRMS:m/z ES+ 356, [MH]'

S
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174B

4 \N TA B
.NR°R* = N—CH, ;R™=H;R™=-CH,

"H NMR (CDCls, 400MHz) §: 0.98 (m, 3H), 1.77 (m, 2H), 1.81-2.16 (m,

BH), 2.53 (8, 3H), 2.84 (m, 2H), 2.95 (s, 3H), 3.73 (m, 1H), 3.85 (m, 2H),
.05-4.58 (m, 4H), 4.29 (s, 3H), 7.08 (m, 1H), 7.79 (s, 1H), 8.11 (m, 1H).
FRMS:mfz ES+ 421, [MHT

\N
_ 3 = | . 7A =H- R?B =
NRR* H/UH R™ = H; R™ = -CHy

"H NMR (DMSO-ds 400MHz) &: 0.81 (t, 3H), 1.33 {m, 2H), 1.63 (m,2H),
1.75-1.87 (m, 3H), 2.4 (s, 3H), 2.68 (t, 2H), 2.81 (m, 2H), 3.25-3.55 (m,
H), 4.22 (s, 3H), 7.10 (d, 1H), 8.18 (d, 1H), 8.53 (br d, 1H). LRMS:m/z
S+ 395, [MHT*

CH,

INROR = N R = H: R™ = -CHs
NH

ks, 3H), 2.87 (1, 2H) 3.17-3.70 (m, 4H), 4.32 (s, 3H), 4.50-5.10 (m, 3H),
7.17 (m, 1H), 7.83 (s, 1H), 8.15 (8, 1H). LRMS:m/z ES+ 381, [MHI*

N
NRPR = O\/“ - R™ = H: R™ = -CHs

LRMS:m/z ES+ 409, [MH]" 407, [MH]

'H NMR (CDCls, 400MHz) &: 0.99 (t, 3H), 1.45 (m, 3H), 1.74 (m, 2H), 2.56

9
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rw

7e*

km, 4H), 2.80 (t, 2H), 3.80 (m, 4H), 4.15 (s, 3H), 8.01 (br s, TH), 8.54 (d,

R°=H;R*=H;R™=H;R™ = -CH;
'H NMR (CDCI3, 400MHz) 5: 0.95 (t, 3H), 2.68 (m, 2H), 2.45 (s, 3H), 2.68

{t. 2H), 4.30 (s, 3H), 6.88 (d, TH), 7.18 (s, 1H), 8.20 (d, 1H). LAMS:m/z
[ES+ 298, [MH[*

R®=-CHy: R*=H; R" =H: R"® = -CHsq

'H NMR (CDCls, 400MHz) 5:1.00 (t, 3H), 1.81 (q, 2H), 2.42 (s, 3H), 2.82

m, 2H), 3.10 (s, 3H), 4.30 (s, 3H), 6.84 (s, 1H), 8.06 (s, 1H). LRMS:m/z
S+ 312, [MH]*

H1
. HG HN
L
\Y -~ ,Ha
N~ N
,;4
HC
2 “
NZ N N’\
R'= | -NRPR'=
x> NH

'H NMR (CDsOD, 400MHz) 5: 0.98 (t, 3H), 1.82 (m, 2H), 2.82 (t, 2H), 2.95

(t, 4H), 3.79 (m, 4H), 4.17 (s, 3H), 8.02 (br s,1H), 8.56 (d, 1H), 8.79 (s,
1H). LAMS:m/z (ES+) 354, [MH]"

2N ‘\N/\
A= | I :-neme=

"'\) K/N"'CHS.
'H NMR (CDsOD, 400MHz) 8: 0.97 (t, 3H), 1.78 {m, 2H), 2.38 (s, 3H), 2.62

1H), 8.79 (s, 1H). LRAMS:m/z ES+: 368, [MH["

g
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B3

B4

A \ ‘\CHS
NN SNTOY
R' = | NRR'= - /\[

['H NMR (CDsOD, 400MHz2) &: 0.97 (t, 3H), 1.17 (d, 3H), 1.78 (m, 2H),
E.sz (m, 1H), 2.75-2.90 (m, 4H), 2.95-3.10 (m, 2H), 4.15 (s, 3H), 4.51 (m,
H), 7.99 (br 8, 1H), 8.54 (d, 1H), 8.79 (s, 1H). LRMS:m/z ES+ : 368,
[MHT*

\~CHs
N
B2* p‘= N F;-NH’R‘: \/O
)\) 'f
CH,

I'H NMR (CD<OD, 400MHz) 8: 1.00 (t, 3H), 1.80 (m, 2H), 2.10 (m, 2H),
2.25 (m, 2H), 2.85 (m, 2H), 2.90 (s, 3H), 3.21 (s, 3H), 3.55 (m, 2H), 3.65
(m, 2H), 4.20 (s, 3H), 4.85 (br m, 1H), 8.10 (br s, 1H), 8.75 (brs, 1H),
.10 (8, 1H). LRMS:m/z ES+ 396, [MH]"

NP N
F = )J\o,cu, RO = /\II\IH

['H NMR (DMSO-ds, 400MHz2) 8: 0.91 (t, 3H), 1.73 (g, 2H), 2.71 {t, 2H),
r.75 (m, 4H), 3.59 (m, 4H), 3.89 (s, 3H), 4.08 (8, 3H), 7.30 (s, 1H), 8.50
s, 1H). LRMS:m/z ES+ 384, [MH]*

o V) S Hg H
= Ao iF=orf=

H NMR (DMSO-ds, 400MHz) §: 0.91 (t, 3H), 1.72 (q, 2H), 2.70 (t, 2H),
.81 (s, 3H), 3.91 (s, 3H), 4.08 (8, 3H), 6.70 (br s, 1H), 7.60 (s, 1H), 8.49
8, 1H), 9.36 (s, 1H). LRMS:m/z ES+ 329, [MH]"
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N

" 'H NMR (DMSO-de, 400MHz) 5: 0.91 (t, 3H), 1.73 (q, 2H), 2.72 {t, 2H),
3.12 (s, 6H), 3.90 (s, 3H), 4.10 (s, 3H), 7.50 (s, 1H), 8.51 (g, 1H), 9.52 (s,
1H). LRMS:m/z ES+ 365,[MNa]*

ps R'= 'JN:]L ;-NRR* = \OH

'H NMR (CDsOD, 400MHz) 5: 0.88 (t, 3H), 1.81 (t, 2H), 2.80 (1, 2H), 2.91
L(m. 4H), 3.73 (m, 4H), 4.21 (s, 3H), 8.23 (d, 1H), 8.37 (d, 1H), 9.36 (br s,
1H). LRMS:m/z ES- 352, [M-H]

Z .
b7 R - ‘j‘;j e

NH

hH NMR (CDsOD, 400MHz) &: 0.98 (1, 3H), 1.80 {m, 2H), 2.78 (m, 6H),
3.76 (m, 4H), 4.07 (s, 3H), 7.04 (br s, 1H), 8.57 (br s, 2H). LRMS ES+

'z 354 [MH]*
N -
Pa R'= ]| -NRR= N
§ NH

"H NMR (DMSO-ds, 400MHz) 5: 0.91 (&, 3H), 1.71 (m, 2H), 2.73 (m, 2H),
t:za (m, 4H), 3.52 (m, 4H), 4.16 (s, 3H), 7.61 (m, 1H), 8.02 (d, 1H), 8.79
d, 1H). LRMS APCH+ mvz 354 [MH]*
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0
N
B9 L\‘= l ,}—CH3 : R® = -CHg; R* =-CHjs
N

'H NMR (DMSO-ds, 400MHz) &: 0.92 (t, 3H), 1.78 (m, 2H), 2.16 (s, 3H),
F.81 (m, 2H), 3.21 (s, 6H), 4.16 (s, 3H). LRMS ES+ m/z 339 [MNa]"

LO R'= ‘JNI:} i R®=-CHg; R*=H

'H NMR (CDsOD, 400MHz2) 8: 0.97 (t, 3H), 1.74 (m, 2H), 2.77 (m, 2H),
3.00 (s, 3H), 4.26 (s, 3H), 6.89 (s, 2H). LRMS ES+ mvz 287 [MH]*

A= The products were dissolved in dichloromethane, treated with ethereal HCI,
and the solutions evaporated /n vacuo to afford the hydrochloride salts.
B = Trifluoroacetate salt was isolated

es for le

Example 30: teri-Butyl 3-methyipiperazine-1-carboxylate used as HNR®R*
amine.

Example 33: ter-Butyl 3,5-dimethyipiperazine-1-carboxylate (WO 93/01181, pg.
30, prep. 76) used as HNR’R* amine

Examples 34, 79, 83, 86, 87 and 88: tert-Butyl piperazine-1-carboxylate used as
HNR®R* amine.

Example 37: tert-Butyl 3-aminoazetidine-1-carboxylate (WO 01/47901, pg. 136,
preparation 78) used as HNR'R* amine.

Example 38: tert-Butyl 3-(methylamino)azetidine-1-carboxylate used as HNR?R*
amine, see praparation 6.

Example 39: (25)-2-Methylpiperazine used as HNR®R* amine.
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Example 45: teri-Butyl (piperidin-4-yl)carbamate used as HNR®R* amine.
Example 46: fer-Butyl [1,4]diazepane-1-carboxylate used as HNR®R* amine.
Example 48: tert-Butyl 4-aminopiperidine-1-carboxylate used as HNR*R? amine.
Example 49: fert-Butyl (piperidin-3-yimethyl)carbamate used as HNR®R* amine.

Example 50: tert-Butyl N-(2-aminoethyl)-N-methylcarbamate used as HNR*R*
amine.

Example 53: 3-(Aminomethyl)-1-methylpiperidine (J. Am. Chem. Soc., 94 (26),
1972, 9151-0158) used as HNR’R* amine.

Example 54: 1-Methyl-3-(methylaminomethyl)piperidine used as HNR*R* amine,
see preparation 5.

Example 62

tert-Butyl N-methyl-N-(2-(methylamino)ethyl)carbamate (EP 0296811 ex. 1, step
A) used as HNR®*R* amine.

Example 64: tert-Butyl (3A)-3-aminopyrrolidine-1-carboxylate used as HNR®R*
amine.

Example 85: fert-Butyl (35)-3-(aminomethyl)pyrrolidine-1-carboxylate used as
HNRR* amine.

Example 66: 8-Methyt-3,8-dlazabicyio[3.2.1]Joctane (US 3951980, pg. 3, ex. 1)
used as HNR°R* amine.

Example 67: tert-Butyl 4-{methylamino)piperidine-1-carboxylate used as
HNRR* amine.
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Example 68: teri-Butyl (3-azabicyclo[3.1.0Jhex-6-yl)carbamate (J. Chem. Soc
Perkin 1, 2000, 1615) used as HNR®R* amine.

Example 70: fert-Butyl (pyrrolidin-3-yl)carbamate used as HNR°R* amine.

Example 73: 6-Methyl-3,6-diazabicyclof3.2.2Jnonane (EP 0287858, pg. 8, ex. 4)
used as HNR®R* amine.

Example 74: ter-Butyl 4-(aminomethyl)piperidine-1-carboxylate used as
HNR®R* amine. 1

Example 75: fer-Butyl (35)-3-methylpiperazine-1-carboxylate used as HNR°R*
amine. '

Example 76: tert-Butyl N-methyl-N-(piperidin-4-yimethyl)carbamate (US
5442044, pg. 37, ex. 108) used as HNR°R* amine.

Example 91
N-[14 - [ i n=1 -1 olol4

idin-7- imidin-4-viamine
NZ

\ |
5 1
/ I N

) N/)\N Chs
He (:.'u:

N-Ethyldiisopropylamine (625ul_, 4.5mmol) and (2RA)-2-methylpiperazine (450mg,
4.5mmol) were added to a solution of the monochioro compound of preparation
69 (270mg, 0.89mmol) in dimethylsulfoxide (8mL) and the reaction mixture
heated to 120°C for 18 hours under nitrogen. The reaction mixture was diluted
with ethyl acetate, washed with water (2x30mL) and then brine (30mL). The
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organic solution was dried over magnesiqm sulphate and concentrated in vacuo.
The cnlide product was purified by column chromatography on silica gel eluting
with dichloromethane :methanol:ammonia 100:0:0 to 95:5:0.5 to yield the title
compound, 142mg.

"H NMR (CDsOD, 400MHz) &: 0.97 (t, 3H), 1.17 (d, 3H), 1.78 (m, 2H), 2.62- 3.20
(m, 7H), 4.15 (s, 3H), 4.51 (m, 2H), 7.99 (br s, 1H), 8.54 (d, 1H), 8.79 (s, 1H).
LRMS:m/z ES+ 368, [MH]"

Examples 92-122
R® '
\
1R2
N'N N 1. HNR'R

————————
N?'\ cl 2. HNR3R¢

A solution of the appropriate HNR'R? amine (50umol) in 1-methyl-2-pyrrolidinone
(100ul) was added to a solution of the appropriate dichioro compound (see
preparations 52, 55, 56 and 59) (50uL) in 1-methyl-2-pyrrolidinone (100ul.)
followed by N-ethyldiisopropylamine (50uL). The reaction mixture was heated
under nitrogen for 36 hours at 90°C. The reaction mixture was cooled and a
solution of the appropriate HNR®R* amine (150umol) in dimethylsulfoxide
(125ulL) added, followed by more N-ethyldiisopropylamine (50uL). The reaction
mixture was heated at 120°C for 72 hours and then allowed to cool. The crude
product was purified using HPLC on a Phenomenex Luna C18 column, 5um, 30
x 4.6 mm id at 40°C, eluting with acetonitrile:0.05%ammonium acetate(aq.) with
a gradient of 90:10 to 5:95 over 2.20 minutes with a flow rate of 3mL/min.

The following compounds were prepared by the method described above:
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[Ex
NZ R*

RN | R™

Sy

\ P s

1 ;
*’2 :B = -i:z)zOH: R* = -CHg; R® = -CHa; R® = -{CHz)sOCHgs; R™ = H;

= 3

=1.36 min. LRAMS:m/z ES* : 386.2 [MH]*
#3 8 = -(CH2)20CHg; R = H; R® = -CHjy; R® = -(CH,);OCHs; R™ = H;

78
=-CHj
t = 1.36 min. LRMS:m/z ES" : 372.4 [MH]"

a N ; R® = -CH,CHa; R® = -(CHz):OCH;;
P4 INR®R* = 7A 78

Rt = 1.18 min. LRMS:m/z ES* : 4122 [MH]*

\N 5 8
s [nmmee | p—q F=OHiR'-(OHAOCH:
= \ TA 78
CH, R™ = H; R™ = -CHj

rh =1.52 min. LAMS:m/z ES*: 398.2 [MH]*

*’5 = -{CHo)o0H; R* = H; R® = -CHj; R® = -(CH2)s0CHs; R™ = H;
78 -CHj
t =1.16 min. LAMS:m/z ES* : 372.5 [MH]*
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97

"
99
100
101

102

103

104

. '\N""-.ﬁ ; R® = -CHy; R® = -(CH2);OCH3; R™* = H;
NRRT= A™ = CH
: =~ 3

" Rt=0.96 min. LRMS:m/z ES* : 385.2 [MH*

H
e N N, i A® = -CH,CHj; R® = ~(CH)20CHs;
NRR” = | TA 7B

H R™=H; R =-CH,

Jﬂt = 1.10 min. LAMS:m/z ES* : 411.3 [MH[*

S = -CHy; R* = H; R® = -CHy; R® = -{CH,)sOCHa; R™ = H; R™ = -CHs
= 1.36 min. LAMS:m/z ES* : 342.5 [MH]"

™ ;R = ‘R8=- .R7A _ Y
-NRQH‘ = Dlu OH ! Rs -gHal R (CHZ)SWHSI R H,
R™ =-CHs

[Rt = 1.27 min. LRMS:m/z ES” : 398.4 [MH]*

? = -(CHZ)ZCOZH: H4 = H; Hs = 'CHa; Ra = -(CHa)p_OCHa; R.’A = H;
78 . CHe

=0.78 min. LAMS:m/z ES"* : 386.2 [MH]*

.NR3H4 - \Nol" OH ' RB = 'CHS: Ra = '(CHa)zOCHa; RTA - H;
Rm =-CHs

Rt=1.20 min. LAMS:m/z ES"* : 384.2 [MH]*

= -(CHg)sOH; R* = H; R® = -CHoCHs; R® = (CH2)eOCHs; R™ = -CHg;
78 =H

= 1.32 min. LAMS:m/z ES" : 386.3 [MH]*

% = H; R* = H; R® = -CHy; R® = ~(CH2)sOCHs; R™ =-CHj; R® =H
t = 1.19 min. LRMS:m/z ES* : 328.5 [MH]*
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105

106

107

108

109

110

111

INRCR® = N ; R =-CHs; R" = -(CH2),0CHs;
OH R =-CHg; R®=H

th =1.30 min. LRMS:m/z ES" : 398.3 [MH]"

~ 0 e
N . R = -CHg; R" = -(CH2)20OCHs;
-NH’R4 = (/K R-’A = <CHjs; Rm =H

Rt =1.13 min. LRMS:m/z ES* : 397.2 [MH]"

R = -(CH2)2CONHCH;; R* = H; R® = -CHoCHg; R® = -(CH3);OCH3;
R™ = -CHy; R® =H
Rt=1.13min. LAMS:m/z ES* : 413.3 [MH]"

<

' ‘RO = "R%=. .
N @ R = LCH,GH; R = (CHy);0CHs
O R"=-CHs; R " =H

it = 1.45 min. LAMS:m/2 ES* : 398.2 [MH]"

R® = -(CHy)20H; R* = -CH3; R® = -CH:CHa; R® = -(CH2)20CH3; R™ = H;
R®=H
iRt = 1.39 min. LRMS:m/z ES* : 372.4 [MHT"

IR® = -(CHa)20CHS; R* = H; R® = -CH,CHy; R® = -{CH2)20CH;; R™ = F;
Rn =H
it =1.26 min. LAMS:m/z ES*: 390.2 [MH]"

IR® = H; A* = H; R® = -CH.CHy; R® = -(CH2)20CHs; R™ = -O(CH2)sCHs;
R®=H
Rt =1.17 min. LAMS:m/z ES* : 372.2 [MH]*




WO 2004/096810 PCT/IB200/001433

-105-

N\

112

113

114

118

Ii\j ; B® = -(CH3)2CHa; R® = -CHs;

INRPR* = = N

l?/\/ R™ = -CHg; R™® = H
H
Rt: 1.23min. LRMS m/z ES+: 411.2 [MH]*

“~
304 _ N/ﬁ ; R® = -(CHz)2CHa; R® = -CHj;
NRR" = K/N 7A 78

\CHS R™=-CHy; R =H

Rt: 1.34min. LRMS m/z ES+: 381.2 [MH]

Hac( N -

\.

Rt = 1.35 min. LRMS:m/z ES"* : 400.2 [MH]"

INR°R* = » R® = <CHoCHs; R® = -(CH2)z0CHs

Rt=0.92 min. LRMS:m/z ES" : 411.2 [MH]*
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~
116 FNRR*= N/EH : R® = -CHg; R® = -(CH,)sOCHs

Rt = 0.82 min. LAMS:m/z ES' : 386.6 [MHJ'

N
117 |[NR*R'= @w : R® = -CHy; R® = -(CH,)sOCH;

IRt = 0.83 min. LRMS:m/z ES*: 398.2 [MH]*

0
\—OH

118 NR°R* = \D : R® = -CHzCHs; R® = CH2);OCHSs

IRt = 0.81 min. LRMS:m/z ES* : 415.2 [MM]*

119 [R® = -(CH,)oNH(CHy); R* = H; R® = -{CH,).CHs; R® = -CHs
= 0.0 min. LRMS:m/z ES* : 330.1 [MHT*

N
120 [NR°R‘= |:>—NHz : R® = (CHg)o:CHs; R® = -CHj

Rt = 0.84 min. LRMS:m/z ES* : 342.4 [MH]*
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N WOH
121 (NRPR= O ; R® = -CHzCHSs; R® = ((CH,),OCH;

" Rt=1.12 min. LRMS:m/z ES* : 387.3 [MH]"

SN
122 [NRPR*= Q : R® = -CHs; R® = (CHg)sOCH5

%:n = 1.22 min. LAMS:m/z ES* 357.2 [MH]"

Notes for Examples 92-122
Example 95. (35)-3-Methoxypyrrolidine used as HNR®R* amine, see preparation
7.

Example 101: ter:-Buty! 3-aminopropionate used as HNR®R*.

Example 107: 3-Amino-N-methylpropionamide used as HNR®R* amine, see
preparation 8,

Example 111: 2-Amino-5-propoxypyridine (J.Med.Chem., 1981, 24 (12), 1518-
1521) used as the HNR'R? amine.

Example 114: (S)-(+)-2-Amino-1-propanol was used as the HNR®R* amine.

Example 115: 2-(Pyrazol-1-yl)ethylamine (WO 02/066481, pg. 60, method 44)
used as HNR?R* amine.

Example 116: tert-Butyl plperazine-‘i -carboxylate used as HNR®R* amine.

Example 117: ter-Butyl (15,4 5)-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate
used as HNR’R* amine.

Example 118: L-Proline fert-butyl ester used as the HNR®R* amine.
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Example 119: tfert-Butyl N-(2-aminoethyl)-N-methyicarbamate used as HNR*R*
amine.

Example 120: (35)-3-(tert -Butyloxycarbonylamino)pyrrolidine was used as
HNR®R* amine.

Exampigs 123-
RE Cl 8 R?"N’ R’
N N 1. HNRIR? ?N N
) N”l\m 2. HNROR* N N,)\N,n’
A R i

A solution of the dichloride of preparation 52 (1eq) in dimethylsulfoxide
(tmL.mmol*) was added to a solution of the appropriate amine HNR'R? (2eq) in
dimethylsulfoxide (0.75mL.mmol™). N-Ethyldiisopropylamine (1eq) was added
and the reaction vessel sealed and shaken at 140rpm at 80°C for 12 hours. The
reaction mixture was then allowed to.cool. A solution of tert-butyl piperazine
carboxylate or 33% methylamine in ethanol (5eq) In dimethyisulfoxide
(0.868mL.mmol™") followed by N-sthyldiisopropylamine (3eq) was then added to
the reaction mixiure and the reaction vessel sealed, heated to 120°C and left for
18 hours. The reaction mixture was evaporated to dryness. When deprotaction
was required (ex 123 to 129), dichloromethane (2.5mL.mmofl') and
trifluoroacstic acid (2.5mL.mmol) were added and the reaction mixture sealed
and stirred for 24 hours. The reaction mixture was concentrated /in vacuo. The
residues were purified using a Phenomenex Luna C18 2x15cm 5um column
eluting with acstonitrile:diethylamine to afford the title compounds.
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123

124

125

126

R'=

'H NMR (DMSO-ds, 400MHzZ) &: 0.90 {t, 3H),
1.20 (m, 3H), 1.70 (m,2H), 2.56 (m, 2H), 2.67
(m, 2H), 2.75 (m, 4H), 3.56 (m,4H), 4.10 (s,
3H), 7.76 (d, 1H), 7.90 (br s, 1H), 8.16 (s,
1H). LRMS:mvz APCl+ 381, [MH]*

"H NMR (DMSO-ds, 400MHz) &: 0.90 (t, 3H),
1.1-1.5 (m, 6H), 1.6-1.8 (m,4H), 1.96 (d, 2H),
2.63 (t, 2H), 2.75 (m, 4H), 3.56 (m,4H), 4.0
(m, 1H), 4.05 (s, 3H), 6.30 ( d, 1H).
LRMS:m/z (ES+) 358, [MH]*

'H NMR (DMSO-ds, 400MHz) &: 0.93 (t, 3H),
1.72 (m,2H), 2.27 (s, 3H), 2.38 (8, 3H), 2.75
(t, 2H), 2.77 (m,4H), 3.56 (m, 4H), 4.13 (s,
3H), 6.74 ( s, 1H), 7.59 (br s, 1H). LRMS:m/z
(ES+) 381, [MH]J

'H NMR (CDsOD, 400MHz) 8: 0.96 (t, 3H),
1.44 (m, 4H), 1.76 (m, 4H), 2.08 (br s, 1H),
2.22 (br s, 1H), 2.76 (1, 2H), 2.85 (t, 4H), 3.68
(m, 1H), 3.74 (m, 4H), 4.07 (m, 1H), 4.13 (s,
3H). LRMS ES+ m/z 374 [MH]*
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H 'H NMR (CDsOD, 400MHz) 8:0.96 (t, 3H),
T’ 3 1.37 (m, 2H), 1.58 {m, 2H), 1.76 (m, 2H), 1.95

127 |R' = /O/o (m, 1H), 2.19 (m, 4H), 2.78 (m, 2H), 2.93 (m,
4H), 3.25 (m, 1H), 3.37 (s, 3H), 3.78 {m, 4H),

4.10 (s, 3H). LRMS ES+ m/z 388 [MH[*

o H 'H NMR (DMSO-ds, 400MHz) &: 0.98 (t, 3H),
“CH, 1.77 (m, 2H), 2.77 (m, 6H), 2.82 (s, 3H), 3.57
128 |R'= NP (m, 4H), 4.18 (8, 3H), 7.64 (m, 1H), 7.98 (m,
« | 1H), 8.13 (m, 1H), 8.44 (m, 1H). LAMS ES
m/z: 410 [MH]*

'H NMR (CD;OD, 400MHz) §: 0.97 (t, 3H),

128 | B! /O 1.65 (m, 6H), 1.78 (m, 2H), 2.15 (m, 2H), 2.81
(t, 2H), 2.90 (m, 4H), 3.75 (m, 4H), 4.09 (s,

3H), 4.49 (m, 1H). LRMS ES+ m/z 344 [MH]"

'H NMR (CDsOD, 400MHz) &: 0.99
(t, 3H), 1.75 (m, 2H), 1.88 (m, 2H),
2.05 (m, 2H), 2.22 (t, 2H), 2.34 (s,

3H), 2.79 (t, 2H), 2.94 (s, 3H), 3.01
(m, 2H), 3.05 (s, 3H), 3.94 (s, 3H),

4.02 (m, 1H)

N les 123-1
Example 123-129: tert-Butyl piperazine-1-carboxylate as HNRR* amine.

5 Example 123: 2-Amino-5-ethylpyridine used as HNR'R® amine, see preparation
10.




s

WO 2004/096810 PCT/1B2004/001433

10

15

25

-4-methyipyridin-2-ylamine dihydrochloride

4-Methyipyridin-2-ylamine (112mg, 1.037mmol) was added to a solution of the
dichloride of preparation 65 (100mg, 0.346mmol) in dimethylsulfoxide (1mL) and
the reaction mixture stirred at 70°C for 18 hours. Piperazine-1-carboxylic acid
tert butyl ester (322mg, 1.73mmol) and N-ethyidiisopropylamine (1mL) were
added and the reaction mixture stimed at 120°C for 8 hours. The cooled reaction
mixture was diluted with ethanol and athyl acetate, the organic phase washed
with water (2x15mL), dried over magnesium sulphate and concentrated in vacuo.
The residue was dissolved in dichloromethane (1mL) and added trifluoroacetic
acid (1mL) under nitrogen at room temperature. The reaction mixture was stirred
for 2 hours at room temperature and concentrated in vacuo. The residue was
dissolved dichloromethane (15ml.) and 2M sodium hydrogencarbonate added
unti! the aqueous phase was basic. The organic phase was washed with water
(10mL), dried over magnesium sulphate and concentrated in vacuo. The crude
product was purified by column chromatography on silica gel using ethyl
acetate:methanol.disthylamine 98:1:1 to yield a gum which was dissolved in
dichloromethane (2ml.). 2M Hydrogen chloride in ether (1mL) was added and
the mixture blown dry and concentrated in vacuo to give a yellow solid, 50mg.

'H NMR (DMSO-ds, 400MH2) 5: 0.87 (t, 3H), 1.67 (m, 2H), 2.36 (s, 3H), 2.72 (t,
2H), 3.20 {m, 4H), 3.24 (s, 3H), 3.71 (m, 2H), 3.89 (m, 4H), 4.65 (m, 2H), 7.05
(m, 1H), 7.81 (8, 1H), 8.13 (m, 1H). LRMS:mv/z ES+: 411, (MHT'
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Example 132
1-(2-Meth )-5~(piperazin-1- 1 H-pyrazolo rimidin-7-
- lpvridin-2-vi}arnine dihydrochioride
CH,

N "Xy 2HCI

Ny |
ac N/)\N/ﬁ

NH

Made by the mathod of example 131 using 2-amino-5-methylpyridine as a
starting material. S

'H NMR (DMSO-de, 400MHz) 5: 0.87 (t, 3H), 1.66 (m, 2H), 2.25 (s, 3H), 2.73 t,
2H), 3.16 (m, 4H), 3.26 (8, 3H), 3.71 (m, 2H), 3.84 (m, 4H), 4.63 (m, 2H), 7.78
(m, 1H), 7.91 (m, 1H), 8.12 (s, 1H). LRMS ES m/z 411 [MH]*

A solution of appropriate homochiral amine (0.5mmol) (terf-butyl (2R, 55)-2,5-
dimethylpiperazine-1-carboxylate (WO 02/42292 preparation 51) or the

16 protected piperazine from preparation 3) (for resolution see WO 02/42292) in

dimethylsulfoxide (0.75mt) was added to the appropriate monochioride
(Preparations 72, 74, 117-123) (0.2mmol). N-Ethyldiisopropylamine (1mmol)
was added, the reaction vessels sealed and heated at 130°C for 18 hours. The
reaction mixtures were concentrated /n vacuo and the residues treated with &

20 solution of trifluoroacetic acld in dichioromethane (0.5mL/1.5mL), and the

solutions stirred at room temperature for 18 hours. The mixtures were
evapurated in vacuo. The residues were purified using a Phenomenex Luna C18
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2x15cm 5um column eluting with acetonitrile:diethylamine to afford the title

compounds.
-
N/
133 [R'= | |  R® = -CHa; R® = {CH2)2OCHs

134

CH,

"H NMR (DMSO-ds, 400MHz) 5: 1.09 (d, 3H), 1.19 (d, 3H), 2.29 (s, 3H),
2,32 (8, 3H), 3.1 (m, 2H), 3.22 (m, 1H), 327-3.36 (m, 4H), 3.72 (m, 2H),
4.04 (m, 1H), 4.57 (m, 3H), 6.88 (d, 1H), 7.99 (m, 1H), 8.18 (d, 1H).
HRMS 411.26 [MH]"

CH,

N
l ; R® = -CHy; R® = (CH,):0CHj

R'=
x
"H NMR (DMSO-ds, 400MHz2) 8: 1.07 (d, 3H), 1.17 (d, 3H), 2.25 (s, 3H),

2.31 (s, 3H), 3.13 (m, 2H), 3.22 (m, 1H), 3.27-3.38 (m, 4H), 3.72 (m,

2H), 4.02 (m, 1H), 4.58 (m, 3H), 7.63 (d, 1H), 7.98 (m, 1H), 8.16 (s, 1H), |

9.63 (br s, 1H). HRMS 411.26 [MH]*
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135

136

137

138

R'= N{'\P : R® = -CHg; R? = -(CH):0CH
= A/] R"=-CHg; R" = 3

TH NMR (DMSO-ds, 400MHz) 5: 1.08 (d, 3H), 1.17 (d, 3H), 2.31 (s, 3H),
3.14 (m, 2H), 3.24 (m, 2H), 3.30 (s, 3H), 3.74 (m, 2H), 4.01 (d, 1H), 4.58
(m, 3H), 8.01 (d, 1H), 8.62 (d, 1H), 8.83 (s, 1H). HRMS:m/z (ESI*)
398.24, MH*

N >

R = | : B = -CHg; R® = -(CHz)2OCH;CHs
X
CH,

'H NMR (DMSO-ds, 400MH2) 5: 1.08 (m, 6H), 1.19 (d, 3H), 2.28 (m,
6H), 3.16 (m, 2H), 3.22 (m, 2H), 3.50 (m, 2H), 3.76 {m, 2H), 4.02 (d,
1H), 4. 62 (m, 8H), 6.88 (d, 1H), 8.03 (br s, 1H), 8.17 (d, 1H), 9.58 (br s,
1H). HRMS 425.27 [MH]"

CH
N7 3
R'= « | ; A® = -CHs; R® = -{CHz)2OCH;CHs
'H NMR (DMSO-dg, 400MHz) 5: 1.08 (m, 6H), 1.17 (d, 3H), 2.24 (s,
3H), 2.29 (s, 3H), 3.12 (m, 2H), 3.15 (m, 2H), 3.51 (m, 2H), 3.76 (m,
2H), 4.00 (d, 1H), 4.54 (m, 3H), 7.63 (d, 1H), 8.03 (d, 1H), 8.14 (8,
1H).9.53 (br s, 1H). HRMS 425.27 [MH["

NZ N

R'= ,J\J s R® = <CHa; R? = -(CH2)20CH,CHs

'H NMR (DMSO-ds, 400MHz) 8: 1.08 (m, 6H), 1.17 (d, 3H), 2.31 (s,
3H), 3.14 (m, 2H), 3.25 (m, 2H), 3.53 (m, 2H), 3.74 (m, 2H), 4.02 (d,
1H), 4.57 (m, 3H), 8.03 (d, 1H), 8.61 (d, 1H), 8.82 (s, 1H). HRMS
412.25 [MH]*
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139

140

141

: R® = -CHaCHa; R® = -(CH3),OCH,CH3
X-"cH
3

" | 'TH NMR (DMSO-dg, 400MHz) 5; 1.09 (m, 8H), 1.21 (d, 3H), 1.29 (t, 3H),

2.31 (s, 3H), 2.74 (q, 2H), 3.13 (m, 2H), 3.23 (m, 2H), 3.51 (m, 2H), 3.76
(m, 2H), 4.02 (d, 1H) 4.56 (m, 3H), 6.89 (d, 1H), 8.05 (s, 1H), 8.16 (d,
1H), 9.60 (s, 1H). HRMS 439.29 [MH]"

) CH,

N

R'= : R® = -CH.CHs; R® = -(CH,)2OCH.CHs
'H NMR (CDCls, 400MHz2) 5:1.10 (m, 6H), 1.18 (m, 3H), 1.31 (t, 3H),
2.24 (s, 3H), 2.50 (m, 1H), 2.74 (m, 2H), 3.12 (m, 2H), 3.23 (m, 1H),
3.54 (m, 2H), 3.77 (m, 2H), 4.01 (m, 1H), 4.55 (m, 3H), 7.63 (d, 1H),
8.04 (d, 1H), 8.12 (s, 1H), 9.52 (br s, 1H). HRMS 439.29 [MH]*

1 N*\p o
R'= /I\) : R® = -CH,CHg; R® = -(CH2)2OCH.CHs

'H NMR (CDCls, 400MHz) 3: 1.08 (m, 6H), 1.21 (d, 3H), 1.29 (t, 3H),
2,77 (q, 2H), 3.13 (m, 2H), 3.23 (m, 2H), 3.53 (m, 2H), 3.76 (m, 2H),
4.02 (d, 1H) 4.55 {m, 1H), 4.58 (m, 2H), 8.03 (s, 1H), 8.63 (d, 1H), 8.82
(s, 1H). HRMS 426.27 [MH]*

N
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142

143

144

: R® = -CHa; R® = -(CH32)20CHs
CH,
'H NMR (DMSO-ds, 400MHz) 5: 1.08 (d, 3H), 1.19 (d, 3H), 2.29 (s, 3H),
2.32 (s, 3H), 8.16 (m, 2H), 3.23 (m, 2H), 3.31 (8, 3H), 3.68 (m, 2H), 4.03
(m, 1H), 4.58 (m, 3H), 6.92 (m, 1H), 8.00 (m, 1H), 8.17 (m, 1H). HRMS
411.26 [MHT*

N,
R'= | ; R% = -CHa; R = -(CH2)sOCH;
\ ] 1]

'H NMR (CDCls, 400MHz) &: 1.06 (d, 3H), 1.13 (d, 3H), 2.24 (s, 3H),

" {2.27 (s, 3H), 3.14 (m, 2H), 3.20 (m, 2H), 3.30 (s, 3H), 3.75 (m, 2H), 4.03

(m, 1H), 4.58 (m, 3H), 7.62 (m, 1H), 8.00 (m, 1H), 8.16 (m, 1H), 8.62 (s,
1H). HRMS 411.26 [MH]*

\ N%p .
R'= /j\) : A® = -CHs; R® = -(CH2):OCHSs

'H NMR (DMSO-da, 400MHz) 8: 1.05 (d, 3H), 1.18 (d, 3H), 2.27 (s, 3H),
2.48 (m, 1H), 3.16 (m, 2H), 3.23 (m, 1H), 3.35 (s, 3H), 3.72 (m, 2H),
4.00 (d, 1H), 4.60 (m, 3H), 8.01 (d, 1H), 8.62 (d, 1H), 8.84 (s, 1H).
HRMS 398.24 [MH]*
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145

146

147

148

N/
|

1=
R X

s R® = -CHs; R® = -(CH2)oOCH,CHg
CH,

| "H NMR (DMSO-dg, 400MHz) 5: 1.08 (m, 6H), 1.21 (s, 3H), 2.29 (m,

6H), 3.17 (m, 2H), 3.23 (m, 2H), 3.30 (s, 3H), 3.57 (m, 2H), 3.77 (m,
2H), 4.02 (m, 1H), 4.56 (m, 3H), 6.86 (m, 1H), 8.03 (m, 1H), 8.17 (m,
1H). HRMS 425.27 [MH]*

« : R® = -CHg; R® = -(CH2)20CH,CHs

'H NMR (DMSO-ds, 400MHz) 5: 1.07 (m, 6H), 1.18 (d, 3H), 2.24 (s, 3H),
2.32 (8, 3H), 3.17 (m, 2H), 3.23 (m, 2H), 3.31 (s, 3H), 3.57 (m, 2H), 3.77
{m, 2H), 4.02 (m, 1H), 4.56 (m, 3H), 7.64 (m, 1H), 8.03 (m, 1H), 8.16 (m,
1H). HRMS 425.27 [MH]*

R'= )\) + R® = -CHg; R® = -(CH2);OCH-CHs

'H NMR (DMSO-dg, 400MHz) 5: 1.08 (m, 6H), 1.17 (d, 3H), 2.31 (s,
3H), 3.14 (m, 2H), 3.26 (m, 2H), 3.53 (m, 2H), 3.74 (m, 2H), 4.02 (d,
1H), 4.57 (m, 3H), 8.03 (d, 1H), 8.61 (d, tH), 8.82 (s, 1H). HRMS
412.26 [MH["

: R® = -CH2CHs; R® = -(CH2)2OCHzCHs
CH,
'H NMR (DMSO-ds, 400MHz2) 5: 1.03 {(m, 6H), 1.20 {m, 3H), 1.26 (m,
3H), 2.29 (s, 3H), 2.50 (m, 1H), 2.74 (m, 2H), 3.15 (m, 2H), 3.27 (m,
1H), 3.62 (m, 2H), 3.77 (m, 2H), 4.02 {(m, 1H), 4.57 (m, 3H), 6.90 (m,
1H), 8.04 (m, 1H), 8.18 (m, 1H), 9.58 (m, 1H). HRMS 439.29 [MH[*
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149 |R'= » R® = -CHzCHg; R® = -{(CH2);OCH:CHs

'H NMR (DMSO-ds, 400MHz) 8: 1.07 (m, 6H), 1.17 (m, 3H), 1.28 (m,
3H), 2.22 (s, 3H), 2.48 (m, 1H), 2.77 (m, 2H), 3.15 (m, 2H), 3.21 (m,

1H), 3.52 (m, 2H), 3.77 (m, 2H), 4.02 (m, 1H), 4.55 (m, 3H),7.81 (m,
1H), 8.03 (d, 1H), 8.14 (s, 1H), 9.54 (br s, 1H). HRMS 439.29 [MH]"

s
150 |R'= U ; R® = -CH,CHs; R® = -{CH2):0OCH.CH
- \ y = » = 3

'H NMR (DMSO-ds, 400MHz) §: 1.09 (m, 6H), 1.21 (d, 3H), 1.27 (t, 3H),
2.48 (m, 1H), 2.77 (q, 2H), 3.13 (m, 2H), 3.23 (m, 1H), 3.53 (m, 2H),
3.76 (m, 2H), 4.02 (d, 1H) 4.57 (m, 3H), 8.03 (s, 1H), 8.63 (d, 1H), 8.82
(8, 1H). HRMS 426.27 [MHT'

Examples 151 and 152

HyC~
|
1. HNR'R2 C‘ﬁ

NN

HN’R1
X — )’NIL)\
AUV O GO
N° Nl 2. H N—BOC N N .
\/ HyC (:LH

3. H*

The following compounds were prepared by the method of example 131 using
5 the dichloride of preparation 56, fert-butyl piperazine-1-carboxylate
and the appropriate HNR'R? amine as starting materials, except, the products
were isolated as the free base.
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151 {R™=-CH;; R®=H

'H NMR (CDCls, 400MHz) : 1.38 (t, 3H), 2.31 (8, 3H), 2.90 (q.2H),
3.04 (m, 4H), 3.50 (s, 3H), 3.86 {t, 2H), 3.92 (m, 4H), 4.64 (m,2H),
7.51 (d, 1H), B.14 (m, 2H), 9.78 (s, 1H). LRMS:mVz ES+ : 397, [MH]"

152 | R™ = H; R"™® = -CHs

'H NMR (CDCls, 400MHz2) 5: 1.39 (t, 3H), 2.36 (s, 3H), 2.90 (g,2H),
3.08 (m, 4H), 3.50 (s, 3H), 3.88 (t, 2H), 3.92 (m, 4H), 4.64 (m,2H),
6.79 (d, 1H), 8.13 (s, 1H), 8.19 (d, 1H), 9.80 (s, 1H). LRMS:m/z ES+ :
397, [MH]"

1 azolof4,3- rimidi -diamine

H,C
2-Amino-~4-methylpyridine (118mg, 1.09mmol) was added to a solution of the
dichloride of preparation 56 (10mg, 0.36mmol) in dimethylsulfoxide (1mL) and
the reaction mixture stirred at 70°C for 18 hours. 2-(Pyrazol-1-yl)ethylamine (WO
02/066481, pg. 60, method 44) (202mg, 1.82mmoi) and N-ethyldiisopropylamine
(632uL, 3.64mmol) were added and the reaction mixture stirred at 120°C for 18
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-120-

hours. The reaction mixture was partitioned between ethyl acetate and water,
the organics were separated, washed with water and brine, dried over
magnesium sulphate and concentrated /n vacuo to yield the title product.

'H NMR (CD3OD , 400MHz2) 5: 1.34 (1, 3H), 2.37 (s, 3H), 2.85 (q, 2H), 3.46 (s,
3H), 3.84 (m, 4H), 4.40 (t, 2H), 4.63 (br s, 2H), 6.23 (s, 1H), 6.90 (d, 1H), 7.47 (s,
1H), 7.53 (s, 1H), 8.12 (d, 1H), 8.23 (s, 1H). LAMS:m/z APCl+ 422, [MH]*’

Example 154
2 S)-2-13-Ethyl-1-(2-methoxyethvl)-7-(4- din-2-viamino)-1H4-
azolof4 3- midin-5-viamin an-1-ol .
N/
HC~ « |
HN CH,
S
\Y P
N NH
H,C Ho\“‘.J\

CH,

Made by the method of example 153 using (S)-2-aminopropanol as a starting

material.

'H NMR (CDs0D , 400MHz) 5: 1.32 (m, 6H), 2.49 (s, 3H), 2.82 (g, 2H), 3.39 (s,

3H), 3.85 (dd, 1H), 3.73 (dd, 1H), 3.87 (t, 2H), 4.16 (m, 1H), 4.86 (t, 2H), 7.10 (d, '
1H), 7.75 (br 8, 1H), 8.12(d, 1H). LRMS:m/z APCl+ 386, [MHT"

Examples 155 to 162
The following compounds of general formula shown below were prepared by the
method of examples 1-28 using the appropriate monochloride starting materials
(Preparation 72, 74, 117, 120, 122 and 123) and HNR’R* amines (preparations
114 and 115}, but were purified initially using a Phenomenex Cis Sum column,
and acetonitrile:water:trifluoroacetic acid (5:95:0.95 to 85:5:0.05) as eluant,
followed by a Phenomenex Cys 5um column and an elution gradient of
acetonitrile:50mM ammonium acetate (5:95 to 95:5 ) to give the title compounds.
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156

157

121-
Ex _R'
[ 8
. g HN o,
’N \N N
N
A AL
N
CH,
NP
155 [A'= | | . R® = -CHg; R® = (CHz)20CHs

CH,
'H NMR (CDCls, 400MHz) 5: 2.30 (m, 2H), 2.36 (s, 3H), 2.43 (s, 3H),
2.71 (s, 3H), 3.0-3.5 (m, 4H), 3.17 (s, 3H), 3.46 (s, 3H), 3.82 (m, 2H),
4.60 (m, 2H), 5.40 (m, 1H), 6.77 (m, 1H), 8.17 (m, 2H). LRMS ES+ m/z
411 [MH]*

. R® = -CHz; R® = -(CH5)20CH,CH3
CH,
'H NMR (CDCls, 400MHz) 3: 1.16 (t, 3H), 2.02 (s, 3H), 2.1-2.4 (m, 2H),
2.36 (m, 3H), 2.43 (s, 3H), 2.59 (s, 3H), 2.68-3.14 (m, 4H), 3.59 (m,
2H), 3.87 (m, 2H), 4.80 (m, 2H), 5.53 {(m, 1H), 6.77 (d, 1H), 8.15 (d,
1H), 8.27 (br s, 1H), 9.64 (br s, 1H). LAMS ES+ m/z 425 [MH[*

1 NZN B
R = « [ ;R®=-CHa; R®=-(CHz)20OCH,CHa

'H NMR (CDCls, 400MHz) 8: 1.23 (t, 3H), 2.10-2.40 (m, 2H), 2.4 (s,
3H), 2.58 (s, 3H), 2.87 (s, 3H), 2.80-3.60 (m, 4H), 3.64 (m, 2H), 3.94
(m, 2H), 4.62 (m, 2H), 5.43 (m, 1H), 8.24 (m, 1H), 8.60 (m, 1H), 8.85
(m, 1H). LRMS ES+ m/z 412 [MH*
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169

160

-122.
N o
R'= |  R® = -CH.CHs; R® = -(CH;);OCH:CHs
N
CH,
LRMS ES+ m/z 439 [MH[*
N
R'= « | : R® = -CHzCHs; R® = -(CH,);0CH2CHs

"H NMR (CDCls, 400MHz) &: 1.23 (t, 3H), 1.39 (t, 3H), 2.90-2.40 (m,
2H), 2.37 (s, 3H), 2.74 (s, 3H), 2.86 (g, 2H), 3.17 (s, 3H), 3.17 (m, 1H),
3.34 (d, 2H), 3.49 (m, 1H), 3.81 (g, 2H), 3.88 (m, 2H), 4.63 (m, 2H),
5.38 (m, 1H), 8.15 (s, 1H), 8.28 (d, 1H). LRMS ES+ m/z 438 [MHT*

1 NZN 5 6
R = ‘J\) : R® = -CHCHs; R™ = ~-(CH2)2OCH,CH,

THNMR (CDCls, 400MHz) &: 1.24 (1, 3H), 1.39 (t, 3H), 2.1-2.2 (m, 2H),
2.64 (s, 3H), 2.90 (q, 2H), 3.07-3.42 (m, 4H), 3.19 (s, 3H), 3.67 (m, 2H),
3.88 (m, 2H), 4.61 (m, 2H), 5.44 (m, 1H), 8.24 (d, 1H), 8.60 (d, 1H),
8.86 (s, 1H). LRMS ES+ m/z 426 [MHT*
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161

162

R'= | . B = <CHg; R® = {CHy)2OCH:CHs

CH,

'H NMR (CDCls, 400MHzZ) 5: 1.18 (t, 3H), 2.25 (m, 2H), 2.37 (s, 3H),
2.43 (s, 3H), 2.57 (s, 3H), 2.80-3.10 (m, 4H), 3.20 (s, 3H), 3.60 (m, 2H),
3.86 (m, 2H), 4.62 (m, 2H), 5.55 (m, 1H), 6.79 (d, 1H), 8.18 (d, 1H),
8.30 (s, 1H), 9.63 (br s 1H). LAMS ES+ m/z 425 [MH]*

N -

R'= | . B = -CHCHs; R® = (CH2)20CH,CHs
™
CH,

'H NMR (CDCls, 400MHz2) 5: 1.19 (t, 3H), 1.39 {t, 3H), 2.1-2.3 (m, 2H),
2.37 (s, 3H), 2.55 (s, 3H), 2.80-3.10 (m, 4H), 2.89 (q, 2H), 3.21 (8, 3H),
3.62 (q, 2H), 3.89 (m, 2H), 4.63 (m, 2H), 5.50 (m, 1H), 6.80 (d, 1H),
8.19 (d, 1H), 8.30 (s, 1H), 8.68 (br 8 1H). LRMS ES+ m/z 439 [MH]'

Examples 155 to 160 prepared using the pyrrolidine of preparation 114 as the

HNR®R* amine. Examples 161 and 162 were prepared using the pyrrolidine of

preparation 115 as the HNR®R* amine



10

15

WO 2004/096810 PCT/1B2004/001433

3-Methvi-5-(piperazin-1-vi)-1-(tetrah n-2- thyl)-1H- loj4
imidin-7-

Potassium carbonate (57mg, 0.33mmol) and 2-(bromomethyi)tetrahydro-2/H
pyran (50uL, 0.38mmol) were added to a solution of the protected piperazine of
preparation 94 (150mg, 0.35mmol) in N,N-dimethylformamide (10mL) and the
reaction mixture stirred at 80°C for 18 hours. The reaction mixture was
partitioned between ethy! acetate (50mL) and water (50mL), the organics were
separated, dried over magnesium sulphate and concentrated /n vacuo. The
crude product was purified by column chromatography on silica gel using
pentane:ethyl acetats 100:0 to 40:60. The product was dissolved in
dichloromethane (10mL), and hydrogen chioride bubbled through until
saturated, and the reaction stirred at room temperature for 3 hours. The solution
was concentrated in vacuo, the product triturated with ether, the ether decanted
off, and the product dried in vacuo.

'H NMR (D20, 400MHz2) &: 1.20-1.90 (m, 6H), 2.31 (s, 3H), 2.38 (s, 3H), 3.49
(m, 4H), 3.50 (m, 1H), 3.76 (m, 1H), 4.00 (m, 4H), 4.18 (m, 1H), 4.50 (m, 2H),
7.62 (d, 1H), 8.04 (d, 1H), 8.13 (s, 1H). LRMS:m/z APCl+ 423, [MH[*
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O._CH,
CH
O CH, °
1. R&-X
2. CF,CO,H
L) 1
R
L)
H,C L

Potaésium carbonate (59mg, 0.42mmol) and the appropriate R® bromide

(0.35mmol) were added to a solution of the protaected piperazine of preparation

5 97 (150mg, 0.35mmol) in N,N-dimethylformamide (3mL) and the reaction
mixture shaken at 550rpm at 100°C for 36 hours. The reaction mixture was

S

and concentrated in vacuo. The residues were purified using a Phenomenex

10 Luna C18 2x15 cm 5 um column eluting with acetonitrile:diethylamine to afford

the title compounds.

concentrated in vacuo. The product was taken up in dichloromethane (2mL) and
trifiucroacetic acid (2mL) added. The reaction mixture was shaken for 2 hours
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164

165

166

R? = -(CH2):0CHCHy

'H NMR (DMSO-de, 400MHz) 8: 1.07 (t, 3H), 2.31 (s, 3H), 2.41 (s,
3H), 2.76 {t, 4H), 3.51 (g, 2H), 3.62 (t, 4H), 3.77 (t, 2H), 4.57 {t, 2H),
6.89 (d, 1H), 8.02 (s, 1H), 8.16 (d, 1H). LRMS:m/z ES+ 397, [MH]"

R® = ~(CH4);OCHs

'H NMR (DMSO-de, 400MHz) 5: 2.30 (s, 3H), 2.31 (s, 3H), 2.75 (t
4H), 3.33 (s, 3H), 3.60 (, 4H), 3.74 (t, 2H), 4.58 (t, 2H), 6.90 (d, 1H),
7.96 (s, 1H), 8.17 (d, 1H). LRMS:m/z ES+ 383, [MH['

- &,

'H NMR (DMSO-ds, 400MHz) &: 1.68 (m, 2H), 1.79 (m, 1H), 2.02 {m,
1H), 2.31 (s, 8H), 2.75 (t, 4H), 3.61 (t, 4H), 3.68 (m, 1H), 3.90 (m, 1H),
4.24 (m, 1H), 4.44 (m, 1H), 4.61 (m, 1H), 6.89 (d, 1H), 8.00 (s, 1H),
8.17 (d, 1H). LRMS:m/z ES+ 409, [MH]"
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“
167 |RP=
N

168

169

170

"H NMR (DMSO-ds, 400MHz) 8: 2.28 (s, 3H), 2.32 (s, 3H), 2.76 (m,
4H), 3.26 (s, 2H), 3.61 (t, 4H), 6.90 (d, 1H), 7.42 (m, 1H), 7.53 (d, tH),
7.88 (t, 1H), 7.98 (s, 1H), 8.18 (d, 1H), 8.61 (d 1H). LRMS:m/z ES+
416, [MHT*

R®=
(@)

LRMS:m/z ES+ 423, [MHT*

'H NMR (DMSO-ds, 400MHz2) 5: 1.64 (m, 2H), 1.93 (m, 2H), 2.40 (m,
3H), 2.45 (s, 3H), 2.80-2.90 (m, 4H), 3.48 (m, 2H), 3.65 (m, 2H), 3.78
(m, 2H), 4.20 (m,1H), 4.35 (m, 2H), 7.09 (m, 1H), 7.96 (m, 1H), 8.28
(m, 1H) 8.80 (br, 1H). LRMS ES+ m/z 409 [MH]*

R® = -CH,CF,
'H NMR (DMSO-ds, 400MHz) 5: 2.38 (s, 3H), 2.45 (s, 3H), 3.24 (m,

4H), 3.90 (m, 4H), 5.41 (m, 2H), 7.04 (m, 1H), 8.08 (m, 1H), 8.23 (m,
1H). LAMS ES+ m/z 407 [MHT*
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171 [R%= Q\’

'H NMR (DMSO-ds, 400MH2) 5: 1.28 (m, 1H), 1.43 (m, 3H), 1.59 (m,
1H), 1.76 (m, 1H), 2.34 (s, 3H), 2.41 (s, 3H), 2.53 (m, 1H), 2.77 {1,
4H), 3.64 (t, 4H), 3.80 (m, 2H), 4.29 (m, 2H), 6.94 (d, 1H), 8.19 (d,
1H), 8.25 (s, 1H). LRMS:m/z ES+ 423, [MH]*

172 | R® = -(CH2):OCH2CH3

'H NMR (DMSO-ds, 400MHzZ) 5: 1.02 (t, 3H), 2.34 (s, 3H), 2.42 (s,
3H), 2.78 (t, 4H), 3.39 (q, 2H), 3.64 (t, 4H), 3.80 (t, 2H), 4.43 (t, 2H),
6.94 (d, 1H), 8.18 (d, 1H), 8.25 (s, 1H). LAMS:m/z ES+ 397, [MH]*

173 | R®= Zl\l

TH NMR (CDsOD, 400MHz) 5: 0.48 (g, 2H), 0.83 (q, 2H), 1.37 (m, 1H),
2.41 (8, 3H), 2.53 (s, 3H), 3.13 (t, 4H), 3.95 (, 4H), 4.23 (d, 2H), 6.97
(d, 1H), 8.18 (d, 1H), 8.32 (8, 1H). LRMS;m/z ES+ 379, [MH]*
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174

175

176

177

R® = -(CHz)2CH(CHz)
'H NMR (DMSO-dg, 400MHz2) &: 0.81 (8, 3H), 0.93 (s, 3H), 1.59 (m,
1H), 1.72 (g, 2H), 2.34 (s, 3H), 2.42 (s, 3H), 2.76 (t, 4H), 3.64 (t, 4H),

4.29 (t, 2H), 6.94 (d, 1H), 8.18 (d, 1H), 8.25 (s, 1H). LAMS:m/z ES+
395, [MH]

R® =

"H NMR (CDsOD, 400MHz) &: 1.99 (m, 2H), 2.31 (m, 2H), 2.43 (s,
3H), 2.56 (8, 3H),-3.27 (1, 4H), 3.66 (t, 2H), 4.06 (t, 4H), 4.14 (m, 2H),
4.74 (m, 1H), 7.06 (d, 1H), 8.19 (d, TH), 8.25 (s, 1H). LRMS:m/z ES+
409, [MH['

H NMR (CDsOD, 400MHz) 5: 2.43 (s, 3H), 2.50 (s, 3H), 3.33 (t, 4H),
4.08 (t, 4H), 4.87 (s, 2H), 6.99 (d, 1H), 7.16 (d, 1H), 7.36 (t, 1H), 7.81
(t, 1H), 8.18 (d, 1H), 8.23 (s, 1H), 8.54 (d 1H). LRMS:m/z ES+ 416,
MHT*

-

'H NMR (DMSO-ds, 400MHz) 8: 1.82 (q, 4H), 1.98 (m, 2H), 2.34 (s,
3H), 2.41 (s, 3H), 2.77 (t, 4H), 2.87 (m, 1H), 3.64 (t, 4H), 4.30 (d, 2H),
7.94 (d, 1H), 8.18 (d, 1H), 8.25 (s, 1H). LRMS:m/z ES+ 393, [MH[*
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Notes for Examples 164 to 177 .

Exampie 167 and 176: 2-(Bromomethyi)pyridine (US 6465486, pg. 12, ex. 5)
used as the R? bromide.

Example 169: 3-(Bromomethyli)tetrahydrofuran (WO 99/450086, pg. 117,
preparation 9) used as the R® bromide.

Example 175: 3-Bromotetrahydropyran (Preparation 125) used as the R®
bromide.

7- ethvipyridin-2-yiami ig(trifluoroacetate

H,C

A solution of the BOC protected compound from preparation 82 (150mg,
0.3mmal) in dichloromethane (SmL) and trifluoroacetic acid (S5mL) was stirmed at
room tempenrature for 2 hours. The reaction mixture was concstrated in vacuo
and the residue azeotroped with toluene. The product was purified by column
chromatography on silica gel using dichloromethane:methanol (100:0 to 95:5) to
afford the title compound as a gum, 30mg.

'H NMR (DMSO-dg , 400MHz) 5:1.34 (d, 8H), 2.31 (8, 3H), 2.86 (m, 4H), 3.18

(m, 1H), 3.35 (8, 3H), 3.62 (m, 4H), 3.74 (m, 2H), 4.58 (m, 2H), 6.90 (8, 1H), 7.99
(s, 1H), 8.17 (d, 1H). LRMS:m/z APCI+ 411, [MH]"
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Example 17
N-[3-lsopropyi-1-(2-methoxyethyl)-5-{piperazin-1-vi}-1 H-pyrazolo[4.3- rimidin-
7-yll-5- ridin-2-ylamine
CH
“ 3
S
HN
N,N N
v A

N N’ﬁ
H.C
3 CHa k/NH

5 A solution of the BOC protected compound from preparation 93 (150mg,
0.3mmol) in dichloromethane (5mL) and trifluoroacstic acid (5mL) was stirred at
room temperature for 2 hours. The reaction mixture was concentrated in vacuo
and the residue azeotroped with toluene. The product was purified by column
chromatography on silica gel using ethyi acetate:methanol:diethylamine (100:0:0

10 10 96:2:2) to afford the title compound, 14.5mg.
' 'H NMR (DMSO-dg, 400MHz) 8:1.34 (d, 6H), 2.26 (s, 3H), 2.95 (s, 4H), 3.18 (m,
1H), 3.35 (s, 3H), 3.71 (m, 4H), 3.76 (t, 2H), 4.60 (1, 2H), 7.63 (d, 1H), 7.97 (d,
1H), 8.16 (s, 1H). LAMS:m/z APCl+ 411, [MH]"

15 Example 180

The BOC protected compound of preparation 95 was triturated with hydrogen
20 chloride in ether (8mL, 2M) for 30 minutes. The resulting gum was washed with
ether, dissolved in sodium hydroxide (1M) and extracted with ethyl acetate



WO 2004/096810 PCT/1B2004/001433

10

15

-132-

(2x10mL). The organics were combined, dried over magnesium sulphate and
concentrated in vacuo to give the product.

H NMR (DMSO-dg, 400MHzZ) 5: 1.25 (t, 3H), 2.20 (s, 3H), 2.72 (m, 6H), 3.30 (s,
3H), 3.60 (m, 4H), 3.72 (t, 2H), 4.56 (m, 2H), 8.36 (s, 1H), 8.42 (s, 1H).
LRMS:m/z ES+ : 386, [MH]",

N I:IACH,
HO CH,

N-Ethyidiisopropylamine (1.3mL, 7.5mmol) and N-ethylmethylamine (842uL.,
7.5mmol) were added to a sofution of the monochioride of preparation 106
{544mg, 1.5mmol) in dimethylsulfoxide (4mL) and the reaction mixture stirred at
120°C for 18 hours. The reaction mixture was cooled and partitioned between
dichloromethane (200mL) and water (50mL). The organic layer was washed with
water (2x50mL), dried over magnesium sulphate and concentrated in vacuo. The
crude product was purified by column chromatography on silica gel eluting with
dichloromethane:methanol 100:0 to 94:8 to yield the title product, 525mg.

"H NMR (CDsOD, 400MHz) & 1.10 (t, 3H), 1.22 (t, 3H), 2.39 (s, 3H), 3.21 (s,
3H), 3.60 (q, 2H), 3.78 (q, 2H), 3.89 (m, 2H), 4.78 (t, 2H), 4.80 (s, 2H), 6.92 (d,
1H), 8.15 (d, 1H), 8.19 (s, 1H). LRMS APCl+ m/z 386 [MH]*
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Example 182
5-Dijmethylamino-1-(2-etho |)-7-(4-me ridin-2-ylamino)-1 H-

0lo[4,3- rimidin-3-vilmethano!

5 The title compound was prepared by the method of example 181 using
dimethylamine as a starting material.
'H NMR (CDsOD, 400MHz) &: 1.10 (t, 3H), 2.38 (s, 3H), 3.23 (s, 6H), 3.58 (9,

2H), 3.87 (t, 2H), 4.66 (m, 2H), 4.81 (m, 2H), 6.93 (d, 1H), 8.15 (d, 1H), 8.41 (s,
1H)

10

1-(2-Etho }-3-m thvi-5-(Di in-1-vi}-1H- olo[4

15 The compound of preparation 111 (150mg, 0.35mmeol) was added to a solution
of 25% sodium methoxide solution in methanol (350ul., 1.4mmol) in 1-methyl-2-
pymrolidinone (3.5mL) and the reaction mixture left at room temperature for 15
minutes. The reaction mixture was quenched with acetic acid (60uL), treated
with N-ethyidiisopropylamine (174uL) and the solution diluted to a volume of

20 9mlL with 1-methyl-2-pyrrolidinone. This solution (3mL) was treated with tert-
butyl piperazine-1-carboxylate (93mg, 0.5mmol) and tiie reaction mixture sealed
and heated to 110°C for 12 hours. The reaction mixture was concentrated in
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vacuo and the crude product partitioned between dichioromethane (10mL) and
water (10mL). The layers were separated and the organic phase dried over
magnesium sulphate and evaporated /n vacuo. The product was dissolved in a
mixture of dichloromethane (2mL) and trifluoroacetic acid (2mL) and left for 1
hour. The reaction mixture was concentrated /n vacuo and partitioned between
dichloromethane and sodium hydrogencarbonate solution. The organic layer
was separated and concentrated in vacuo. The crude product was purified by
column chromatography on silica gel eluting with ethyl
acetate:methanol:dichloromethane 96:2:2. The product was dissolved in ether,
treated with 2M ethereal HCI, and the solution evaporated /n vacuo to yield the
tile product, 53mg.

'H NMR (D20, 400MHz) &: 0.95 (t, 3H), 2.45 (s, 3H), 3.30 (m, 4H), 3.35 (s, 3H),
3.48 (q, 2H), 3.84 (t, 2H), 3.95 (m, 4H), 4.72 (s, 2H), 4.75 (m, 2H), 7.21 (d, 1H),
7.55 (s, 1H), 8.10 (d, 1H). LRMS:m/z APCl+ 427, [MH]'

Example 184
1-(2-Eth eth - iperazin-1-vi))-1
4 midin-7. - ridin-2-ylamine dihvdrochloride

N/

This compound was made by the method of example 183 using (A)-2-methyi-
plperazine. ' _

'H NMR (D0, 400MHz) 5: 0.92 (t, 3H), 1.32 (d, 3H), 2.45 (s, 3H), 3.17 (m, 2H),
3.35 (s, 3H), 3.40-3.50 (m, §H), 3.87 (m, 2H), 4.48 (m, 2H), 4.68 (s, 2H), 4.73
(m, 2H), 7.21 (d, 1H), 7.57 (8, 1H), 8.10 (d, 1H). LRMS:m/z APCl+ 441, [MH]*
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razolo[4,3- rimidine-5,7-diamine

5 This compound was made by the method of example 183 using N,N-
dimethylamine. After heating the reaction mixture was concentrated in vacuo
and the crude product purified by column chromatography on silica gel aluimg
with dichloromethane:methanol 98:2 1o yield the title product.

"H NMR (CD30D, 400MHz) §: 1.11 (t, 3H), 2.39 (s, 3H), 3.24 (s, 6H), 3.44 (s,
10  3H), 3.60 (q, 2H), 3.90 (1, 2H), 4.70 (m, 4H), 6.93 (d, 1H), 8.15 (d, 1H), 8.41 (s,
1H). LAMS:m/z APCl+ 386, [MH]

15

H,C™\
N o K,NH 2HCI

This compound was made by the method of example 183 using 21% sodium

ethoxide in ethanol. The crude product was purified by column chromatography

on silica gel eluting with dichioromethane:methanol 100:0 to 84:6. Appropriate
20 combined fractions were concentrated in vacuo, dissolved in ether and treated

with 2M hydrogen chloride in ether. The reaction mixture was concentrated in
vacuo to yield the title product.
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'H NMR (D20, 400MHz) 5: 0.88 (t, 3H), 1.08 (t, 3H), 2.39 (s, 3H), 3.26 (m, 4H),
3.42 (g, 2H), 3.58 (g, 2H), 3.83 (1, 2H), 3.90 (M, 4H), 4.70 (M, 4H), 7.14 (d, 1H),
7.50 (s, 1H), 8.04 (d, 1H). LRMS:m/z APCl+ 441, [MH]*

5 Exa 187
1-(2-Eth thyl)-3-etho -({3A)-{3-me iparazin-1-vi))-1H-
lo[4 rimidin-7-yil-4-me ridin-2-vlamine dihydrochloride
N“ |
/'h
HC c‘ﬁ HN” 7" CH,
N’ SN
\ | N&kN CH,
C™\
% K,NH 2HCI

This compound was made by the method of example 183 using 21% sodium

10 ethoxide in ethanol and (R)-2-methyipiperazine.
'H NMR (D20, 400MHz) &: 0.88 (t, 3H), 1.06 (1, 3H), 1.28 (d, 3H), 2.40 (s, 3H),
3.12 (m, 2H), 3.30-3.50 (m, 5H), 3.55 (q, 2H), 3.82 (t, 2H), 4.42 (m, 2H), 4.73 (m,
4H), 7.14 (d, 1H), 7.50 (s, 1H), 8.05 (d, 1H). LRMS:m/z APCl+ 455, [MH]"

15

This compound was made by the method of example 183 using 21% sodium
20 ethoxide in ethanol and dimethylamine.
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"H NMR (CDsOD, 400MHz) 5: 1.09 (t, 3H), 1.22 (s, 3H), 2.38 (s, 3H), 3.22 (s,
6H), 3.57 (q, 2H), 3.64 (q, 2H), 3.87 (t, 2H), 4.68 (t, 2H), 4.72 (s, 2H), 6.93 (d,
1H), 8.15 (d, 1H), 8.41 (s, 1H). LRMS:miz APCl+ 400, [MH]*

5 Example 189

This compound was made by the method of example 183 using (R)-2-

10 methylpiperazine and the monochloro compound of preparation 112 as starting
materials.
'H NMR (CD30D, 400MHz) 8: 1.22 (m, 6H), 2.64-3.17 (br m, 4H), 3.44 (s, 3H),
3.67 (q, 2H), 3.78, 4.35 (2d, 1H), 3.91 (t, 2H), 4.60 (d, 2H), 4.78 (m, 4H), 8.21 (d,
1H), 8.60 (d, 1H), 8.83 (s, 1H). LRMS APCl+ m/z 428 [MH]*

Example 180
1-(2-Eth -3-me ethyl-5{piperazin-1-vi}-1 4.3

rimidin-7- imidin-4-ylamine dihydrochlorid

h-
/
Z
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This compound was made by the method of example 183 using terf-butyl
piperazine-1-carboxylate and the monochloro compound of preparation 112 as
starting materials.

'H'NMR (CDyOD, 400MH2) &: 1.21 (t, 3H), 2.97 (m, 4H), 3.43 (s, 3H), 3.66 (q,
2H), 3.81 (m, 4H), 3.94 (1, 2H), 4.83 (m, 4H), 8.20 (d, 1H), 8.59 (d, 1H), 8.80 (s,
1H). LRMS APCl+ m/z 414 [MH]*

The monochioride of preparation 72 (115mg, 0.35mmol) was combined with the
amine from preparation 115 (197mg, 1.73mmol) and N-ethyldiisopropylamine
(0.3mL, 1.73mmol) in dimethylsulfoxide (4mL) and the reaction mbcture stirred at
120°C for 16 hours. The cooled reaction mixture was diluted with ethyl acetate
(10mL) and water (10mL). The organic phase was separated and the aqueous
was further extracted with ethyl acetate (3x10mL). The combined organic
solutions were washed with water (3x15mL), dried over magnesium sulphate
and concentrated /n vacuo. The crude product was purified by column
chromatography on silica gel using dichloromethane:methanol 89:1 to 85:15 to
yleld a gum, 21mg.

'H NMR (CDsOD, 400MHz) &: 1.20 (t, 3H), 2.01-2.28 (m, 2H), 2.42 (s, 3H), 2.48
(s, 3H), 2.76 (m, 2H), 2.85 (m, 2H), 3.16 (s, 3H), 3.64 (q, 2H), 3.87 (t, 2H), 4.63
(t, 2H), 5.32 (m, 1H), 8.31 (d, 1H), 8.59 (d, 1H), 8.79 (s, 1H). LRMS:mv/z ES+:
412, [MHT
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The title compound was made from the dichloro compound from preparation 54,
the amine from preparation 115, and 2-amino-5-methylpyridine, following the
method of example 131.

'H NMR (CDCla, 400MH2) 8: 1.20 (t, 3H), 1.39 {t, 3H), 2.1-2.3 (m, 2H), 2.37 (s,
3H), 2.54 (s, 3H), 2.91 (m, 2H), 2.80-3.25 (m, 4H), 3.20 (s, 3H), 3.61 (m, 2H),
3.95 (m, 2H), 4.63 (m, 2H), 5.50 (m, 1H), 7.53 (d, 1H), 8.14 (s, 1H), 8.28 (d, 1H)
9.65 (br s, 1H). HRMS:m/z ES+ : 439.29, [MH]"

Example 183
1-(2-Etho -3-ethyl-AP-methvi-N°-[(3S)-1-methvipyrrolidin-3-vil-N'-
rimidin-4-yl-1H- 4 3-dipyrimidine-5,7-diam|

CL\ HN/k/’ Hs
S N,)\,I,,...E)
CH,

H,C
The title compound was made from the dichloro compound from preparation 54,
the amine from preparation 115 and 4-aminopyrimidine, following the method of
example 131.
'H NMR (CDCl,, 400MHz) 3: 1.26 (1, 3H), 1.39 (t, 3H), 2.20-2.40 (m, 2H), 2.68 (s,
3H), 2.90 (q, 2H), 3.11 (s, 3H), 3.05-3.40 {m, 4H), 3.67 (q, 2H), 3.92 (m, 2H),
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4.64 (m, 2H), 5.46 (m, 1H), B.28 (d, 1H), 8.60 (d, 1H), 8.88 (s, 1H). HRMS:m/z
ES+ : 426.27, [MH]*

Examples 194 - 215
The appropriate chloro compound (preparations 72, 120, 134, 137, 139, 142,

143, 144, 159 and 161) (1eq), the appropriate HNR*R* amine (3-5eq) and A-
ethyldiisopropylamine (3-5eq) were dissolved in dimethylsutfoxide (3.5-
6.9mL.mmofl") and the reaction mixture stirred at 120°C for 18 hours in a sealed
veasal. The reaction mixture was partitioned between water and
dichloromethane, the organic phase was separated and the aqueous washed
with dichloromethane (x2). The organics were combined, dried over magnesium
sulphate and concentrated /n vacuo. The residue was purified by column
chromatography on silica gel eluting with dichloromethane:methanoil:0.880
ammonla 98:2:0 10 90:10:1 to yield the tile product.

HN’F'1

No. R’ Data
H NMR (CDsOD, 400MHz) &: 1.12 (t, 3H), 1.16 (d,
H), 2.40 (s, 3H), 2.81 (m, 1H), 2.85 (m, 2H), 2.84
m, 1H), 3.08 (m, 1H), 3.58 (g, 2H), 3.87 (t, 2H), 3.92
194" /qu/ 8, 3H), 4.51 (m, 2H), 4.65 (m, 2H), 6.85 (m, 1H),

2 .85 (m, 1H), 8.42 (m, 1H) LRMS:m/z APCl+ 427

HT'
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H NMR (CDsOD, 400MHz) &: 1.13 (m, 6H), 2.40 (s,
GH,  [BH), 2.58 (m, 1H), 2.82 (m, 2H), 2.95 (m, 1H), 3.02
195"_ N o] m, 1H), 3.60 (q, 2H), 3.87 (m, 5H), 4.53 (m, 2H),
' | P .83 (t, 2H), 7.44 (m, 1H), 8.01 (m, 1H), 8.18 (m,
1H). LRMS:m/z APCl+ 427 [MH]*
Ha°~0 H NMR (CDsOD, 400MHz) &: 1.14 (d, 3H), 1.20 (t,
05" 3H), 2.40 (s, 3H), 2.58 (m, 1H), 2.82 (m, 2H), 2.95
NZ (m, 1H), 3.02 (m, 1H), 3.66 (g, 2H), 3.87 (t, 2H), 3.90
A | 8, 3H), 4.54 (m, 2H), 4.60 (t, 2H), 6.44 (m, 1H), 7.63
ﬁm, 1H), 7.76 (m, 1H) LRAMS:nvz APCl+ 427 [MH]*
H NMR (CDyOD, 400MHz) 8: 1.20 (m, 6H), 2.41 (s,
CH, 3H), 2.46 (8, 3H), 2.61 (m, 1H), 2.83 (m, 2H), 3.00
Lo | NN (m, 2H), 3.61 (q, 2H), 3.87 (t, 2H), 4.55 (m, 2H), 4.65
| P (t, 2H), 6.93 (d, 1H), 7.67 (dd, 1H), 8.05 (d, 1H).
LRMS:m/z ES+ 411 [MNaJ"
H NMR (CDsOD, 400MHz) 8: 1.14 (m, 6H), 2.33 (s,
H,y H), 2.41 (s, 3H), 2.43 (s, 3H), 2.61 (m, 1H), 2.82
et | N m, 2H), 2.96 (m, 1H), 3.04 (m, 1H), 3.58 {(q, 2H),
I P .83 (m, 2H), 4.57 (m, 2H), 4.63 (m, 2H), 6.80 (s,
CH,  liH), 8.01 (s, 1H). LAMS:m/z ES+ 425 [MH]*
H NMR (CD3OD, 400MHz) &: 1.10-1.17 (m, 6H),
Ne _CH, .35 (s, 3H), 2.40 (s, 3H), 2.48 (s, 3H), 2.59 (m, 1H),
00 | N .79-3.07 (m, 4H), 3.59 (q, 2H), 3.88 (1, 2H), 4.52 (m,|
2 cH, [H)465(t 2H), 7.97 (d, 1H), 8.61 (d, 1H).
RMS:m/z APCl+ 425 [MHT*
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H NMR (CDsOD, 400MHz) 5: 1.19 (m, 6H), 2.42 (s,

H, H), 2.50 (s, 3H), 2.65 (m, 1H), 2.82-3.11 (m, 4H),
#no . .84 (q, 2H), 3.87 (1, 2H), 4.57 (m, 2H), 4.63 (t, 2H),
s JP .18 (s, 1H), 8.67 (s, 1H). LRMS:m/z APCl+ m/z
N 12 [MH]*
Z (@
x N
HN CH
~0" 1\ :
HSC N,N | \N
N\ P 3
N
HC A
No. -NR°R* Data

201 -

NH

'\N CH
§*

H NMR (CD3OD, 400MHz) 8: 1.10 (t, 3H), 1.18 (d,
H), 2.40 (s, 3H), 2.59 (m, 1H), 2.80-2.97 (m, 3H),
.07 (d, 1H), 3.54 (q, 2H), 3.62 (s, 3H), 3.84 (t, 2H),
.48 (d, 2H), 4.63 {t, 2H), .81 (d, 1H), 7.71 (dd,
1H), 8.10 (d, 1H). LRMS:m/z APCl+ 427 [MHJ*

~ ['H NMR (CDsOD, 400MHz) 5: 1.10 (1, 3H), 2.39 (s,
3H), 3.18 (8, 3H), 3.34 (8, 3H), 3.55 (m, 4H), 3.62
s, 3H), 3.78 (t, 2H), 3.85 (t, 2H), 4.62 (t, 2H), 6.61
d, 1H), 7.69 (dd, 1H), 8.34 (d, 1H). LRMS:m/z
PCl+ 416 [MH]*

H NMR (CDsOD, 400MHz) & 1.11 (t, 3H), 1.20 (1,

H), 2.49 (s, 3H), 3.24 (s, 3H), 3.56 (g, 2H), 3.62 (s,

H), 3.67 (q. 2H), 3.88 (t, 2H), 4.76 {t, 2H), 6.83 (d,

H), 7.73 (dd, 1H), 8.04 (d, 1H). LRMS:m/z APC+
8 [MH]*

T




"
Ll ™

WO 2004/096810

Ly

PCT/IB2004/001433

~o’ 1\

H,C

HNT " cH,

/N I NN
N (I\x}r“a
4

H,C R

No.

-NR’R®

Data

204°

H NMR (CDsOD, 400MHz) 8: 1.08 (t, 3H), 2.41 (s,
H), 2.42 (s, 3H), 2.51 (s, 3H), 3.70 (g, 2H), 3.82
m, 1H), 3.86 (t, 2H), 4.02 (m, 2H), 4.40 (m, 2H),
67 (t, 2H), 6.94 (d, 1H), 8.15 (d, TH), 8.47 (m,
H). LRMS:m/z APCl+ 397 [MH]'

P05

H NMR (CD3OD, 400MHz) &: 1.08 (t, 3H), 2.23 (s,
H), 2.38 (s, 3H), 2.42 (s, 3H), 3.26 (m, 1H), 3.56
q, 2H), 3.84 (t, 2H), 4.00 (m, 2H), 4.22 (m, 2H),
.64 (t, 2H), 6.92 (d, 1H), 8.14 (d, 1H), 8.46 (s, 1H).
RMS:m/z ES+ 411 [MH]*

H NMR (CDsOD, 400MHz) &: 1.12 (1, 3H), 2.00 (m,
H), 2.40 (s, 3H), 2.42 (s, 3H), 2.44 (s, 3H), 2.82
m, 2H), 3.58 (m, 4H), 3.84 (m, 3H), 4.63 (m, 2H),
.82 (m, 1H), 6.93 (m, 1H), 8.15 (m, 1H), 8.37 (m,
H). LRMS:m/z ES+ 423 [MH]*

?Hs H), 2.41 (s, 3H), 3.24 (s, 3H), 3.35 (s, 3H), 3.58 (q,|

\N /\/0
CH,

400 (MHT*

H NMR (CD5OD, 400MHz) 5: 1.10 (t, 3H), 2.39 (s,

H), 3.86 (t, 2H), 3.87 (m, 4H), 4.63 (t, 2H), 6.92 (d,
1H), 8.13 (d, 1H), 8.35 (s, 1H). LRMS:m/z APCl+
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H NMR (CDsOD, 400MHz) &: 1.10 (t, 3H), 2.39 (s,
bogd | S\~ -OH [FH):3.30 (m, 2H), 357 (q, 2H), 3.83 (m, 7H), 4.63
t'!:H t, 2H), 6.92 (d, 1H), 8.14 (d, 1H), 8.36 (8, 1H).
S RMS:m/z APCH- 386 [MH]*
@t
HN \N I CH.
/\O/j 3
Hac ,N NN
AL N=—CH,
N
H,C éH,
208 H NMR (CDsOD, 400MHz): 6 1.16 (t, 3H), 1.95 (m, 1H), 2.23 (m, 1H),
41 (s, 3H), 2.44 (s, 3H), 2.47 (s, 3H), 2.71 (m, 2H), 2.80 (m, 1H), 2.88
m, 1H), 3.14 (s, 3H), 3.62 (q, 2H), 3.86 (m, 2H), 4.66 (m, 2H), 5.59 {m,
H), 6.93 (d, 1H), 7.70 (m, 1H), 8.16 (br, d, 1H). LRMS:m/z APCl+ 425
MHT"
7
/‘0/\\
H,C N | N
\Y
AN
Hsc n'l“'sN
H NMR (CDsOD, 400MHz) &: 1.10 (t, 3H), 2.00 (m, 2H), 2.43 (s, 3H),
beo P44 (s 3H), 2.88 (m, 2H), 3.53-3.88 (m, 4H), 3.81 (m, 1H), 3.88 (1, 2H),
.82 (t, 2H), 4.82 (m, 1H), 8.36 {m, 1H), 8.77 (d, 1H), 8.80 (s, 1H).
RMS:m/z ES+ 410 [MH]*
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HNMR (CDsOD, 400MHz) 5: 1.16 (m, 6H), 2.46 (s, 3H), 2.59 (m, 1H),
82 (m, 2H), 2.92-3.04 (m, 2H), 3.43 (s, 3H), 3.61 (q, 2H), 3.88 (1, 2H),

A1 s (m, 2H), 4.67 (s, 2H), 4.70 (1, 2H), 8.91 (d, 1H), 7.64 (m, 1H), B.03
m, 1H). LRMS:m/z APCh+ 441 [MH]*

N% |

S
HN CH,
~0
"\ /)\ _R®
HyC NN
\0 R"
No. -NR°R* Data

H NMR (CDs0D, 400MHz) 5: 1.08 (t, 3H), 1.21 (¢,
H), 2.36 (s, 3H), 3.17 (s, 3H), 3.43 (s, 3H), 3.67 (q,
\N/\CHa H), 3.72 (q, 2H), 3.87 (t, 2H), 4.67 (m, 4H), 6.89
CH, d, 1H), 8.12 (d, 1H), 8.35 (s, 1TH). LRMS:m/z
PCl+ 400 [MH]*

213

H NMR (CDsOD, 400MHz) &: 1.09 (, 3H), 1.94 (m,
—~OH [PH), 2.10 (m, 2H), 240 (s, 3H), 3.42 (s, 3H), 3.58
" (q, 2H), 3.67-3.79 (m, 4H), 3.88 (t, 2H), 4.26 (m,
“D 1H), 4.64 (s, 2H), 4.70 {t, 2H), 6.92 (d, 1H), 8.15 (d.
1H), 8.44 (s, 1H). LAMS:m/z APCl+ 442 [MH]*
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H NMR (CDsOD, 400MHz) 8: 1.12 (1, 3H), 1.74 (m,
H), 1.93 (m, 2H), 2.18 (m, 2H), 2.32 (s, 3H), 2.44
s, 3H), 3.00 (m, 2H), 3.08 (s, 3H), 3.44 (s, 3H),

.59 (q, 2H). 3.88 (t, 2H), 4.69 (m, 5H), 6.93 (d,

H), 8.15 (d, 1H), 8.23 (m, 1H). LRMS:m/z APCh+
9 [MH]'

™\, ..CH,

Fz14"-“

H NMR (CDsOD, 400MHz) 5: 1.09 (t, 3H), 2.25 (s,

1s" T:L H), 2.40 (&, 3H), 3.26 (m, 1H), 3.42 (s, 3H), 3.58
N-CHa [, 2H), 3.88 (1, 2H), 4.01 (m, 2H), 4.24 (m, 2H),

(',,_,3 68 (8, 2H), 4.72 (m, 2H), 6.93 (d, 1H), 8.14 (d,

=~41H), 8.47 (s, 1H)

A-reaction not heated in a sealed vessel

B-1 eq caesium fluoride was used in place of N-ethyidiisopropylamine.

C-the triflucroacetate salt of the HNR®R* amine was used, and 9 eq of N-

ethyidiisopropylamine. '

D-reaction performed in NMP under microwave radiation for 40 mins at 180°C.

E-product Isolated by trituration from ether/pentane.

F-1eq tetrasthylammonium fluoride added

Ex 204: N-methyl-3-azetidinamine bis(irifluoroacetate) used as desacribed in JP
2002 255932, pg 5.

Ex 205 and 215: see prep 170.

Ex 206 and 210: (15,45)-2-methyi-2,5-dlazabicyclof2.2.1Jheptane used as
described In Chem. Heterocyclo.Compd(Eng. Trans) 38; 4; 2000; 429-431

Ex 209: (35)-1-methyl-3{(methylamino)pytrolidine used from preparation 115.

Examples 216 - 228
The appropriate monochloro compound (preparations 72, 110,135, 136, 138,
140, 159 and 162 (1eq) and the appropriate HNR?R* amine (5-6eq) were
dissolved in dimethyisulfoxide (5-10mL.mmol ") and the reaction mixture heated
to 110-120°C for 18 hours In a ssaled vessel. The reaction mixture was diluted
with ethyl acetate, washed with water (32) and the organic phase dried over
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magnesium sulphate and concentrated in vacuo. The residue was purified by
column chromatography on silica gel eluting with
dichloromethane:methanol:0.880ammonia 99:1:0.125 to 95:5:0.5, then triturated
with ether/pentane to yield the desired product.

HN” N7 R
~o \
H,C N

)

N

\ N/)\I?I/\/n’
HC CH,

Data

TH NMR (CD2OD, 400MHz) &: 1.20 (t, 3H), 2.33
(s, 6H), 2.41 (s, 3H), 2.62 (t, 2H), 3.23 (s, 3H),
3.64 (q, 2H), 3.87 (m, 4H), 4.63 (t, 2H), 8.34 (d,
1H), 8.56 (d, 1H), 8.78 (s, 1H). LRMS:m/z APCl+
400 [MH]*

Ty

No. R’

216" | H | -N(CHa):

"H NMR (CD3OD, 400MHz) 5: 1.21 (m, 6H), 2.42
(s, 3H), 3.19 (s, 3H), 3.64 (q, 2H), 3.74 (q, 2H),
217" | H H 3.87 (t, 2H), 4.61 (1, 2H), 8.35 (d, 1H), 8.55 (d,
1H), 8.78 (s, 1H). LRMS:m/z APCl+ 357 [MH]*

'H NMR (CD;0D, 400MHz) 8: 1.20 {m, 6H), 2.41
(s, 3H), 2.57 (s, 3H), 3.18 (s, 3H), 3.64 (q, 2H),
218% | CH, H 3.72 (q, 2H), 3.88 (t, 2H), 4.61 (t, 2H), 8.17 (d,
1H), 8.4 (d, 1H). LAMS:m/z ES+ 371 [MH]*
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"H NMR (CDsOD, 400MHz) 8: 1.23 (1, 3H), 2.41
(s, 3H), 2.57 (s, 3H), 3.24 (s, 3H), 3.36 (s, 3H),
219 | -CHs [ -OCHs |3.65(m, 4H), 3.87 (m, 4H), 4.61 (m, 2H), 8.17 (d,
1H), 8.43 (d, 1H). LRMS:m/z APCl+ 401 [MHT*

HN’R1
o' O ) ;r'“
) r("l\N/\l’cHa
H,C k/NH

No. R’ Data

"H NMR (CDsOD, 400MHz) &: 1.17 (t, 3H), 1.24 (t, 3H),
iis 2.41 (s, 3H), 2.58 (s, 3H), 2.62 (m, 1H), 2.84 (m, 2H),
2.96 (m, 1H), 3.05 (m, 1H), 3:64 (q, 2H), 3.88 (m, 2H),
M 4.53 (m, 2H), 4.63 (m, 2H), 8.03 (d, 1H), 8.46 (d, TH).
LRAMS:m/z ES+ 412 [MH

H NMR (CD30D, 400MHz) 8: 1.13 (d, 3H), 1.25 (t,
CH, | 3H),2.43 (s, 3H), 2.49 (s, 3H), 2.56 (m, 1H), 2.82 (m,

" 2H), 2.89 (m, 1H), 3.00 (m, 1H), 3.61 (g, 2H), 3.85 (m,
J\ P 2H), 4.57 (m, 2H), 4.84 (m, 2H), 6.99 (d, 1H), 8.43 (d,
N 1H). LRMS:nvz ES+ 412 [MH

221

e "H NMR (CD:0D, 400MHz): & 1.18 (m, 6H), 2.41 (s,
3 | 3H), 2.68 (m, 1H), 2.90-3.20 (m, 4H), 3.3 (m, 2H),
222 | X | 3.88 (m, 2H), 4.57 (m, 2H), 4.64 (m, 2H), 7.30 (d, 1H),
N | 851 (d, 1H), 8.65 (br,s 1H). LAMS:m/z APCl+ 485
[MH]*
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N/\rCHa
NH
No. R Data
cH 'H NMR (CDsOD, 400MHz) &: 1.41 (d, 3H), 2.43 (s, 3H),
3 12.49 (s, 3H), 3.10 (m, 1H), 3.15-3.50 (m, 4H), 4.07 (m,
223° |~1 XY | 4H), 4.77 (m, 4H), 6.97 (d, 1H), 7.73 (dd, 1H), 7.98 (m,
~ | 1H). LRMS:m/z ES+ 465 [MHJ
TH NMR (CD=OD, 400MHz) &: 1.00 (d, 3H), 2.40 (s, 3H),
ana® NI&N 2.60 (m, 1H), 2.80 (m, 2H), 3.00-3.50 (m, 2H), 4.00 (m,
/]\2 2H), 4.10 (t, 2H), 4.55 (d, 2H), 4.70 (t, 2H), 8.20 (m, 1H),
8.60 (d, 1H), 8.80 (s, 1H). LRMS:m/z APCl+ 452 [MH]*

No.

Data

"H NMR (CD20D, 400MHz) &: 1.21 (t, 8H), 3.19
(s, 3H), 3.45 (s, 3H), 3.85 (g, 2H), 3.74 (q, 2H),

3.81 (t, 2H), 4.69 (m, 4H), 8.33 (d, 1H), 8.55 (d,
1H), 8.78 (s, 1H). LRMS:m/z APCl+ 387 [MH]"

A /2

-OCHs

"H NMR (CD30OD, 400MHz) &: 1.11 (8, 3H), 2.40
(s, 3H), 3.25 (s, 3H), 3.35 (s, 3H), 3.44 (s, 3H),
3.58 (q, 2H), 3.68 (t, 2H), 3.89 (m, 4H), 4.70 (m,
4H), 6.92 (d, 1H), 8.15 (d, 1H), 8.35 (d, 1H).
LRMS:m/z APCl+ 430 [MH]*

€3
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H "HNMR (CDsOD, 400MHz) &: 1.12 (t, 3H), 2.41
S (8, 3H), 3.30 (8, 3H), 3.44 (8, 3H), 3.59 (q, 2H),
227 | X [-OH |3.83(m, 4H), 3.89 (t, 2H), 4.70 (m, 4H), 6.92 (d,
N 1H), 8.13 (d, 1H), 8.35 (d, 1H). LRMS:m/z
APCl+ 416 [MH]*

"H NMR (CDsOD, 400MHz2) 5: 1.22 (m, 6H), 3.20 (8, 3H), 3.65 (q, 2H),
228 | 3.76 (q, 2H), 3.91 {t, 2H), 4.69 (t, 2H), 4.85 (m, 2H), 8.36 (dd, 1H)'. 8.57
(d, 1H), 8.79 (s, 1H). LRMS:m/z ES+ 395 [MNa]*

A-the reaction was diluted with dichloromethane not ethyl acstate.

B-purified by HPLC using 0.1 aq trifluoroacetic acid and acetonitrile as eluant.
C-isolated as the HCI salt

D-1eq caesium fluoride added to the reaction

5
Example 222 ®
N-[5-({{1S. 45)-2.5-Di ] 2.2.1 -2-yi)-1-{2-6tho -1 '
4 rimidin-7 h idin- ine hydrochlori
N I
N
HN CH
/\O/\\ 3
Hac ﬂ NN
A HCI
N N’\
HC <" _NH

10 The chioro compound from preparation 122 (2.3g, 6.37mmol), tert butyl (15,45)-
(-)-2,5-diazabicyelo[2.2.1]heptane-2-carboxylate (3.8g, 19.11mmol) and caesium
fluoride (967mg, 8.37mmol) were dissolved in dimethylsulfoxide (15mL) and the
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reaction mixture heated to 110°C for 18 hours. The cooled reaction mixture was
partitioned between 10% citric acid solution and ethyl acetate (400mL) and the
layers separated. The aqueous phase was extracted with ethyl acetate (200mL)
and the combined organic solutions were washed with water (200mL), brine
(200mL) then dried over magnesium sulphate and concentrated in vacuo. The
residue was dissolved in dichloromethane (40mL) and trifluoroacstic acid (10mL)
and the solution stirred at room temperature for 2 hours. The reaction mixture
was concentrated in vacuo and the residue partitioned between dichloromethane
(100mL) and sodium carbonate solution (100mL). The organic solution was dried
over magnesium sulphate and evaporated in vacuo. The crude product was
purified by column chromatography on silica gel eluting with
dichloromethane:methanol:0.880 ammonia (97.5:2.5:0.25 to 85:5:0.5). The
product was then dissolved in methanol, and 2N hydrochioric acid (1 eq) added
and the solution evaporated in vacuo. The solid was recrystallised from isopropyl
acetate/ether to afford the title compound as a pale yellow solid, 1.15¢g.

'H NMR (CDsOD, 400MHz) §: 1.10 (t, 3H), 1.34 (t, 3H), 2.17 (m, 1H), 2.35
(m,1H), 2.53 (s, 3H), 2.91 {q, 2H), 3.52 (m, 2H), 3.58 {m, 2H), 3.90 (t, 2H), 3.98
(m, 2H),4.64 (m, 1H), 4.86 (m, 2H),5.20 (m, 1H), 7.15 (d,1H), 7.97 (s, 1H), 8.22
(m, 1H)

Microanalysis found: C, 54.53; H, 7.05; N, 22.82. C2zHsoNgO;:HCI;1.5H,0
requires C, 54.37; H, 7.05; N, 23.06%.

Example 230
5-((1S, 45)-2,5-Diazabicyclo[2.2.1]hept-2-vl)-3-methoxymethyl-1-(2-
imidin-7- idi '
NZ |
~ ™ N"NcH,
Hc— ©
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The title compound was obtained from the chioro compound from preparation
160, and tert-butyl (1 S,4S)-(-)-2,5-diazabi|cyclo[2.2.1]heptana-a-carboxylate
following the procedure described in example 229, except the compound was
isolated as the free base.

5 'H NMR (CDsOD, 400MHz) &: 0.71 (t, 3H), 1.53 (m, 2H), 1.92 (m, 1H), 2.10 (m,
1H), 2.42 (8, 3H), 3.17 (g, 2H), 3.43 (8, 3H), 3.50 (m, 2H), 3.86 (m, 1H), 3.68 (m,
1H), 3.89 (m, 2H), 4.02 (s,.1H), 4.69 (m, 2H), 4.74 (M, 2H), 4.95 (s, 1H), 6.94 (d,
1H), 8.14 (d, 1H), 8.33 (m, 1H). LAMS:m/z ES+ 453 [MH]"

10
Example 231
S, 5-Diazabi 2,2 11hept-2-yi -1-[2-{2,2,2-
trifluoroet 2) )| razoloj4 imidin-7- et in-2-ylamine

@R
"™
. e HN CH,
N> N’\
H,C LN

15 The title product was prepared by a method similar to that described for example
230 using the monochioro compound of preparation 141 and tert-butyl (1S, 45)-
(-)-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate.
'H NMR (CD30D, 400MHz) 5: 1.84 (m, 1H), 1.87 (m, 1H), 2.40 (s, 3H), 2.41 (8,
3H), 3.06 (q, 2H), 3.58 (m, 1H), 3.70 {(m, 1H), 3.82 (s, 1H), 4.00 (q, 2H), 4.06 (t,

20 2H), 4.72 (m, 2H), 4.84 (m, 1H), 6.92 (d, 1H), 8.13 (d, 1H), 8.25 (m, 1H)

LRMS:m/z ES+ 463 [MH]
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Example 232
N-15-(3.8-Diazabicyclo]3.2.1]oct-3-vl)-1-(2-ethoxyethvi}-3-methyl-1 H-
olol4,3- rimidin-7-y[l-4-methyipyridin-2-vlamine
N* |
™
HN CH,
~o" \
H,C )“

B

N

A

N/)\N

H,C NH

The title compound was obtained as a yellow foam from the chloro compound
from preparation 120 and tert-butyl 3,8-diazabicyclo[3.2.1]octane-8-carboxylate
(Tet. Lett. 43 (2002), 899-902) following the procedure described in example
231.

'H NMR (CDs0D, 400MHz) 5: 1.12 (t, 3H), 1.89 (m, 4H), 2.41 (2xs, 6H), 3.19 (m,
2H), 3.80 (q, 2H), 3.75 (m, 2H), 3.86 (t, 2H), 4.36 (m, 2H), 4.65 (t, 2H), 6.92 (d,
1H), 7.39 (d, 1H), 8.20 (br s, 1H). LRMS:m/z ES+ 423 [MH]"

Examples 233238
The appropriate monochioro precursor (preparations 120, 134, 139, 140 and

143) (1eq), the appropriate HNR®R* amine (3eq) and N-ethyldiisopropylamine
(3eq) where dissolved in dimethylsulfoxide (3.80mL.mmol") and the reaction
mixture placed in a ReactiVial™ and heated to 120°C for 18 hours. The reaction
mixture was diluted with water and the mixture extracted with ethyl acetate. The
organic phase was dried over magnesium sulphate and concentrated in vacuo.
The residue was taken up in dichioromethane (20-50mL.mmol), treated with
trifluoroacetic acid (4-20mL.mmofl') and the mixture stirred at room temperature
for 5 hours. The mixture was then concentrated /n vacuo and the residue taken
up in athyl acetate and washed with 10% sodium hydrogencarbonate solution.
The organic phase was dried over magnesium sulphate and concentrated in
vacuo. The residue was purified by column chromatography on sllica gel siuting
with dichloromethane:methanol 99:1 to 98:2 to yield the desired product.
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No.

Data

KX

"H NMR (CDyOD, 400MHz) &: 1.11 (t, 3H), 1.86 (d,
1H), 2.03 (d, 1H), 2.35 (s, 3H), 2.41 (s, 3H), 2.47 (s,
3H), 3.14 (s, 2H), 3.60 {m, 3H), 3.70 (m, 1H), 3.89
(m, 2H), 3.97 (s, 1H), 4.66 (m, 2H), 4.88 (s, 1H),
7.99 (m, 1H), 8.73 (d, 1H). LAMS:m/z APCl+ 423
MH]"

'H NMR (CD>OD, 400MHz2) 5: 1.12 (1, 3H), 1.86 (m,
1H), 2.07 (m, 1H), 2.36 (s, 3H), 2.42 (s, 3H), 2.43 (s,
3H), 3.18 (g, 2H), 3.59 (q, 2H), 3.69 (m, 2H), 3.84
(m, 2H), 4.01 (s, 1H), 4.66 (m, 2H), 4.93 (s, 1H),
6.81 (s, 1H), 8.19 (br, s, 1H). LRMS:m/z APCl+ 423
[MHT*

7
™
N
- N
N
N

&

"H NMR (CD3OD, 400MHz) &: 1.17 (t, 3H), 1.83 (m,
1H), 2.01 (m, 1H), 2.41 (s, 3H), 2.48 (s, 3H), 3.04
(m, 2H), 3.60 (m, 3H), 3.70 (m, 1H), 3.82 (s, 1H),
3.88 (t, 2H), 4.65 (m, 2H), 4.89 (s, 1H), 6.93 (d, 1H),
7.67 (dd, 1H), 8.23 (m, 1H). LRMS:m/z APCl+ 409
MHT

N.__CH,
CH,
CH,
7
CH,
HS
al
=
-,
N

P

"H NMR (CD3OD, 400MHz) &: 1.10 (1, 3H), 1.92 (d,
2H), 2.41 (s, 3H), 2.43 (8, 3H), 3.18 (m, 2H), 3.59
(m, 3H), 3.70 (m, 1H), 3.83 (m, 3H), 4.63 (m, 2H),
4.86 (m, 1H), 6.92 (d, 1H), 8.13 (d, 1H), 8.38 (m,

1H). LRMS:m/z ES+ 409 [MH[*
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Hsc /N I N N

NAN

237

TH NMR (CDsOD, 400MHz) &: 1.11 (t, 3H), 1.92 (m, 2H), 2.12 (m, 2H),
2.39 (s, 3H), 2.41 (s, 3H), 3.23 (m, 1H), 3.38 (m, 2H), 3.58 (g, 2H), 3.81
(m, 1H), 3.85 (m, 2H), 4.00 (m, 1H), 4.64 (m, 2H), 4.81 (m, 1H), 6.91
(d, 1H), 8.15 (d, 1H), 8.29 (m, 1H). LRMS:m/z APCH 423 [MH[*

TH NMR (CDsOD, 400MHz) &: 1.92 (m, 4H), 2.42 (s, 3H), 2.48 (s, 3H),
3.22 (d, 2H), 3.83 (s, 2H), 4.06 (m, 4H), 4.40 (d, 2H), 4.75 (t, 2H), 6.95
(d, 1H), 7.70 (m, 1H), 8.08 (br s, 1H). LRMS:m/z APCl+ 477 [MHT*

Example 239
N-[5~ Diazabicycio]3.2.1loct-3-y1)-3-m I-1-(2-propoxyethvi)-1 H-

razolo[4 rimidin-7-yl1-6-methvipvridin-2-viamine




WO 2004/096810 PCT/IB2004/001433

10

16

25

-156-

A mixture of the chioro compound from preparation 171 (150mg, 0.42mmol),
tert-butyl 3,8-diazabicyclo[3.2.1]octane-8-carboxylaie (Tet. Lett. 43 (2002), 899-
802) (446mg, 2.1mmol), and caesium fluoride (63.8mg, 0.42mmol) in
difneﬁylaull‘oxide (3mL) was heated at 110°C for 18 hours in a sealed vessel.
The reaction was poured into water, and the resulting precipitate fitered off. This
solid was dissolved in dichloromethane, and the solution evaporated in vacuo.
The solid was redissolved in dichioromethane (6mL), trifluoroacstic acid (2mL)
added, and the solution stirred at room temperature for 3 hours. The mixture was
concentrated in vacuo and the residue partitioned between dichloromethane and
2N hydrochloric acid and the layers separated. The aqueous solution was
basified using solid sodium carbonate and then extracted with dichloromethane
(3x). These organic extracts were dried over magnesium sulphate and
evaporated in vacuo. The crude product was purified by column chromatography
on silica gel using an elution gradient of dichloromethane:methano!:0.88
ammonia (100:0:0 to 98:2:0.25) to give the title compound as a yellow solid,
65mg.

'H NMR (CDs0D, 400MHz2) &: 0.73 (t, 3H), 1.57 (m, 2H), 1.75-1.86 (m, 4H), 2.40
(s, 3H), 2.44 (g, 3H), 3.11 (m, 2H), 3.48 (t, 2H), 3.60 (m, 2H), 3.84 (t, 2H), 4.27
(m, 2H), 4.65 (t, 2H), 6.90 (d, 1H), 7.66 (m, 1H), 8.10 (br d, 1H). LRMS:m/z
APCl+ 437 [MH]

les 2 243
The appropriate protected amine (1eq) and trifluoroacstic acid (7.5-

12.5mL.mmorl ") were added to dichloromethane (15-42mL.mmor") and the
reaction mixture stirred at room temperature for 18 hours. The reaction mixture
was concentrated in vacuo and the residue was partitioned between
dichioromethane and sodium hydrogencarbonate solution, the phases were
separated and the aqueous washed with dichioromethane. The organic layer
was dried over magnesium sulphate and concentrated /n vacuo. The residue
was purified by column chromatography on silica gel eluting with
dichloromethane:methanol:0.880 ammonia 100:0:0 to 90:10:1 to yield the
desired product.
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Data

240

'H NMR (CD30D, 400MHz) 5: 1.12 {t, 3H), 1.82 (d,
1H), 1.98 (d, 1H), 2.32 (s, 3H), 2.42 (s, 3H), 3.07 (m,
2H), 3.56 (m, 3H), 3.68 (m, 1H), 3.86 (m, 3H), 4.63 (m,
3H), 7.82 (d, 1H), 8.11 (s, 1H), 8.32 (m, 1H).
LRMS:m/z APCl+ 409 [MH]*

241

'H NMR (CDsOD, 400MHz) &: 1.18 (t, 3H), 1.83 (m,
1H), 2.02 (m, 1H), 2.42 (s, 3H), 3.09 (m, 2H), 3.56-
3.76 (m, 4H), 3.80 (m, 3H), 4.63 (m, 2H), 4.92 (g, 1H),
8.56 (m, 1H), 8.58 (d, 1H), 8.79 (s, 1H). LAMS:nvz
ES+ 396 [MH]*

TH NMR (CD;OD, 400MHz) 3: 1.11 (t, 3H), 1.82 (m, 4H), 2.38 (s, 3H),
3.16 (d, 2H), 3.43 (s, 3H), 3.58 (q, 2H), 3.64 (m, 2H), 3.87 (t, 2H), 4.33
(d, 2H), 4.67 (s, 2H), 4.70 (t, 2H), 8.91 (d, 1H), 8.13 {d, 1H), 8.20 (s, 1H).
LRMS:m/z APCl+ 453 [MH]*
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N= I
S
HN CH,
~o
HSC N ﬂ l - N

N\

N/)\N

H.C—/\ &
3 0O Tl NH

TH NMR (CDsOD, 400MHz) &: 1.10 (t, 3H), 1.21 (t, 3H), 1.85 (d, 1H),
2.02 (d, 1H), 2.41 (s, 3H), 3.12 (g, 2H), 3.56-3.70 (m, 5H), 3.73 (m, 1H),
3.89 (m, 3H), 4.73 (m, 4H), 4.91 (s, 1H), 6.93 (d, 1H), 8.15 (d, 1H), 8.39
(m, 1H). LRMS:m/z ES+ 453 [MHT*

\Y
N¢'\N
HyC NH

The protected product of preparation 168 (62mg, 0.12mmol) was dissolved in
ethanol (5mL) and the solution treated with palladium hydroxide (10mg) and 2M
hydrochloric acid (124pul, 0.25mmol). The reaction mixture was placed under
60psi for 18 hours and was then treated with additional catalyst (20mg) and
placed under 60psi for 18 hours. The reaction mixture was flitered through
Arbocsi® and the filtrate concentrated in vacuo. The residue was purified by
column chromatography on silica gel eluting with

dichioromethane:methanoil:0.880ammonia 95:5:0.5 to 90:10:1 to yield the title
product, 16mg.
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'H NMR (CDsOD, 400MHz) &: 1.11 (t, 3H), 1.92 (m, 1H), 2.1 (m, 1H), 2.41 (2x,
6H), 3.21 (m, 2H), 3.58 (m, 2H), 3.70 (g, 2H), 3.84 (m, 2H), 4.09 (s, 1H), 4.65
(m, 2H), 4.95 (s, 1H), 6.95 (m; 1H), 8.16 (d, 1H), 8.36 (m, 1H). LRMS:m/z_
APCl+ 409 [MHT*

Examples 245 to 257
The appropriate chloro compound (preparations 191 to 202) (1eq), and the
appropriate HNR?R* amine (3-5eq) were dissolved in dimethylsulfoxide (2.7-13.6
mL.mmofl") and the reaction mixture stirred at 120°C for 18 hours in a sealed
vessal. The reaction mixture was partitioned between water and ethyi aoat.ate,
and the layers separated. The organic layer was dried over magnesium sulphate
and concentrated in vacuo. The residue was purified by column chromatography
on silica gel eluting with dichloromethane:methanol:0.88 ammonia to yield the
title product.

HN’R1

F 0/\\
F )(\ N,N l \N
F v A R

N N
H,C R

No. R’ NR°R® Data
'H NMR (CDsOD, 400MHz) §:
2.14 (m, 1H), 2.41 (m, 7H), 2.71
Hy P (s, 3H), 2.91 (q, 1H), 3.1 (m,
1H}), 3.23 (m, 4H), 3.35 (m, 1H),
| 3.98-4.09 (m, 4H), 4.73 (t, 2H),
CH, 5.24 (s, 1H), 6.96 (d, 1H), 8.15
(d, 1H), 8.22 (s, 1H). LAMS:m/z
APCl+ 479 [MH]*

245*

Z N
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'H NMR (CD30D, 400MHz) &:
1.16 (d, 3H), 2.44 (s, 3H), 2.57
(s, 3H), 2.64 (m, tH), 2.85 (m,
2H), 2.95-3.10 (m, 2H), 4.04-
4.10 (m, 4H), 4.54 (m, 2H), 4.70
{t, 2H), 8.02 (m, 1H), 8.48 (d,
1H). LRMS:nvz APCl+ 466
[MH]"

2478¢

'H NMR (CD30D, 400MHz) 5:
2.00-2.45 (m, 4H), 2.42 (s, 3H),
2,50 (s, 3H), 2.88 (s, 3H), 3.15
(m, 5H), 3.60 (m, 2H), 4.06 (m,
4H), 4.72 (m, 2H), 5.00 (m, 1H),
8.22 (s, 1H), 8.68 (s, 1H).
LRMS:m/z APCl+ 494 [MH]*

No.

RT

Data

Z—Z

TH NMR (CD5OD, 400MHz) 5
1.18 (d, 3H), 1.386 (t, 3H), 2.68
(m, 1H), 2.88 (m, 4H), 3.02 (m,
1H), 3.09 (m, 1H), 3.96 (g, 2H),
4.03 (t, 2H), 4.55 (m, 2H), 4.78
(t, 2H), 8.02 (m, 1H), 8.97 (d,
1H), 9.45 (s, 1H). LRMS:m/z
APCl+ 486 [MH]"
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N

'H NMR (CDsOD, 400MHz) 8:
1.20 (d, 3H), 1.35 (t, 3H), 2.80
(m, 1H), 2.80 (m, 4H), 3.05 (m,
2H), 4.05 (m, 4H), 4.50 (d, 2H),
4,70 (t, 2H), 8.20 (m, 1H), B.60
(d, 1H), 8.80 (s, 1H).
LRMS:m/z APC!- 464 [M-H]

N

JJ

Ia

'H NMR (CDsOD, 400MHz) &:
1.18 (d, 3H), 1.35 (t, 3H), 2.58
(s. 3H), 2.63 (m, 1H), 2.87 (m,
4H), 2.99-3.11 (m, 2H), 4.09
(m, 4H), 4.53 (m, 2H), 4.72 (m,
2H), 8.03 (s, 1H), 8.48 (d, 1H).
LRMS:m/z APCl+ 480 [MH]*

251

'H NMR (CD;0D, 400MHz) §:
1.36 (t, 3H), 1.78 (m, 2H), 1.94
(m, 2H), 2.23 (m, 2H), 2.35 (s,
3H), 2.54 (s, 3H), 2.88 (g, 2H),
3.03 (m, 2H), 3.11 (s, 3H), 4.06
(m, 4H), 4.69 (m, 3H), 8.22 (m,
1H), 8.67 (s, 1H). LRMS:m/z
APCl+ 508 [MHT
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No. R' Data

TH NMR (CDsOD, 400MHz) &:
1.20 (d, 3H), 2.50 (s, 3H), 2.62
Hy - c (m, 1H), 2.85 (m, 2H), 3.00 (m,
- N7 N’\I’ M | o), 3.42 (5, 3H), 4.05 (m, 2H),
| K/NH 4.15 (m, 2H), 4.54 (m, 2H), 4.70

(s, 2H), 4.82 (m, 2H), 6.99 (d,
1H), 7.70 (m, 1H), 8.10 (d, 1H).
LRMS:m/z APCl+ 495 [MH]*

"H NMR (CD<OD, 400MHz) &:
1.18 (d, 3H), 2.39 (s, 3H), 2.60
H, - CH, (m, 1H), 2.80 (m, 2H), 2.90-3.05
. N/Y (m, 2H), 3.42 (s, 3H), 4.00 (m,
U K,NH 2H), 4.10 (m, 2H), 4.50 (d, 2H),

N 4.65 (s, 2H), 4.75 (m, 2H), 6.90
(d, 1H), 8.10 (m, 2H). LRMS:m/z
APCl+ 495 [MH]*

TH NMR (CD=0OD, 400MHz) &:
1.17 (t, 3H), 3.22 (s, 3H), 3.39 (s,
T | w ~ |3H),361-388(m,5H),397(q,
254°° ﬁo EH CHy |21, 4.08 (t, 2H), 4.73 (s, 2H),

Z 3 4.90 (t, 2H), 6.62 (d, 1H), 7.70 (m,
1H), 7.86 (d, 1H). LRMS:m/z
APCl+ 470 [MH]*
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N/\]/CHB
(N
No. R’ Data
'H NMR (CDsOD, 400MHz) 5: 1.20 (m, 6H), 2.42 (s,
s 3H), 2.62 (m, 1H), 2.85 (m, 2H), 3.00 (m, 2H), 3.85 (q,
255 | N | 2H), 4.10 (m, 2H), 4.15 (t, 2H), 4.60 (m, 2H), 4.75 (s,
N 2H), 4.85 (m, 2H), 6.95 (d, 1H), 7.70 (m, 1H), 8.10 (m,
1H). LRMS:m/z APCl+ 509 [MH]"
Y "H NMR (CDsOD, 400MHz) 5: 1.20 (m, 6H), 2.40 (s,
® | 3H), 2.60 (m, 1H), 2.85 (m, 2H), 3.00 (m, 2H), 3.65 (q,
256 = | 2H), 4.05 (m, 2H), 4.10 (t, 2H), 4.59 (m, 2H), 4.70 (s,
\N 2H), 4.80 (t, 2H), 6.95 (d, 1H), 8.20 (m, 2H).
LRMS:m/z APCl+ 509 [MH]*
~o’ 1\
H,C
wo)
"H NMR (CDsOD, 400MHz) 8: 1.21 (m,9H), 2.42 (s, 3H), 2.62 (m, 1H),
o570 | 281 (M, 2H), 3.00 (m, 2H), 3.30 (m, 2H), 3.63 (m, 4H), 3.82 (m, 2H),
4.59 (m, 2H), 4.80 (s, 2H), 6.98 (d, 1H), 7.65 (m, 1H).805(d 1H).
LAMS:m/z APC+ 455 [MH]*

A-the hydrochloride salt of the amine from preparation 115 was used, and an
equimolar amount of N-ethyldiisoproplamine was added to the reaction.
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B-the reaction was not performed in a sealed vessel
C-product treated with ethereal HCI to provide the hydrochloride salt.
D-1eq caesium fluoride was added to the reaction mixture

Example 258
N-{3-Methyl-5-piperazin-1-yi-1-[2-(2 2 2-trifuo: athyll-1H- loj4
imidin-7-vi}-6-met idin-2-viamine
<
Ff 0
c HN N CH,
N~
A

A mixture of the chloride from preparation 140 (200mg, 0.Smmol), tert-butyl 1-
piperazinecarboxylate (165mg, 0.89mmol), caesium fluoride (76mg, 0.5mmol),
and N-ethyidiisopropylamine (0.88mL, 5.0mmol) in dimethylsulfoxide (2mL) was
stirred at 110°C for 18 hours. The cooled mixiure was partitioned between ethy!
acetate (25mL) and water (25mL), the layers separated, and the organic phase
washed with brine, dried over magnesium sulphate and evaporated /n vacuo .
The product was dissolved in dichloromethane (9mL), trifluoroacetic acid (3mL)
added and the reaction stimed for 1.5 hours. The reaction was evaporated in
vacuo and the residue partitioned between ethyl acetate and aqueous sodium
bicarbonate soiution. The layers were separated, the organic phase dried over
magnesium sulphate and evaporated in vacuo. The residue was triturated with
ether/pentane to afford the tilte compound as an off-white solid, 117mg.

'H NMR (CDsOD, 400MH2) &: 2.40 (s, 3H), 2.46 (s, 3H), 2.93 (m, 4H), 3.75 (m,
4H), 4.05 (m, 4H), 4.73 (t, 2H), 6.94 (d, 1H), 7.68 (dd, 1H), 8.05 {(m, 1H).
LRMS:m/z APCl+ 451 [MH]"
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Example 259

A mixture of the chloro compound from preparation 183 (150mg, 0.35mmol),
tertbutyl 3,8-diazabicyclo[3.2.1]octane-8-carboxylate (J. Med. Chem. 1998, 41,
674) (160mg, 0.72mmol) and N-ethyldiisopropyiamine (244ul., 1.4mmol) in
dimethyisulfoxide (3mL) were heated at 120°C for 18 hours in a Reactivial®.The
mixture was poured into water, and extracted with dichloromethane (2x). The
combined organic fractions were washed with water, dried over magnesium
sulphate and evaporated in vacuo. The residual oil was dissolved in
dichloromethane (6mL), trifluoroacstic acid (2mL) added, and the solution stirred
at room temperature 3 hours. The reaction was concentrated in vacuo, the
residue partitioned between dichloromethane and 2N hydrochloric acid and the
layers separated. The aqueous phase was washed with dichloromethane, then
basified using solid sodium bicarbonate. This solution was extracted with
dichloromethane (3x}, these combined organic extracts dried over magnesium
sulphate and evaporated in vacuo. The crude product was purified by column
chromatography on silica gel using an elution gradient of
dichloromethane:methanol:0.88 ammonia (88:2:0.25 to 96:4:0.5) to afford the
tite compound as a yellow foam, 80mg.

'H NMR (CD50D, 400MHz) &: 1.76-1.84 (m, 4H), 2.38 (s, 3H), 3.15 (m, 2H), 3.42
(s, 3H), 3.59 (m, 2H), 4.02 (q, 2H), 4.10 (t, 2H), 4.28 (m, 2H), 4.68 (s, 2H), 4.77
{t, 2H), 6.92 (m, 1H), 8.13 (m, 2H). LRMS:m/z APCi+ 507 [MHT"
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Example 260

5 The title compound was ebtalned as a yellow solid from the chloride from
preparation 158 and fert-butyl (15,45)-(-)-2,5-diazabicycio[2.2.1]heptane-2-
carboxylate, following a similar procedure to that desctibed in example 259,
except, the product was not purified by column chromatography.

'H NMR (CD30D, 400MHz) 5: 1.11 {t, 3H), 2.01 (m, 2H), 2.42 (s, 3H), 3.32 (m,
10 2H), 3.43 (s, 3H), 3.80 (q, 2H), 3.82 (m, 2H), 3.90 (t, 2H), 4.37 (m, 1H), 4.70 (s,
2H), 4.74 (m, 2H), 5.08 (m, 1H), 6.97 (d, 1H), 8.17 (d, 1H), 8.32 (s, 1H).

LRMS:m/z APCl+ 439 [MH]*
Example 261
15 1-{3-Methyi-7-(4- in-2-yiamino)-1-[2-(2,2.2-trifluorostho -
midin-5- ridi le
H3
&
A WS |
= HN N
N i N
\Y Z
N N
HC OH
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Sodium hydroxide solution (760uL, 1M, 0.76mmol) was added to a solution of
the con'\pound from preparation 203 (200:Ing, 0.38mmol) in dioxan (5mL), and
the reaction stirred at room temperature for 18 hours. The mixture was
pa'rl:iltioned between ethyl acetate (20mL) and water (20ml.) and the layers
separated. The aqueous phase was acidified using 1M citric acid solution, then
extracted with dichloromethane {2x50mL). These combined organic extracts
were dried over magnesium sulphate and evaporated in vacuo. The residue was
purified by column chromatography on reverse phase silica gel using an elution
gradient of water-methanol (100:0 to 20:80), and the appropriate fractions
concantrated in vacuo. The residue was dissolved in dichioromethane (10mL),
the solution dried over magnesium sulphate and evaporated in vacuo to afford
the title compound, 30mg.

'H NMR (DMSO-de, 400MHz) §: 1.52 (m, 2H), 1.84 (m,.2H), 2.30 (s, 3H), 2.50
(m, 4H), 3.00 (m, 2H), 3.95 (i, 2H), 4.06 (q, 2H), 4.47 (m, 2H), 4.84 (m, 2H), 6.78
(d, 1H), 7.94 (m, 1H), 8.14 (d, 1H). LRMS:m/z ES- 492 [M-H[

razolo rimidin-5-vi}piperidine-4-carboxylic acid
CH,
=
"X 9
F )% HN N
NN
\Y l -
NJ\N
H,C OH
(0]

A mixture of the chloro compound from preparation 197 (150mg, 0.37mmol), and
sthyl isonipscotate (188ulL, 1.22mmol) in dimethyisulfoxide (2mL) was heated at
120°C for 3 hours. The cooled mixture was partitioned between dichloromethane
(50mL) and water (50mL) and the phases separated. The organic layer was
washed with water (225mL), dried over magnesium sulphate and evaporated in

Fa_
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vacuo. The residue was dissolved in dioxan (2mL), sodium hydroxide (2.0mL,
1M, 2.0mmol) added, and the solution stirred at room temperature for 18 hours.
The reaction was evaporated /n vacuo, the residue partitioned between
dichloromethane (20mL) and water (20mL), the layers separated, and the
aqueous layer acidified with 1M citric acid. This solution was extracted into
dichloromethane (2x50mL) and the combined organic extracts dried over
magnesium sulphate and evaporated in vacuo. The crude product was purified
by column chromatography on silica gel using an slution gradient of
dichloromethane:methanol:acsetic acid (100:0:0 to 94:6:0.6) to give the title
compound as a yellow solid, 87mg.

'H NMR (CDsOD, 400MHz) &: 1.73 (m, 2H), 2.02 (m, 2H), 2.44 (s, 3H), 2.50 (s,
3H), 2.64 (m, 1H), 3.18 (m, 2H), 4.00-4.06 (m, 4H), 4.64 (m, 2H), 4.72 (t, 2H),
8.17 (m, 1H), 8.64 (s, 1H). LRMS:m/z APCl+ 495 [MH]*

A mixture of the chioro compound from preparation 200 (150mg, 0.36mmof), and
ethyl isonipscotate (277uL, 1.80mmol) in dimethylsulfoxide (1.5mL) was heated
in a Reactivial® at 120°C for 18 hours. The cooled mixture was partitioned
between ethyl acetate (50mL) and water (50mL) and the phases separated. The
organic layer was washed with watar (S50mL), dried over magnesium sulphate
and evaporated in vacuo. The residue was dissolved in dioxan (3mL), sodium
hydroxide (2.5mL, 1M, 2.5mmol) added, and the solution stirred at room
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temperature for 72 hours. The reaction was evaporated in vacuo, the residue
dissolved in water (2mL) and the solution acidified using 10% citric acid sofution.
The resulting precipitate was filtered off, washed with water and dried /n vacuo at
45°C 1o afford the title compound as a yellow solid, 106mg.

'H NMR (CDs0OD, 400MHz) 8: 1.35 (t, 3H), 1.73 (m, 2H), 1.99 (m, 2H), 2.50 (s,
3H), 2.62 (m, 1H), 2.89 (q, 2H), 3.15 (m, 2H), 3.96-4.09 (m, 4H), 4.60 (m, 2H),
4,70 (m, 2H), 8.17 (m, 1H), 8.66 (s, 1H). LAMS:m/z APCl+ 509 [MH]"

The following preparations describe the preparation of certain intermediates
used in the preceding examples.

Preparation 1
5- |-4-nitro-2 H-pyrazole-3-carboxamide
H
_N
\ [ NH
H,C NO,
CH,

A solution of 5-isopropyl-4-nitro-2H-pyrazole-3-carboxylic acid (Farmaco, 46, 11,
1891, 1337-1350) (6g, 0.03mol) in N,N-dimethyiformamide (69ul) and
dichloromethane (87mL) was cooled to -5°C in ice/acetone, Oxalyl chioride
(11.48g, 0.09mol) was added over 30 minutes and the reaction midure stirmed
for 1 hour, the reaction mixture was then allowed to retum to room temperature
for 2 hours. The reaction mixture was concentrated in vacuo and remaining
solvent azeotroped with dichloromethane. The resulting solid was suspended in
tetrahydrofuran {(7OmL), cooled to 0°C and 0.880 ammonia (25mL) added. The
reaction mixture was stirred for 30 minutes and then concentrated in vacuo. The
resulting solid was suspended in water, filtered and dried at 70°C under vacuum
fo yield the product.

'H NMR (DMSO-dg, 400MHz) 5: 1.28 (d, 6H), 3.55 (m, 1H), 7.58 (s, 1H), 7.89 (&,
1H), 13.72 (br s, 1H). LRMS:m/z ES+ 199 [MH]'
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Preparation 2
N
\ J/ NH,

NO,

4-Nitro-2H-pyrazoie-3-carboxylic acid {2.72g, 17.4mmol) was added to a solution
of oxalyl chioride (2.42mL, 27.7mmol) and N,N-dimethylformamide (80uL) in
dichloromethane (45ml.) and the reaction mixture stirred at room temperature for
2 hours. The reaction mixture was concentrated in vacuo and azeotroped from
dichloromethane (3x100mL). The crude product was dissolved in
tetrahydrofuran, cooled in an ice bath, and treated with 0.880 ammonia solution
(20mL). The reaction mixture was stirred at room temperature for 18 hours then
concentrated /n vacuo and the residue partitioned between dichioromethane
(300mL) and water (100mL). The organic layer was separated, dried over
magnesium sulphate and concentrated in vacuo to yleld the title product.

LBMS ES+ m/z 157 [MH]*

Preparation 3
tert-Butvl irans-2,5-di razine-1 te
Hac>—\ P :'a“s
A S
4 0
CH,
trans-2,5-Dimethyipiperazine (10g, 0.087mol) was dissolved in a mixture of
dioxan {18mL) and water (8mL) and cooled in an ice bath. Di-tertbutyl
dicarbonate (19.29g, 0.089mol) was added and the reaction mixture aliowed to
retumn to room temperature. Additional dioxan (9mL) and water (4mL) were
added and the mixture stimed for 18 hours. The dioxan was removed /n vacuo
and the mixture basified to pH 9, extracted into ethyl acetate dried over

magnesium sulphate and concentrated. The mixture was purified by column
chromatography on silica gel using methanol:dichioromethane 20:80. The crude



10

15

7

WO 2004/096810 PCT/1B2004/001433

-171-

product was dissolved in ether and hydrochloric acid (0.5eq) added to give the
HCI satt of the title compound, (2.73g).
'H NMR (DMSO-ds 400MHz) &: 1.21 (2xd, 6H), 1.40 (s 9H), 2.90 (dd, 1H), 3.21

(dd 1H), 3.52 (m 2H), 3.62 (dd 1H), 4.25 (m 1H), 9.2 (br m 2H). LAMS: ES+ m/z
215 [MH]*

Preparation 4
tert-B -3-methyipiperazine-1-carboxylate

A solution of (2S)-2-methylpiperazine (3.8g, 38mmol) and N-(tert-
butyloxycarbonyloxy)phthalimide (10g, 38mmol) in dichloromethane (100mL)
was stirred at room temperaturs for 3 hours. The mixture was washed with 2N
sodium hydroxide solution, the organic solution dried over magnesium sulphate,
and concentrated in vacuo to afiord the title compound as a clear oil, 4.31g.

'H NMR (CDCls 400MH2) §: 1.12 (m, 3H), 1.45 (s, 9H), 2.74-2.90 (br m, 3H),
3.00 (d, 2H), 3.78 (m, 1H), 3.88-3.98 (br m, 2H). LRMS ES+ mvz 201 [MH]*

Preparation 5
-(Met inomethvl)- 1-methylpiperidine

HSC\O/\N/CH:*.
H

A solution of 3-(chioromethyl)-1-methylpiperidine (9.2g, 50mmol) (US 6184338,
example 5) and 33% methylamine in ethanol (60mL.) in ethanol (30mL) was
heated in a sealed vessel at 100°C for 17 hours. The reaction mixture was
concentrated in vacuo and diluted with water before being extracted into
dichloromethane and dried over magnesium sulphate. The reaction mixture was
fitered and concentrated in vacuo to yield the title product, 8.2g.

Microanalysis: Observed C, 44.80%, H, 9.37, N, 13.21%.

CaH1gN2 Calculated C, 44.65%, H, 9.37%, N, 13.02%.
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Pre tion
tart-Butyl 3-(methviaminoYazetidine-1-carboxviate
o)
ng NN
o CH,
H,G CHa

tert-Butyl 3-lodoazetidine-1-carboxylate (EP 1176142, pg. 23, ex. 2 (i) (2.0g,
7.07mmol) was added to 33% methylamine in ethanol (45mL) and the reaction
mixture heated in a sealed vessel at 100°C for 24 hours. The reaction mixture
was concentrated in vacuo and the residue partitioned between ethyl acetate
and 1M aqueaus sodium hydroxide. The organic layer was separated and
washed with brine, dried over magnesium sulphate and concentrated in vacuo.
The crude product was purified by column chromatography on silica gel eluting
with dichloromethane:methanol:0.880 ammonia 96:3.5:0.5 1o yield the title
product.

H NMR (CDCls, 400MHz) 5: 1.43 (s, SH), 1.84 (m, 1H), 2.41 (s, 3H), 3.48 (m,
1H), 3.67 (m, 2H), 4.06 (m, 2H). LRMS APCl+ m/z 187 [MHJ*

15

Preparation 7
M idine trifluo te

H
N

j CF,COH

H,C—O
tert-Buiyl (3A)-3-hydroxypymolidine-1-carboxylate (259, 133.4mmol) was

20 dissolved in tetrahydrofuran (668mL) and the reaction mixture cooled to 0°C on

an ice bath. The reaction mixture was treated with sodium hydride (4.40g, 80%
dispersion in mineral oll, 146.8mmol) and stirred until back at room temperature.
The reaction mixture was then treated with methyl iodide (28.0g, 200.0mmol)
and stirred at room temperature for 18 hours. The reaction mixture was diluted

25 with water (200mL) and concentrated in vacuo untll just the agueous remained.

The reaction mixture was treated with ethyl acetate (1500mL), the organic layer
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separated, dried over magnesium sulphate and concentrated in vacuo to yield
the title product as a brown oil.

This oil (24.75g, 123.0mmol) was dissolved in diethyl ether (615mL) and
hydrogen chioride bubbled through the solution for 1 hour at room temperature.
The reaction mixture was concentrated in vacuo and re-dissolved in ether and
stirred for a further 2 hours. The ether was decanted off and the reaction mixture
concentrated in vacuo. The crude product was dissolved in ethanol and treated
with trifiuoroacetic acid (200mL) and stirred at room temperature for 2 hours.
The reaction mixture was concentrated in vacuo to yield the title product.
1H NMR (CDs0D, 400MHz) &: 1.96 (m, 1H), 2.09 (m, 1H), 3.08-3.37 (m, 4H),
4.06 (m, 1H), 4.80 (s, 3H).

Preparation 8
3-Amino-N-m | ionamide hydrochioride
H
N NH, .HCl
H,C/ \'_(\/ 2
O

Benzyl (2-(methyicarbamoyl)ethyl)carbamate (7.92g, 33.52mmol) and 5% Pd/C
(800mg) were dissolved in ethanol (300mL) and the reaction mixture stirred at
room temperature under 50psi of hydrogen for 4 hours. The reaction mixture
was filtered through Arbocel®, washing through with ethanol, and 1M
hydrochloric acid solution (37mL) was added to the filtrate. The reaction mixture
was concentrated in vacuo and the crude product was azeotroped with
dichloromethane (x3) and dried in vacuo to yield the title product, 4.86g.

"H NMR (CDCls, 400MHz) 5: 2.48 (m, 2H), 2.61 (s, 3H), 2.97 (m, 2H), 7.89-8.11
(br m, 3H)

Preparation 9

5-Vi ridin-2-amine

H,C* | ~
P

N~ “NH,
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Vinyltributyttin (13mL., 44.8mmol), palladium(i{) acetate (0.45g, 2.immol),
tristhylamine (12.4mL., 88.1mmol) and tri-(o-tolyl)phosphine (3.69g, 12.15mmol)
were added to a solution of 5-bromopyridin-2-amine (7.0g, 40.5mmol) in
acetonitrile (7OmL) and the reaction mixture refluxed for 18 hours. The reaction
mixture was washed with 2M sodium carbonate solution (80mL), the organics
separated, dried over magnesium sulphate, filtered and concentrated in vacuo.
The crude product was purified by column chromatography on silica gel using
methanol:dichloromethane 3:97 to yield 3.6g of product. This residue was
dissoived in dichloromethane and washed with aqueous solutions of potassium
fluoride and then sodium hydrogencarbonate. The organic solution was dried
over magnesium sulphate, filtered and concentrated in vacuo to yleld 1.9g of
final product.

'H NMR (400MHz, CDCls) 8: 4.52 (br 8, 2H), 5.13 (d, 1H), 5.58 (d, 1H), 6.48 (d,
1H), 6.57 (m, 1H), 7.54 (d, 1H), 8.05 (s, 1H). LRMS APCl+ nvz 121 [MH]*

Preparation 10
-Eth din-: ine

H,C | =
N’ NH,

10% Palladium on carbon (300mg) was added to a solution of the amine of
preparation 9 (1.7g, 14.1mmol) in ethanol (80mL) and the reaction mixture
stired under 15psi of hydrogen for 18 hours. The reaction mixture was filtered
through Arbocel® and the filtrate concentrated in vacuo. The resulting oil was
dissolved in dichloromethane and washed with a solution of potassium fluoride
(2x10mL), the organic phase dried over magnesium sulphats, fittered and
concentrated /n vacuo to yield 650mg product.
'H NMR (400MHz, CDCl) 5: 1.18 (t, 3H), 2.48 (q, 2H), 4.35 (br 8, 2H), 6.46 (d,
1H), 7.26 (m, 1H), 7.89 (m, 1H)
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Starting Materials
The following pyrazoles were used as starting materials:

5-Methyl-4-nitro-2 H-pyrazole-3-carboxamide (US 4,282,361, ex. 7)
5-Ethyi-4-nitro-2 H-pyrazole-3-carboxamide (WO 02/10171, pg. 17, prep. 1,
synthesis }.)

4-Nitro-5-propyl-2 H-pyrazole-3-carboxamide (WO 02/10171, pg. 17, prep. 1,
synthesis k.)

5-sopropyl-4-nitro-2H-pyrazole-3-carboxamide — see Preparation 1
4-Nitro-2H-pyrazole-3-carboxamide - see Preparation 2

- Preparations 11 {0 23

Al — ik

Potassium carbonate (1eq) and the appropriate R°Br (1eq) were added to a
solution of the appropriate pyrazole (see above starting materials) (1eq) in N,N-
dimethyfforramide (2-3mL.mmo!™") and the reaction mixture stirred under
nitrogen at room temperature for 18 hours. The reaction mixture was
concentrated in vacuo and partitioned betwsen ethyl acetate and water, the
organic phase dried over ma'gnesium sulphate and concentrated in vacuo. The
crude product was purified usmg column chromatography on silica gel eluting
with ethyl acetate:pentane 50:50 to 100:0 to yleld the desired products.

/&
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P T 0
N’N -
\ [/ NH,
R® NO,

11 | R%=H; R® = -(CH)2:OCH.CH;
'H NMR (DMSO-ds, 400MHz) &: 1.03 (1, 3H), 3.36 (g, 2H), 3.69 (1,
2H), 4.30 (t, 2H), 8.26 (br s, 1H), 8.29 (s, 1H), 8.42 (br s, 1H).
LRMS:m/z APCH+ 229, [MH]*

12 | R’ =-CHg; R® =-(CH,)sOCH;
'H NMR (CDCls, 400MHz) 5: 2.13 (m, 2H), 2.52 (s, 3H), 3.27 (8, 3H),
3.42 (t, 2H), 4.42 (t, 2H), 5.97 (br s, 1H), 7.36 (br s, 1H). LRMS:m/z

_ | APCH 265, [MNa]*

13 | R’ =-CHs; R® = -(CH,)sOCH,CHs
'H NMR (CDCl, 400MHz2) 5: 1.12 (t, 3H), 2.51 (s, 3H), 3.48 (q, 2H),
3.78 (t, 2H), 4.44 (t, 2H), 6.07 (br 8, 1H), 7.42 (br s, 1H). LRMS:m/z
APCl+ 243, [MHT*

14 | R’ =-CHg; R® = -(CH,);OCH;
'H NMR (CDCl, 400MHz) 5: 2.51 (8, 3H), 3.33 (s, 3H), 3.74 {1, 2H),
4.48 (i, 2H), 6.05 (br s, 1H), 7.36 (br s, 1H). LRMS:m/z APCi+ 251,
[MNa]*

15 | R®=-CHCHs; R® = -(CH2)sOCHs
LRMS:m/z APCl+ 243, [MH]'

16 | R® = -CHyCHg; R® = -(CHg)2OCH.CHs
'H NMR (DMSO-dg, 400MHz2) 8: 1.03 (t, 3H), 1.18 (t, 3H), 2.84 (q,
2H), 3.87 (g, 2H), 3.68 (t, 2H), 4.22 (t, 2H), 8.18 (br s, 1H), 8.37 (br s,
1H). LRMS:m/z APCl+ 279, [MNa]*
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G

17

18

19

21

R°® = -CH(CHs)z; R® = -(CH2)20CH;,

'H NMR (DMSO-ds, 400MHz) &: 1.26 (d, 6H), 3.18 (s, 3H), 3.42 (m,
1H), 3.65 (t, 2H), 4.25 (t, 2H), B.17 (br s, 1H), 8.40 (br s, 1H).
LRMS:m/z ES+ 279 [MNal*

R® = -CHs; R® = -(CH2)20(CH2)2CHs

'H NMR (DMSO-ds, 400MH2) &: 0.79 (t, 3H), 1.44 (m, 2H), 2.41 (s,
3H), 8.29 (1, 2H), 3.70 (1, 2H), 4.22 (t, 2H), 8.18 (s, 1H), 8.33 (s, TH).
LRMS m/z APCl+ 257 [MH]*

R® = -CHa; R® = -(CH_Z)sOCH2CHs

'H NMR (DMSO-de, 400MHz) 5: 1.08 (t, 3H), 1.96 (m, 2H), 2.55 (s,
3H), 3.32 (m, 2H), 3.37 (m, 2H), 4.15 (t, 2H), 7.64 (br s, 1H), 7.89 (br
s, 1H).

R® = -CHj; R® = -(CH2),0CH(CHg).

' NMR (CDCls 400MH2) 5: 1.07 (d, 6H), 2.54 (s, 3H) 3.56 (m, 1H),
3.81 (t, 2H), 4.42 (1, 2H), 5.97 (brs, 1H), 7.54 (br s, 1H). LRMS
APCl+ miz 257 [MH]*

R® = {(CH3):CHs; R® = -(CH2)20CH;

'H NMR (CDCls, 400MHz) &: 1.00 (t, 3H), 1.74 (m, 2H), 2.89 (t, 2H),
3.33 (s, 3H), 3.78 (t, 2H), 4.49 (1, 2H), 5.95 (br s, 1H), 7.25 (br s, TH).
MS ES+ m/z 257 [MH]*

R® = -(CHy):CHs; R® = -CHj

'H NMR (DMSO-ds, 400MHz) 5: 0.93 (t, 3H), 1.62 (m, 2H), 2.46 (m,
2H), 3.78 (s, 3H), 8.08 (m, 1H), 8.32 (m,1H). LRMS APCI m/z 213
[MH*
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23 | R°=-CHs; R°=-CH(CHa)2
'H NMR (DMSO-de, 400MHz) 8: 1.38 (d, 6H), 2.42 (s, 3H), 4.45 (m,
1H), 8.21 (s, 1H), 8.43 (s, 1H). LRMS:m/z APCl+ 213 [MHT*

Preparation 18 - made using 1-(2-bromoethoxy)propane (EP 1072595)
Preparation 19 — made using 1-ethoxy-3-iodopropane (EP 319479 pg21 ex. 23)
Preparation 20 — made using 2-(2-bromoethoxy)propane (FR 2638745 pg7 ex.
4.1)

Preparations 24 to 37

M il

Ammonium formate (5eq) was added portionwise to a suspension of 10%
paliadium(ll) hydroxide on carbon (10% w/w) and the required 4-nitro pyrazole
(1eq) in ethanol (4-5mL.mmofl ") and the reaction mixture refluxed under nitrogen
for 2 hours. The reaction mixture was filtered through Arbocel® and washed with
ethanol and the filtrates concentrated in vacuo. If present, remaining ethanol
was azeotroped with toluene, ylelding the desired product.

Prep R®
|

\ /N,
R°® NH,
24 | R°=H; R®=-(CH,):OCHCHs
'H NMR (DMSO-ds, 400MHz) 5: 1.04 (t, 3H), 3.34 (q, 2H), 3.60 (1,

2H), 4.36 (s, 2H), 4.42 (t, 2H), 7.03 (s, 1H), 7.40 (br s, 2H).
LAMS:m/z APCl+ 198, [MHT'
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25 R°=-CHa: R°=H
'H NMR (DMSO-ds, 400MHz) 5: 2.04 (s, 3H), 4.45 (br s, 2H), 7.13 (br
s, 2H). LRMS:m/z APCI+ 399, [MH]*

26 | R®=-CHg; R® = -(CH)sOCHs

'H NMR (DMSO-ds, 400MHz) 8: 1.82 (m, 2H), 2.04 (s, 3H), 3.17 (s,
3H), 3.22 (t, 2H), 4.01 (br s, 2H), 4.27 (t, 2H), 7.45 (br s, 2H).
LRMS:m/z APCl+ 235, [MNa]'

27 | R® =-CHs; R® = -(CH2)2:OCH,CHs

'H NMR (DMSO-ds, 400MHz) 5: 1.03 (t, 3H), 2.02 (s, 3H), 8.35 (q,
2H), 3.56 (t, 2H), 4.12 (br s, 2H), 4.35 (t, 2H), 5.37 (br s, 1H), 7.50 (br
s, 1H). LRMS:m/z APCl+ 213, [MH]

28 | R®=-CHq; R®? = -(CH2),0OCH3

'H NMR (DMSO-ds, 400MHz) §: 2.04 (s, 3H), 3.16 (s, 3H), 3.53 (1,
2H), 4.07 (br s, 2H), 4.40 (t, 2H), 7.47 (br s, 2H). LRMS:m/z APCI+
221, [MNaJ* '

29 R® = -CH:CHs; R® = -(CHg)2OCH3
'H NMR (CDCls, 400MHz) 8: 1.20 (t, 3H), 2.53 (g, 2H), 3.32 (s, 3H),
3.80 (t, 2H), 4.46 (t, 2H). LAMS:m/z APCl+ 213, [MH]*

30 | R®=-CH.CHs; R® = -(CHz)20CH2CHs
H NMR (CDCls, 400MHz2) 5: 1.14 t, 3H), 1.23 (t, 3H), 2.55 (q, 2H),
3.50 (q, 2H), 3.84 (t, 2H), 4.43 (t, 2H). LAMS : m/z APCl+ 227 [MH]*

31 | R®=-CH(CHa)z; R® = -(CH2)20CH;

'H NMR (DMSO-dg, 400MHz) &: 1.15 (d, 6H), 2.5 (m, 1H), 3.17 (s,
3H), 3.55 (t, 2H),4.07 (br s, 2H), 4.41 (1, 2H), 7.50 (br s, 2H).
LRMS:m/z APCl+ 227, [MHT*
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32 |[R° =-CHg R° = -(CHg)70(CHZ).CHa
'H NMR (CDCla, 400MHz) 5: 0.85 (t, 3H), 1.55 (m, 2H), 2.20 (s, 3H),
3.42 (t, 2H), 3.85 (1, 2H), 4.43 (t, 2H). LRMS:m/z APCl+ 227, [MH]"

33 | R®=-CHs; R®=-(CHz:0CH(CHx)e

H NMR (CDCls, 400MHz) §: 1.08 (d, 6H), 2.23 (s, 3H), 3.58 (m, 1H),
3.83 (t, 2H), 4.39 (t, 2H). LRMS APCl+ m/z 227 [MH]*

34 | R® = {CHZ)2CHy; R® = (CHz)20CH,

'H NMR (CDCls, 400MHz) 5: 0.83 (t, 3H), 1.62 (m, 2H), 2.43 (m, 2H),
3.36 (s, 3H), 3.78 (m, 2H), 4.48 (m, 2H). LRMS TSP+ m/z 227 [MH]*

35 |R®=-(CHu)oCHs; R®=-CH;
'H NMR (CDCl;, 400MHz) 5: 0.95 (t, 3H), 1.62 (m, 2H), 2.53 (t, 2H),
2.80 (br s, 2H), 4.10 (s, 3H). LRMS TSP+ m/z 205 [MNa']

38 | R®=-CHa; R®=-CH(CHa)2
'H NMR (CDCls, 400MHz) 8:1.42 (d, 6H), 2.23 (s, 3H), 5.55 (m, 1H).
LRMS:m/z APCI+ 183, [MH[*

37 | R®=-CH;; R®=-(CHz)s0CH,CHy

'H NMR (CDCly,400MHz) 5: 1.08 (t, 3H), 1.82 (m, 2H}), 2.02 (s, 3H),
3.24 (t, 2H), 3.48 (q, 2H), 4.05 (m, 2H), 4.28 (t, 2H), 7.48 (br m, 2H).
LRMS APCI m/z 227 [MH]"

'?' F‘\

\ /
NHz
A mixture of the appropriate 4-aminopyrazole-5-carboxamide (see preparations
5 24-37) (1eq) and carbonyl diimidazole (1eq) in N,N-dimethylformamide
(3.8mLmmol™) was stirred under nitrogen at room temperature for 1 hour. The
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reaction was then heated at 80°C for 18 hours. The reaction mixture was
concentrated /n vacuo and the residue triturated with acetone. The resulting solid
was filtered and dried to give the required product.

%

Prep

41

R

N

’ NH
Ny |

R® No©

R® = -(CH,).CHs; R® =-CHs

'H NMR (DMSO-dg, 400MHz) &: 0.9 (t, 3H), 1.55 (m, 2H), 2.55 {t,
2H), 3.95 (s, 3H), 11.0 (br m, 2H). LRMS : m/z 209 [MH]

R°=-CHg R® = ~CH(CHa)2
'H NMR (DMSO-ds, 400MHz) 5: 1.36 (d, 6H), 2.20 (s, 3H), 5.13 (m,
1H), 11.01 (s, 2H). LRMS:mvz APCl+ 209, [MH]*

R® = -CH2CHa; R® = -(CH;);OCH:CH3

'H NMR (DMSO-de, 400MH2) 8: 0.98 (t, 3H), 1.12 (t, 3H), 2.61 (q,
2H), 3.38 (q, 2H), 3.67 (t, 2H), 4.46 (t, 2H), 11.06 (s, 2H). LAMS:m/z
APCI™ 251, [M-HJ

R® = <CHg; R = -(CH,)20CHa
'H NMR (DMSO-d, 400MHz2) 5: 2.21 (s, 3H), 3.17 (s, 3H), 3.55 (t,
2H), 4.46 (t, 2H), 11.00 (br s, 2H). LRMS:m/z APCI- 223, [M-HJ

R® = -CHzCHa; R® = -(CHg);0CHs

'H NMR (DMSO-dg, 400MHz) 3: 1.12 (1, 3H), 2.83 (g, 2H), 3.26 (s,
3H), 3.67 (t, 2H), 4.46 (t, 2H), 11.00 (brs, 2H). LRMS:m/z APCl+
239, [MHJ
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47

R® = -CHg; R° = -(CHz)gOCHZCHs

'H NMR (DMSO-ds, 400MH2) §: 1.00 (t, 3H), 2.19 (s, 3H), 3.34 (q,
2H), 3.67 (t, 2H), 4.44 (t, 2H), 11.02 (br s, 2H). LRMS:m/z APCI 237,
M-HT

R® = H; R® = «(CH2)2OCH2CH,
'H NMR (DMSO-ds, 400MHz) §: 0.97 (s, 3H), 3.36 (q, 2H), 3.70 {1,
2H), 4.51 (t, 2H), 7.34 (s, 1H), 10.93 (br s, 1H), 11.07 (br s, 1H)

R® = -CHa; R® = -(CHa)sOCH;

H NMR (DMSO-ds, 400MHz) &: 1.82 (m,2H), 2.18 (8, 3H), 3.17 (s,
3H), 3.26 (t, 2H), 4.32 (t, 2H), 11.00 (brs, 2H). LRMS:m/z (APCI-)
237, [M-HT

R® = -CH(CH)z; R® = -(CHZ)20CHs

'H NMR (DMSO-dg, 400MHz) &: 1.19 (d, 6H), 3.10 (m, 1H), 3.17 (s,
3H), 3.66 (t, 2H), 4.48 (t, 2H), 11.00 (s, 1H), 11.03 (s, 1H).
LRMS:m/z APCl+ 253, [MH[" '

R® = -CHg; R® = -(CH2)20(CH2)2CHa

TH NMR (DMSO-d,, 400MHz) §: 0.74 (t, 3H), 1.39 (m, 2H), 2.20 (s,
3H), 3.26 (1, 2H), 3.67 (t, 2H), 4.46 (t, 2H), 11.04 (s, 2H). LAMS:m/z
APCl+ 253, [MH]'

R® = -CHs; R® = -(CH,);OCH(CH:)z

'H NMR (DMSO-de, 400MHZ) &: 0.96 (d, 6H), 2.19 (s, 3H), 3.45 (m,
1H), 3.65 (t, 2H), 4.40 (t, 2H), 11.00 (br s, 2H). LRMS APC}- m/z
251 [M-HJ
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49 |R° =-CHs;;R°=H

'H NMR (DMSO-ds, 400MHz, tautomers) &: 2.18 (s, 1.5H), 2.20 (s,
1.5H), 10.70 (br s, 1H), 10.90 {br s, 0.5H), 10.92 (br s, 0.5H), 13.45
(br s, 0.5H), 13.49 (br s, 0.5H). LRMS:m/z ES+ 189, [MNa]"

50 | R®=-(CHz):CHs; R® = -(CH2).OCH3

'H NMR (DMSO-ds, 400MHzZ) &: 0.86 (t, 3H), 1.54 (m, 2H), 2.58 (,
2H), 3.16 (s, 3H), 3.65 (t, 2H), 4.48 (t, 2H), 11.06 (8, 2H). LRMS
APCl+ m/z 253 [MH]'

51 |R°= -CHa; R® = -(CHg)sOCHCHs

"H NMR (DMSG-ds, 400MHz) 5: 1.08 (t, 3H), 1.90 (m, 2H), 2.19 (s,
3H), 3.35 (m, 4H), 4.38 (t, 2H), 11.00 (br s, 2H). LRMS:m/z APCI’

237, [M-HJ
Preparations 52 to 65
R® Q9
|
N
’ NH
N ] ,g —_—
N o]
RB
Method A (Preparations 8 65): N-ethyldiisopropylamine (2-

2.5eq) was added to a solution of the appropriate dione (see preparations 38,
41, 42, 44 and 50) (1eq) in phosphorous oxychloride (3mL.mmol™) and the
resulting solution heated under refiux for 18 hours. The cooled mixture was
concentrated /n vacuo, the residue dissolvad in ethyl acetate (3.5mL.mmol") and
carefully washed with water (3.5mL.mmor*). The organic solution was
evaporated In vacuo and the crude product purified by column chromatography
on silica gel using ethyl acetate:pentane (20:80 to 60:40) to give the required
compound.

Msthod B (Preparations 53, 54, 57, 59, 80, 61, 62 and 63): Tetraethylammonium
chloride (3eq) and phosphorous oxychioride (15 eq) were added to a solution of

7z,
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the appropriate dione (see preparations39, 40, 43, 45-48 and 51) (1eq) in
acetonfrile (5-10mLmmol") and the resulting solution heated under reflux for 18
hours. The cooled mixture was concentrated in vacuo, the residue dissolved In
ethyl acetate (3.5mL.mmol™") and carefully washed with water (3.5mL.mmorl™).

The organic solution was evaporated in vacuo aid the crude product purified by

column chromatography on silica gel using ethyl acetate:pentane (20:80 to
60:40) to give the required compound.

Prep

R® = <(CH3)2CHg; R® = -CHa
'H NMR (CDCls 400MHz) §: 1.00 (t, 3H), 1.80 (m, 2H), 2.95 (t, 2H),
4.30 (s, 3H). LRMS : m/z APCl+ 245 [MH]'

R? = -CHg; R? = -CH(CHa)2
*H NMR (CDCls, 400MHz) 5: 1.60 (d, 6H), 2.62 (s, 3H), 5.43 (m, 1H).
LRMS:m/z APCl+ 245, [MHT* '

R® = -CH2CHg; R® = -(CHg)?OCH2CHs
'H NMR (CDCly, 400MHz) 8: 1.07 (t, 3H), 1.40 (¢, 3H), 3.05 (q, 2H),
3.43 (q, 2H), 3.83 (1, 2H), 4.82 (1, 2H). LRMS:m/z APCl+ 289, [MH]*

R® = -CHs; R® = -(CH2);OCHs
'H NMR (CDCls, 400MHz) 5: 2.80 (s, 3H), 3.28 (s, 3H), 3.79 (t, 2H),
4.82 (t, 2H). LRAMS:m/z APCl+ 261, [MNaJ*

R® = -CHzCH3; R® = -(CH2)zOCH3
'H NMR (CDCls, 400MHz) §: 1.30 (1, 3H), 2.94 (q, 2H), 3.16 (s, 3H),
8.73 (1, 2H), 4.77 (t, 2H). LRAMS:mvVz APCl+ 275, [MH]*
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57

61

R® = -CHs; R® = (CH2)20CH:CHs
'H NMR (CDCls, 400MHz) 5: 1.08 (t, 3H), 2.60 (s, 3H), 3.42 (g, 2H),
3.81 (t, 2H), 4.84 (1, 2H). LRMS APCl+ m/z 275 [MH]*

R’ = H; R® = -(CH3);O0CH-CHs
'H NMR (CDCls, 400MHz) 5: 1.04 (t, 3H), 3.42 (q, 2H), 3.86 {t, 2H),
4.88 (t, 2H), 8.23 (s, 1H). LRMS:m/z APCl+ 261, [MH]*

R® = -CHg; R® = -(CHz)sOCHs |
'H NMR (DMSO-ds, 400MHz) &: 2.05 (m, 2H), 2.49 (s, 3H), 3.16 (s,
3H), 3.32 (t, 2H), 4.65 (t, 2H). LRMS:m/z APCl+ 276, [MH]*

R® = -CHs; R® = -(CH2);OCH(CHa)2 '
'H NMR (400MHz, CDCls) & 0.91 (d, 6H), 2.50 (s, 3H), 3.40 (m, 1H),
3.70 (t, 2H), 4.70 (t, 2H). LRMS APCl+ m/z 289 [MH]*

R® = -CH(CHa)s; R® = -(CH2):OCH3
'H NMR (DMSO-ds, 400MHzZ) &: 1.38 (d, 6H), 3.18 (s, 3H), 3.39 (m,
1H), 3.74 (t, 2H), 4.77 (t, 2H). LRMS:m/z APCl+ 289, [MH]"

R® = -CHs; R? = -(CHz)?0(CHz)2CHs
"H NMR (CDCls, 400MHz) : 0.76 (t, 3H), 1.45 (m, 2H), 2.62 (s, 3H),
3.31 (t, 2H), 3.82 {t, 2H), 4.82 (1, 2H). LRMS:m/z APCIi+ 289, [MH]*

R® = -CHs; R® = {(CHz)sOCHCHs
'H NMR (CDCls, 400MHz): &: 0.97 (1, 3H), 2.06 (m, 2H), 2.51 (s, 3H),
3.36 (m, 4H), 4.66 (m, 2H)

R =-CHg R°=H
'H NMR (DMSO-ds, 400MHz) 5: 2.52 (m, 3H). LRMS ES- m/z 201
[M-HT '
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85 | R° =-(CHg)ZCHs; R® = -(CHz)2OCHs
'H NMR (CDCh, 400MHzZ) 5: 0.99 (, 3H), 1.83 (m, 2H), 2.99 (t, 2H),
3.28 (s, 3H), 3.80 (1, 2H), 4.83 (t, 2H). LRMS APCl+ mv/z 289 [MH]*

Preparation 66
hioro-1-methyl ropvl-1H- 4 imidinyl-7-vi}-4-
me idin-2- in

A solution of the dichloride of preparation 52 (8g, 32.6mmol) and 2-aminoc-4-
methyipyridine (10.6g, 97.9mmol) in dimethylsulfoxide (60mL) was stirred at

70 °C for 18 hours. The mixture was diluted with ethyl acetate (200mL), and
washed with water (3x100mL) and brine (70mL). The organic solution was dried
over magnesium sulphate and concentrated /n vacuo. The crude product was
purified by column chromatography on silica gel using
dichloromethane:acstonitrile 100:0 to 80:10, to give the title compound as a
yellow solid, 5g.

'H-NMR (CDCls, 400MHz) 5: 1.00 (t, 3H), 1.83 (m, 2H), 2.43 (s, 3H), 2.91 (t, 2H),
4.41 (s, 3H), 6.77 (br s, 1H), 7.89 (br m, 2H). LRMS : m/z ES+ 317 [MH]"




&
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Preparation 67

5 This compound was prepared by the method of preparation 66 using the
dichloride of preparation 52 and 2-amino-5-methylpyridine as starting materials
and a soivent of 50:50 1-methyi-2-pymrolidinone:dimethylsulfoxide was used. The
crude product was purified by column chromatography on silica gel using
pentane:ethyl acetate 100:0 to 60:40.

10 'H NMR (DMSO-dg, 400MHz) 5: 0.90 (t, 3H), 1.72 (m, 2H), 2.25 (s, 3H), 2.75 (1,
2H), 4.20 (s, 3H), 7.70 (d, 1H), 7.85 (d, 1H), 8.18 (s, 1H). LRMS : ES+ m/z 339

MNaJ*
Preparation 68
15 N{5-Chiloro-3-sthyi-1-(2-methoxyethvi}-1 H-pyrazolol4.3- rimidin-7-yi]-4-
3 methyipyridin-2-ylamine

This compound was prepared following the method of preparation 66 using the
dichloride of preparation 56 and 2-amino-4-methyipyridine as starting materials.

20 The crude product was purified by column chromatography on silica gel using
dichloromethane:methanol 98:2.
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'H NMR (CDCls, 400MHz) 5: 1.38 (t, 3H), 2.32 (s, 3H), 2.98 (q, 2H), 3.52 (s, 3H),

3.92 (t, 2H), 4.73 (t, 2H), 7.58 (d, 1H), B.17 (s, 1H), 8.38 (d, 1H), 10.11 (br s,
1H). LRMS ES” m/z 345 [M-HJ

5 Preparation 69
imidi

ine

H,C

n-Butyllithium (8.53mL, 2.5M in hexanes, 16.32mmol) was added to a solution of
10  4-aminopyrimidine (1.55g 16.32mmol) in tetrahydrofuran (25mL) and stirred for
10 minutes at room temperature. To this was added a solution of the dichloride
from preparation 52 (1g, 4.08mmol) in tetrahydrofuran (25mL). The reaction
mixture was stirred for 2 hours. The mixture was then cooled in ice and an
aqueous solution of ammonium choride was added and the mixture extracted
15  with ethyl acetate. The combined organic solutions were dried over magnesium
sulphate and purified by column chromatography on sifica gel using
dichloromethane:methanol 99:1 to give the title compound, 500mg.
'H NMR (DMSO-dg, 400MHz2) 8: 0.93 {t, 3H), 1.74 (m, 2H), 2.81 (t, 2H), 4.18 (8,
3H), 7.98 (d, 1H), 8.63 (d, 1H), 8.86 (s, 1H). LRMS:m/z EST : 302, [M-HJ

Praparations 70 to 77

S @)
R

\ e HN&)

ﬂ N R\

———fite

P N/)\CI N | N

/e \ 2
N Cl
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z

The following compounds, of the general structure below, were made in the way

described in preparation 69 from the appFopriate dichloride starting material
(preparations 53, 54, 57-60, 62, and 64):

Prep

70

ra

73

@)
.
N NN
Ny |
> N/*CI

R® = H; R® = -(CHZ)20CH2CHs

'H NMR (DMSO-ds, 400MHz) 5: 1.05 (t, 3H), 3.52 (q, 2H), 3.83 (t,
2H), 4.80 (t, 2H), 8.16 (d, 1H), 8.26 (s, 1H), 8.72 (d, 1H), 8.88 (s, 1H),
10.6 (br s, 1H). LAMS:m/z APCI+ 320, [MH]*

R® = -CHg; R® = -(CH,)2OCH(CHa)2

'H NMR (CDCls, 400MH2) 8: 1.03 (d, 6H), 2.43 (s, 3H), 3.60 (m, 1H),
3.80 (t, 2H), 4.75 (t, 2H), 8.18 (d, 1H), 8.71 (s, 1H), 8.91 (s, 1H).
LRAMS APCH m/z 348 [MH]*

R® = -CHj; R® = -(CH2)2OCH:CH3

'H NMR (CDCls, 400MHz) &: 1.23 (t, 3H), 2.57 (8, 3H), 3.69 (q, 2H),
3.95 (t, 2H), 4.73 (t, 2H), 8.44 (d, 1H), 8.67 (d,1H), 8.91 (s, 1H),
10.41 (br s, 1H). LRMS:m/z ES+ : 356, [MNa]*

R® = -CHj; R® = (CH32)20(CHz)2CHs

'H NMR (DMSO-de, 400MHz) 5: 0.62 (t, 3H), 1.43 (m, 2H), 2.44 (s,
3H), 3.41 (t, 2H), 3.80 (1, 2H), 4.76 (t, 2H), 8.15 (d, 1H), 8,72 (d, 1H),
8.89 (s, 1H), 10.39 (br s, 1H). LRMS:m/z APCl+ 348, [MH]*




10

15

WO 2004/096810 PCT/1B2004/001433
-190-

78 | R®=-CHoCHs; R® = -(CHg)2OCH-CHs
'H NMR (CDCls, 400MHz) &: 1.25 {t, 3H), 1.41 (t, 3H), 3.02 (q, 2H),

3.71 (g, 2H), 3.97 (t, 2H), 4.75 (t, 2H), 8.49 (d, 1H), 8.67 (d, 1H), 8.93
(s, TH). LRMS:m/z ES+ 348, [MH]"

WO 2004/056810 PCT/1B2004/001433
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This compound was prepared by the method of preparation 69 using the
dichloride of preparation 62 and 2-amino-4-methylpyridine as the starting
materials. The crude product was purified by column chromatography on silica
gel eluting with methanol:dichloromethane 0:100 to 5:95.

'H NMR (CDCls, 400MHz) 8: 0.71 (t, 3H), 1.56 (m, 2H), 2.47 (s, 3H), 2.56 (s,
3H), 3.61 {t, 2H), 3.91 (t, 2H), 4.79 (t, 2H), 6.91 (br 8, 1H), 8.17 (br s, 1H), 8.42
(s, 1H). LRMS:m/z APCI+ 361, [MH]'

Preparation 81
lo i 1-(2- 1)-1H- olof4.3- Idin-7-vil-5-
me nidin-2- ine

This compound was prepared by the method of preparation 69 using the
dichloride of preparation 61 and 2-amino-5-methyipyridine as the starting
materials. The crude product was purified by column chromatography on silica
gel eluting with methanol:dichloromethane 0:100 to 5:95.

'H NMR (DMSO-dg, 400MHz) 5: 1.36 (d, 6H), 2.27 (s, 3H), 3.25 (m, 1H), 3.35 (s,
3H), 3.77 {1, 2H), 4.72 (br s, 2H), 7.72 (br d, 1H), 8.05 (br d, 1H), 8.20 (s, 1H)
LRMS:mvz APCl+ 361, [MH]"
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Preparation 82

methyl

HC

5 This compound was prepared by the method of preparation 69 using the
dichloride of preparation 62 and 2-amino-5-methylpyridine as the starting
materials. The crude product was purified by column chromatography on silica
gel eluting with methanol:dichloromethane 0:100 to 5:95.

'H NMR (CDCls, 400MHz2) 5: 0.74 (t, 3H), 1.60 (m, 2H), 2.32 (s, 3H), 2.55 (s,
10 3H), 3.53 {t, 2H), 3.92 (t, 2H), 4.72 (t, 2H), 7.58 (d, 1H), 8.15 (s, 1H), 8.38 (d, 1H)
LRMS:m/z APCl+ 361, [MH]*

15

T

H,C

This compound was prepared by the method of preparation 69 using the

dichloride of preparation 52 and 2-amino-1,4-pyrazine as the starting materials.

'H NMR (CDsOD, 400MHz) 5: 0.99 {t, 3H), 1.80 (m, 2H), 2.89 (t, 2H), 4.23 (s,
20 3H), 8.33 (d, 1H), 8.42 (d, 1H), 9.48 (s, 1H). LRMS:m/z ES+ 326, [MNa]*
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Hac N Cl

This compound was prepared by the method of preparation 89 using the
dichloride of preparation 52 and 2-aminopyrimidine as the starting materials.
'H NMR (400MHz, CDCly) 8: 0.94 (t, 3H), 1.77 (m, 2H), 2.81 (m, 2H), 3.86 (s,
3H), 7.16 (m, 1H), 8.59 (m, 2H). LRMS APCl+ m/z 304 [MH]*

Preparation 85
hloro-1- 0. ethyl-1H- lof4.3- imidin-7-yl
met idin-4- 2]
Hy N,;\IN
0\ HN/I\/l\CHa
N ' NN
\ P
N/I\CI
H,C

This compound was prepared by the method of preparation 69 using the
dichloride of preparation 57 and 4-amino-68-methyipyrimidine as the starting
materials. The crude product was purified by column chromatography on silica
gel eluting with pentane:ethyl acetate 68:34.

'H NMR (DMSO-ds, 400MH2) &: 1.40 (t, 3H), 2.44 (s, 3H), 2.47 (s, 3H), 3.51 (q,
2H), 3.80 (t, 2H), 4.73 (t, 2H), 8.03 (s, 1H), 8.76 (8, 1H). LRMS:m/z APCl+ 348,
[MHT'
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Preparation 86

This compound was prepared by the method of preparation 69 using the
dichloride of preparation 52 and 3-aminopyridiazine as the starting materials.

'H NMR (DMSO-ds, 400MHz) 5: 0.90 (t, 3H), 1.72 (m, 2H), 2.79 (m, 2H), 4.27 (s,
3H), 7.77 (m, 2H), 8.22 (m, 1H). LRMS APCl+ m/z 304 [MH]}*

Preparation 87

1,2 4loxadiazol-3-ylamine

J

Haq HN N
N | N
} NA\Cl

H,C
This compound was prepared by the method of preparation 69 using the
dichloride of preparation 52 and 3-amino-5-methyl-[1,2,4]oxadiazole
(Heterocycles, EN, 57; 5; 2002; 811) as the starting materials.
'H NMR (DMSO-dg, 400MHz) &: 0.94 (t, 3H), 1.77 (m, 2H), 2.14 (s, 3H), 2.83 (m,
2H), 4.24 (s, 3H), 11.20 (br s, 1H). LAMS ES+ m/z 330 [MNaJ"
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5 This compound was prepared by the method of preparation 69 using the

10

15

dichioride of preparation 52 and 2-amino-1H-imidazole as the starting materials.
'H NMR (CDsOD, 400MHz) &: 1.01 (t, 3H), 1.72 (m, 2H), 2.81 (m, 2H), 4.33 (s,
3H), 6.95 (s, 2H). LRMS ES- m/z 290 [M-HY

Preparation 89
hloro-N- etho rimidinyl}-1-m ropvi-1 4

gm_ rimidin-7-amine

This compound was prepared by the method of preparation 69 using the
dichloride of preparation 52 and 4-amino-8-methoxypyrimidine as staring
materials. The crude product was purified by column chromatography on sllica
gel eluting with ethyl acetate:pentane 50:50 to 70:30.

'H NMR (DMSO-ds, 400MHz2) &: 0.92 (t, 3H), 1.74 (m, 2H), 2.81 (t, 2H), 3.93 (s,
3H), 4.21 (s, 3H), 7.40 (s, 1H), 8.57 (s, 1H). LAMS:m/z ES+ 356, [MNaJ*
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Preparation 90

methylpyridin-2-viamine
NP | CH,

CH
H,c\( N X
IN =

N
N
N\ =
N/|\CI
H,C

5 This compound was prepared by the method of preparation 69 using the

dichloride of preparation 53 and 2-amino-5-methylpyridine as the starting

materials.

'H NMR (CDCls, 400MHz) 5: 1.58 (d, 6H), 2.55 (s, 3H), 2.61 (s, 3H), 5.41 (m,

1H), 7.61 (m, 1H), 8.14 (m, 1H), 8.41 (m, 1H)
10

Preparation 91
N-[5-Chloro-1-(2-ethoxyethvi)-3-ethvi-1 razolo{4,3-

methyipyrimidin-4-ylamine

rimidin-7-yi}-A-

15 This compound was prepared by the method of preparation 69 using the
dichloride of preparation 54 and N-methyipyrimidin-4-ylamine as the starting
materials.

'H NMR (CDCls, 400MHz) &: 1.25 (t, 3H), 1.41 (1, 3H), 3.02 (q, 2H), 3.71 (q, 2H),
3.97 {t, 2H), 4.05 (s, 3H), 4.75 (t, 2H), 8.48 (d, 1H), 8.67 (d, 1H), 8.93 (s, 1H)
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P rations 92 to 98

n’\ n‘\N,n‘
/N = N
l
s\ NAN/\ H
e

O CH,
N-Ethyldiisopropylamine (3eq) and the appropriate HNR'R® amine (3eq) were
added 1o a solution of the appropriate dichloride (see preparations 56, 61 and
64) (1eq) in dimethyisulfoxide (2-3mL.mmol’) and stirred at 70°C ovemnight. tert-
Butyl piperazine-1-carboxylate (56q), and additional N-ethyidiisopropylamine
(10eq) were added to the cooled reaction mixture and the reaction stirred at
120°C ovemight. The cooled reaction mixture was partitioned between ether and

water (3:1 by volume) and the organics were dried over magnesium sulphate
and concentrated /n vacuo to yield the product.

Prep

O.__CH
T e,

O CH,

Rl= N*

92 ~ | : R® = -CH(CHg)e; R® = -(CH2)20CHs
CH,

"H NMR (DMSO-ds , 400MHz) &: 1.38 (d, 6H), 1.38 (s, 8H), 2.10 (s,

3H), 3.24 (m, 4H), 3.35 (s, 3H), 3.43 (m, 4H), 3.67 (t, 2H), 3.74 (m,

1H), 4.59 (t, 2H), 7.73 (d, 1H), 7.95 (br s, 1H), 8.18 (d, 1H)

LRMS:m/z APCl+ 511, (MHT"
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94

97

CH,

R'= N7 8
I : R® = -CH(CH)z; R® = -(CH2):OCHs

X

'H NMR (DMSO-ds , 400MHz) 5: 1.34 (d, 6H), 1.40 (s, 9H), 2.06 (s,
3H), 3.35 (s, 3H), 3.41 (m, 4H), 3.64 (m, 4H), 3.75 (1, 2H), 4.59 (t, 2H),
7.67 (d, 1H), 7.98 (d, 1H), 8.15 (s, 1H). LRMS:mvz APCl+ 511, [MH[*
CH,

R'= N7
| :R®=-CH5; R®=H

N

'H NMR (DMSO-dgs, 400MHz2) &: 1.41 (8, 9H), 2.26 (s, 3H), 2.34 (s,
3H), 3.42 (m, 4H), 3.68 (m, 4H), 7.70 (d, 1H), 8.20 (m, 2H), 9.94 (br s,
1H), 12.23 (br s, 1H). LRMS:m/z APCI+ 425, [MH]*

N

R'= HN™
,I§->_ CHy  ; B® = -CHCHy: A" = (CH,),0CH

'H NMR (DMSO-dg, 400MH2) &: 1.26 (1, 3H), 1.41 (s, 9H), 2.23 (s,
3H), 2.73 {q, 2H), 3.36 (s, 3H), 3.40 (m, 4H), 3.64 (m, 4H), 3.72 (t,
2H), 4.56 {m, 2H), 6.36 (s, 1H), 9.47 (s, 1H). LRMS:m/z ES+: 486,
[MHT*

CH,

R'= N*
l : R® = -CH.CHg; R® = -(CH2)20CH3

"™

R'= N7
« | . R® = -CHs; R® = H
CH,

'H NMR (DMSO-ds, 400MHz) &: 1.42 (s, 9H), 2.34 (s, 3H), 2.35 (s,
3H), 3.44 (m, 4H), 3.72 (m, 4H), 6.94 (d, 1H), 8.18 (s, 1H) 8.22 (d, 1H)
11.01 (br s, 1H). LRAMS:nvz {electrospray) 423, [M-H]

R'= N¥
« | : B = -CHoCH; R® = -{CH2)20CHs
CH,
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Preparation 89
Dimethvt 1-(2-etho -4-nitro-1 razol -dicarboxviate

HSCAO/\ ’CHs
N’N
\ J/ ©

Jo NO,
HC o

5 4-Nitro-1H-pyrazole-3,5-dicarboxylic acld dimethyl ester (2.0g, 8.83mmol) was

10

15

20

added to a solution of 2-ethoxyethyl bromide (1.18mL, 10.45mmof) and
potassium carbonate (1.32g, 9.56mmol) in N,N-dimethyliformamide (35mL) and
the reaction mixture stimed-for 48 hours at room temperature. The reaction
mixiure was concentrated /n vacuo and partitioned between ethyl acetate
(200mL) and water (100mL). The organic layer was separated, dried over
magnesium sulphate and concantrated in vacuo. The crude product was purified
by column chromatography on silica gel eluting with pentane:ethyl acetate 100:0
to 70:30 to yield the title product, 1.63g.

'H NMR (CDCls, 400MHz) &: 1.07 (t, 3H), 3.41 (q, 2H), 3.73 (t, 2H),3.89 (s, 3H),
3.94 (s, 3H), 4.76 (1, 2H). LRMS:m/z APCl+ 302, [MHT*

1-(2-Etho -4-nitro- | i i Id 3-methyl ester

The di-ester of preparation 99 (1.63g, 5.4mmol) was added to a solution of
potassium hydroxide (330mg, 5.9mmol) in methanol (20mL) and the reaction
mixture stimed at room temperature for 18 hours. The reaction mixture was
concentrated in vacuo and the crude product dissolved in water and washed with
ether. The aqueous phase was acidified with 2M hydrochloric acid and exiracted
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into dichloromethane (3x100mL). The organics were combined, dried over
magnesium sulphate and concentrated in vacuo to yield the title product, 1.34g.
'H NMR (CD30D, 400MHz2) §: 1.07 (i, 3H), 3.47 (q, 2H), 3.80 (t, 2H),3.88 (s,
3H), 4.77 (t, 2H). LAMS:m/z APCl+ 288, [MHI*

Preparation 101
Methyl 5-carbamoyl-1-(2-ethoxyeth nitro-1 H-pyrazole-3-carboxviate

HSCAO/\| NH,
N
NN o

Io N02
H,C o)

Oxalyl chloride (1.2mL, 13.76mmol) and N,N-dimethylformamide (39uL) were
added to a solution of the carboxylic acid of preparation 100 (1.33g, 4.63mmol)
in dichioromethane (20mL) and the reaction mixture stirred at room temperature
for 2 hours. The reaction mixture was concentrated in vacuo and azeotroped
from dichloromethane (3x50mL). The reaction mixture was dissolved in
tetrahydrofuran (50mL), cooled in an ice bath and treated with 0.880 ammonia
solution (10mL). The reaction mixture was stirrad for 18 hours at room
temperature. The reaction mixture was concentrated in vacuo and the remaining
solution partitioned between dichloromethane (200mL) and water (50mL). The
organics were combined, dried over magnesium sulphate and concentrated in
vacuo to yield the title product , 0.98g.

'H NMR (DMSO-ds, 400MHz) &: 1.03 (t, 3H), 3.38 (g, 2H), 3.70 (t, 2H), 3.86 (s,
3H), 4.36 (t, 2H), 8.30 (br s, 1H), 8.46 (br s, 1H). LRMS APCi+ m/z 287 [MH]*

Preparation 102
Methyl 4-amino- I-1-(2-ethoxyethyl)-1 H-pyrazol rboxylate

HCT 0™ M,

N’N
\ J ©

Jo NH,
HC ©
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Pd{OH); (100mg) was added to a solution of the nitro compound of preparation
101 (970mg, 3.39mmol) in methanol (20mL) and the reaction mixture warmed to
reflux. Ammonium formate (1.07g, 16.97mmol) was added and the reaction
mixture stimed at reflux for 2 hours. The catalyst was removed by filtration and
the reaction mixture concentrated in vacuo to yield the title product, 870mg.

'H NMR (DMSO-dg, 400MHz) &: 1.04 (t, 3H), 3.32 (q, 2H), 3.86 (t, 2H), 3.78 (s,
3H), 4.49 (t, 2H), 5.12 (br 8, 2H), 7.50 (br s, 2H). LRMS APCl+ m/z 257 [MH]*

Preparation 103
Methvl 1-(2- -5.7-dio: 5,6.7-tetrahvdro-1 H- 4

dipyrimidine-3-carboxylate
Q
|

/\1\
H,C
N

NH
\

A
N
HaC\O H -
0
A solution of the amine of preparation 102 (570mg, 3.38mmol) in N,A-
dimethylformamide (30mL) was treated with carbonyl diimidazole (658mg,
4.06mmol) and the reaction mixture stirred at room temperature for 1 hour and
then at 90°C for 18 hours. The reaction mixture was concentrated in vacuo and
the crude product suspended in acetone and sonicated for 30 minutes. The solid
product was filtered off and dried in vacuo.

'H NMR (DMSO-de, 400MHz) §: 1.03 (t, 3H), 3.40 (q, 2H), 3.87 (t, 2H), 4.06 (s,
3H), 4.98 (t, 2H). LRMS ES- m/z 281 [M-HJ

(o
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Pr tion 104
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Methyl 5.7-dichloro-1-(2-ethoxyethyl)-1 H-pyrazolo{4 rimidine-3-carboxylate

Phosphorous oxychloride (934uL, 10.0mmol) and tetrasthylammonium chioride
(195mg, 1.50mmol) were added to a solution of the dione of preparation 103
(140mg, 0.50mmol) in propionitrile (SmL) and the reaction mixture refluxed for 18
hours. The reaction mixture was concentrated /n vacuo and the crude product
partitioned between ethyl acetate (50mL) and water (50mL). The organic layer
was dried over magnesium sulphate and concentrated in vacuo. The crude
product was purified by column chromatography on silica gel eluting with
pentane:ethyl acetate 100:0 to 75:25 to yield the title product.

'H NMR (CDCls, 400MHz) 5: 1.03 (t, 3H), 3.40 (q, 2H), 3.87 (t, 2H), 4.06 (s, 3H),
4.98 (t, 2H). LRMS APCI+ m/z 319 [MH]*

Preparation 105

The dichloro compound of preparation 104 (1.98g, 6.20mmol) was dissolved in
dimethylsulfoxide (10mL) and the reaction mixture treated with 2-amino-4-
methylpyridine {1.34g, 12.4mmol). The reaction mixture was stirred at 75°C for 5
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hours. The reaction mixture was partitioned between dichioromethane (300mL)
and water (500mL) and the dichloromethane layer separated. The organics were
washed with water (3x100mL), dried over magnesium sulphate and concentrated
in vacuo. The crude product was purified by column chromatography on silica
gel eluting with dichlioromethane:acetonitrile 100:0 to 98:2. The crude product
was triturated with ether (50mL), filtered and concentrated in vacuo to yield the
title product, 1.2g.

'H NMR {CDCI3, 400MHz) 5: 1.06 {t, 3H), 2.49 (s, 3H), 3.62 (q, 2H), 4.00 (t, 2H),
4.06 (s, 3H), 5.05 (br, 2H), 6.98 (br s, 1H), 8.16 (br s, 1H), 8.50 (br s, 1H)

LRMS APCl+ m/z 391 [MHT"

— P_mugﬂ_onjm
5-Chioro-1-(2-eth {}-7- In-2-viamino)-1 lo[4,3-

\ =
N Cl

HO
The chloro compound of preparation 105 (1.89g, 4.84mmol) was suspended in
tetrahydrofuran (450mL) and the reaction mixture cooled to -78°C. DIBAL
(39mL, 1M solution in toluene, 33mmol) was added and the reaction mixture
allowed to warm to -5°C. The reaction mixture was siirred at -5°C for 15 minutes
before being re-cooled to -78°C and being quenched with aqueous ammonium
chioride solution (10mL). The reaction mixture was allowed to warm to room
temperature and partitioned between dichloromethane (200mL) and water
(200mL). The mixture was filtered through Arbocel® and the organic layer
separated, dried over magnesium sulphate and concentrated in vacuo. The
crude product was triturated with ethyl acetate and the solid filtered off to yield
the title produci.
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'H NMR (CDCls, 400MHz) &: 1.11 (t, 3H), 2.46 (s, 3H), 3.61 (m, 2H), 3.94 (m,
2H), 4.86 (m, 2H), 5.07 (m, 2H), 6.96 (m, 1H), 8.18 (m, 1H), 8.48 (m, 1H)
LRMS APCl+ m/z 363 [MH]*

Preparation 107
[5,7-Dichloro-1-{2-ethoxyethyl)-1 H-pyrazolo[4,3-djpyrimidin-3-yllmethanol

DIBAL (62.5mL, 1M in tetrahydrofuran, 62.5mmol) was added dropwise to a
cooled (-78°C) solution of the ester from preparation 104 (4g, 12.5mmol) in
tetrahydrofuran (100mL), and once addition was complete, the reaction was
stirred for 10 minutes. The mixture was then allowed to warm to -10°C over 1
hour, then re-cooled to -78°C. Saturated ammonium chloride solution (45mL)
was carefully added, the mixture warmed to room temperature and partitioned
beitween water (175mL) and dichloromethane (350mL). The mixture was filtered
through Arbocel®, washing through with dichioromethane (3x100mL), the
combined organic solutions dried over sodium sulphate and evaporated in
vacuo. The crude product was purified by column chromatography on. silica gel
using methanol:dichloromethane (1:99) as eluant to afford the title compound,
2.56¢.

'H NMR (CDCls, 400MHz) &: 1.07 (t, 3H), 3.44 (g, 2H), 3.84 (m, 2H), 4.86 {t, 2H),
5.09 (s, 2H).
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Preparation 108
-(tert-Butyldimethyisilanyio: 7-dichloro-1-(2 -1H-

lo[4 imidi

5 Imidazole (637mg, 9.35mmol) and fert-butyldimethyisilyl chioride (1.41g,
9.35mmol) were added to a solution of the alcohol from preparation 107 2.47g,
8.5mmol) in dichioromethane (SOmL), and the reaction stirred at room
temperature for 18 hours. The mixture was diluted with dichloromethane
(250mL), and washed with 10% aqueous potassium carbonate solution (175mL).

10 The organic solution was dried over sodium sulphate and evaporated in vacuo.
The residue was purified by column chromatography on silica gel using
methanol:dichloromethane (1:99) as eluant to afford the title compound, 2.9g.
'H NMR (CDCly, 400MHz) &: 0.00 (8, 8H), 0.78 (s, 8H), 0.93 (t, 3H), 3.29 (q, 2H),

3.71 (m, 2H), 4.72 (m, 2H), 4.94 (s, 2H). LRMS : m/z APCi+ 405 [MH"]
15

tert- di si I 1-{2-atho -1H-

N | N
H, H, ) N i
“=°§~;i..o
H,C nd

20 Sodium bis(trimethyisilyl)amide (1.12g, 6.12 mmol) was added to a solution of 4-
aminopyrimidine (580mg, 6.12mmol) in tetrahydrofuran (17mL) and the solution
stirred at room temperature for 20 minutes. The chloride from preparation 108
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(825mg, 2.04mmol) in tetrahydrofuran (8mL) was added and the reaction stirred
at room temperature for 80 minutes. The reaction was diluted with saturated
aqueous ammonium chioride solution (50mL), and extracted with
dichloromethane (100mL). The organic exiracts were dried over sodium sulphate
and evaporated /n vacuo. The crude product was purified by column
chromatography on silica gel using methanol:dichloromethane (3:97) to afford
the title compound 812mg.

'H NMR (CDCls, 400MHz) 8: 0.00 (s, 6H), 0.78 (s, 9H), 1.08 {t, 3H), 3.54 (q, 2H),
3.82 (m, 2H), 4.63 (m, 2H), 4.91 (s, 2H), 8.29 (d, 1H), 8.53 (d, 1H), 8.76 (s, 1H).

Preparation 110

Tetrabutylammonium fluoride (3.1mlL, 1M in tetrahydrofuran, 3.1mmol) was
added to a solution of the compound from preparation 109 (715mg, 1.54mmol)
in tetrahydrofuran (15mL), and the reaction stirred at room temperature for 18
hours. The reaction was diluted with water (40mL), and the mixture exiracted
with ethyl acetate (7OmL). The organic solution was dried over sodium sulphate
and evaporated in vacuo. The residue was purified by column chromatography
on silica gel using methanol:dichloromethane (5:95) as eluant to afford the title
compound, 450mg.

'H NMR (CDCla, 400MHz) &: 1.22 (t, 3H), 3.69 (m, 2H), 3.98 (m, 2H) 4.77 (m,

2H), 5.08 (s, 2H), 8.58 (m, 1H), 8.64 (m, 1H), 8.97 (m, 1H). LRMS APCH+ m/z
350 [MH]"
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Pre tion 111
-Bromomethvi-5-chloro-1-(2-ethoxyethvl)- razolo[4.3- imidin-7-vil-4-

met din-2-viamine

Tetrabromomathane (912mg, 2.75mmol) and triphenylphosphine (720mg,
2.75mmol) were added to a solution of the alcohol of preparation 106 (830mg,
2.29mmol) in dichloromethane (35mL) and the reaction mixture stirred at room
temperature for 1 hour. The reaction mixture was purified directly by column
chromatography on silica gel eiuting with dichloromethane:methanol 100:0 to
99:1 to yield the title product.

'H NMR (CDCls, 400MHz) 5: 0.92 (m, 3H), 2.63 (8, 3H), 3.58 (m, 2H), 3.91 (m,

2H), 4.81 (s, 2H), 5.20 (m, 2H), 7.14 {m, 1H), 8.16 (m, 1H), 8.97 (m, 1H)
LRMS APCl+ m/z 427 [MH]*

P ration 112
Bromom hloro-1-(2 -1 lof4

imidin4-ylamine

This compound was prepared by the method of preparation 111 using the
alcohol of preparation 110 as a starting material.

"H NMR (CDCls, 400MHz) §: 1.24 (t, 3H), 3.74 (m, 2H), 3.99 (m, 2H) 4.84 (m,
4H), 8.61 (m, 1H), 8.89 (m, 1H), 8.02 (m, 1H)
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Preparation 11
lert-Bu -3-(fert-butylo: rbonylamino)pyrrolidine-1-carboxviate

Hy H
R ens

5 (35)-3-(ter-Butyloxycarbonylamino)pyrrolidine (1g, 5.37mmol) and triethylamine
(1.38mL, 10.00mmol) were dissolved in dichloromethane (15mL) and the
raaction mixture stirred for 10 minutes. The reaction mixture was then treated
with di-tert-butyl dicarbonate (1.75g, 8.00mmol) and stirred at room temperature
for 18 hours. The reaction mixture was concentrated in vacuo and the residue

10 purified by column chromatography on silica gel eluting with pentane:ethyl
acetate 80:20 to yield the title product as a white solid, 1.25g.
'H NMR (CDCls, 400MHz2) &: 1.38 (s, 18H), 1.81 (m, 1H), 2.15 (m, 1H), 3.13 (m,
1H), 8.40 (m, 2H), 3.58 (m, 1H), 4.17 (m, 1H), 4.62 (m, 1H). LRMS ES+ m/z 309

[MNaJ*
15
Pregaration 114
teri-Bu -3-(fertb arbonylamino ine-1-carboxylate
H, ﬁ\
Hac;\ Q, CH,
H,C CHa

This compound was prepared by the method of preparation 113 using (3R)-3-
20 (tert-butyloxycarbonylamino)pyrrolidine.
'H NMR (CDCls, 400MH2) §: 1.37 (s, 18H), 1.79 (m, 1H), 2.15 (m, 1H), 3.13 (m,

1H), 3.40 (m, 2H), 3.58 (m, 1H), 4.16 (M, 1H), 4.62 (m, 1H). LAMS ES+ m/z 309
[MNaJ*
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Pre tion 11

3S5)-1-Met amino lidine

Hac‘*Ngn\CHa

A solution of lithium aluminiumhydride (17m! , 1M in tetrahydrofuran, 17mmol)
was added dropwise to a stirring solution of the pyrrolidine of preparation 113
(600mg, 2.09mmol) in tetrehydrofuran (10mL) at 0°C. The reaction mixture was
allowed to warm to room temperature and then heated to reflux for 5 hours. The
reaction mixture was cooled to 0°C with an ice bath and then quenched by
addition of sodium sulphate solution. The reaction mixture was diluted with ethyl
acetate (100mL), the ethyl acetate decanted off and additional ethyl acetate
used to wash the residues. The combined organics were dried over magnesium
sulphate and concentrated in vacuo to yield the title product, 80mg.

"H NMR (CDsOD, 400MHz) 5: 2.25-2.46 (m, 4H), 2.75 (s, 3H), 3.02 (s, 3H), 3.73-
4.08 (m, 3H), LRMS APCl+ m/z 115 [MH]*

Preparation 116
-1-M amin lidine

H,C-NQ"‘ H‘CH,

This compound was prepared by the method of preparation 115 using the
pyrrolidine of preparation 114.

'H NMR (CDsOD, 400MHz) &: 2,23-2.47 (m, 4H), 2.75 (s, 3H), 2.99 (s, 3H), 3.74-
4.08 (m, 3H). LRMS APCl+ m/z 115 [MH]*

Preparations 117-123

The appropriate HNR'R? amine (6.20mmoi) was dissoived in tetrahydrofuran
(30mL) and the reaction mixture treated with sodium hexamethyldisliazide
(1.36g, 7.2mmol) under nitrogen. The reaction mixture was stirred for 20 minutes
at room temperature before being treated with the appropriate dichloro
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compound {3.1mmol) from preparations 54, 55 or 57, and stirred for 3 hours.
The reaction mixture was quenched by addition of methanol (10mL) and
concentrated in vacuo. The residue was purified by column chromatography on
silica gel eluting with dichloromethane:methanol 100:0 to 95:5 to yield the

5 desired product.

Prep

117

118

119

H1= N/ I

S ; R® = -CHj; R® = <(CH,);0CHs

CH,

'H NMR (CDCls, 400MHz) 5: 2.23 (s, 3H), 2.54 (s, 3H), 3.50 (s, 3H),
3.91 (m, 2H), 4.72 (m, 2H), 6.86 (m, 1H), 8.22 (m, 1H), 8.32 (m, 1H),
10.16 (m, 1H). LRMS ES+ m/z 356 [MNa]*

CH,

1_ e
R = N | . H5 -CHS; Hﬂ = -(CHz)zOCHs

N
'H NMR (CDCly, 400MHz) 5: 2.31 (s, 3H), 2.54 (s, 3H), 3.51 (8, 3H),

3.91 (m, 2H), 4.72 (m, 2H), 7.58 (m, 1H), 8.22 (m, 1H), 8.32 (m, 1H),
10.17 (m, 1H). LRMS ES+ m/z 356 [MNaJ*

R'= NZ N
J\)I ; R® = -CHj; R® = -(CH,):0CH;

H NMR (CDCls, 400MHz) 5: 2.57 (s, 3H), 3.50 (s, 3H), 3.93 (m, 2H),
4.76 (m, 2H), 8.41 (m, 1H), 8.57 (m, 1H), 8.88 (m, 1H), 10.54 (m,
1H). LRMS ES+ m/z 320 [MH]"
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120

121

122

123

R'= N7
“ | : R® = -CHg; R® = -(CHz)20CH,CHs
CH,
*H NMR (CDCls, 400MHz) &: 1.17 (t, 3H), 2.44 (s, 3H), 2.56 (8, 3H),
3.65 (m, 2H), 3.91 (m, 2H), 4.69 (m, 2H), 6.88 (m, 1H), 8.17 (m, 1H),
8.33 (m, 1H), 10.00 (m, 1H). LRMS ES+ mvz 370 [MH]*

CH,

R'= N7
I ; R® = -CH3; R® = -(CH3)20CH.CH,

"

'H NMR (CDCls, 400MHz) 5: 1.18 (t, 3H), 2.12 (s, 3H), 2.53 (s, 3H),
3.63 (m, 2H), 3.83 (m, 2H), 4.71 (m, 2H), 7.59 (m, 1H), 8.16 (m, 1H),
8.41 (m, 1H), 9.96 (m, 1H). LRMS ES+ m/z 370 [MNa]*

H1 = N =
. I + R® = -CHzCHy; R® = -(CH2);0CH;CHs
CH, .
"H NMR (CDCla, 400MHz2) §: 1.20 (t, 3H), 1.38 {t, 3H), 2.44 (s, 3H),
2.98 (m, 2H), 3.62 (m, 2H), 3.91 (m, 2H), 4.72 (m, 2H), 6.86 (m, 1H),
8.15 (m, 1H), 8.35 (m, 1H), 8.95 (m, 1H). LRMS ES+ m/z 384
[MNaJ*

R'= NP CH,

« | : R® = -CHCHg; R® = -(CH3);0CH.CHs
TH NMR (CDCls, 400MHzZ) &: 1.21 (t, 3H), 1.38B (t, 3H), 2.44 (s, 3H),
2.98 (m, 2H), 3.62 (m, 2H), 3.91 (m, 2H), 4.74 (m, 2H), 7.59 (m, 1H),
8.15 (m, 1H), 8.36 (m, 1H), 8.97 (m, 1H). LRMS ES+ m/z 384
[MNaJ*
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Preparation 124
(2R)-2-Ethyipiperazine dihydrochloride
N
E 2HCI
N
H
CH,

(2A)-2-Aminobutanoic acid (1.57g, 15.22mmol) was dissolved in ethanol (40mL)
and the solution treated with thionyl chloride (5mL, 63.8mmol). The reaction
mixture was heated at reflux for 70 hours. The reaction mixture was cooled and
concentrated in vacuo. The residue was azeotroped with toluene {(SOmL) to give
a clear oil. The oil (2.78g, 16.58mmol) was dissolved in dichloromethane (50mL)
and the solution treated with carbobenzyloxyglycine (3.47g, 16.58mmol), 1-
hydroxybenzotriazole hydrate (2.55g, 16.65mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (3.18g, 16.59mmol) and triethylamine (6.9mL,
49.5mmol). The reaction mixture was stirred for 18 hours at room temperature.
The reaction mixture was washed with water, citric acid, brine and sodium
hydrogencarbonate solution and then dried over magnesium sulphate and
concentrated in vacuo. The residue was purified by column chromatography on
silica gel eluting with ethyl acetate:pentane 50:50. The crude product (4.22g,
13.08mmotl) was dissolved in methanol (100mL) and the solution treated with
10% Pd/C (450mg) and stirmed under 60psi of hydrogen at room temperature for
18 hours. The reaction mixture was filtered through Arbocei® and the filtrate
concentrated /n vacuo. The residue {1.6g, 11.25mmol) was dissolved in 1,2-
dimethoxyethane (25mL) and the solution treated with a 1M solution of borane in
tetrahydrofuran (45mL, 45mmol). The reaction mixture was heated to reflux for
18 hours, then quenched with methanol and stirred at room temperature for 30
minutes. The reaction mixture was concentrated in vacuo and the residue
dissolved in methanol (50mL.) and treated with a saturated solution of hydrogen
chloride in dioxane (15mL). The solution was refluxed for 2 hours, then
concentrated in vacuo and the residue dissolved in ether (50mL). The solution

was concentrated in vacuo to yield the title product as a yellow oil that solidifed
on standing.
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'H NMR (DMSO-dg, 400MHz) 5: 0.84 (t, 3H), 1.30 (m, 1H), 1.70 (m, 1H), 3.00-
4.10 (br m, 7H).

Preparation 125
S-Bromotetrahydropyran
o8
(o)

Tetrahydropyran-3-ol (J. Org. Chem., 1885, 50, 1582) (4.66mL., 49mmol) was
dissolved in dichioromethane (137mL) and the solution treated with
tetrabromomethane (19.48g, 58mmol). The reaction mixture was cooled to 0°C
and treated dropwise with a solution of triphenylphosphine (17.98g, 69mmol) in
dichloromethane. The reaction mixture was allowed to retum to room
temperature and stirred for 4 hours. The reaction mixture was concentrated in
vacuo and the residue purified by column chromatography on silica gel eluting
with dichloromethane:methanol 98:2 to yield the title product as a yellow oil,
6.3g. .
'H NMR (CDCls, 400MHz) 5: 2.02 (m, 2H), 2.18 (m, 2H), 3.54 (t, 2H), 3.96 {m,
2H), 4.31 (m, 1H).

P tion 12

2.2-rifluoroe ethanol
OH
F F

Trifluorosthanol (36mL, 484mmol), ethylene carbonate (66.0g, 741mmol),
triethylamine (70mL., 494mmol) end tetrabutylammonium bromide (3.20g,
9.90mmol) were combined and the reaction mixture heated to reflux for 24
hours. The reaction mixture was distilled at atmospheric pressure, yielding the
title product in the range 132°C to 142°C.

'H NMR (CDCls, 400MHz) &: 3.69-3.77 (m, 4H), 3.88 (m, 2H).
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Preparation 127
Meth nitro-2-[2-(2,2 2-triflucroethoxylethvll-2 H-pyrazole-3-carboxamide

N
\ / NH,
H,C NO,

5-Methyl-4-nitro-2H-pyrazole-3-carboxamide (US 4282361, ex 7) (2.0qg,
11.80mmol), the alcohol of preparation 126 (2.03g, 14.16mmol) and
triphenylphaosphine (4.28g, 16.52mmol) were dissolved in tetrahydrofuran (30mL)
and the mixture cooled in an ice bath. A solution of diisopropyl azodicarboxylate
(3.20mL, 16.52mmol) in tetrahydrofuran (5mL) was added dropwise and the
reaction mixture stirred for 2 hours at room temperature. The reaction mixture
was concentrated in vacuo and the residue triturated with dichloromethane:ether
80:20 to yield a white solid, 884mg. The mother liquors were concentrated in
vacuo and the residue triturated again with dichloromethane and the solid filtterad
to yield another batch of white sofid, 584mg. The dichioromethane solution was
then purified by column chromatography on silica gel eluting with
dichloromethane:ether 70:30 to yield additional product, 1.49g.

'H NMR (CDsOD, 400MHz) 5: 2.46 (8, 3H), 3.91 (q, 2H), 4.02 (t, 2H), 4.35 (t, 2H)

Preparation 128
4-Ami methyl-2-[2-(2 2 2-trifluo -2HH le-3-carboxamide
F
N e,
H,C NH,

A mixture of the pyrazole from preparation 127 (1.46g, 4.93mmol), and
palladium hydroxide (150mg) in methanol (50mL) was heated to reflux, and
ammonium formate (1.55g, 24.6mmol) added portionwise. Once addition was
complete, the reaction was stirred for a further hour under reflux. The cooled
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mixture was filterad through Arbocel®, and the filtrate evaporated in vacuo 1o
give the tile compound as an orange solid, 1.30g.

H NMR (CDOD, 400MHz) 8: 2.16 (s, 3H), 3.84 (q. 2H), 3.91 (&, 2H), 4.53 {t, 2H)
LAMS:m/z ES+ m/z 289 [MNa]*

P tion 12
M 1-[2-(2,2 .2-trifl ) -1.4-dl lol4.3- imidine-
S.7-dlone

F
e
F N
\N/J H
Wan

H ©
A solution of 1,1'-carbonyl diimidazole (1.2g, 7.4mmol) in acetonltrile (15mL) was
heated to reflux, and a solution of the pyrazole from preparation 128 (1.3g,
4.93mmol) in acetonitrile {15mL) was added dropwise over 25 minutes. The
reaction was heated under reflux for a further 1.5 hours, then additional 1,1"-
carbonyl diimidazole (400mg, 2.5mmol) added, and the reaction heated under
refiux for a further 18 hours. The cooled mixture was evaporated /in vacuo and
the residue triturated with ether, the resulting solid filtered off and dried to afford
the title compound as a white solid, 864mg.
'H NMR (DMSO-ds, 400MHZ) 3: 2.20 (s, 3H), 3.92 (t, 2H), 4.00 (q, 2H), 4.51 (t,
2H), 11.08 (s, 2H).

Preparation 130
7-Dichlo m H1-[2-(2,2 2-trifluoroethoxy)ethvil-1 -+ lo[4

dipyrimidine

F
X0 g
F F _N
/R
Hsc N’E

Cl
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A mixture of the compound from preparation 129 (2.1g, 7.18mmol), phosphorous
oxychloride (10.02mL) and tetraethylammonium chloride (3.57g, 21.6mmol) in
propionitrile (30mL) was heated to 100°C and stirred for 18 hours. The cooled
mixture was evaporated in vacuo and the residue azeotroped with toluene. The
residue was partiioned between ethyl acetate and water and the layers
separated. The organic phase was dried over magnesium sulphate,
concentrated /n vacuo and the crude product purified by column chromatography
on silica gel using dichloromethane:ethyl acetate (50:50) to give the title
compound as a gum, 776mg.

'H NMR (CDCla, 400MHz) 5: 2.62 (s, 3H), 3.72 (q, 2H), 4.03 {t, 2H), 4.89 (t, 2H)

Preparation 131
5-Amino-1-methyi-1 H-pyridin-2-one

L

'i‘ (0

CH,
Trifluoroacetic acid (10mL) was added dropwise to an ice-cooled solution of tert
butyl (1-methyi-6-oxo-1,6-dihydropyridin-3-yi)carbamate (Heterocycles 1995; 40;
2; 831-836) (2.87g, 12.8mmol) in dichloromethane (80mL), and the reaction then
stirred at room temperature for 18 hours. The mixture was concentrated in vacuo
and the residue purified by column chromatography on silica gel using
dichloromethane:methanol:0.88 ammonia (90:10:1) as eluant to afford the title
compound as a red/brown solid, 1.90g.

'H NMR (CDsOD, 400MHz) 5: 3.50 (8, 3H), 6.47 (d, 1H), 7.04 (d, 1H), 7.26 (dd,
1H).

Preparation 132
S5-Amino-2 3-dimethylpyridine hydrochloride

HC N2

-
Hac N HCI
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Cold 0.88 ammonia (344mL, 6.2mol) was added to 5-bromo-2,3-dimethylpyridine
(Zeitschrift for Chemie 28; 2; 1988; 58-60) (35.1g, 188.6mmol) and copper oxide
{330mg, 2.3mmol) and the mixture stired vigorously then transferred to a sealed
vessel and allowed to stand at 100°C for 18 hours. The mixture was cooled to
10°C, the pH adjusted to 10, using 2M sulphuric acid, and the mixture extracted
with ethyl acetate. The combined organic extracts were washed with brine, dried
over sodium sulphate and concentrated in vacuo . The product was dissoived in
ether, the solution cooled to 0°C, and 1M hydrochloric acid added dropwise.
The resulting mixture was stirred for 30 minutes, the precipitate filtered off,
washed with ether and dried in vacuo to afford the title compound, 32.9g.

'H NMR (DMSO-ds, 400MHz) §: 2.23 (s, 3H), 2.50 (s, 3H), 7.10-7.80 (m, 5H).
LRMS:m/z ES+ 123.6 [MH]"

Preparation 133
4-Amin i rimidin
Hs

NN

L/

H,N N
A mixture of 4-chioro-6-methyipyrimidine (Recl. Trav. Chim. Pays-Bas. 84; 1965,
1101-11086) (1g, 7.81mmol) and 0.88 ammonia (25mL) were heated in a sealed
vessel at 100°C for 18 hours. The cooled mixture was concentrated in vacuo and
the residue purified by column chromatography on silica gel using
dichloromethane:methanol:0.88 ammonia (95:5:0.5) as eluant to give the title
compound, 560mg.
'H NMR (CDsOD, 400MHz) 8: 2.30 (s, 3H), 6.40 (s, 1H), 8.23 (s, 1H).
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Preparation 134
hloro-1-{2-ethoxyethyl)-3-methyl-1H- olo[4,3- imidin-7-yl]-6-

methvipyridin-2-ylamine

CH,
PN -
H,C o’\N -
N~ W\
\ / °N
HC =

Sodium bis{trimethyisilyl)amide (1.99g, 10.85mmol) was added portionwise 1o a
cooled solution of 2-amino-6-methyipyridine (1.17g, 10.85mmol) in
tetrahydrofuran (10mL), so as to maintain the temperature below 25°C. Once
addition was complete, the solution was stirred for a further 20 minutes, and then
a solution of the chloro compound from preparation 57 (1g, 3.63mmol} in
tetrahydrofuran (15mL) was added dropwise, so as to maintain the temperature
below 25°C. The reaction was then stirved for a further 2 hours, and partitioned
between ethyi acetate (100mL) and 10% citric acid solution (100mL). The
organic layer was separated, dried over magnesium sulphate and evaporated in
vacuo. The residue was triturated with ether, the solid filtered and dried to afford
the titie compound, 595my.

'H NMR (CD3OD, 400MHz2) 8: 0.93 (t, 3H), 2.45 (s, 3H), 2.49 (s, 3H), 3.61 (q,
2H), 3.92 (t, 2H), 4.88 (1, 2H), 6.98 (d, 1H), 7.71 (dd, 1H), 8.21 (brs, 1H).
LRMS:m/z ES+ m/z 369 [MNa]*

Preparations 135 to 141
The following compounds were prepared following a similar procedure to that
described in preparation 134. '



WO 2004/096810 PCT/IB2004/001433
-220-
R’
HN
~0
H,C N I N
\ Z
N~ Cl
H,C
Prep. -R' Data
- TH NMR (CDsOD, 400MHz) &: 1.16 (t, 3H), 2.50
2 (s, 3H), 3.65 (q, 2H), 3.93 (m, 2H), 4.77 (m, 2H),
135 = 7.40 (d, 1H), B.56 (d, 1H), 8.78 (m, 1H).
N LRMS:m/z ES+ 401 [MH]*
TH NMR (DMSO-dg, 400MHz) 8: 1.09 (t, 3H),
j\H’ 2.43 (s, 3H), 2.53 (s, 3H), 3.53 (q, 2H), 3.82 (m,
13¢* |~1 SN 2H), 4.73 (m, 2H), 7.89 (m, 1H), 8.60 (m, 1H),
M 10.36 (m, 1H). LAMS:m/z ES+ 348 [MH]*
4 "H NMR (CDsOD, 400MHz) &: 1.18 (t, 3H), 2.50
3 (s, 3H), 2.55 (s, 3H), 3.65 (g, 2H), 3.92 {t, 2H),
137° | ~N 4.77 (1, 2H), 8.31 (s, 1H), 8.72 (s, 1H).
N/) LRMS:m/z APCl+ 348 [MH]*
N} TH NMR (CD3OD, 400MHz) 8: 1.23 {t, 3H), 2.50
3 (s, 3H), 2.51 (s, 3H), 3.62 (q, 2H), 3.81 (t, 2H),
138 | N° 4.75 (m, 2H), 7.05 (d, 1H), 8.48 (d, 1H).
,JI\N/ LRMS:m/z APCl+ 348 [MH]*
"H NMR (CD;OD, 400MHz) 5: 1.08 (t, 3H), 2.36
s (s, 3H), 2.44 (m, 6H), 3.57 (m, 2H), 3.88 (m,
139° | o 2H), 4.78 (M, 2H), 6.83 (m, 1H), 8.13 (m, 1H).
NZ CH, LRMS:m/z APCl+ 361 [MH]*
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F
F>|/\°/\ N-R'
F N,N
29,
N--"
H,C o

Prep. R’ Data

H, | 'HNMR (CDsOD, 400MHz) 5: 2.36 (s, 3H), 2.43 (s,
3H), 3.94 (m, 4H), 4.81 (t, 2H), 7.16 (d, 1H), 7.83 (d,
1H), 8.00 (dd, 1H). LRMS:m/z APCl+ 423 [MNa]*

140° 11 =

'H NMR (DMSO-ds, 400MHz) &: 2.41 (s, 3H), 2.44 (s,

HS
141 | N\ |:3H).3.96 (t, 2H), 4.01 (q, 2H), 4.86 (t, 2H), 7.14(d,
.
N

1H), 7.78 (s, 1H), 8.30 (d, 1H). LRMS:m/z ES+ 401
[MH]*

A - compound purified by column chromatography on silica gel using
methanol:dichloromethane as eluant, then recrystallised from ethyl acetate.

B - compound purifed by column chromatography using ethyl acetate:pentane as
eluant (50:50 to 100:0)

C - compound purified by column chromatography using ethyi
acetate:dichioromethane as eluant.

Prep 135: 2-amino-4-trifluoromethyipyridine prepared as in J. Med. Chem. 41
(1); 19986; 96-101

Prep 138: 4-amino-2-methylpyrimidine was prepared as described in J. Het.
Chem. 14; 1413; 1977.

Prep 137: used amine from preparation 133
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Preparation 142
5-[5-Chioro-1-(2-etho: [}-3-methvi-1 4= olo[4 midin-7-vlamino]-1-

methyl-1 ridin-2-one

Hsc/\o/jl H"O;O

\ / ON

CH,
e N

Ci

A mixture of the chloro compound from preparation 57 (100mg, 0.36mmol), and
the amine from preparation 131 (230mg, 1.85mmol) in dimethylsulfoxide {3mL)
was stimed at room temperature for 4 hours. The mixture was partitioned
beiween ethyl acetate (100mL) and water (200mL) and the phases separated.
The aqueous layer was extracted with ethyl acetate (2x), and the combined
organic solutions dried over magnesium sulphate and evaporated in vacuo. The
residue was triturated with ether, the solid filtered off and dried to afford the title
compound as a grey solid, 80mg.

'H NMR (CD30D, 400MHz) &: 1.08 (t, 3H), 2.46 (s, 3H), 3.54 (q, 2H), 3.63 (s,
3H), 3.87 (t, 2H), 4.76 (1, 2H), 6.63 (d, 1H), 7.89 (dd, 1H), 8.24 (d, 1H)

LRMS:m/z APCl+ 383 [MH]"
Prepamtion 143
hioro-1-(2 )| r 4 n-7 6-
Im idin amine

=N
Hsc/\ o/\N n ’QvCH,
w CH,

A mixture of the chloro compound from preparation 57 {230mg, 0.84mmol), \-
ethyldiisopropylamine (437uL, 2.52mmol), and the amine from preparation 132
(388mg, 2.52mmol) in dimethylsulfoxide (3mL) was stirred at room temperature
for 2 hours. The mixture was diluted with water and extracted with ethyl acetats.
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The combined organic extracts were dried over magnesium sulphate,
evaporated in vacuo and the residue purified by column chromatography on
silica gel using dichloromethane:methanol (100:0 to 88:2) as eluant to afford the
title éompound, 160mg.

"H NMR (CD3OD, 400MHz) 5: 1.09 (t, 3H), 2.36 (s, 3H), 2.47 (s, 3H), 2.48 (s,
3H), 3.59 (q, 2H), 3.91 (t, 2H), 4.79 (t, 2H), 8.01 (d, 1H), 8.67 (d, 1H)

LRMS:m/z APCIl+ 361 [MH]*

Preparation 144
-Chloro-1-(2-eth thyl)}-3-methyl-1 H- 4 timidin-7-y!1-6-

e
K

N
H,C Cl

A solution of 5-amino-2-methoxypyridine (1.13g, 9.1 r;lmol) in dichloromethane
(2mL) was added dropwise to a solution of the chloro compound from
preparation 57 (500mg, 1.82mmol) in dichloromethane (8mL) and the reaction
then stirred at room temperature for 18 hours. The mixture was diluted with
dichloromethane, washed with 10% citric acid solution (3x10mL), dried over
magnesium sulphate and evaporated under reduced pressure to give the title
compound as a pale pink solid.

'H NMR (DMSO-ds, 400MHz) &: 0.95 (t, 3H), 2.38 (s, 3H), 3.40 (q, 2H), 3.72 1,
2H), 3.86 (s, 3H), 4.80 (t, 2H), 6.91 (m, 1H), 7.92 (m, 1H), 8.38 (m, 1H), 9.13 (s,
1H). LRMS:m/z APCl+ 363 [MH]*
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Empamﬂon 145
im | 4-nitro-1-(2- I i ate

ric~q/ﬁ‘QLh\

\
HC, NO,
O
0
Diisopropy! azodicarboxylate (14.2mL, 70mmol) was added to an ice-cooled
solution of 4-nitro-1H-pyrazole-3,5-dicarboxylic acid dimethyl ester (EP 1241170,
prep 10) (15g, 60mmol), 2-propoxyethanol (8.2mL, 70mmol) and
triphenyiphosphine (18.9g, 70mmol) in tetrahydrofuran (150mL), and the
reaction stirred at 0°C for 2.5 hours, then allowed to stir at room temperature for
a further 18 hours. The reaction was concentrated /n vacuo and the residue
purified by column chromatography on silica gel using ethyl acetate:pentane as
eluant, and then re-columned using dichloromethane as eluant to afford the title
compound as a solid, 14g.
'H NMR (CD30D, 400MHz) 5: 0.82 (t, 3H), 1.47 (m, 2H), 3.34 (t, 2H), 3.78 {t,
2H), 3.91 (s, 6H), 4.76 (t, 2H). LRAMS:m/z APCl+ 316 [MH]*

o-CHs

P_remuﬂﬁ
-(Metho ~4-nitro-1-(2- ic acid
rgc-d/“Tﬂh‘\
OH

\ |

H,C, NO,

O

0

A mixture of the diester from preparation 145 (14g, 44mmol) and potassium
hydroxide (2.74g, 48mmol} in methanol (200mL) was stirred at room
temperature for 18 hours. The reaction mixture was concentrated in vacuo and
the residue suspended in water. The aqueous solution was washed with ether




10

156

20

25

2

WO 2004/056810 PCT/1IB2004/001433

-225.-

(3x), then acidified to pH 2-3 using hydrochloric acid, and the solution extracted
with dichloromethane (9x). These combined organic extracts were dried over
magnesium sulphate and evaporated in vacuo to afford the title compound as a
white golid, 13.2g.

'H NMR (CDsOD, 400MHz) 5: 0.83 (1, 3H), 1.49 (m, 2H), 3.36 (t, 2H), 3.80 (t,
2H), 3.90 (s, 3H), 4.78 (t, 2H). LRMS:m/z APCI+ 302 [MH["

Preparation 147

Methyl S-carbamoyl-4-nitro-1-(2-pro -1 H-pyrazol rboxyiate
Hac\/\\
N R
\§
HSC\ NO,
O
0

Oxalyl chloride (11.48mL, 132mmol) was added dropwise over 30 minutes to a
cooled {-5°C) solution of the acid from preparation 146 (13.2g, 44mmol) and

N, N-dimethylformamide (150ul) in dichloromethane {(140mL), and the solution
stirred for an hour, then allowed to warm slowly to room temperature, and stirred
for a further 1.5 hours. The solution was evaporated in vacuo and the residue
azeotroped with dichloromethane. The product was dissolved in tetrahydrofuran
(150mL), the solution cooled in an lce-bath, and 0.88 ammonia (60mL) added
dropwise over 10 minutes. The reaction was allowed to warm to room
temperature over an hour, then evaporated /n vacuo. The residue was triturated
with water, the resulting solid filtered off and dried at 70°C to afford the title
compound, 10.22g.

'H NMR (DMSO-dg, 400MH2) &: 0.81 {t, 3H), 1.45 (m, 2H), 3.32 (t, 2H), 3.74 (t,

2H), 3.96 (s, 3H), 4.40 (t, 2H), 8.33 (br s, 1H), 8.48 (br s, 1H). LRMS:m/z APCl+
301 (MHT*
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Preparation 148
Methyl 4-amin -1-(2-pro 1 H-pyrazole- te
Hacf‘{\\
N N
N\
HSC\ NH,
0
0

A solution of the nitro compound of preparation 147 (10g, 33mmol) and
palladium hydroxide on carbon (933mg) in ethanol (180mL) was heated to
75°C, then ammonium formate (2.1g, 33.3mmol) added, and the reaction stirmed
for a further 3 hours. The mixture was filtered through Arbocel®, washing
through with ethanol and the combined filtrate evaporatad in vacuo to give the
titte compound as a pale pink solid, 9.1g.

'H NMR (CDsOD, 400MHz) 5: 0.84 (t, 3H), 1.51 {m, 2H), 3.40 (t, 2H), 3.83 {t,
2H), 3.89 (s, 3H), 4.56 (t, 2H). LRMS:m/z APCl+ 271 [MH]"

P ration 14
ethvl 5.7-dioxo-1-(2- -4 -tat 1 lo[4,3-

dipyrimidine-3-carboxylate

imidin
HC—~
5

\
HyC, N ©

NH

A mixture of the compound from preparation 148 (99, 33mmol), 1,1’-carbonyl
diimidazole (5.4g, 33mmol) and N, N-dimethylformamide (400mL) was stirred for
30 minutes at room temperature then warmed to 75°C for 18 hours. Tic analysis
showed starting material remaining, so addltional 1,1'-carbonyl diimidazole
(400mg, 2.5mmol) was added and the mixture stirred for a further 1.5 hours. The
mixture was concentrated in vacuo, the residue suspended in water and stirred
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for 30 minutes. The resulting precipitate was fitered off and dried to afford the
titte compound as a pale pink solid, 6.05g.

'H NMR (DMSO-dg, 400MHz) &: 0.72 (t, 3H), 1.37 (m, 2H), 3.28 (m, 2H), 3.76 {t,
2H), 3.82 (s, 3H), 4.64 (t, 2H), 10.77 (s, 1H), 11.37 (s, 1H).

Preparation 150
Methyl 5. 7-dichloro-1-(2-pro thyl)-1H-pyrazoilo[4,3- imidine-3-

A mixture of the compound from preparation 148 (3g, 10mmol), phosphorous
oxychloride (14.2mL, 152mmol) and tetraethylammonium chioride (3.95g,
3ommol) in proplonitrile (80mL) was heated at 115°C for 18 hours. The mixture
was evaporated /n vacuo, and the residue re-suspended in phosphorous
oxychloride (15mL, 160mmol) and propionitrile (80mL), and the reaction stirred
at 115°C for a further 18 hours. The mixture wa concentrated in vacuo, and the
residue azeotroped with toluene. The residue was partitioned carefully between
water and ethyl acetate, the layers separated, and the aqueous phase exiracted
with further ethyl acetate. The combined organic solutions were washed with
brine, dried over magneisum sulphate and evaporated in vacuo. The crude
product was purified by column chromatography on silica gel using pentane:ethyl
acetate (75:25) as eluant to afford the title compound, 3.1g.

'H NMR (DMSO-ds, 400MHz) &: 0.65 (t, 3H), 1.33 (m, 2H), 3.26 (t, 2H), 3.82 (t,
2H), 3.93 (s, 3H), 4.94 (t, 2H).
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Pre tion 1
Methy! §-chiofo-7-(4-methylpyridin-2-ylaming)-1-(2- -1H-
4 rnmidi lat
N/
HC~" J
. HN CH,
NN
WAL
H,C N Cl
(o]
(0]

A mixture of the chioro compound from preparation 150 (1g, 3mmol), and 2-
amino-4-methyipyridine (389mg, 3.6mmol) in dimethylsulfoxide (4.1mL) was
stirred at room temperature for 4 hours. The mixture was partitioned between
ethyl acetate and water and the layers separated. The aqueocus phase was
extracted with ethyl acetate (3x), and the combined organic solutions were
washed with water (3x) and brine, then dried over magnesium sulphate and
evaporated /n vacuo. The crude product was purified by column chromatography
on silica gel using an elution gradient of ethyl acetate:pentane (20:80 to 50:50)
to give the title compound, 452mg.

'H NMR (CDCls, 400MHz) &: 0.72 (m, 3H), 1.25 (m, 2H), 2.47 (s, 3H), 3.52 {t,
2H), 3.99 (m, 2H), 4.07 (s, 3H), 4.98 (m, 2H), 6.90 (5, 1H), 7.23 (s, 1H), 8.18 (s,
1H).

ration 1
N-[5-Chl ethy-142 4 midin-7-
-4- din-2- Ine
a
c
Ha c\ HN x CH,
N~y
! .
N/)\CI

HO
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Diisobutytaluminium hydride (4.95mL, 1M in tetrahydrofuran, 4.95mmol) was
added over 10 minutes to a cooled (-78°C) solution of the compound from
preparation 151 (250mg, 0.62mmol) in tetrahydrofuran (6.5mL) and once
addition was complete the reaction was allowed to wam to -10°C and stirred for
10 minutes. The solution was re-cooled to -78°C, additional diisobutytaluminium
hydride (2mL, 1M In tetrahydrofuran, 2mmol) was added and the mixture
warmed to -5°C and stirred for 30 minutes. The reaction was re-cooled to -78°C
and quenched with ammonium chloride solution (5mL). The mixture was
partitioned between water (50mL) and dichloromethane (50mL) and filtered
through Arbocel®, washing through with dichloromethane. The filtrate was
separated, the organic phase was dried over magnesium sulphate and
evaporated in vacuo. The-crude product was purified by column chromatography
on silica gel using methanol:dichloromethane (1:99) to afford the title compound
as a yellow solid, 112mg.

'H NMR (CD30D, 400MHz) 3: 0.70 (t, 3H), 1.50 (m, 2H), 2.43 (s, 3H), 3.50 (m,
2H), 3.95 (t, 2H), 4.82 (m, 4H), 7.00 (s, 1H), 8.19 (s, 1H), 8.38 (s, 1H).
LRMS:m/z APCl+ 377 [MH]*

Preparation 153
N-{3-(tert-Butyidimethylsilanyloxymethyl)-5-chioro-1-{2-etho -1 H-

razolo[4,3- rimldin-7-yl1-68-methylpyridin-2-vlamine

/~ - |
HC (R N SN CH,
NN

3771*'?%\")\

HyC N~ ci
HC H,C? o

Sodium bis(trimethyisityllamide (677.1mg, 3.7mmol) was added portionwise to a
cooled solution of 2-amino-6-methylpyridine (400mg, 3.7mmol) in
tetrahydrofuran (5mL) so as to maintain the temperature at 25°C, and once
addition was complete the soluticn was stirred for 20 minut.es. A solution of the
chioro compound from preparation 108 (500mg, 1.23mmol) was added dropwise
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and the reaction then stirred for 1 hour at room temperature. The reaction was
quenched by the addition of ammonium chloride solution, and the mixture
partitioned between dichloromethane and water. The layers were separated and
the organic phase washed with water and brine, then dried over magnesium
sulphate and evaporated in vacuo. The crude product was purified by column
chromatography on sillca ge! using dichloromethane:methanol (100:0 to 90:10)
to afford the title compound as a yellow solid, 450mg.

'H NMR (CD30D, 400MHz) &: 0.12 (s, 6H), 0.90 (s, 9H), 1.13 (1, 3H), 2.49 (s,
3H), 3.61 (q, 2H), 3.93 (t, 2H), 4.84 (t, 2H), 4.98 (s, 2H), 6.98 (m, 1H), 7.73 (t,
1H), 8.25 (m, 1H). LAMS:m/z APCl+ 477 [MH]"

A mixture of the protected alcohol from preparation 153 (450mg, 0.94mmol) and
tetrabutylammonium fluoride (1.89mL, 1M In tetrahydrofuran, 1.89mmol) in
tetrahydrofuran (5mL) was stirred at room temperature for 18 hours. The mixture
was concantrated /In vacuo and the residue partitioned between dichloromethane
and water. The phases were separated, the organic layer washed with water and
brine, then dried over magnesium sulphate and evaporated /in vacuo. The
product was triturated with ether to afford the title compound as a pale yellow
golid, 260mg.

'H NMR (DMSO-dg, 400MH2) &: 0.92 (t, 3H), 2.43 (s, 3H), 3.56 (q, 2H), 3.83 (1,
2H), 4.67 (d, 2H), 4.77 (1, 2H), 7.01 (d, 1H), 7.78 (m, 1H), 8.03 (d, 1H), 10.08 (s,
1H). LRMS:m/z APCl+ 363 [MH]
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Preparation 155
N-[5-Chlo loromethvi-1-{2-ethoxyethyl)-1 H-pyrazolof4 rimidin-7-yi]-4-

10

15

20

methvipyridin-2-ylamine

The alcohol of preparation 106 (1.80g, 5.00mmol) was dissolved in
dichloromethane (15mL) and the solution treated with thionyl chioride (1.50mL,
17mmol). The reaction mixture was stirred at room temperature for 18 hours and
concentrated /n vacuo. The residue was azeotroped with toluene and then dried
in vacuo. The crude product was purified by column chromatography on silica
gel eluting with dichloromethane:methanol (100:0 to 95:5) to yield the title
product, 980mg.

'H NMR (CDCls, 400MHz) &: 0.92 (t, 3H), 2.83 (s, 3H), 3.58 (m, 2H), 3.91 {m,
2H), 4.81 (s, 2H), 5.20 (m, 2H), 7.14 (m, 1H), 8.16 (m, 1H), 8.97 (m, 1H)
LRMS:m/z APCl+ 381 [MHT"

Preparation 156

Thionyl chloride (170ul., 23.4mmol) was added to a solution of the hydroxy
compound from preparation 152 (220mg, 0.58mmol) in dichloromethane (2mL)
and the solution stirred at room temperature for 2.5 hours. The reaction mixture
was evaporated in vacuo to give the title compound as a pale yellow foam.
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'H NMR (CDCls, 400MHz) 5: 0.60 (1, 3H), 1.30 (m, 2H), 2.69 (s, 3H), 3.41 (t, 2H),
3.91 (m, 2H), 4.96 (s, 2H), 5.24 (m, 2H), 7.23 (m, 1H), 8.16 (d, 1H), 9.06 (s, 1H).
LRMS:m/z ES+ 385 [MH]"

5 Preparation 157

The title compound was obtained as a yellow solid from the aicohol from

10 preparation 110, following a similar procedure to that described in preparation
156.
'H NMR {CDCls, 400MHz) &: 1.20 (t, 3H), 3.68 (g, 2H), 3.96 (t, 2H), 4.75 (t, 2H),
4.88 (s, 2H), 8.62 (d, 1H), 8.69 (d, 1H), 9.00 (s, 1H). LRMS:m/z APCl+ 368

(MH]"
15
Preparation 158
N-| hi hl ethyi-1-(2 - 4 3- idin-7-
in-2-ylamine
1
P
N
HC (L\ HN” SN” “CH,
NN
N\ I Z
N)\CI
Cl

20 The titie compound was obtained as a white foam from the alcohol from

preparation 154, following a similar procedure to that described in preparation
156.
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'H NMR (CDsOD, 400MHz) 5: 0.87 (t, 3H), 2.80 (s, 3H), 3.47 (q, 2H), 3.89 {t,
2H), 4.96 (s, 2H), 5.30 (t, 2H), 7.19 (d, 1H), B.19 (1, 1H), 9.04 (d, 1H), LRMS:mvz
APCl+ 381 [MH]*
. Preparation 159
5 A-[S-Chloro-1-(2-etho: -3-methoxymethyl-1 lo[4 rimidin-7-
methyipyridin-2-ylamine

N |
/\
HC c‘\\ HNT e,
| N~"N
|
\
HC N)\CI

(o

Sodium methoxide (25% in methanol, 8.4mL, 398.6mmol) was added to a
solution of the chioro compound from preparation 155 (3g, 7.9mmol) in methanol
10 {30mL), and the reaction stirred at room temperature for 72 hours. The mixture
was evaporatad in vacuo, and the residue was partitioned between
dichloromethane and water. The layers were separated, the organic phase
washed with water, and evaporated in vacuo. The product was purified by
column chromatography on silica gel using ethyl acetate as eluant to afford the
15 fitle compound as a yellow solid.
'H NMR (CDsOD, 400MHz) 8: 1.10 (t, 3H), 2.44 (s, 3H), 3.35 (m, 2H), 3.45 (s, '
3H), 3.60 (q, 2H), 3.93 (t, 2H), 4.72 (s, 2H), 6.99 (s, 1H), 8.19 (s, 1H), 8.33 (s,
1H).
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Preparation 160
N- metho: 1- -1 H- lof4 in-7-
4~ ridin-2. ine
N |
e/
" CK\ N X CH,
N i N
\3 2
Hsc\ N Cl

5 The title compound was obtained as a yellow solld in 80% yield from the chioro
compound from preparation 1586, following the procedure described in
preparation 1589,

'H NMR (CDsOD+TFA-d, 400MHz) 3: 0.61 (t, 3H), 1.40 (m, 2H), 2.40 (s, 3H),
3.30 (s, 3H), 3.36 (t, 2H), 3.80 (t, 2H), 4.81 (s, 2H), 4.84 (t, 2H), 7.06 (d, 1H),
10 7.92 (s, 1H), 8.25 (d, 1H).

Pre jon 161
~Chloro-1-{2-ethoxyethvi -1 4 imidin-7-
-6~ in-2-vlamine
7
C/\ x> l
Hs HN” SN “CH,
N | N
\ Z
Hac N Cl
“
15 o

A mixture of the chloro compound from preparation 158 (280mg, 0.73mmol) and
sodium methoxide (198mg, 3.67mmol) in methanol (4mL) was stirred at room
temperature for 18 hours. Tic analysis showsd starting material remaining, so
additional sodium methoxide (79.2mg, 1.468mmol) was added and the reaction
20 stirred for a further hour. The reaction was quenched by the addition of 10%
aqueous citric acid solution, and the mixture evaporated In vacuo. The residue
was partitioned between dichloromethane and water, and the layers separated.
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The organic phase was washed with 10% aqueous citric acid solution and water,
then dried over magnesium sulphate and ‘evaporated in vacuo. The crude
product was purified by column chromatography on silica gel using an elution
gra'diant of dichloromethane:methanol (100:0 to 98:2) to afford the title
compound as a yellow solid, 190mg.

'H NMR (CDCls, 400MHz) &: 1.22 (t, 3H), 2.46 (s, 3H), 3.50 (s, 3H), 3.65 (q, 2H),
3.94 (t, 2H), 4.78 (m, 4H), 6.87 (d, 1H), 7.63 (t, 1H), 8.22 (d, 1H), 10.05 (br s,
1H). LRMS:m/z APCI+ 377 [MH]'

Preparation 162

N-[5-Chloro-1-(2-et 1)-3-metho ~1H-pvrazolof4,3- rimidin-7-
yi}-pyrimidin-4-vi-amine
~ @)
H,C M HN/I\/|
NN
S PR
H,C N Cl
O

The title compound was obtained as a pale yellow solid from the chioro
compound from preparation 157, following the procedure described in
preparation 161.

'H NMR (CD30D, 400MHz) &: 1.19 (t, 3H), 3.44 (s, 3H), 3.67 (q, 2H), 3.96 (t,
2H), 4.75 (s, 2H), 4.85 (t, 2H), 8.44 (d, 1H), B.67 (d, 1H), 8.87 (s, 1H).
LRMS:m/z APCH 364 [MH]*
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Preparation 163
N- hloro-1-(2-6t! thvyl)-3-eth: -1 H- lo[4.3- dmidin-7-yil-
4-m din-2-ylamine
N/
Vo < |
HC (R HN CH,
IN NN
sy
H’c’\o N~ ~Ci

The title compound was obtained as an off-white solid in 70% yield, from the
chloro compound from preparation 155 and sodium ethoxide in ethanol,

. following the procedure described In preparation 158, except ethyl
acetate:pentane was the column eluant. _
'H NMR (CDyOD, 400MHz) &: 1.10 (t, 3H), 1.21 (t, 3H), 2.43 (s, 3H), 3.55-3.68

(m, 4H), 3.92 (1, 2H), 4.76 (s, 2H), 4.84 (1, 2H), 6.99 (s, 1H), 8.18 (s, 1H), 8.34 (s,
1H). LAMS:m/z APCl+ 391 [MH]

The monochloro compound of preparation 158 (100mg, 0.27mmol), tert-butyl
3,8-diazabicyclo[3.2.1]octane-8-carboxylate (Tet. Lett. 43 (2002), 899-902)
(229mg, 1.08mmol) and N-ethyidiisoproylamine (232ut., 1.33mmol) were
dissolved in dimethylsulfoxide (3mL) and the reaction mixture heated to 120°C
for 18 hours in a sealed vessel. The reaction mixture was diluted with
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dichloromethane and washed with water (x2), 10% aqueous citric acid solution
and brine. The organic phase was dried over magnesium sulphate and
concentrated in vacuo. The residue was purified by column chromatography on
silii:a- gél eluting with dichioromethane:methanol (100:0 to 95:5) to yield the title
product.

TH NMR (CDs0D, 400MHz) §: 1.11 (t, 3H), 1.50 (s, 9H), 1.79 (m, 2H), 1.92 (m,
2H), 2.39 (s, 3H), 3.14 (m, 2H), 3.43 (s, 3H), 3.58 (q, 2H), 3.87 (t, 2H), 4.33 (m,
2H), 4.39 (m, 2H), 4.67 (m, 4H), 8.91 (d, 1H), 8.13 (d, 1H), 8.18 (s, 1H).
LRMS:nvz APCl+ 553 [MH]"

Preparation 165
teri-B 18, 485)-5{1-(2-ethoxyethyl)-3-methvl-7-(5-methvipvridin-2-vlamino)-

1 H-pyrazolo[4.3- rimidin-5-vi}-2,5-diazabicyclo[2.2. 1 heptane-2-carboxviate

—

N

HCT 0T N\ /4

\ / N
={

He N
N . Hac
LN e

e o

o]
The title product was prepared by a method similar to that described for
preparation 164 using the monochloro compound of preparation 121 and fert-
butyl (1S, 45)-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate .
'H NMR (CD3s0OD, 400MHz) &: 1.11 (t, 3H), 1.39-1.46 (8, 9H), 2.00 (m, 2H), 2.28
(s, 3H), 2.40 (s, 3H), 3.43 (m, 2H), 3.54-3.67 (m, 4H), 3.85 (t, 2H), 4.55 (m, 1H),
4.62 (t, 2H), 4.92 (m, 1H), 7.60 (d, 1H), 8.08 (s, 1H), 8.26 (m, 1H). LRAMS:m/z
APCH 508 [MHT"

CH,
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Preparation 166
terl-B 18, 45)-5]1-(2-etho, methvi-7-(pyrimidin-4-ylamino)-1 M-

razolof4.3- rimidin-5-vi]-2,5-diazabi 2.2.11h ne-2

5 The title product was prepéred by a method similar to that described for
preparation 184 using the monochloro compound of preparation 72 and tert-
butyl (1S, 45)-2,5-diazabicyciof2.2.1]heptane-2-carboxylate .
'H NMR (CD;0D, 400MHz) &: 1.22 (t, 3H), 1.33 (2xs, 8H), 2.01 (m, 2H), 2.43 (s,
3H), 3.47 (m, 3H), 3.85 (M, 4H), 3.91 (m, 2H), 4.83 (t, 2H), 5.01 (m, 1H), 8.35 (br
10 s, 1H), 8.60 (d, 1H), 8.80 (s, 1H). LRMS:m/z APCl+ 496 [MH]*

Preparation 167
18,4 1-(2 thyl)-3 7- idi ino)-
1 4.3-dipyrimidi - j0[2,2.1 o

15
A mixture of the chloro compound from preparation 163 (100mg, 0.26mmol),
tert-butyl (18, 48) -2,5-diazabicyclo]2.2.1]heptane-2-carboxylate (202.3mg,
1.02mmol) and N-ethyidiisoproylamine (226uL, 1.3mmol) in dimethylsulfoxide
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(3mL) was heated at 120°C for 18 hours in a sealed vessel. The cooled reaction
was pattitioned between dichloromethane and water, the layers separated, and
the organic phase washed with water, then brine and dried over magnesium
sulbﬁate and evaporated in vacuo. The product was purified by column -
chromatography on silica gel using ethy! acetate as eluant to afford the title
compound as an orange oil.

'H NMR (CDsOD, 400MHz) 8: 1.10 (t, 3H), 1.19 (t, 3H), 1.40-1.48 (2xs, SH), 2.00
(m, 2H), 2.40 (s, 3H), 3.49 (m, 2H), 3.56-3.71 (m, 6H), 3.89 (t, 2H), 4.57 (m, 1H),
4.69-4.75 (m, 4H), 4.95 (s, 1H), 6.92 (d, 1H), 8.14 (d, 1H), 8.34 (s, 1H).
LRMS:m/z ES+ 553 [MH]*

Preparation 168
N-15-((1R,_4 R)-5-Benzyl-2 5-diazabicycio[2.2.1]lhept-2-vi)-1-({2-ethoxyethyl}-3-
razoloj4,3- rimidin-7-vil-4-m idin-2-vlamine
N=

The monochloro compound of preparation 120 (180mg, 0.52mmol), (1R,4R)-2-
benzyl-2,5-diazabicycio[2.2.1]heptane dihydrobromide (EP 400661, ex 8)
(545mg, 2.90mmol) and N-ethyldiisoproylamine (723uL, 4.18mmol) were
dissolved in dimethyisulfoxide (3mL) and the reaction mixture heated to 120°C
for 18 hours in a sealed vessel. The reaction mixture was partitioned between
water (50mL) and ethyl acetate (50mL.) and the aqueous separated and washed
with ethyl acetate (50mL). The organics were combined, dried over magnesium
sulphate and concentrated in vacuo. The residue was purified by column

chromatography on sllica gel eluting with ethyl acetate:msthanol (100:0 to 95:5)
to yield the title product, 62mg. '
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'H NMR (CDsOD, 400MHz) &: 0.12 (t, 3H), 1.96 (m, 1H), 2.09 (m, 1H), 2.38 (8,
3H), 2.42 (s, 3H), 2.88 (m, 1H), 3.08 (m, 1H), 3.59 (m, 3H), 3.80-3.95 (m, 7H),
4.62 (m, 2H), 6.92 (d, 1H), 7.35 (m, 5H), 8.12 (d, 1H), 8.35 (m, 1H). LRMS:m/z
APCH 499 [MH]*

Preparation 169
tert-Butyl 3-dim in ine-1-carboxylate

"9
He \\/CH, —

A mixture of tert-butyl 3-lodoazstidine-1-carboxylate (EP 1176147, prep 18) (5@,
17.6mmol) and dimethylamine (27mL, 33% in ethanol, 176mmol) was heated to
80°C for 28 hours in a sealed vessel. The cooled mixture was evaporated in
vacuo and the resldue pre-adsorbed onto silica gel. This was then purified by
column chromatography on silica gel using ethyl acefate:hexane (50:50) as
eluant to afford the tile compound as a ysliow oil, 1.07g.

'H NMR (CDCls, 400MHz) 5: 1.38 (8, 9H), 2.08 (s, 6H), 2.94 (m, 1H), 3.70 (m,
2H), 3.84 (m, 2H).

Preparation 170
-Dim in ine bis{trifi te
Ha(.i

zmea

B

A mixture of the compound from preparation 168 (760mg, 3.78mmol) and
trifluoroacstic acid (4mL) in dichloromethane (12mL) was stirred at room
temperature for 1 hour. The solution was concentrated /n vacuo and the residue
azeotroped with toluene and dichloromethane. The product was triturated with
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ethyl acetate and the resulting solid filtered off and dried to afford the title
compound, 600mg.

'H NMR (CD3OD, 400MHz) §: 2.80 (s, 6H), 4.23 (m, 1H), 4.34 (m, 2H), 4.45 (m,
2H). '

Preparation 171
5-Chloro-3-methyl-1-(2 thyl)-1 4.3~ imidin-7-

methylpyridin-2-ylamine
2
Hsc\/ht\ ~ 8 I
HN™ "N~ “CH,
N i N

} N/)\CI '
H,C

Sodium bis(trimethyisilyl)amide (1.43g, 7.8mmol) was added portionwise 10 a
solution of 2-amino-6-methylpyridine (421.7mg, 3.9mmol) In tetrahydrofuran
(7mL), and the solution then stirred for 10 minutes. A solution of the chioro
compound from preparation 62 (750mg, 2.6mmol) in tetrahydrofuran (7mL) was
added dropwise and the reaction stirred at room temperature for 2 hours.
Aqueous saturated ammonium chloride solution was added dropwise and the
mixture then extracted with dichloromethane. The organic solution was washed
with water and brine, then dried over magnesium sulphate and evaporated in
vacuo. The product was recrystallised from Isopropyl acetate to afford the title
compound as an off-white solid.

H NMR (CDCls, 400MHz2) 5: 0.79 (t, 3H), 1.69 (m, 2H), 2.46 (s, 3H), 2.55 (s,
3H), 3.56 (t, 2H), 3.93 (t, 2H), 4.72 (i, 2H), 6.88 (d, 1H), 7.64 (m, 1H), 8.23 (d,
1H), 9.94 (s, 1H). LAMS:m/z APCH- 361 [MH]*
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Preparation 172
5-Chl -methyi-1-4{2-(2.2,2-triflucroethoxy)ethyil-1 H- 0[4,3-

Fa{inﬂ- mi in-4—/ P
L
’ I N

A

N~ Cl

N}

H,C
Sodium bis(trimethyisilyl)amide (1.46g, 7.99mmol) was added portionwise to a
solution of 4-aminopyrimidine (864mg, 8.0mmol) in tetrahydrofuran (10mL.), and
the solution then stirred for 15 minutes. A solution of the chioro compound from
preparation 130 (1.17g, 4.0mmol) in tetrahydrofuran (10mL) was added
dropwise and the reaction stimed at room temperature for 2 hours. The mixture
was partitioned between ethyl acetate (50mL) and water (100mL) and the layers
separated. The aqueous phase was exiracted with ethyl acetate (100mL) and
the combined organic solutions were dried over magnesium sulphate and
evaporated /n vacuo. The crude product was purified by column chromatography
on silica gel using ethyl acetate as eluant, and the resulting solid friturated with
ether to afford the title compound as a yellow solid, 1.02g.
'H NMR (CDCls, 400MHz) 8: 2.50 (s, 3H), 4.00-4.10 (m, 2H), 4.12 {t, 2H), 4.85 (t,
2H), 8.40 (d, 1H), 8.60 (d, 1H), 8.85 (s, 1H). LRMS:m/z APCl+ 410 [MNaJ"

Preparation 173
M nyl}-4-nitro-1-[2-(2.2.2 -trifluo [) -1H- ole

carboxylic acid
F
F
A
O
\N

Hsc\ NO,
0
O

OH
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A solution of diisopropyl azodicarboxylate (71.9mL, 366mmol) in tetrahydrofuran
(80mL} was added dropwise to a solution' of dimethyl 4-nitropyrazole-3,5-
dicarboxylate (60g, 260mmol) and triphenylphosphine (96.15g, 366mmal) in
tefrahydrofuran (650mL) with stiming under nitrogen, keeping the reaction
temperature between 0°C and 10°C by cooling in &an ice bath, After the addition
was complete, the mixiure was allowed to warm to room temperature and stirred
for 2 days. The solvent was removed under reduced pressure and the residue
was dissolved in methanol (800mL) and cooled to 0°C. A solution of potagsium
hydroxide (16.16g, 288mmol) in methanol (200mL) was added at 0°C and the
reaction was allowed to warm to room temperature and stirred for 16 hours. The
solvent was removed in vacuo and the residue was partitioned between water
(600 mL) and ethyl acetate (600mL). The aqueous layer was washed with ethyl
acetate (2 x 200mL) and the aqueous phase was acidifled with hydrochloric acid
to pH1. The aqueous soiution was extracted with ethyl acetate (3 x 400mL), and
these combined extracts were dried over sodium sulphate and concentrated in
vacuo to afford the title compound as a colouriess solid, 52.86g, 59%.

'H NMR (CDCls, 400MHz) &: 3.77 (g, 2H), 3.93 (s, 3H), 4.00 (t, 2H), 4.84 (t, 2H).

Preparation 174

3-Ethvi-4-nitro-1-(2,2,2-triflucroeth | ole-5-carhoxamide
F
F_;(\ L\
F
N NH,
\
NO,
H,C

A solution of diisopropyl azodicarboxylate (53.74g, 266mmol) in tetrahydrofuran
(50mL) was added dropwise to a solution of 3-ethyi-4-nitropyrazole-5-
carboxamide (EP 1176142, pg 18) (35.0g, 190mmol), and triphenylphosphine
(69.79g, 286mmol) in tetrahydrofuran (450mL) with stirring under nitrogen,
keeping the reaction temperature between 0°C and 10°C-by cooling in an ice
bath. After the addition was complete, the mixture was allowed to stir for 2
hours, then warmed to room temperature. The solvent was removed /n vacuo
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and the residue was recrystallisad twice from hot isopropanol to afford the titie
compound as a colourless solid, 45.06g.

'H NMR (CDCl, 400MHz) &: 1.25 (t, 3H), 2.82 (g, 2H), 3.78 (q. 2H), 3.98 (1,
2H), 4.56 {t, 2H), 5.95 (br s, 1H), 7.11 (br s, 1H).

Preparation 17:
~4-nitro-1-[2-(2,2.2 -trifluo -1 ol
carboxylate
X
F - %j
IN NH,
\
Hsc\ NO2
O
0

The acid from preparation 173 (70.0g, 204mmol) was dissoived in a mixture of
dichloromethane (1000mL) and N,N-dimethytformamide (1mL) under nitrogen at
20°C. Oxalyl chloride (25mL, 366mmof) was added &mpwl'se with stirring. The
mixture was stirred for 16 hours then concentrated in vacuo, and the residue
azeotroped with dichloromethane (3x200mL). The residue was disaclved in
tetrahydrofuran (1000mL), cooled to -78°C and 0.88 ammonia (70 mL) was
added dropwise keeping the mixture at -78°C. After the addition was complete
the mixture was stirred for 1 hour, and then an excess of hydrochloric acid was
added at -78°C (to give pH1). The mixture was aliowed to warm to room
temperature and the solvent was removed in vacuo. The resulting cream-
coloured solid was collected by filtration and washed with water (3 x 100mL).
The solid was triturated with a mixture of diethyl ether and methanol (20:1, 20
mL/g) to give the title compound as a colouriess solid, 40.0g.

'H NMR (CDCls, 400MHz) &: 3.78 (q, 2H), 3.95 (s, 3H), 3.98 (t, 2H), 4.76 (t, 2H),
5.91 (br s, 1H), 7.03 (br s, 1H).
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Preparation 17
4-Amino-3-ethvi-1-(2 2 .2-trifluorosth ethvipvrazole-5-carboxamide

H,C
A solution of the compound from preparation 174 (23.34g, 75mmol) in methanol
(400mL) was hydrogenated over 10% palladium on charcoal (6.0g) at 300kPa
and 50°C for 2 hours. Another 2.0 g of catalyst was added and hydrogenation
continued for another 14 hours. The hot solution was filtered through Arbocel
and the filter cake was washed with methanol (4 x 100mL). The filtrate was
concentrated in vacuo and the residue azeotroped with toluene (100mL) to give
the title compound as a red oil, 19.06g.

'H NMR (CDCls, 400MHz2) 5: 1.21 (1, 3H), 2.55 (q, 2H), 3.16 (br s, 2H), 3.79 (q,
2H), 3.99 (t, 2H), 4.61 (t, 2H),

Preparation 177
M 4-amino-5-carbamovyi-1-{2-{2.2 2 -trifluoroetho -1 H-pyrazoie-3-

carboxylate
F
F\\(‘ (\\
F
N
\ |
H,C. NH,
o
(o)

A solution of the compound from preparation 175 (40.0g, 118mmol) in methanol
(640mL) was hydrogenated over 10% palladium on charcoal (10.0g) at 300kPa
and 50°C for 3 hours. The hot solution was filtered through Arbocel® and the

filter cake was washed with dichloromethane. The filtrate was concentrated in
vacuo to give the title compound as an off-white solid, 34.2g.

NH,



WO 2004/096810 PCT/IB2004/001433
-246-

'H NMR (CDCls, 400MH2) &: 3.80 (q, 2H), 3.91 (s, 3H), 4.07 (t, 2H), 4.63 (t, 2H),
6.29 (br s, 2H).

Preparation 17
5 Ethyi-1-{2-(2.2.2-trifluoroetho, 1.4-di 4,3-dipyrimidine-
5,7-dione
F~§(‘ 0\\\
NH
\ I
N o}
H
H,C

p_—
A solution of the compound from preparation 176 (19.08g, 68.0mmol) in
acetonitrile (150mL) was added dropwise over 2 hours to a stirred solution of

10  N,N-carbonyl diimidazole (16.55g, 100mmol) in refluxing acetonitrile (850mL)
under nitrogen. The mixture was heated under refiux for 2 hours, cooled and the
solvent was removed in vacuo. The residue was triturated with water (150 mL.),
the resulting colourless solid was filtered off and washed with water (100mL),
and dried in vacuo at 80°C, to afford the titlte compound, 17.53g.

15 'H NMR (CDCls, 400MHz) &: 1.28 (t, 3H), 2.67 (q, 2H), 3.78 (q, 2H), 4.00 (t, 2H),

4.63 (t, 2H), 7.94 (br 8, 1H), 8.43 (br 8, 1H). LAMS:m/z ES- 305 [M—HT .
P jon
7-di 1-[2-(2,2 2-triflu -4.5.8,7- ro-1H-
20 imidin ]

FA(“L\

\' A
Hacb N ©
O
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A solution of the compound from preparation 177 (21.7g, 70.0mmol) in
acstonitrile (150mL) was added dropwise'over 2 hours to a stirred solution of
N,N-carbonyl diimidazole (17.02g, 105mmol) in refluxing acetonitrile (850mL)
under nitrogen. The mixture was heated under reflux for 2 hours, cooled and the
solvent was removed in vacuo. The residue was triturated with water (150 mL)
and the resulting pale grey solid was filtered off, washed with water (3 x 100mL),
and dried in vacuo at 80°C, to afford the titie compound, 21.26g.

'H NMR (CDCls, 400MHz) &: 3.79 (q, 2H), 3.98 (s, 3H), 4.07 (t, 2H), 4.77 (t, 2H),
7.87 (br s, 1H), 8.41 (br s, 1H). LRMS:m/z ES- 335 [M-HJ

Preparation 180
5,7-Dichloro-3-ethyi-1-[2-(2,2 2-triflucroeth ethyll-1 H- olo[4.3-

dipyrimidine

FYH |

[}
} NA\CI

H,C
Phosphorous oxychioride (22.8mL, 0.24mol) was added to a suspension of the
dione from preparation 178 (5g, 16mmol) and tetrasthylammonium chiloride
(B.11g, 48mmol) in propionitrile (75mL), and the mixture stirred at 106°C for 18
hours. The cooled mixture was concentrated in vacuo and the residue
azeotroped with toluene (2x50mL). The residual oil was dissolved in ethyl
acetate (50mL), washed with water (200mL), dried over magnesium sulphate
and evaporated in vacuo, to afford the title compound, 4.98g.
'H NMR (CDCls, 400MHz) &: 1.40 {t, 3H), 3.05 (q, 2H), 3.70 (q, 2H), 4.05 (t, 2H),
4.90 (t, 2H).
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Preparation 181
Methyl 5.7 ro-1-[2-{2,2. 2 -triflyoro ) 1H-pyrazolo[4.3-
dipyrimidine-3-carboxyiate

F
Fé/" C\\
I
F
N~">n
WAL
HC, N Cl
O
o)

Phosphorous oxychloride (56mL, 0.860mol) was added to a suspension of the
dione from preparation 178 (13.5g, 40mmol} and tetrasthylammonium chloride
(20.0g, 120mmol) in propionitrile (150mL), and the mixture stirmed under refiux
for 18 hours, The cooled mixture was concentrated in vacuo and the residue
azeotroped with toluene (2x50mL). The residue was partitioned between
dichloromethane (500mL) and water (500mL), the layers separated, and the
aqueous extracted with further dichioromethane (500mL). The combined organic
solutions were washed with water (200mL), brine (1 Of)mL), dried over
magnesium sulphate and evaporated in vacuo. The crude product was purified
by column chromatography on silica gel using an elution gradient of ethyl
acetate:pentane (34:66 to 50:50) to afford the title compound as a white solid,
9.4g.
'H NMR (CDCls, 400MHz) &: 3.75 (q, 2H), 4.10 (m, 5H), 5.05 (t, 2H).

P tion
5.7-Dichloro-1-[2- -trifluo -1H 43 idin-3-
yiimethanol
F
Fy"
F R\}u !
SN
W A

N Cl
HO
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Diisobutylaluminium hydride (33.2mL, 1M in tetrahydrofuran , 33.2mmol) was
added dropwise to a cooled (-78°C) solution of the ester from preparation 181
(3.1g, 8.31mmol) in tetrahydrofuran (50mL), so as to maintain the temperature
below -70°C. Once addition was complete the reaction was aliowed to wamm to
-10°C and stirred for 1 hour. Tic analysis showed starting material remaining, so
the reaction was re-cooled to -78°C, additional diisobutylaluminium hydride
(8.3mL, 1M in tetrahydrofuran , 8.3mmol) was added, the reaction warmed again
to -10°C and the reaction stirred for a further 20 minutes. The reaction was
cooled again to -78°C, hydrochloric acid (2M, 30mL) added and the mixture
allowed to warm to room temperature and stirred for 18 hours. The mixture was
diluted with water and extracted with dichloromethane (2x). The combined
organic solutions were washed with water and brine, dried over magnesium
sulphate and evaporated in vacuo. The crude product was purified by column
chromatography on silica gel using an elution gradient of
dichloromethane:methanol (100:0 to 97:3) to afford the title compound as an
orange oil, 2.22g.

'H NMR (CDCl,, 400MHz) 5: 2.69 (s, 1H), 3.75 (q, 2H), 4.08 (t, 2H), 4.91 (t, 2H),
5.09 (s, 2H). LRMS:m/z APCl+ 345 [MH]*

Preparation 183
5-{5-Chloro-3-hydroxym -1-]2-(2,2.2-trifluoroetho -1 H-pyrazolo[4,3-

rimidin-7-ylamino}-1-methvi-1 ridin-2-one

O
F g /Cf
N
F
’N

HO
A mixture of the dichloro compound from preparation 182 (500mg, 1.45mmol),
the amine from preparation 131 (198mg, 1.6mmol), and A-ethyldiisopropylamine
(530pl., 3.0mmol) in dimethylsulfoxide (SmL), was stirred at room temperature
for 3 hours. The reaction was poured into water and the mixture acidified by the



WO 2004/096810 PCT/1B2004/001433
-250-

addition of hydrochloric acid. This mixture was extracted with dichloromsthane
(2x), the combined organic extracts washed with water (2x), dried over
magnesium sulphate and evaporated in vacuo. The residual green solid was
pre-adsorbed onto silica gel, and then purified by column chromatography on
silica gel using an elution gradient of dichloromethane:methanol (98:2 to 90:10)
to afford the title compound as a cream-white solid, 160mg.

H NMR (DMSO-ds, 400MHz) 3: 3.45 (s, 3H), 3.92 (t, 2H), 4.01 (g, 2H), 4.13 (d,
2H), 4.87 (t, 2H), 5.24 (m, 1H), 6.46 (d, 1H), 7.51 (m, 1H), 7.81 (d, 1H), 8.81 (s,
1H). LRMS:mvz APCl+ 433 [MH]

Proparation 184
lora-7- yridin-2-viamino)-1-{2-(2.2.2- -
1H-pyrazolo[4.3- idine rboxylate
F ~ |
Fy\ N
¢ HN N CH,
N | SN
\Y 2
H,C, Cl
O
O

A mixture of the dichloro compound from preparation 181 (2g, 5.36mmol) and 2-
amino-8-methylpyridine (1.74g, 16.1mmol) in acstonitrile (15mL) were heated
under reflux for 5§ hours. The mixture was cooled in an ice-bath, and diluted with
10% citric acid solution (12ml.) and this mixture stirred for 15 minutes. The
resulting precipitate was filtered off, washed with acetonitrile:water solution
(50:50, 10mL) and dried to afford the title compound as a pale pink solid, 1.8g.
'H NMR (DMSO-dg+TFA-d, 400MHz) 3: 2.59 (8, 3H), 3.90 (s, 3H), 4.10 (m, 4H),
5.15 (t, 2H), 7.05 (d, 1H), 7.90 (m, 1H), 8.02 (d, 1H).
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Preparation 185
thvl 5-chloro-7-{4-methyipyridin-2-ylamino)-1-{2-(2,2 2-trifluoroethoxy)athyl]-

1 H-pyrazolo[4 imidine-3-carboxylate
CH,

5 The title compound was obtained as a pale yeliow solid from the dichloro
compound from preparation 181, following the procedure described in
preparation 184,

'H NMR (DMSO-dg+TFAd, 400MHz) 5: 2.50 (s, 3H), 3.90 (s, 3H), 4.00-4.10 (m,

4H), 5.05 (t, 2H), 7.08 (d, 1H), 7.79 (s, 1H), 8.25 (d, 1H). LRMS:m/z APCl+ 445
10 [MHT

Preparation 186
-Chloro-7-(6-m idin-2-ylamino)-1-[2-(2.2 2-triflugroethoxy)ethyvil-1H-
razolof4,3- rimidi }methanol
F Z |
Ff =~

F HN N CH,
S
\Y Z

N Cl
15 HO

Diisobutylaluminium hydride (7mL, 1M in tetrahydrofuran , 7mmol) was added to
a cooled (-10°C) solution of the ester from preparation 184 (1.2g, 2.7mmol) in
tetrahydrofuran (25mL), and the reaction stirred for an hour at -10°C, followed by
1 hour at 0°C. Tic analysis showed starting material remaining, so additional

20 diisobutylaluminium hydride (5.4mL, 1M in tetrahydrofuran, 5.4mmol) was added
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and the reaction stirred at 10°C for 10 minutes. The reaction was cooled to -5°C,
hydrochloric acid (1N, 50mL) added and the mixture poured into additional
hydrochloric acid (2N, 50mL). This mixture was stirred for 30 minutes, then
extracted with dichloromethane (300mL in total) and dichloromethane:methanol
(95:5 by volume, 3x200mL), and the combined organic extracts dried over
magnesium sulphate and evaporated in vacuo. The product was triturated and
sonicated with ether and the resulting solid dried in vacuo to afford the fitle
compound as a yellow powder, 760mg.

'H NMR (CD;0D, 400MHz) &: 2.70 (s, 3H), 3.95 (g, 2H), 4.10 (t, 2H), 4.85 (s,
2H), 5.05 (t, 2H), 7.40 (d, 1H), 7.98 (s, 1H), 8.30 (m, 1H).

Pre 187
ro-7-(4-met din-2- ino)-1-[2-(2.2.2-trifluorosth 1}-1H-
lof4.3- imidin-
Hy
F Z |
F ™
(L\ HN N
F
N N
/ N
\Y | P
N/kCI
HO

The title compound was prepared in 92% yield as a pink solid, from the
compound from preparation 185, following a similar procedure to that described
in preparation 186.

'H NMR (CDsOD, 400MHz) &: 2.52 (s, 3H), 3.98 (g, 2H), 4.10 (t, 2H), 4.85 (s,
2H), 5.00 (t, 2H), 7.19 (d, 1H), 7.82 (s, 1H), 8.21 (d, 1H).
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Preparation 188
N-{5-Chloro-3-chloromethyl-1-[2-(2.2 2-trifluoroethoxy}ethyll-1 H-pyrazolo[4 .3~

imidin-7- methvlpyridin-2-viamine

5 Thionyl chioride (0.3mL, 3.84mmol) was added to a suspension of the alcohol
from preparation 186 (400mg, 0.26mmol) in dichloromethane (6émL), and the
reaction stirred for 10 minutes. The reaction mixture was concentrated /n vacuo

and the residue azeotroped with dichloromethane (3x10mL) to afford the title
compound.

10 LRMS:m/z APCl+ 435 [MHT*

Preparation 189

5-Chl 3-ch thyl-1-]2-(2.2 2-trifluoroeth ethvil-1 H-pyrazolo[4
rimidin-7- methylpyridin-2-viamine
Hy
F Z |
F HN \N
F
N~"N
\Y I P
N)\CI
15 Cl

The title compound was obtained from the alcohol from preparation 187,
following the procedure described in preparation 188.
LRMS:m/z APCl+ 435 [MHT*
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Preparation 19

S hloi

5 The title compound was obtained as an off-white solid, from the alcohol from

10

15

preparation 183, following the procedure described in preparation 188.
LRMS:nmvz APCl+ 451 [MH]*

Preparation 191
hlo meth -1-[2-(2.2,2-trifluoroe athvil-1 razolof[4

idin-7- meth idin-2-vlamine

K |
F?/N(L\ HN” SN CH,
N i N
Hsc\ } N‘A\Cl

A mixture of the chloride from preparation 188 (100mg, 0.23mmol), sodium
methoxide (25-30% solution in methanol, 0.2mL, 0.91mmol) and sodium iodide
(10mg) in tetrahydrofuran (1mL) was stirred at room temperature for 30 minutes.
The mixture was diluted with 10% citric acid solution, and extracted with
dichloromethane (3x100mL). The combined organic extracts were dried over
magnesium sulphate, and evaporated /n vacuo. The crude product was purified
by column chromatography on silica gel using dichloromethane:methanol (99:1)
as eluant to afford the title compound.

LRMS:m/z APCI+ 431 [MH]*
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Preparations 192 to 19

The following compounds were prepared from the appropriate dichioro
compounds of preparations 188-190, following the procedure described in

préparation 191.
FF R’
A(\M HN”
F
=N

N
Ng |l
\Y Z
o
Rs
Prep R L Data
'H NMR (CDsOD, 400MHz) 5: 1.20 (t,
H, 3H), 2.40-2.60 (m, 3H), 3.65 (q, 2H),
3.90-4.18 (m, 4H), 4.80 (s, 2H), 4.90,
192 | N CHaCH,OCH: (m. 4H), 4.80 (s, 2H)
~ | 5.10 (mx2, 2H), 7.05 (m, 1H), 7.80
(m, 1H), 8.30 (m, 1H). LRMS:m/z
APCl+ 445 [MH]*
Hs
193° | = CHsOCHr | LAMS:m/z ES+ 431.2 [MH]*
N/

4 'H NMR (CD5OD, 400MH2) 3: 1.20 (t,
3 3H), 2.42 (s, 3H), 3.65 (g, 2H), 4.0
194 | ) | CHsCHOCHz | (m, 2H), 4.15 (t, 2H), 4.78 (m, 2H),
N 4,90, 5.10 (mx2, 2H), 6.90-8.30 (m,
8H). LRMS:m/z APCl+ 445 [MH]*

'H NMR (CDCls, 400MHz) &: 3.51 (s,

EHS o 3H), 3.58 (s, 3H), 3.91 (g, 2H), 4.18
195° i CHsOCHz | (t, 2H), 4.77-4.80 (m, 4H), 6.59 (d,
Z 1H), 7.31 (m, 1H), 7.93 (s, 1H), 8.09

(d, 1H). LRMS:m/z APCl+ 447 [MH]*

BBy
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a-product was isolated by trituration/sonication with ether, and not purified by
column-chromatography. '

b-the reaction was performed with methanol as the solvent, for 18 hours in the
absence of catalytic Nal.

Sodium ethoxide (1.15mL, 21% wt/vol in ethanol, 5.25mmol) was added to a
solution of the compound from preparation 158 (500mg, 1.31mmol) in ethanol
(50mL), and the reaction stirred at roorn temperature for 18 hours. Saturated
ammonium chloride (50mL) was added and the ethanol removed /in vacuo. The
aqueaus residue was diluted with water (10mL) and extracted with ethyl acetate
(70mlL). The organic solution was dried over magnesium sulphate and
concenirated in vacuo to afford the title compound, 420mg.

'H NMR (CDCls, 400MHz) &: 1.16 (t, 3H), 1.22 (t, 3H), 2.49 (s, 3H), 3.65 (g, 4H),
3.95 (t, 2H), 4.78 (s, 2H), 4.85 (m, 2H), 7.02 (d, 1H), 7.75 (m, 1H), 8.29 (d, 1H).
LRMS:m/z APCl+ 391 [MH]"
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Preparation 197
N-{5-Chloro-3-methvi-1-[2-(2.2 2-trifluoroeth ethyi]-1 razolof4.3-

rimidin-7-vi}-6-methylpyrimidin-4-vlamine

CHy
g
K e
N i NN
} NéI\CI
H,C

Sodium bis(timethyisilyl)amide (917mg, 15mmol) was added to a suspension of
the amine from preparation 133 (300mg, 2.25mmol) in tetrahydrofuran (30mL),
with ice coofing. The mixture was stirred for 10 minutes, then the compound from
preparation 130 (822mg, 2.5mmol) was added and the reaction stirred for an
hour at 0°C. 10% Cltric acid solution (5mL) was added and the mixture
concentrated /n vacuo. The residue was partitioned hetween ethyl acetate
(150mL) and water (100mL), the layers separated, the organic phase dried over
magnesium sulphate and evaporated in vacuo to give the titte compound as a
pale yellow solid, 968mg.

'H NMR (DMSO-de+TFA-d, 400MHz) &: 2.48 (8, 3H), 2.57 (s, 3H), 3.84-3.94 (m,
4H), 4.73 (t, 2H), 7.85 (s, 1H), B.08 (s, 1H).

LRMS:m/z APCl+ 402 [MH]*
Preparation 198
N- hl m -12-(2,2 2-trifluo oxy)eth lo{4.3-
Hmidin-7 -met i amin

a\\ ,O\

q L

N~ cli
H,C
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The title compound was obtained in 98% Yyield as an off-white solid from the
compound from preparation 130 and 4-amino-2-methylpyrimidine (J. Het. Chem.
14; 1413; 197), following the procedure described in preparation 157.

'H NMR (DMSO-dg+TFA-d, 400MHz) 5: 2.50 (s, 3H), 2.64 (s, 3H), 3.85-3.90 (m,
4H), 4.78 (t, 2H), 7.90 (d, 1H), 8.78 (d, 1H). LRMS:m/z APCl+ 402 [MH]"

Preparation 199
hl 12-(2,2.2-trifluoroeth -1 razolof[4 imidin-
7- - imidin4-vlamine

A AL,
| N

) NékCI

H,C
A solution of sodium bis(trimethyisilyl)amide (740mg, 4.06mmol} in
tetrahydrofuran (10ml.) was added dropwise to a suspension of 4-amino-2-
methylpyrimidine (J. Het. Chem. 14; 1413; 197), (445mg, 4.06mmol) in
tetrahydrofuran (10mL.), with ice cooling. The mixture was stirred for 15 minutes,
then a solstion of the compound from preparation 180 (700mg, 2.04mmol) in
tetrahydrofuran (10mL.) was added and the reaction stirred for an hour at room
temperature. The mixture was partitioned between 10% citric acid solution
(100mL) and ethyl acetate (100mL) and the layers separated. The organic phase
was washed with water (100mL) and brine {100mL), then dried over magnesium
sulphate and evaporated in vacuo to give the title compound as a yellow solid,
880mg.
'H NMR (CDsOD, 400MHz) 8: 1.37 (t, 3H), 2.60 (s, 3H), 2.96 (g, 2H), 4.06 (q,
2H), 4.13 (t, 2H), 4.86 (m, 2H), 8.20 (m, 1H), 8.55 (m, 1H). LRMS:m/z APCI-
414 [M-HT
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Preparation 200

7- -methvipyrimidin-4-ylamine
HS
~
"< “J
N HN” N
NN
Ny |l
\Y Z
NJ\GI
H,C

5 The title compound was obtained as a pale yellow solid from the compounds

from preparation 133 and 180, following the procedure described in preparation
199.

'H NMR (CD3OD, 400MHz) 5: 1.27 (t, 3H), 2.45 (s, 3H), 2.85 (q, 2H), 3.94 (q,

2H), 4.01 (t, 2H), 4.86 (m, 2H), 8.18 (m, 1H), 8.61 (m, 1H). LRMS:m/z APCI-
10 414 [M-H]

Preparation 201
N-{5-Chloro-3-ethyl-1-[2-(2,2 2-trifluoroetho -1 H-pyrazolo[4

7-yllpyridazin-4-ylamine

o

"X %
N i N

Py

N Cl

dmidin-

N\
H
15 $C
The title compound was obtained in 64% yield from the compound from
preparation 180 and 4-aminopyridazine (J. Het. Chem. 19; 1285; 1982),

following a similar procedure to that described in preparation 199, except, the

compound was purified by column chromatography on silica gel using
20 dichioromethane:methanol (90:10) as eluant.
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'H NMR (CD5OD, 400MHz) 3: 1.37 (1, 3H), 2.96 (q, 2H), 3.96 (g, 2H), 4.06 (t,
2H), 4.95 (t, 2H), 8.31 (m, 1H), 9.01 (m, TH), 9.42 (m, 1H). LRMS:m/z APCl+
403 [MHT*

HyC

A solution of sodium bis(trimethyisilyl)amide (1.07g, 5.82mmol) in
tetrahydrofuran {10mL) was added to a solution of 4-aminopyrimidine (550mg,
5.82mmol) in tetrahydrofuran (10mL) with ice cooling. The solution was stirred
for 15 minutes, then a solution of the compound from preparation 180 (1g,
2.91mmol) in tetrahydrofuran (10mL) was added and the reaction stirred at room
temperature for 18 hours. The reaction was diluted with ethyl acetate (100mL)
and washed with water. The agueous solution was extracted with ethyl acetate
(100mL) and the combined organic solutions dried over magnesium sulphate
and evaporated in vacuo. The residue was purified by column chromatography
on sllica gel using athy! acetate as eluant to afford the title compound as a
yellow solid, 770mg.

'H NMR (CDCls, 400MHz) &: 1.40 (t, 3H), 3.00 (g, 2H), 4.05 (g, 2H), 4.20 (t, 2H),
4.80 (t, 2H), 8.40 (m, 1H), 8.70 (dd, 1H), 8.90 (s, 1H), 9.55 (br s, 1H). LRMS:m/z
APCl+ 403 [MHT
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1H- olo[4,3- rimidin-5-vilpiperidine-4-carboxylate

HS
1
F%\ S
F ¥ HN N
S
N\ Z
N N
H.C
4 O«_-CH,
0O

2-Amino-4-methylpyridine (162mg, 1.5mmol) was added to a solution of the
dichioro compound from preparation 130 (185mg, 0.5mmol) in dimethylsulfoxide
(2mL) and the reaction stirred at B0°C for 5 hours. Ethyl isonipecotate (308uL.,
2mmol) was added, and the reaction stirred for a further 8 hours at 120°C. The
cooled mixture was partitioned between dichloromethane (100mL) and 0.5M
citric acid solution (100mL), and the layers separated. The organic layer was
washed with water (100mL), dried over magnasiurn suiphate and evaporated in
vacuo. The crude product was purified by column chromatography on silica gel
using an elution gradient of dichloromethane:methanol (100:0 to 98:2) to give the
title compound as a yellow gum, 200mg.

'H NMR (CDsOD, 400MHz) &: 1.25 (t, 3H), 1.70 (m, 2H), 1.95 (m, 2H), 2.38 (s,
3H), 2.40 (s, 3H), 2.62 (m, 1H), 3.10 (m, 2H), 4.00 (q, 2H), 4.06 (t, 2H), 4.12 (q,
2H), 4.60 (m, 2H), 4.71 (m, 2H), 6.93 (d, 1H), 8.14 (d, 1H), 8.20 (m, 1H).
LRMS:m/z APCl+ 522 [MH]*

Assay

The compounds of the invention are inhibitors of cyclic guanylate
monophosphate (cGMP)-specific phosphodiesterase type 5 (PDE-5 inhibitors).
Preferred compounds suitable for use in accordance with the present invention
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are potent and selective PDE-5 inhibitors. /n vitro PDE inhibitory activities
against cyclic guanosine 3',5-monophosphate (cGMP) and cyclic adenosine
3',5-monophosphate (cCAMP) phosphodiesterases can be determined by
measurement of their ICg values (the concentration of compound required for
50% inhibition of enzyme activity).

The required PDE enzymes can be isolated from a variety of sources, including
human corpus cavemnosum, human and rabbit platelsts, human cardiac
ventricle, human skeletal muscle and bovine retina, essentially by a modification
of the method of Thompson, WJ st al.; Biochemistry 18(23), 5228-5237, 1978,
as described by Ballard SA et al.; J. Urology 159(6), 2184-2171, 1998. In
particular, cGMP-gpecific PDE-5 and cGMP-inhibited cAMP PDE-3 can be
obtained from human corpus cavernosum tissue, human plateleis or rabbit
platelets; cGMP-stimulated PDE-2 was obtained from human corpus
cavemosum; calcium/calmodulin (Ca/CAM)-dependent PDE-1 from human
cardiac ventricle; cAMP-specific PDE-4 from human skeletal muscle; and
photoreceptor PDE-6 from bovine retina. Phosphodiesterases 7-11 can be
generated from full length human recombinant clones transfacted into SF9 cslis.

Assays can be performed either using a modification of the “batch® method of
Thompson WJ and Appleman MM; Biochemistry 10(2),311-316, 1971,
essentially as described by Ballard SA et al.; J. Urology 159(6), 2164-2171,
1998, or using a scintillation proximity assay for the direct detection of [°H]-
labelled AMP/GMP using a modification of the protocol described by Amersham
plc under product code TRKQ7080/7100. in summary, for the scintillation
proximity assay the effect of PDE inhibitors was Investigated by assaying a fixed
amount of enzymae in the presence of varying inhibitor concentrations and low
substrate, (¢cGMP or cAMP in a 3:1 ratio unlabelled to °HHabeled at a
concentration of ~1/3 Kn, or less) such that ICs = K. The final assay volume
was made up to 100ul with assay buffer [20mM Tris-HCI pH 7.4, 5mM MgCl,
1mg/mL bovine serum albumin]. Reactions were initiated with enzyme,
incubated for 30-80min at 30°C to give <30% substrate tumover and terminated
with 50uL yttrium silicate SPA beads (containing 3mM of the respective
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uniabelled cyclic nucleotide for PDEs 9 and 11). Plates were re-sealed and
shaken for 20min, after which the beads wers allowed to settle for 30min in the
dark and then counted on a TopCount plate reader (Packard, Meriden, CT)
Réd'ioactivily units were converted to % activity of an uninhibited control (100%),
plotted against Inhibitor concentration and inhibitor ICg; values obtained using

the "Fit Curve’' Microsoft Excel extension.

All compounds of the invention have an activity against PDE-5 of less than
10,000nM. ICg values for representative preferred compounds are listed in the

table below.
Example 1Cs0 (NM) Example ICs (M)

2 0.50 211 2.7

11 0.31 224 0.2

15 0.11 247 0.47
20 0.64 248 * 0.30

23 0.47 249 0.16
91 22.6 250 2.37

. 138 0.33 251 0.25
141 0.15 252 2.81
161 0.5 253 1.20
162 0.24 255 1.43
18t 0.41 256 3.89
184 2.94 258 1.99
185 1.32 261 0.57
191 24 262 0.93
193 1.01 263 0.27
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Claims

1. A compound of formula (1)

wherein
R' is a cyclic group selected from R*, R®, R® and R, each of which is optionally
substituted with one or more R’ groups;

R? is hydrogen or C+-C: alkyl;

R® and R* are each independently C,-C, atkyl, C2-Cs alkeny!, C-Cyg alkynyl or Ca-Cyq
cycloalkyl, each of which is optionally substituted with one or more R® groups, or RE,
which is optionally substituted with one or more R® groups, or hydrogen;

or —NRR* forms R, which is optionally substituted with one or more R™ groups;

RS Is C1-Cs alkyl, C1-Cs haloalkyl, C2-Cs alkenyl, C2-Cs alkynyl or Cs-C; cycloalkyi, each
of which is optionally substituted by one or more groups selected from hydroxy, C,-Cs
alkoxy, C,-Cs haloalkoxy, Cs-C; cycloalkyl and Cs-C; cycloalkoxy, or hydrogen,;

R®, which may be attached at N' or N2, is R* or hydrogen;

R% is C,-Cs alkyl, C1-Cs haloalkyl, C2-Cs alkenyl or C2-Cs alkynyl, each of which is
optionally substituted by C4-Cs alkoxy, (Cs-Cg cycloalkyl)C1-Cs alkoxy, C+-Cy haloalkoxy
or a cyciic group selected from R’, R*, R" and R, or R* is R, Cs-C; cycloalkyl or Cs-
C; halocycloalkyl, each of which is optionally substituted by C,-Cs alkoxy or C1-Cq
haloalkoxy:;
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R’ is halo, Cy-Cs alkyl, C1-Cs haloalkyl, C~Cs alkenyl, C>-Cg alkynyl, Cy-Cyo cycloalkyl,
C2-C1o halocycloalkyl, oxo, phenyl, OR™2, OC(O)R'%, NO2, NR™?R'®, NR'2C(O)R™,
NR™?CO.R', C(O)R™, CO:R'?, CONR'R" or CN;

R® is halo, phenyl, C;-Cs alkoxyphenyl, OR2, OC(O)R'?, NOz, NR*R'®, NR™?C(O)R",
NR'?CO;R", C(O)R'?, CO-R'?, CONR'*R"™, CN, C5-Cs cycloalkyl, R® or R", the last
* two of which are optionally substituted with one or more R® groups;

R® is C-Cq alkyl, C1-Cg haloalkyl or CO,R'%:

R' is halo, Cy-C1p Cycloalkyl, Ca-C1o halocycloalkyl, phenyl, OR'?, OC(O)R'2, NO;,
NR'2R", NR2C(O)R'3, NR'2CO.R™, C(O)R'2, CO-R'®, CONR'2R™, CN, oxo, C,-Cs
alkyl or C4-Cs haloalkyl, the last two of which are optionally substituted by R"*;

R'! is OH, phenyl, NR'2R" or NR'2CO.R™:

R'? and R'? are each independently hydrogen, C1.Cs alkyl or C1-Cs haloalkyl;

R is C1.Ce alkyl or C-Cg haloalkyl;

R* and R are each independently a C3-C1, cycloalkyl or Cs-C1o cycloalkeny! group,
each of which may be either monocyclic or, when there are an appropriate number of
ring atoms, polycyclic and which may be fused to sither

(a) a monocyclic aromatic ring selected from a benzene ring and a 5- or
6-membered heteroaromatic ring containing up to three heteroatoms selected from
nitrogen, oxygen and sulphur, or

(b) a5, 6 or 7-membered heteroalicyclic ring containing up to three
heteroatoms selected from nitrogen, oxygen and sulphur;

R® and RX are each independently a phenyl or naphthyl group, each of which may be
fused to

(8) a Cs-C; cycloalkyl or Cs-C; cycloalkenyl ring,
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(b) ab5-, 6- or 7-membered heteroalicyclic ring containing up to three
heteroatoms selected from nitrogen, oxygen and sulphur, or

(c) ab5-or 6-membered heteroaromatic ring containing up to three
heteroatoms selected from nitrogen, oxygen and sulphur;

RC, R"and R" are each independently a monocyclic or, when there are an appropriate
" number of ring atoms, polycyclic saturated or partly unsaturated ring system containing
between 3 and 10 ring atoms, of which at least one is a heteroatom selected from
nitrogen, oxygen and sulphur, which ring may be fused to a Cs-C; cycloalkyi or Cs-C;
cycloalkenyl group or & monocyclic aromatic ring selacted from a benzene ring and a 5-
or 6-membered heteroaromatic ring containing up to three heteroatoms selected from
nitrogen, oxygen and sulphur;

R and R™ are each independently a 5~ or 6-membered heteroaromatic ring containing
up to three heteroatoms independently selected from nitrogen, oxygen and sulphur,
which ring may further be fused to

(a) asecond 5- or &-membered heteroaromatic ring containing up to three
heteroatoms selected from nitrogen, oxygen and sulphur;

(b) Cs-Cy cycloalkyt or Cg-Cy cycloalkenyl ring;

(c) ab- 6-or 7-membered heteroalicyclic ring containing up to three

heteroatoms selected from nitrogen, oxygen and sulphur; or

(d) abenzene ring;

RE, R" and R® are each independently a monocyclic or, when there are an appropriate
number of ring atoms, polycyclic saturated ring system contalning between 3 and 10
ring atoms, of which at least one is a heteroatorn selected from nitrogen, oxygen and
sulphur;

and

R" is a 5- or 6-membered hetercaromatic ring containing up o three hetercatoms
independently selected from nitrogen, oxygen and sulphur;
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a tautomer thereof or a phamaceutically acceptable salt, solvate or polymorph of said
compound or tautomer.

2. A compound according to claim 1 wherein R® is R®.

3. A compound according to either claim 1 or claim 2 wherein R’ is R, which is
optionally substituted with one or more R’ groups.

4, A compound according to claim 3 wherein R” is a 5-membered heteroaromatic
ring containing a heteroatom selected from nitrogen, oxygen and suiphur and optionally
up to two further nitrogen atoms in the ring, or a 6-membered heteroaromatic ring
including 1, 2 or 3 nitrogen atoms.

5. A compound according to claim 4 wherein R® is pyrazolyl, imidazolyl, isoxazolyl,
oxazolyl, oxadiazolyl, pyridyl, pyridazinyl, pyrimidyl or pyrazinyl.

6. A compound according to any one of claims 1 to 5 wherein R’ is fluoro, methyl,
ethyl, hydroxy, methoxy, propoxy, triflucromethyl, oxo or CONHMe.

7. A compound according to any one of claims 1 to 6 wherein R? is hydrogen.

8. A compound according to any one of claims 1 to 7 wherein R%is hydrogen,
C1-Cs alkyl, which is optionally substituted with one or more R® groups, or RE, which is
optionally substituted with one or more R® groups; and wherein R® is & monocyclic or,
when there are an appropriate number of ring atoms, polycyclic saturated ring system
containing between 3 and 7 ring atoms, of which at least one is a heteroatorn selected
_ from nitrogen, oxygen and sulphur.

9. A compound according to any one of claims 1 to 8 wherein R'is hydrogen,
methyl or ethyl.

10. A compound according to any one of ciaims 1 to 7 wherein -NR*R* forms RF,
which is optionally substituted with one or more R'® groups and R is a monocyciic or,
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when there are an appropriate number of ring atoms, polycyclic saturated ring system
containing between 3 and 10 ring atoms containing one or two nitrogen atoms and
optionally one other atom selected from oxygen and sulphur.

11. A compound according to any one of claims 1 to 10 wherein R® is methyl, ethyl
or propyl, each of which is optionally substituted by hydroxy, methoxy or ethoxy.

12. A compound according to any one of claims 1 to 11 wherein R® is attached at N’
of the pyrazolo[4,3-d]pyrimidine ring system.

13. A compound according o any one of claims 1 to 12 wherein R is C,-C, alkyi or
C1-C4 haloalkyl, each of which is optionally substituted by C,-C, alkoxy, C;-Cs
haloalkoxy, (Cs-Cs cycloalkyl)methoxy, cyclopropyl, cyclobutyl, tetrahydrofuranyi,
tetrahydropyranyl or pyridinyl, or R* is tetrahydropyranyl.

14. A compound according to claim 1 selected from:

1-(2-ethoxyethyl)-3-methyi-5-[(3A)-3-methylplperazin-1-yi]-N-pyrimidin-4-yi-1 -
pyrazolo[4,3-d]pyrimidin-7-amine,

1-{2-ethoxysthyl)-3-ethyt-5-[(3/)-3-methylpiperazin-1-yi}- N-pyrimidin-4-yi-1 H
pyrazolo{4,3-djpyrimidin-7-amine,

1-(2-ethoxyethyi)-3-ethyl-A°-methyi-N°-{1-methylpiperidin-d-yl)}-N"-pyrimidin-4-y+-1 H-
pyrazolo[4,3-d]pyrimidine-5,7-dlamine,

3-methyl-5-{(3R)-3-methylpiperazin-1-yi}-1-(2-n-propoxyethyl)-N-pyrimidin-4-yi-1 H-
pyrazolo[4,3-d]pyrimidin-7-amine,

5{(2R,55)-2,5-dimethyipiperazin-1-yi}-1-(2-ethoxyethyi)-3-methyl-N-pyrimidin-4-yi-1 H-
pyrazolo[4,3-d]pyrimidin-7-amine,
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5-[(2R,5S5)-2,5-dimethyipiperazin-1-yi}-1-(2-ethoxyethyl)-3-ethyl-N-pyrimidin-4-yl-1 H
pyrazoio[4,3-8]pyrimidin-7-amine, L

1-(2-ethoxyethyl)-A*,3-dimethyl-A’-(4-methylpyridin-2-yl)-N*-[(3S)-1-methyipymolidin-3-
yll-1 H-pyrazolo[4,3-dlpyrimidine-5,7-diamine,

- 1-(2-ethoxyethyl)-3-ethyl-N°-methyl-N-(4-methylpyridin-2-yl)-N*{(35)-1-

methylpyrrolidin-3-yl]-1 H-pyrazolo[4,3-d]pyrimidine-5,7-diamine,

1-(2-ethoxyethyl)-3-(methoxymethyl)-5-[(3R)-3-methylpiperazin-1-yl}-N-(4-
methylpyridin-2-yl)-1 H-pyrazolo[4,3-d]pyrimidin-7-amine,

1-{2-ethoxyethyt)-3-(methoxymethyl)-N°, N*-dimethyl-N’-(4-methyipyridin-2-yl)-1 H-
pyrazolo[4,3-d]pyrimidine-5,7-diamine,

{1-(2-ethoxyethyl)-5-[ N-ethyl-N-methylamino]-7-[(4-methyipyridin-2-yl)amino}- 1 H
pyrazolo[4,3-d]pyrimidin-3-yl}rmethanol,

1-(2-isopropaxyethyl)-3-methyl-5-[(3R)-3-methylpiperazin-1-yl}-N-pyrimidin-4-yl-1 H
pyrazolo[4,3-d]pyrimidin-7-amine,

1-(2-ethoxysthyl)-N*,3-dimethyl-N°{(35)-1-methylpyrrolidin-3-yl}-N"-pyrimidin-4-yl-1 H-
pyrazolof4,3-djpyrimidine-5,7-dlamine,

1-(2-athoxyethyl)-3-ethyl-N°-methyi-N’-(5-methylpyridin-2-yl)-A°-{(35)-1-
methylpyrrolidin-3-yi}-1Hpyrazolo[4,3-d]pyrimidine-5,7-diamine,

1-methyl-5-[(3A)-3-methylpiperazin-1-yi]-3-propyl-N-pyrimidin-4-yi- 1 H-pyrazolo[4,3-
dlpyrimidin-7-amine,

N-[5-((1R, 4R)-2,5-diazabicycio[2.2.1]hept-2-yi)-1-(2-ethoxyethyi)-3-ethyl-1 H-
pyrazolof4,3-djpyrimidin-7-yl}-4-methylpyridin-2-yiamine,
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N{5-((18, 45)-2,5-diazabicyclo[2.2.1]hept-2-yl)-1-(2-ethoxyethyl)-3-ethyl-1 H-
pyrazolof4,3-d]pyrimidin-7-yi}-4-methylpyridin-2-ylamine,

N-{1-(2-ethoxyethyl)-3-methoxymethyl-5-{(3R)-3-methylpiperazin-1-yi]- 1 H-pyrazolo[4,3-
dJpyrimidin-7-yi}-6-methylpyridin-2-ylamine,

" N{3-methyl-5-{(3A)-3-methylpiperazin-1-y}-1-[2-(2,2,2-trifluoroethoxy)ethyl}-1 H-
pyrazolo{4,3-djpyrimidin-7-yl}pyrimidin-4-ylamine,

N-{5-(3,8-diazabicyclo[3.2.1]oct-3-yl)-3-methyl-1-[2-(2,2,2-trifluoroethoxy)ethyl}-1 H-
pyrazolo{4,3-adlpyrimidin-7-y}-6-methylpyridin-2-ylamine,

N-{3-ethyl-5-[(3A)-3-methylpiperazin-1-yl]-1-{2-(2,2,2-trifluoroethoxy)ethyi]-1 H
pyrazolof4,3-d]pyrimidin-7-yl}pyrimidin-4-ylamine,

N-{3-methyl-5-(piperazin-1-yl)-1-{2-(2,2,2-trifluoroethoxy)ethvi}-1 H-pyrazolo[4,3-
dlpyrimidin-7-yl}-6-methyipyridin-2-ylamine,

1-{3-methyl-7-(6-methylpyrimidin-4-ylamino)-1-[2-(2,2,2-trifluoroethoxy)ethyi}- 1 H-
pyrazolo[4,3-d]pyrimidin-5-yl}plperidine-4-carboxylic acid,

N-{3-sthyl-5{(3R)-3-methylpiperazin-1-yi]-1{2-(2,2,2-trifluocrosthoxy)ethyi}- 1 H-
pyrazolo[4,3-djpyrimidin-7-yi}pyridazin-4-ylamine,

N-{3-ethyl-5-[(3R)-3-methyipiperazin-1-yl}-14{2-(2,2,2-trifluoroethoxy)ethyl}- 1 +
pyrazolof4,3-dlpyrimidin-7-yl}-2-methylpyrimidin-4-ylamine,

3-ethyl-N"-methyl-N’-(1-methyipiperidin-4-yl)-A-(6-methylpyrimidin-4-yl)-1{2-(2,2,2-
trifluoroethoxy)ethyl]-1 H-pyrazolo[4,3-d]pyrimidine-5,7-diamine,

N-{3-methoxymethyl-5-{(3R)-3-methylpiperazin-1-yl]-142-(2,2,2-trifluoroethoxy)ethyl]-
1H-pyrazolo[4,3-d]pyrimidin-7-yl}-6-methylpyridin-2-ylamine,
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N-{3-sthoxymethyl-5-[(3 R)-3-methylpiperazin-1-yl}-1-[2-(2,2,2-trifluoroethoxy)ethyl]-1 H-
pyrazolo[4,3-d]pyrimidin-7-yl}-6-methylpyridin-2-ylamine,

N-{3-methoxymethyl-5-[(3R)-3-methyipiperazin-1-yl}-1 -2-(2,2,2-trifluoroethoxy)ethyi]-
1 H-pyrazolo[4,3-d]pyrimidin-7-yi}-4-methyipyridin-2-ylamine,

" 14{3-methyl-7-(4-methylpyridin-2-ylamino)-1-{2-(2,2,2-trifluoroethoxy)ethyi]-1 +
pyrazolo[4,3-d]pyrimidin-5-yl}piperidine-4-carboxylic acid,

N-{3-ethoxymethyl-5-[(3A)-3-methylpiperazin-1-yl}-1-[2-(2,2,2-trifluoroethoxy)ethyi}-1 H-
pyrazolo[4,3-d]pyrimidin-7-yi}-4-methyipyridin-2-ylamine,
1-{3-ethyl-7-(6-methylpyrimidin-4-ylamino)-1-[2-(2,2,2-rfluorosthoxy)ethyl-1 H-
pyrazolo[4,3-d]pyrimidin-S-ylpiperidine-4-carboxylic acid, and '

3,N°-dimethyl-N’-(1-methyipiperidin-4-yl)-N’-(6-methyipyrimidin-4-yl)-1-{2-(2,2,2-
trifluoroethoxy)ethyl}-1 H-pyrazolof4,3-dlpyrimidine-5,7-diamine

and tautomers thereof and pharmaceutically acceptable salts, solvates and polymorphs
of sald compound or tautomer.

15. A phammacsutical composition comprising a compound of formula (I) as claimed
in any one of claims 1 to 14, or pharmaceutically acceptable salts, solvates or
polymorphs thereof, and a pharmaceutically acceptable diluent or carrier.

16. A compound of formula (l) as claimed in any one of claims 1 t0 14, ora
pharmmaceutically acceptable salt, solvaie or polymorph thereof, for use as a
maedicament.

17. A method of treatment of a disorder or condition where inhibition of PDE-S is
known, or can be shown, to produce a beneficial effect, in a mammal, comprising
administering to said mammal a therapeutically effective amount of a compound of
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formula (I) as claimed in any one of claims 1 to 14, or a pharmaceutically acceptable
salt, solvate or polymorph thereof. '

18. Use of a compound of formula (I} as claimed in any one of claims 1 to 14,'or a
pharmaceutically acceptable salt, solvate or polymorph thereof, in the preparation of a
medicament for the treatment of a disorder or condition where inhibition of PDE-5 is

" known, or can be shown, to produce a beneficial effect.

19. A phamaceutical composition comprising a compound of formula (I) as claimed
in any one of claims 1 to 14, or pharmaceutically acceptable salts, solvates or
polymorphs thereof, and a second phamaceutically active agent selected from aspirin,
anglotensin 1l receptor antagonists (such as losartan, candesartan, teimisartan,
valsartan, irbesartan and eprosartan), calcium channel blockers (such as amiodipine),
beta-blockers (i.e. beta-adrenergic receptor antagonists such as sotalol, propranolol,
timolol, atenolol, carvedilol and metoprolol), Cl1027, CCR5 receptor antagonists,
imidazolines, soluble guanylate cyclase activators, diuretics (such as
hydrochlorothiazide, torsemide, chiorothiazide, chiorthalidone and amiloride), aipha.
adrenergic antagonists (such as doxazosin), ACE (angiotensin converting enzyme)
inhibitors (such as quinapril, enalapril, ramipril and lisinopril), aldosterone receptor
antagonists (such as eplerenone and spironolactone), neutral endopeptidase inhibitors,
antidiabetic agents (such as insulin, sulfonylureas (such as glyburide, glipizide and
glimepiride), glitazones (such as rosigiitazone and pioglitazone) and metformin),
cholesterol lowering agents (such as atorvastatin, pravastatin, lovastatin, simvastatin,
clofibrate and rosuvastatin), and alpha-2-delta ligands (such as gabapentin, pregabalin,
[(1R.5R,6S)-6-(aminomethyl)bicycio[3.2.0}hept-6-yllacetic acid, 3-(1-(aminomethyl)-
cyclohexylmethyl)-4H{1,2,4Joxadiazol-5-one, C-[1-(1H-tetrazol-5-yimethyl)-
cycicheptyllmethylamine, (35,4 S)-(1-aminomethy}-3,4-dimethylcyclopentyl)acetic acid,
(10.30,5a)-{3-(aminomethyl)bicyclo[3.2.0]Jhept-3-yl)acstic acid, (3S,5R)-3-aminomethyi-
S-methyloctanolc acid, (38,5A)-3-amino-5-methyiheptanoic acid, (3S,5RA)-3-amino-5-
methyinonanoic acid and (35,5R)-3-amino-5-methyloctanoic acid).

20. Use of a compound of formula (I) as claimed in any one of claims 1 to 14, ora
phamaceutically acceptable salt, solvate or polymorph thereof, in the preparation of a
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medicament combined with a second pharmaceutically active agent selected from
aspirin, angiotensin Il receptor antagonists (such as losartan, candesartan, telmisartan,
valsartan, irbesartan and eprosartan), calcium channel blockers (such as amlodipine),
beta-blockers (i.e. beta-adrenergic receptor antagonists such as sotalol, propranolol,
timolol, atenolol, carvedilol and metoprolol), Cl1027, CCR5 receptor antagonists,
imidazolines, soluble guanylate cyclase activators, diuretics (such as

- hydrochlorothiazide, torsemide, chlorothiazide, chlorthalidone and amiloride), alpha

adrenergic antagonists (such as doxazosin), ACE (angiotensin converting enzyme)
inhibitors (such as quinapril, enalapril, ramipril and lisinopril), aldosterone receptor
antagonists (such as eplerenone and spironolactone), neutral endopeptidase inhibitors,
antidiabetic agents (such as Insulin, sulfonylureas (such as glyburide, gllpizide and
glimepiride), glitazones (such as rosiglitazone and pioglitazone) and metformin),
cholesterol lowering agents (such as atorvastatin, pravastatin, lovastatin, simvastatin,
clofibrate and rosuvastatin), and alpha-2-delta ligands (such as gabapentin, pregabalin,
[(1R,5R,65)-6-(aminomethyl)bicyclof3.2.0]hept-6-ylJacetic acid, 3-(1-(aminomethyl)-
cyclohexyimethyl)-4 H-[1,2,4Joxadiazol-5-one, C-[1-(1H-tetrazol-5-yimethyl)-
cycloheptyljmethylamine, (35,4 5)-(1-aminomethyi-3,4-dimathyicyclopentyl)acetic acid,
(1 0.;30:.50:)-(3—(aminomethyl)bicyclo[3.2.0]hept-3-yl)acetic acid, (3S,5A)-3-aminomethyl-
5-methyloctanoic acid, (3S,5RA)-3-amino-5-methylheptanoic acid, (35,5A)-3-amino-5-
methylnonanoic acid and (3S,5R)-3-amino-5-methyloctancic acid), for the treatment of
a disease or condition where inhibition of PDE-5 is known, or can be shown, to
produce a beneficial effect.

21. A compound of formula (VIl)

Cl
Fo @)
N,)\Cl
R’ Vit

wherein R® and R® are as defined in claim 1.

22. A compound of formula (VHiI)
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R®N NN
Nt )
o~
! N)\Gl
R (VIH)

“wherain R', R?, R® and R® are as defined in claim 1.

23. A process for the preparation of a compound of formula (1) as defined in claim 1
comprising the step of treating a compound of formula (Vi) as defined in clalm 22 with
a compound HNR®R®, where R* and R* are as defined in claim 1.

L
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Compuestos farmacéuticos novedosos

La presente invencién se refiere a una serie de 5,7-diaminopirazolof4,3-
d] pirimidinas, que son inhibidores de la fosfodiesterasa tipo 5 (denominados de
aquf en adelante en esta memoria descriptiva inhibidores de la PDE - 5)
especificos del guanilato monofosfato ciclico (abreviadamente en inglés cGMP)
que son (tiles en el tratamiento de hipertensién y otros trastomos, a los
procedimientos para su preparacion, los intermedios usados en su preparacion,
a las composiciones que los contienen y los usos de dichos compuestos y

composiciones.

i) Hipertensién

La presién sanguinea (abreviadamente en inglés BP) esta definida por
numerosos parametros hemodindmicos bien tomados en aislamiento o en
combinacién. La presién sangulnea sistdlica (abreviadamente en inglés SBP)
es la presion arterial maxima alcanzada en las contracciones del corazon. La
presidn s anguinea diastdlica e s |a presion arterial mInima alcanzada en las
relajaciones de corazén. La diferencia entre la SBP y la DBP se define como la
presion de pulso (PP).

La hipertensién, o BP elevada, se ha definidlo como una SBP de al
menos 18,7 kPa y/o una DBP de al menos 12 kPa. Mediante esta definicion, el
predominio de hipertensién en palses desarnllados es aproximadamente 20%
de la poblacién adulta que alcanza aproximadamente 60 — 70% de los ql.ie
tienen 60 o mas afios, aunque una fraccion significativa de de estos sujetos

hipertensos tienen una BP normal cuando se mide en una situacién no clinica.
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Alrededor del 60% de esta poblacion hipertensa de mas edad tienen
hipertensién sistSlica aislada (abreviadamente en inglés ISH), es decir tienen
una elevada SBP y una DBP normal. La hipertension se asocia con un riesgo
elevado de accidente cerebrovascular, infarto de miocardio, fibrilacion atrial,
insuficiencia cardiaca, enfermedad vascular periférica y alteraciéon renal
(Fagard, Rh; Am. J. Geriatric Cardiology 11 (1), 23 — 28, 2002; Brown, MJ y
Haycock, S; Drugs 58 (Suppl 2), 1 — 12, 2000).

La patopsicologla de la hipertensién es el tema de un debate continuo.
Aunque se estd generalmente de acuerdo en que la hipertension es el
resultado de un desequilibric entre el rendimiento cardiaco y la resistencia
vascular periférica, y que la mayoria de los sujetos hipertensos tienen un
rendimiento cardiaco anormal vy una resistencia periférica elevada existe duda
sobre qué parametro cambia primero (Beepers, G y col.; BMJ 322, 912 - 916,
2001).

A pesar del gran nimero de fArmacaos disponible en diversas categorias
farmacolégicas, incluyendo diuréticos, | os a ntagonistas alfa adrenérgicos, los
antagonistas beta adrenérgicos, los bloqueantes de los canales de calcio, los
inhibidores de la enzima convertidora de la angiotensina (abreviadamente en
inglés ACE) y los antagonistas de los receptores de la angiotensina, todavia no

esta satisfecha la necesidad de un tratamiento eficaz de la hipertension.

ii) Inhibidores de la PDE -5
Las células endoteliales vasculares secretan éxido nitrico
(abreviadamente NO). Este acttia sobre las células del masculo liso vascular Y

conduce a la activacién de la guanilatociclasa y la acumulacién del guanilato
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monofosfato ciclico (abreviadamente en inglés cGMP). La acumulacién de
c¢GMP produce que los misculos se relajen y los vasos sanguineos se dilaten.
Esta dilatacién reduce la resistencia vascular y de esta manera conduce a una
reduccion de la presion sanguinea.

El cGMP se inactiva mediante la hidrdlisis a guanilato 5-monofosfato
(abreviadamente en inglés GMP) mediante una fosfodiesterasa especifica de
cGMP. Una fosfodiesterasa importante se ha identificado como fosfodiesterasa
tipo 5 (abreviadamente en inglés PDE — 5). Los inhibidores de la PDE —~ 5
disminuyen la velocidad de hidrSlisis de cGMP y de esta manera potencian la
accion del éxido nitrico.

Los inhibidores de la PDE -~ 5 se han descrito en varias clases quimicas,
incluyendo: pirazolo[4,3-d]pirimidin-7-onas (por ejemplo, las solicitudes de
patentes internacionales publicadas WO 93/06104, WO 98/49166, WO
89/54333, WO 00/24745, WO 01/27112 y WO 01/27113); pirazolo[3,4-
d]pirimidin-7-onas (por ejemplo, la solicitud de patente intemacional publicada
WO 83/07148); pirazolo[4,3-d]pirimidinas (por ejemplo, la solicitud de patente
intemacional publicada WO 01/18004); quinazolin-4-onas (por ejemplo, Ia
solicitud de patente intemacional publicada WO 93/12095); pirido[3,2-
d)pirimidin~4-onas (por ejemplo, la solicitud de patente internacional publicada
WO 94/05661); purin-8-onas (por ejemplo, la solicitud de patente intemacional
publicada WO 94/00453); hexahidro-pirazino[2’,1'.6,1]pirido[3,4-bJindol-1,4-
dionas (por ejemplo, la solicitud intemacional publicada WO 95/19978) e
imidazo[5,1-f][1,2,4]triazinonas (por ejemplo, la solicitud intemacional publicada
WO 09/24433).

Aungue se han sugerido como agentes para el tratamiento de afecciones
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relativas tales como angina, los inhibidores de la PDE — 5 no se han adoptado
todavia como agentes para el tratamiento de hipertensién. Se conocen los
inhibidores de la PDE ~ 5 para el tratamiento de disfuncion eréctil masculina,
por ejemplo, sidenafil, tadalafil y valdenafil. Permanece una demanda de
5 nuevos inhibidores de la PDE - 5, particularmente con propiedades
farmacocinéticas y farmacodinamicas mejoradas.
Los documentos WO 02/00660 y WO 01/18004 describen pirazolo[4,3-
dlpirimidinas con un efecto inhibidor de la PDE — 5, que se pueden usar para

tratar trastomos del sistema cardiovascular.

10 Segin un primer aspecto, la presente invencidn proporciona los
compuestos de férmula (1)
R
]
Lo @t
Z R
LN
R R* ()
en la que
15 R! es un grupo cliclico seleccionado entre R*, R®, R y RP, cada uno de

los cuales est4 opcionalmente sustituido con uno o mas grupos R';

R2 es hidrégeno o alquilo Cy - Ca;

R? y R* son cada uno de ellos independientemente alquilo Cy — Cs,
alquenilo C; — C,, alquinilo C; — Cp o cicloalquilo C3 — Cyo, cada uno de los

20 cuales estd opcionalmente sustituido con uno o méas grupos R?, o RE, que esta
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opcionalmente sustituido con uno o mas grupos R®, o hidrégeno;

o —NR°R* foma R, que est4 opcionalmente sustituido con uno o mas
grupos R'%;

RS es alquilo C; — Cs, haloalquilo Cy — Cg, alquenilo C; — Cg, alquinilo C2
— Cg o cicloalquilo C3 — C;, cada uno de los cuales esta opcionalmente
sustituido con uno o méas grupos seleccionados entre hidroxi, alcoxi Gy — Csg,
haloalcoxi C1 — Cg, cicloalquilo C3 — C7 y cicloalcoxi C3 — C;, o hidrégeno;

R®, que puede estar unido a N' 0 N, es R® o hidrégeno;

R® es alquilo Cy — Cs, haloalguilo C — Cs, alquenilo C; — Cg 0 alquinilo
C2 — Ce, cada uno de los cuales esta opcionaimente sustituido con alcoxi Ci —
Ce, (cicloalquil C3 — Cyg) alcoxi Cy — Cq, haloalcoxi C; — Cg 0 un grupo clclico
seleccionado entre R’, R, R* y RM, o R* es RN, cicloalquilo C; — C; o
halocicloalquilo C; — C;, cada uno los cuales estd opcionalmente sustituido con
alcoxi C1 — Cq 0 haloalcoxi C4 — Ce.

R’ es halo, alquilo Cy -~ Cs, haloalquilo Cy — Cs, alquenilo Cz2 — Cs,
alquinilo C; — Cg, cicloalquilo C3 — C 19, halocicloalquilo C3 — C 1, oxo0, fenilo,
OR'™, OC(O)R™, NO2, NR™?R™, NR'?C(O)R", NR™?CO.R™, C(O)R'2, CO.R"™,
CONR'R"o CN;

R® es halo, fenilo, alcoxi C; — Cg fenilo, OR'2, OC(O)R'2, NO,, NR2R™,
NR'?C(O)R™, NR'2CO,R™, C(O)R™, CO,R'?, CONR'R™, CN, cicloalquilo C3 —
Cs. R® 0 R", los dos ultimos de los cuales estan opcionalmente sustituidos con
uno o mas grupos R®;

R® es alquilo C; — Cg, haloalquilo C; — Cs 0 CO.R'?;

R' es halo, cicloalquilo Cs — Cyo, halocicloalquilo C3 — Cyo, fenilo, OR™,
OC(O)R'?, NO2, NR'R®, NR'ZC(O)R™, NR'?CO.R", C(O)R™?, CO,R",
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CONR"R", CN, oxo, alquilo C{ — Cg 0 haloalquilo C1 — Cg, los dos (ltimos de

los cuales estAn opcionalmente sustituidos con R"';

R' es OH, fenilo, NR"’R'? 0 NR'2CO.R™;

R'2 y R" son cada uno de ellos independientemente hidrégeno, alquiio
Cy ~ Cg 0 haloalquilo Cq - Cg;

R™ es alquilo C; — Cg 0 haloalquilo Cy — Cg;

R* y R’ son cada uno de ellos independientemente un grupo cicloalquilo

Cs — Cyp 0 cicloalquenilo C; — Cqo, cada uno de los cuales puede ser bien

monociclico o, cuando hay un nimero apropiado de atomos en el anillo,

policiclico y que puede estar condensado a

(a)

(b)

un anillo aromatico monociclico seleccionado entre un anillo
benceno y un anilio heteroaromatico de § 6 6 eslabones
conteniendo hasta tres heteroatomos seleccionados entre
nitrdgeno, oxigeno y azufre, o

un anillo heteroaliciclico de 5, 6 ¢ 7 eslabones conteniendo
hasta tres heterodtomos seleccionados entre nitrgeno,

oxigeno y azufre;

R?y R* son cada uno de ellos independientemente un grupo fenilo o

naftilo, cada uno de los cuales se puede condensar a

(a)
(b)

(c)

un anillo cicloalquilo Cs - C; o cicloalquenilo Cs — Cs,

un anillo heteroaliciclico de 5, 6, 6 7 eslabones conteniendo
hasta tres heterodtomos seleccionados entre nitrdgeno,
oxigeno y azufre, o

un anillo heteroaromético de 5 6 6 eslabones conteniendo
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hasta tres heterodtomos seleccionados entre nitrdgeno,
oxigeno y azufre,

RC, R" y RN son cada uno de ellos independientemente un sistema de
anillo saturado o parcialmente insaturado monociclico o, cuando hay un
nimero apropiado de 4tomos en el anillo, policiclico conteniendo entre 3 y 10
atomos en el anillo, de los que al menos uno es un heteroatomo seleccionado
entre nitrdgeno, oxigeno y azufre, dicho anillo se puede condensar a un grupo
cicloalquilo Cs — C; o cicloalquenilo Cs — C; o un anillo aromético monociclico
seleccionado entre un anillo benceno y un anillo heteroaromatico de 5 6 6
eslabones conteniendo hasta tres heteroatomos seleccionados entre nitrégeno,
oxigeno y azufre;

R° vy R™ son cada uno de ellos independientemente un anillo
heteroaromatico de 5 6 6 eslabones conteniendo hasta tres heterodtomos
selaccionados independientemente entre nitrdgeno, oxigeno y azufre, dicho
anillo se puede ademés condensar a

(a) un segundo anillo heteroaromético de 5 & 6 eslabones

conteniendo hasta tres heterodtomos seleccionados entre
nitrégeno, oxigeno y azufre;

(b) un anillo cicloalquilo Cs ~ C7 o cicloalquenilo Cs — Cy;

(c) un anillo heteroaliciclico de 5, 6, 6 7 eslabones conteniendo

hasta tres heterodtomos seleccionados entre nitr6geno,
oxigeno y azufre; o

(d) un anillo benceno;

RE, Ry R® son cada uno de ellos independientemente un sistema de
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anillo saturado monociclico 0, cuando hay un niGmero apropiado de atomos en
el anillo, policiclico conteniendo entre 3 y 10 4tomos en el anillo, de los que al
menos unc es un heterodtomo seleccionado entre nitrégeno, oxigeno y azufre;

y

R" es un anillo heteroaromatico de 5 & 6 eslabones conteniendo hasta
tres heteroatomos seleccionados independientemente entre nitrégeno, oxigeno
y azufre;

un tautdmero del mismo o una sal, solvato o polimorfo de dicho
compuesto o tautémero farmacéuticamente aceptable.

Salvo que se indique otra cosa, un grupo alquilo o alcoxi puede ser lineal
o ramificado y contener entre 1 y 8 &tomos de carbono, preferiblemente entre 1
y 6 y particularmente entre 1 y 4 atomos de carbono. Los ejemplos de alquilo
incluyen metilo, etilo, n-propilo, isopropilo, n-butilo, isobutilo, sec-butilo, pentilo
y hexilo. Los ejempios de alcoxi incluyen metoxi, etoxi, isopropoxi y n-buoxi.

Salvo que se indique otra cosa, un grupo alquenilo o alquinilo puede ser
lineal o ramificado y contener entre 2 y 8 atomos de carbono, preferiblemente
entre 2 y 6 y particularmente entre 2 y 4 tomos de carbono y pueden contener
hasta 3 enlaces dobles o triples que pueden estar conjugados. Los ejemplos de
alquenilo y alquinilo incluyen vinilo, alilo, butadienilo y propargilo.

Salvo que se indique otra cosa, un grupo cicloalquilo o cicloalcoxi puede
contener entre 3 y 10 atomos en el anillo, puede ser bien monociclico o,
cuando hay un apropiado nimero de &tomos en el anillo, policiclico. Los
ejemplos de grupos cicloalquilo son ciclopropilo, ciclopentilo, ciclohexilo y
adamantilo.

Salvo que se indique otra cosa, un grupo cicloalquenilo puede contener
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entre 3 y 10 atomos en el anillo, puede ser bien monociclico 0, cuando hay un
apropiado nimero de 4tomos en el anillo, policiclico y puede contener hasta
tres dobles enlaces. Los ejemplos de grupos cicloalquenilo son ciclopentenilo y
ciclohexenilo.

Arilo incluye fenilo, natftilo, antracenilo y fenantrenilo.

Salvo que se indique otra cosa, un grupo heteroaliciclico contiene entre
3 y 10 dtomos en el anillo hasta 4 de los cuales pueden ser heterodtomos tales
como nitrégeno, oxigeno y azufre, y pueden ser saturados o parciaimente
insaturados. Los ejemplos de grupos heteroaliciclicos son oxiranilo, azetidinilo,
tetrahidrofuranilo, tiolanilo, pimolidinilo, pirrolinilo, imidazolidinilo, imidazolinilo,
sulfolanilo, dioxolanilo, dihidropiranilo, tetrahidropiranilo, piperidinilo, pirazolinilo,
pirazolidinilo, dioxanilo, morfolinilo, ditianilo, tiomorfolinffo, piperazinilo,
azepinilo, oxazepinilo, tiazepinilo, tiazolinilo y diazapanilo.

Salvo que se indique otra cosa, un grupo heteroarilo contiene entre 3 y
10 atomos en el anilio hasta 4 de los cuales pueden ser heteroatomos tales
como nitrégeno, oxigeno y azufre. Los ejemplos de grupos heteroarifo son
furilo, tienilo, pimolilo, oxazolilo, tiazolilo, imidazolito, pirazolilo, isoxazolilo,
isotiazolilo, oxadiazolilo, triazolilo, tiadiazolilo, piridilo, pirimidinilo, pirazinilo,
piridazinilo, tetrazolilo, triazinilo. Ademas, el tdrmino heteroarilo incluye grupos
heteroarifo condensados, por ejemplo bencimidazolilo, benzoxazolilo,
imidazopiridinilo, benzoxazinilo, benzotiazinilo, oxazolopiridinilo, benzofuranilo,
quinolinilo, quinazolinilo, quinoxalinilo, benzotiazolilo, ftalimido, benzofuranilo,
benzodiazepinilo, indolilo e isoindoililo.

Para evitar dudas, los sistemas heteroarométicos oxosustituidos tales

como piridinonilo, piranonilo, imidazolonilo y los similares también se
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consideran que son grupos heteroarilo.
Halo significa fluoro, cloro, bromo o yodo.
Haloalquilo incluye monohaloalquilo, polihaloalquilc y perhaloalquilo,
tales como 2-bromoetilo, 2,2,2-trifluoroetilo, clorodifluorometilo y triclorometilo.
Haloalcoxi incluye monohaloalcoxi, polihaloalcoxi y perhaloalcoxi, tales como 2-
bromoetoxi, 2,2,2-trifluoroetoxi, clorodifluorometoxi y  triclorometoxi.
Halocicloalquilo incluye  monohalocicloalquilo, polihalocicloalquilo vy
perhalocicloalquilo.
Salvo que se indique otra cosa, el término sustituido significa sustituido
con uno o0 mas grupos definidos. En el caso en que los grupos se puedan
seleccionar entre un nimero de grupos alternativos, los grupos seleccionados
pueden ser el mismo o diferente.
En una realizacion preferida, R' es R* que estd opcionalmente
sustituido con uno o més grupos R; y
R* es un grupo cicloalquilo C3 ~ C1o, que puede ser bien monociciico o,
cuando hay un nimero apropiado de atomos en el anillo, policiclico, que puede
estar condensado a
(a) un anillo aroméatico monociclico seleccionado entre un anillo
benceno y un anillo heteroaromético de 5 6 6 eslabones conteniendo
hasta tres heteroatomos seleccionados entre nitrdgeno, oxigeno y
azufre, o

(b) un anillo heteroaliciclico de 5, 6 6 7 eslabones conteniendo hasta

tres heterodtomos seleccionadas entre nitrégeno, oxigeno y azufre.

Preferiblemente, R* es un grupo monociclico cicloalquilo Cs — Ca.
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M4s preferiblernents, R* es un grupo monoaciclico cicloalquilo Cs — Cy.

Lo més preferiblemente, R* es ciclopentilo o ciclohexilo.

En otra realizacién preferida, R' es RB, que estd opcionalmente
sustituido con uno o més grupos R’.

Preferiblemente, R® es fenilo.

En otra realizacién preferida, R' es R, que estd opcionaiments
sustituido con uno o més grupos R’.

Preferiblements, R® es un sistema de anillo monociclico saturado o
parcialmente insaturado conteniendo entre 3 y 8 atomos en el anillo, de los
cuales al menos uno es un heterodtomo seleccionado entre nitrbgeno, oxigeno
y azufre.

Mas preferiblemente, R® es un sistema de anillo monociclico saturado o
parcialmente insaturado conteniendo entre 5 y 7 dtomos en el anillo, de los
cuales al menos uno es un heteroatomo seleccionado entre nitrégeno, oxigeno
y azuire.

Mas preferiblemente, R® es un sistema de anillo monociclico saturado
conteniendo entre 5 y 7 d&tomos en el anillo, de los cuales al menos uno es un
heteroatomo seleccionado entre nitrdgeno, oxigeno y azufre.

Mas preferiblemente, R es piperidinilo.

En otra realizacién preferida, R' es R?, que estd opcionalmente
sustituido con uno o mas grupos R,

Preferiblemente, R® es un anillo heteroaromético de 5 6 6 eslabones
conteniendo hasta tres heterodtomos seleccionados independientemente entre
nitrégeno, oxigeno y azufre.

Mas preferiblemente, R® es un anillo heteroaromético de 5 eslabones
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conteniendo un heterodtomo seleccionado entre nitrégeno, oxigeno y azufre y
opcionalmente hasta dos atomos de nitrdgeno adicionales en el anillo, 0 un
anillo heteroaromatico de 6 eslabones incluyendo 1,2 6 3 dtomos de nitrbgeno.

Mas preferiblemente, R° es furanilo, tienilo, pirrolilo, pirazolilo,
imidazolilo, isoxazolilo, oxazolilo, isotiazolilo, tiazolilo, oxadiazolilo, piridilo,
piridazinilo, pirimidilo o pirazinilo.

Méas preferiblements, RP es pirazolilo, imidazolilo, isoxazolilo, oxazolilo,
oxadiazolilo, piridilo, piridazinilo, pirimidilo o pirazinilo.

Preferiblemente, R es halo, alquilo C; — Cg, haloalquilo Cy — Cs, oxo,
OR' 0 CONR"R",

Més p referiblemente, R” e s halo, alquilo C1— C3, haloalquilo C1— Ca,
oxo, alcoxi C1 — Ca, hidroxi o CONH(alquilo C¢ — Ca).

Mas preferiblemente, R’ es fluoro, metilo, etilo, hidroxi, metoxi, propoxi,
trifluorometilo, oxo o CONHMe.

Preferiblemente, R? es hidrégeno o metilo.

Més preferiblemente, R? es hidrodgeno.

Preferiblemente, R® es hidrdgeno, alquiloc C; — Cs que esta
opcionalmente sustituido con uno o més grupos R®, o R, que esta
opcionalmente sustituido con uno o mas grupos R% y en el que RE es un
sisterna de anillo saturado monociclico o, cuando hay un nimero apropiado de
atomos en el anillo, policiclico conteniendo entre 3 y 7 4tomos en el anillo, de
los que al menos uno es un heterodtomo seleccionado entre nitrégeno, oxigeno
y azufre.

Mas preferiblements, R® es hidrdgeno, alquilo C; — Ca, que esta

opcionalmente sustituido con uno o mas grupos R%, o RE, que esti
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opcionalmente sustituido con uno o més grupos R® y en el que RE es un
sistema de anillo monociclico saturado conteniendo entre 3 y 7 atomos en el
anillo, de los que al menos uno es un heterodtomo seleccionado entre
nitrégeno, oxigeno y azufre.

En una realizacién preferida, R® es RE, que estd opcionalmente
sustituido con uno o méas grupos R*y en ila que RF es un sistema de anilio
monocliclico saturado conteniendo entre 3 y 7 atomos en el anillo conteniendo
un atomo de nitrégeno.

Més preferiblemente, RE es azetidinilo, pirrolidinilo o piperidinilo.

En otra realizacién preferida, R® es alquilo C; — Cs que esta
opcionalmente sustituido con uno o méas grupos R® y en el que R® es halo,
fenilo, alcoxi Cy — Cg fenilo, OR'?, NR'R'®, NR'?CO.R", CO-R", CONR'R",
R® o R", los dos tltimos de los cuales estan opcionalmente sustituidos con
uno o més grupos R°.

Mas preferiblements, R® es hidroxi, metoxi, metoxifenilo, NH,, NHMe,
NMe,, NHCO,'Bu, NMeCO,'Bu, CO;H, CONHMe, R® o R", los dos (ltimos de
los cuales estan opcionalmente sustituidos con uno o mas grupos R®.

En una realizacién preferida, R? es R®, que estd opcionalmente
sustituido con uno o més grupos R® y en el que R® es un sistema de anillo
monociclico saturado conteniendo entre 3 y 7 atomos en el anillo, de los cuales
al menos uno es un heteroatomo seleccionado entre nitrdgeno, oxigeno y
azufre,

Méas preferiblemente, R® es un sistema de anillo monociclico saturado
conteniendo entre 3 y 7 4tomos en el anillo conteniendo un atomo de nitrégeno

y opcionalmente un dtomo de oxigeno.
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Mas preferiblemente, R® es pimolidinilo, piperidinilo o morfolinilo.

En una realizacién preferida, R® es R", que estd opcionaimente
sustituido con uno o més grupos R? y en el que R" es un anillo heteroaromatico
de 5 6 6 eslabones conteniendo hasta dos d&tomos de nitrégeno.

Mas preferiblemente, R" es pirazolilo.

Preferiblemente, R* es metilo o CO.'Bu.

En otra realizacién preferida, R® es hidrégeno o alquilo Cy — C4, que esta
opcionalmente sustituido con uno o méas grupos R®, o R® es azetidinilo,
pirmolidinilo o piperidinilo, cada uno de los cuales esta opcionalmente sustituido
con uno o més grupos R, en la que

R? es hidroxi, metoxi, metoxifenilo, NHz, NHMe, NMe;, NHCO;'Bu,
NMeCO;'Bu, COzH, CONHMe, pirrolidinilo, piperidinilo, morfolinilo o pirazolilo,
los cuatro Gitimos de los cuales estan opcionalmente sustituidos con uno o mas
grupos R® y en la que

R? es metilo o CO,'Bu.

En una realizacién preferida R* es hidrégeno, alquilo C4 — Cg, haloalquilo
C1 - Cg, alquenilo C; — Cg 0 alquinilo C2 — Ce.

M4s preferiblements, R* es hidrdgeno, alquilo C; ~ Cg 0 haloalquilo C —
Ce.

Mas preferiblemente, R* es hidrdgeno, metilo o etilo.

En ofra realizacién preferida, ~-NR’R* forma R, que esta opcionalmente
sustituido con uno o més grupos R y en la que RF es un sistema de anillo
saturado monociclico o, cuando hay un nimero apropiado de atomos en el
anillo, policiclico conteniendo entre 3 y 10 &tomos en el anillo conteniendo al

menos un dtomo de nitrégeno y opcionalmente otro 4tomo seleccionado entre
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oxigeno y azufre.

Mas preferiblemente, RF es un sistema de anillo saturado monociclico o,
cuando hay un nimero apropiado de &tomos en el anillo, policiclico
conteniendo entre 3 y 10 4tomos en el anillo conteniendo uno o dos atomos de
nitrégeno y opcionalmente otro 4tomo seleccionado entre oxigeno y azufre.

Mas preferiblemente, RF se selacciona entre azetidinilo, pirrolidinilo,
piperidinilo, piperazinilo, morfolinilo, 3-azabiciclo[3.1.0]hex-3-ilo,
homopiperazinilo, 2,5-dlazabiciclo[2.2.1]hept-2-ilo, 2,5- diazabiciclo[2.2.2]oct-2-
ilo, 2,5-diazabiciclo[4.3.0]non-2-llo, 3,8- diazabiciclo[3.2.1]oct-3-ilo, 3,8-
diazabiciclo[3.2.1]oct-8-ilo, 1,4-diazabiciclo]4.3.0}non-4-ilo y 1.4-
diazabicliclo[3.2.2]non-4-ilo.

Preferiblemente, R' es halo, OR'2, NR'?R"™, NR'?*CO.R™, CO.R", oxo,
alquil C, -~ Cs 0 haloalquilo C1 — Cg, los dos Ultimos de los cuales estén
opcionalmente sustituidos con R,

Més preferiblemente, R™ es halo, metilo, etilo, isopropilo, hidroxi, metoxi,
NH2, NHMe, NMez, NHCO;'Bu, COH, CO,Bu, oxo, bencilo, -CH,0H, -CH.NHz,
~CHzNHMe, -CHzNMe; o -CH.NMeCO,'Bu.

En una realizacién particularmente preferida -NR?R* forma un anillo de
piperazina que esta opcionalmente sustituido con uno o dos grupos metilo, y/o
forma un puente mediante un grupo -CHz- 0 -CH2CHz-. Las piperazinas que
forman puente adecuadas incluyen sistemas de anilo 2,5-
diazabiciclo[2.2.1]hept-2-ilo, 2,5-diazabiciclo[2.2.2]oct-2-ilo, 3,8-
diazabiciclo[3.2.1]Joct-3-lo y 3,8-diazabicicio[3.2.1Joct-8-lo.

En otra realizacion preferida, R® es alquilo C; — Ce, que esta sustituido

con un grupo R, o RE, que esta sustituido con un grupo R®; 0 —NR*R* forma
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un grupo ciclico R, que esta sustituido con un grupo R'® y R®, R® y R™ son
todos COH.

Preferiblemente, R® es alquilo Cy — Cs, haloalquilo C4 — C4, cada uno de
los cuales esté sustituido con hidroxi, alcoxi C, — C4 0 haloalcoxi G, — Cs.

En una realizacion mas preferida, R® es alquilo C; — Cs, hidroximetilo o
alcoxi Cy — C4 metilo.

En otra realizacién més preferida, R® as metilo, etilo o propilo, cada uno
de los cuales esta opcionalmente sustituido con hidroxi, metoxi o etoxi.

Mas preferiblemente, R® es metilo, etilo, n-propilo, isopropilo,
hidroximetilo, metoximetilo o etoximetilo.

Preferiblemente, R® es R%,

Cuando R® es hidrogeno, los compuestos de formula (1) en los que R®
se une a N' y N? son tautdmeros. Estos tautdmeros tenderén a coexistir tanto
en el estado sélido como en solucién, y no se separardn faciimente. Las
cantidades de cada tautdmero presente en cualquier mezcla en equilibrio se
determinard mediante las estabilidades termodindmicas relativas de las dos
formas. En la mayoria de los casos, el tautdmero 1H tenderé a ser la forma
predominante.

Cuando R® es R%, se pueden distinguir dos regioisémeros de los
compuestos de formula (I). En una, realizacién preferida de la invencién, R%

est4 posicionado en N' para proporcionar los compuestos de formula (™
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En una realizacién altemativa, R®* se posiciona en N2 para proporcionar

los compuestos de férmula (IB):

Rs A‘ (l B)

Preferiblemente R®* es alquilo C; - Cs 0 haloalquilo C4 — Cg, cada uno
de los cuales est4 opcionalmente sustituido con alcoxi C4 — Cg 0 haloalcoxi Cy —
Csg, (cicloalquil C3 — Cg) alcoxi C1 — Cg 0 un grupo ciclico seleccionado entre R’,
R'yRM o R* es RM:

10 R’ es un grupo cicloalquilo Cs ~ C; monociclico;

R' y RN son cada uno de ellos independientementa un sistema de anillo
monociclico, saturado o parciaimente insaturado conteniendo entre 4 y 7
atomos en el anillo, de los cuales al menos uno es un heteroatomo
seleccionado entre nitrégeno, oxigeno y azufre; y

15 R™ es un anillo heteroaromético de 5 6 6 eslabones conteniendo hasta
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tres heterodtomos seleccionados independientemente entre nitrégeno, oxigeno
y azufre.

Mas preferiblemente, R® es alquilo C; - C4 o haloalquilo C4 — Cq, cada
uno de los cuales estid opcionalmente sustituido con alcoxi C4 — C4, haloalcoxi
Cy — C,, (cicloalquilo C; — Cg) alcoxi C1 — Cg 0 un grupo ciclico seleccionado
entre R', R*y RM, o R* es R,

R’ es ciclopropilo o ciclobutilo;

R" y RN son cada uno de elios independientemente un sistema de anillo
monociclico saturado conteniendo bien 5 6 6 atomos en el anillo, de los cuales
al menos uno es un heteroatomo seleccionado entre nitrbgeno, oxigeno y
azufre; y

RM es un anillo heteroaromético de 5 6 6 eslabones conteniendo un
heteroatomo seleccionado entre nitrégeno, oxigeno y azufre.

Més preferiblemente, R% es alquilo C1 — C4 0 haloalquilo C4 — C4, cada
uno de los cuales esta opcionalmente sustituido con alcoxi C4 — C4, haloalcoxi
C — Cq, (cicloalquil C3 — Cs) metoxi o un grupo ciclico seleccionado entre R’, R
yRY, o R* es RN:

R’ es ciclopropilo o ciclobutilo;

R' y RN son cada uno de ellos independientemente un sistema de anillo
monociclico saturado que contiene bien 5 6 6 dtomos en el anillo conteniendo
un heteroatomo seleccionado entre nitrégeno, oxigeno y azufre; y

R™ es un anillo heteroaromatico de 5 6 6 eslabones conteniendo un
atomo de nitrdgeno.

Més preferiblemente, R* es alquilo C; — C, 0 haloalquilo C; — C,, cada

uno de los cuales esta opcionalmente sustituido con alcoxi C4 — C4, haloalcoxi
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C1 — C4, (cicloalquil C3 — Cg) metoxi, ciclopropilo, ciclobutilo, tetrahidrofuranilo,
tetrahidropiranilo o piridinilo, o R® es tetrahidropiranilo.

Méas preferiblemente, R*™ es metilo, stilo, isopropilo, isabutilo,
metoxietilo, metoxipropilo, etoxietilo, etoxipropilo, n-propoxietilo, isopropoxietilo,
2,2,2-trifluoroetilo, 2,2,2-triflucroetoxietilo, tetrahidrofuraniimetilo,
tetrahidropiraniimetilo, tetrahidropiranilo o piridiniimetilo.

Una reallzacién particularmente preferida es un compuesto de férmula (1)
en el que R® es R* unido en la posicion A, y R% es 2-(2,2,2-trifluoroetoxi)etilo.

Las realizaciones p referidas de 108 c ompuestos de férmula (1) son las
que incorporan dos 0 mas de las preferencias anteriores.

Una realizacidn particularmente preferida es un compuesto de formula (1)
en el que R! es un grupo cliclico seleccionado entre R*, R?, R® y R, cada uno
de los cuales esta opcionalmente sustituido con uno o mas grupos R’;

R? es hidrégeno o alquilo Cy — Cy;

R® es hidrégeno, alquilo C; — C4, que est4 opcionalmente sustituido con
uno o més grupos R®, o RE, que esta opcionalmente sustituido con uno o més
grupos R%

R* es hidrégeno, alquilo C; — Cg 0 haloalquilo Cy — C,

o -NR®R* forma R\, que est4 opcionalmente sustituido con uno o més
grupos R'Y;

R® es alquilo C; — Cg, haloalquilo C; — Cs, alquenilo C, — C, alquinilo Cz
—~ Cs 0 cicloalquilo Cy — C;, cada uno de los cuales estd opcionalmente
sustituido con uno o més grupos seleccionados entre hidroxi, alcoxi Cy — Ce,
haloalcoxi C, — Cs, cicloalquilo C3 — Cy v cicloalcoxi C3 — Cy, o hidrégeno;

R%es R* o hidrégeno;
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R® es alquilo Cy — C4 0 haloalquilo Cy — C4, cada uno de los cuales esta
sustituido con alcoxi C, — C,, haloalcoxi C1 — C4 0 un grupo ciclico seleccionado
entre R, R‘*y RM, o R* es RN

R’ es halo, alquilo C; — Cg, haloalquilo Cy — Ce, alquenilo C, ~ Cs,
alquinilo C2 — Cg, cicloalquilo C3 — C 10, halocicloalquilo C 3 — C 10, fenilo, oxo,
OR'2, OC(O)R™2, NO2, NR'2R™, NR™C(O)R", NR'2COR™, C(O)R'2, COR™,
CONR"R®0 CN;

R® es halo, fenilo, alcoxi C; — Ce fenilo, OR'2, OC{O)R'2, NO2, NR™2R",
NR™C(O)R', NR%2CO.R", C(O)R'?, COzR'2, CONR'?R™, CN, R® o R", los
dos Gitimos de los cuales estin opcionalmente sustituidos con uno o mas
grupos R®;

R® es alquilo Cy — Cs, haloalquilo Cy — Cs 0 COz:R'%

R gs halo, cicloalquilo Ca — C1o, halocicloalquilo Ca — Cyg, fenilo, OR',
OC(O)R'?, NOz, NR'R', NR™C(O)R™, NR'CO,RY™, C(O)R'?, COR",
CONR'2R™, CN, oxo, alquilo C; — Cs 0 haloalquilo C; — Ce, Jos dos ltimos de
los cuales estan opcionalmente sustituldos con R'";

R e8 OH, fenilo, NR*R™ 0 NR'?CO,R";

R'2 y R™ son cada uno de ellos independientemente hidrégeno, alquilo
C1— Cg 0 haloalquilo C{ — Cg;

R es alquilo C; — Cs 0 haloalquilo Cy — Cg;

R? es un grupo cicloalquilo C3— Cs monociclico;

R® es fenilo;

R® es un sistema de anillo monociclico saturado o parcialmente
insaturado conteniendo entre 3 y 8 atomos en el anillo, de los cuales al menos

uno es un heteroatomo seleccionado entre nitrégeno, oxigeno y azufre;
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RP es un anillo heteroaromatico de 5 6 6 eslabones conteniendo hasta
tres heteroatomos seleccionados independientemente entre nitrdgeno, oxigeno
y azufre;

RE es un sistema de anillo monociclico saturado conteniendo entre 3y 7
atomos en el anillo, de los que al menos uno es un heterodtomo seleccionado
entre nitnébgeno, oxigeno y azufre;

RFy R® son cada uno de ellos independientemente un sistema de anillo
saturado monociclico, 0 cuande hay un nimero apropiado de atomos en el
anillo, policiclico conteniendo entre 3 y 10 4tomos en el anillo, de los que al
menos uno es un heteroatomo seleccionado entre nitrdgeno, oxigeno y azufre;

R" es un anillo heteroaromético de 5 6 6 eslabones conteniendo hasta
tres hetero4tomos seleccionados independientemente entre nitrdgeno, oxigeno
y azufre;

R’ es ciclopropilo o ciclobutilo;

R y RN son cada uno de ellos independientemente un sistema de anillo
saturado monociclico conteniendo bien 5 6 6 4tomos en el anillo, de los cuales
al menos uno es un heterodtomo seleccionado entre nitrdgeno, oxigeno y
azufre;

y

R™ es un anillo heteroaromético de 5 6 6 eslabones conteniendo un
heteroatomo seleccionado entre nitrébgeno, oxigeno y azufre.

Més preferiblemente, R' es un grupo ciclico seleccionado entre R, R®,
R®y RP, cada uno de los cuales esta opcionalmente sustituido con uno o mas
grupos R;

R2 es hidrégeno o alqullo Cy — Cy;
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R® es hidrdgeno, alquilo Cy — C4, que esta opcionalmente sustituido con
uno o mas grupos R®, o RE, que esta opcionalmente sustituido con uno o mas
grupos R%

R* es hidrégeno, alquilo C; - Cso haloalquilo Cy — Csg;

o -NR°R* forma RF, que estd opcionalmente sustituido con uno o mas
grupos R*;

R® es alquilo Cq — C, o haloalquilo C; — C4, cada uno de los cuales esta
sustituido con hidroxi, alcoxi C1 — C4 0 haloalcoxi Cq — Cs;

R® es R o hidrégeno;

R8A gs alquilo C4 — C4 o haloalquilo C — C4, cada uno de los cuales esté
sustituido con alcoxi C¢ — C4, haloalcoxi C1 — C4 0 un grupo ciclico seleccionado
entre R', Ry RM, o R* es RY;

R’ es halo, alquilo C1 — Cs, haloalquilo C1 — Cg, 0x0, OR™ 0 CONR'R™,

R® es halo, fenilo, alcoxi C, — Ca fenilo, OR', NR¥R", NR'2’CO,RY,
CO:R'2, CONR' R, R® o RY los dos ultimos de los cuales estdn
opcionalmente sustituidos con uno o mas grupos R%;

R? es alquilo Cy — Ca, haloalquilo C; — Cg 0 COR'%

R™ es halo, cicloalquilo Cs — C1o, halocicloalquilo C3 — C1o, fenilo, OR",
OC(O)R™, NO2, NR™R™, NRYZC(O)R", NRYCO,R™, C(O)RZ, CO,R®,
CONR'2R", CN, oxo, alquilo Cy — Cg 0 haloalquilo C; — Cs, los dos Gitimos de
los cuales estan opcionalmente sustituidos con R*?;

R" es OH, fenilo, NR™’R'® 0 NR'*CO.R™;

R"% y R" son cada uno de ellos independientemente hidrégeno, alquilo
C4 — Cg 0 haloalquilo Cy - Cg;

R es alquilo C; — Cg 0 haloalquilo Cy — Cg;
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R* es un grupo cicloalguilo Cs— Cy monociclico;

R® es fenilo;

RC es un sistema de anillo saturado monociclico conteniendo entre 5y 7
adtomos en el anillo, de los cuales al menos uno es un heteroatomo
seleccionado entre nitrégeno, oxigeno y azufre;

R es un anillo hetercaroméitico de 5 eslabones conteniendo un
heteroatomo seleccionado entre nitrébgeno, oxigeno y azufre y opcionalmente
hasta dos atomos de nitrdgenos adicionales en el anillo, 0 un anillo
heteroaromatico de 6 eslabones incluyendo 1, 2 ¢ 3 atomos de nitrbgeno;

RE es un sistema de anillo saturado monociclico conteniendo entre 3 y 7
atomos en el anillo conteniendo un atomo de nitrégeno;

RF es un sistema de anillo saturado monociciico, o cuando hay un
namero apropiado de 4tomos en el anillo, policiclico conteniendo entre 3 y 10
dtomos en el anillo conteniendo al menos un &tomo de nitrdgeno y
opcionalmente otro atomo seleccionado entre oxigeno y azufre;

R® es un sistema de anillo saturado monociclico conteniendo entre 3 y 7
adtomos en el anillo, de los cuales al menos uno es un heteroatomo
seleccionado entre nitrdgeno, oxigeno y azufre;

R" es un anillo hetercaromatico de 5 6 6 eslabones conteniendo hasta
dos atomos de nitrdgeno;

Rty R son cada uno de ellos independientemente un sistema de anillo
saturado monociclico conteniendo bien 5 6 6 dtomos en el anillo, de los cuales
al menos uno es un heterodtomo seleccionado entre nitrdgeno, oxigeno y
azufre;

y
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RM es un anillo hetercaroméatico de 5 ¢ 6 eslabones conteniendo un
heterodtomo seleccionado entre nitrégeno, oxigeno y azufre.
Los compuestos mas praferidos son:
1-{2-etoxietil}-3-metil-5-[(3R)-3-metilpiperazin-1-il}-N-pirimidin-4-il-1 H-
pirazolo[4,3-d]pirimidin-7-amina,
1-(2-etoxietil)-3-etil-5-[(3R)-3-metilpiperazin-1-if}-N-pirimidin-4-il-1 H-
pirazolo[4,3-d]pirimidin-7-amina,
1-(2-etoxietil)-3-etil-N°-metil-N°<(1-metilpiperidin-4-il)-N"-pirimidin-4-il-
1 H-pirazolo[4,3-d)pirimidina-5,7-diamina,
3-metil-5-[(3R)-3-metilpiperazin-1-il-1-(2-n-propoxietil}-N-pirimidin-4-il-
1H-pirazolo[4,3-d]pirimidin-7-amina,
5-[(2R,5S)-2,5-dimetilpiperazin-1-il}-1-(2-etoxietil }-3-metil-N-pirimidin-4-il-
1H-pirazolo[4,3-d]pirimidin-7-amina,
5-[(2R.58)-2,5-dimetilpiperazin-1-il]- 1-(2-etoxietil}-3-etil-N-pirimidin-4-il-
1H-pirazolo[4,3-d]pirimidin-7-amina,
1-(2-etoxietil-N°,3-dimetil-N"-(4-metilpiridin-2-il}-N°-{(3S)-1-
metilpirrolidin- 3-il}- 1H-pirazolo[4,3-d]pirimidina-5,7-diamina,
1-(2-etoxietil)-3-etil-N°-metil-N"-(4-metilpiridin-2-il}-N°-[(3S)-1-
metiipirrolidin-3-il]-1H-pirazolo[4,3-d]pirimidina-5,7-diamina,
1-(2-etoxietil)-3-(metoximetil)-5-[(3R)-3-metilpiperazin-1-il]-N-(4-
metilpiridin-2-il)-1 H-pirazolo[4,3-d]pirimidin-7-amina,
1-(2-etoxietil}-3-(metoximetil)-N°, N°-dimetil-A-(4-metilpiridin-2-il)-1 H-
pirazolo[4,3-d]pirimidina-5,7-diamina,
{1-(2-etoxietil}-5-[N-etil-N-metilamino]-7-[(4-metilpiridin-2-il-amino}-1H-
pirazolo[4,3-d]pirimidin-3-ilimetanol,
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1-(2-isopropoxietil}-3-metil-5-[(3R)-3-metil piperazin-1-il}-N-pirimidin-4-il-
1H-pirazolo[4,3-d]pirimidin-7-amina,
1-(2-etoxietil)-N® 3-dimetil-N°-{(3S)-1-metilpimolidin-3-if]-N’ -pirimidin-4-il-
1 H-pirazolo{4,3-d]pirimidina-5,7-diamina,
1-(2-etoxietil)-3-etil-N*-metil-N"-(5-metilpiridin-2-ill-N°-{(3S)-1-
metilpirmolidin-3-il}-1H- pirazolo[4,3-d]pirimidina-5,7-diamina,
1-metil-5-[(3R)-3-metilpiperazin-1-il}-3-propil-N-pirimidin-4-il-1H-
pirazolo[4,3-d]pirimidin-7-amina,
N-[54(1R,4R)-2,5-diazabiciclo[2.2.1]hept-2-il)-1-(2-etoxietil}-3-etil-1H-
pirazolo[4,3-d]pirimidin-7-il]-4-metilpiridin-2-ilamina,
N-{5-((1S,45)-2,5-diazabiciclof2.2.1]hept-2-il)-1-(2-etoxietil)}-3-etil-1 H-
pirazoloj4,3-d]pirimidin-7-il}-4-metilpiridin-2-ilamina,
N-{1-(2-etoxietil}-3-metoximetil-5-[(3R)-3-metilpiperazin-1-il]-1H-
pirazolo[4.3-d)pirimidin-7-il}-6-metilpiridin-2-ilamina,
N-{3-metil-5-[(3R)-3-metilpiperazin-1-il]-1-[2-(2,2,2-trifluorostoxi)etil}-1 H-
pirazolo[4,3-d]pirimidin-7-il}pirimidin-4-ilamina,
N-+{5-(3,8-diazabiciclo[3.2. 1Joct-3-il}-3-metil-1-[2-(2,2,2-trifluoroetoxi)etil]-
1H- pirazolo[4,3-d]pirimidin-7-il}-6-metilpiridin-2-ilamina,
N-{3-etil-5-[(3R)-3-metilpiperazin-1-il]-1-[2-(2,2,2-trifluoroetoxi)etil}-1 H-
pirazolo[4,3-d)pirimidin-7-il}pirimidin-4-ilamina,
N-{3-metil-5-(piperazin-1-il}-1{2-(2,2,2-trifluoroetoxi)etil]-1 H-pirazolo[4,3-
d]pirimidin-7-il}-6-metilpiridin-2-ilamina,
4cido 1-{3-metil-7-(6-metilpirimidin-4-ilamino)-1-[2-(2,2,2-
trifluoroetoxi)etil]-1 H-pirazolo{4,3-d]pirimidin-5-il}piperidina-4-carboxilico,
N-{3-etil-5-[(3R)-3-metilpiperazin-1-il}-1-f2-(2,2,2-trifluoroetoxi)etil}-1 H-
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pirazolo[4,3- d]pirimidin-7-ll}piridazin-4-ilamina,

N-{3-etil-5-[(3R)-3-metilpiperazin-1-il]-1-[2-(2,2,2-triflucroetoxi)etil]-1H-
pirazolo[4,3- d]pirimidin-7-il}-2-metilpirimidin-4-ilamina,

3-etil-N°-metil-N°-(1-metilpiperidin-4-il}-N"-(6-metilpirimidin-4-il }-1-[2-
(2,2,2-trifluoroetoxi)etil}-1 H-pirazolo[4,3-d]pirimidina-5,7-diamina,

N-{3-metoximetil-5-[(3R)-3-metilpiperazin-1-il}-1-[2-(2,2,2-
trifluoroetoxi)etil}-1 H-pirazolo[4,3- d]pirimidin-7-il}-6-metilpiridin-2-ilamina,

N-{3-etoximetil-5-[(3R)-3-metilpiperazin-1-il}-1-[2+(2,2,2-
trifluoroetoxi)etil]- 1 H-pirazolof4,3- d]pirimidin-7-il}-6-metilpiridin-2-ilamina,

N-{3-metoximetil-5-[(3R)-3-metilpiperazin-1-il}-1-[2-(2,2,2-
trifluoroetoxi)etil]-1H-pirazoloj4,3- d]pirimidin-7-il}-4-metilpiridin-2-ilamina,

acido 1-{3-metil-7-(4-metilpiridin-2-ilamino)-1-[2-(2,2,2- trifluoroetoxi)etil)-
1H-pirazolo}4,3-d]pirimidin-5-il}piperidina-4-carboxilico,

N-{3-etoximetil-5-[(3R)-3-metilpiperazin-1-il}-1-[2-(2,2,2-
trifiuoroetoxi)etil]-1H-pirazolo[4,3- d]pirimidin-7-il}-4-metilpiridin-2-ilamina,

acido 1-{3-etil-7-(6-metilpirimidin-4-ilamino)-1-{2-(2,2,2- trifluoroetoxi)etil}-
1H-pirazolo[4,3-d]pirimidin-5-il}piperidina-4-carboxllico, y

3,N°-dimetil-N°-(1-metilpiperidin-4-il}-N"<(6-metilpirimidin-4-il}-1-[2-(2.2,2-
trifluoroetoxi)etil]-1H-pirazolo[4,3-d]pirimidina-5,7-diamina,

y los tautomeros de los mismos y las sales, solvatos y polimorfos
farmacéuticamente aceptables de dichos compuestos o tautémero.

Las sales farmacéuticamente aceptables de los compuestos de fdrmula
(1) incluyen las sales de adicion de &cido y bésicas (incluyendo las disales) de
los mismos.

Las sales de adicion de &cido adecuadas se forman entre acidos que
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forman sales no téxicas. Los ejemplos incluyen | as s ales a cetato, a spartato,
benzoato, besilato, bicarbonato/carbonato, bisulfato, camsilato, citrato,
odisilato, esilato, fumarato, gluceptato, gluconato, glucuronato, hibenzato,
clorhidrato/cloruro, bromhidrato/bromuro, yodhidrato/yoduro, fosfato acido,
isetionato, D- y L-lactato, malato, maleato, malonato, mesilato, metilsulfato, 2-
napsilato, nicotinato, nitrato, oronato, pamoato, fosfato, sacarato, estearato,
succinato, sulfato, D- y L-tartrato, y tosilato.

Las sales basicas adecuadas se forman a partir de bases que forman
sales no toxicas. Los ejemplos incluyen las sales de aluminio, de arginina, de
benzatina, de calcio, de colina, de dietilamina, de diolamina, de glicina, de
lisina, de magnesio, de meglumina, de olamina, de potasio, de sodio, de
trometamina y de cinc.

Para una revigion sobre las sales adecuadas, véase Stahl y Wermuth,
Handbook of Pharmaceutical Salts: Properties, Selection, and Use, Wiley —
VCH, Weinheim, Alemania (2002).

Una sal farmacéuticamente aceptable de un compuesto de férmula (1) se
puede preparar facilmente mezclando juntas las soluciones del compuesto de
férmula (1) y el acido o la base deseada, segin sea apropiado. La sal puede
precipitar a partirde la solucién y se puede recoger mediante filtracién o se
puede recuperar mediante la evaporacion del disolvente.

Los solvatos farmacéuticamente aceptable de acuerdo con la invencion
incluyen hidratos y solvatos en los que el disolvente de cristalizacién se puede
sustituir isotdpicamente, por ejemplo, D20, acetona-dg, DMSO-d,.

También dentro del alcance de la invencién estdn los clatratos,

complejos de inclusiéon de farmaco — huésped en los que, en contraste a los
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en cantidades no estequiométricas. Para una revision de dichos complejos,
véase .J. Pharm Sci, 64 (8), 1269 — 1288 de Haleblian (agosto de 1975).

De aquf en adelante todas las referencias a los compuestos de férmula
(1) incluyen las referencias a las sales de los mismos y los clatratos de los
compuestos de férmula (I} y las sales de los mismos.

La invencién incluye todos los polimorfos de los compuestos de férmula
(1) como se ha definido en esta memoria descriptiva anteriormente.

También dentro del alcance de la invencibn son los llamados
“profarmacos” de los compuestos de férmula (I). Asi que ciertos derivados de
los compuestos de formula (1) que tienen poca o ninguna actividad
farmacolégica por ellos mismos pueden, cuando se metabolizan tras la
administracion en el interior o sobre el cuerpo, dan lugar a los compuestos de
férmula (1) que tienen la actividad d eseada. Dichos d erivados s e d enominan
“‘profarmacos”.

Los profarmacos de acuerdo con la invencién pueden, por ejemplo,
producirse reemplazando las funcionalidades apropiadas presentes en los
compuestos de formula (I) con ciertos restos conocidos por los expertos en la
técnica como "pro-restos™ como se ha descrito, por ejemplo, en “Design of
Prodrugs® de H Bundgaard (Elsevier, 1985).

Finalmente, ciertos compuestos de férmula (I) pueden ellos mismos
actuar como profarmacos de otros compuestos de férmula ().

Los compuestos de férmula (I) que contienen uno o més 4tomos de
carbono a simétrico pueden e xistir en forma de dos o m 4s i sdmeros 0 pticos.

Cuando un compuesto de fdrmula (1) contiene un grupo alquenilo o alquenileno,
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son posibles los isdmeros cis/trans geomeétricos (o 2/E), y cuando el compuesto
contiene, por ejemplo, un grupo ceto u oxima, se puede producir isomeria
tautomérica (‘tautomeria’). A esto sigue que un compuesto individual puede
exhibir més de un tipo de isomerla.

Incluidos dentro del alcance de la presente invencién estan todos los
isbmeros Opticos, isOmeros geométricos y formas tautdmeras de los
compuestos de férmula (l), incluyendo los compuestos que muestran mas de
un tipo de isomerla, y las mezclas de uno o mas de los mismos.

Los Isdbmeros cisfrans se pueden separar mediante técnicas
convenciona.les bien conocidas por los expertos en la técnica, por ejempio,
cristalizacién fraccionada y cromatografia.

Las técnicas convencionales para la preparacion / aislamiento de
esterecisomeros individuales incluyen la conversion de un precursor
dpticamente puro adecuado, la resolucién del racemato (o el racemato de una
sal o derivado) usando, por ejemplo, HPLC quiral, o cristalizacién fraccionada o
las sales diastereoiséméricas formadas mediante la reaccién del racemato con
un acido o base dpticamente activos adecuados, por ejemplo, el 4cido tartarico.

La presente invencion también incluye todas las variaciones isotdpicas
farmacéuticamente aceptables de un compuesto de formula (l). Una variacion
isotdpica se define como una en la que al menos un dtomo se reemplaza por
un atomo que tiene el mismo nimero atébmico, pero una masa atomica
diferente de la masa atdmica usualmente encontrada en la naturaleza.

Los ejemplos de los isétopos adecuados para la inclusiobn en los
compuestos de la invencién incluyen los is4topos de hidrégeno, tales como ?H

y *H, carbono, tales como '3C y 'C, nitrbgeno tal como 5N, oxigeno tales
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como 0 y '8, fésforo tal como 3P, azufre tal como *8, fitor tal como °F, y
cloro tal como *Cl.

La sustitucion de los compuestos de la invencién con los isétopos tales
como deuterio, es decir 2H, puede producir ciertas ventajas terapéuticas que se
producen de una mayor estabilidad metabdélica, por ejemplo, aurmento de la
semivida in vivo o disminucién de los requerimientos de la dosificacién, y por lo
tanto se pueden preferir en algunas circunstancias.

Ciertas variaciones isotOpicas de los compuestos de formula (1), por
ejemplo, los que incorporan un isétopo radiactivo, son utiles en los estudios de
distribucion en tejidos de farmacos y/o sustratos. Los isétopos radiactivos tritio,
es decir °H, y carbono — 14, es decir '“C, son particularmente Gtiles para este
propésito en vista de su féacil incorporacién y medios faciles de deteccion.

Las variaciones isotdpicas de los compuestos de férmula (I)
generalmente se pueden preparar mediante técnicas convencionales conocidas
por los expertos en la técnica o0 mediante los procedimientos analogos a los
descritos en los ejemplos y las preparaciones acompafiantes usando las
variaciones isotdpicas apropiadas de los reactivos adecuados.

Los compuestos de formula (I} se pueden liofilizar, secar por
pulverizacién, o secado por evaporacién para proporcionar un tapén sélido,
polvo o pelicula de material cristalino o amorfo. El secado por frecuencias de
microondas o de radio se puede usar para este propésito.

Los compuestos de férmula (I) son inhibidores de la PDE - 5. De
acuerdo con lo anterior, en un aspecto adicional de la presente invencién se
proporciona el uso de un compuesto de fdrmuia (1), o un tautdmero, sal o

solvato del mismo, como un medicamento, y particularmente como un
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medicamento para el tratamiento de una enfermedad o afeccion donde se
conoce, 0 se puede demostrar que la inhibicién de la PDE — 5, produce un
efecto beneficioso.

El término “tratamiento® incluye tratamiento paliativo, curativo vy
profilactico.

Las enfermedades y afecciones adecuadas para el tratamiento con los
compuestos de féormula (l) incluyen hipertension (incluyendo hipertension
esencial, hipertensidon pulmonar, hipertensiébn secundaria, hipertension sistélica
aislada, hipertension asociada a diabetes, hipertension asociada a
aterosclerosis e hipertension renovascular), insuficiencia cardiaca congestiva,
angina (incluyendo angina estable, inestable y variantes (Prinzmetal), accidente
cerebrovascular, enfermedad de las arterias coronarias, insuficiencia cardiaca
congestiva, afecciones de la reduccién de la abertura de los vasos sanguineos,
(tal como angioplastia coronaria post-percutinea), enfermedad vascular
periférica, aterosclerosis, tolerancia inducida por nitratos, tolerancia a nitratos,
diabetes, folerancia a la glucosa alterada, sindrome metabdélico, obesidad,
disfuncién sexual (incluyendo trastomo eréctil masculino, impotencia, trastomo
de la excitacion sexual femenina, disfuncién del clitoris, trastomo del deseo
sexual hipoactivo femenino, trastomo de dolor sexual femenino, disfuncién
orgasmica sexual femenina y disfuncién sexual debida a lesién de la médula
espinal), parto prematuro, pre-eclampsia, dismenorrea, sindrome ovérico
poliquistico, hiperplasia prostatica benigna, obstruccién de la salida de la
vejiga, incontinencia, enfermedad pulmonar obstructiva cronica, insuficiencia
respiratoria aguda, bronquitis, asma cronico, asma alérgico, rinitis alérgica,

trastonos de motilidad del intestino, (incluyendo sindrome del intestino
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iritable), sindrome de Kawasaki, esclerosis muitiple, enfermedad de Alzheimer,
psosiasis, necrosis cutanea, cicatrizacién, fibrosis, dolor (particularmente dolor
neuropético), cancer, metéastasis, calvicie, eséfago de nutcraker (peristaltismo
sintomético), fisura anal y hemorroides.

En un aspecto adicional, la, presente invencién proporciona el uso de un
compuesto de formula (1), o un tautdmero, sal o solvato del mismo, para la
fabricacién de un medicamento para el tratamiento de una enfermedad o
afeccién en el que se conoce, o se puede demostrar, que la inhibicién de la
PDE - 5, produce un efecto beneficioso, y en particular las enfermedades y
afecciones enumeradas en el pamrafo precedente.

En una realizacién preferida, la enfermedad o afecciéon es hipertension.
Mas preferiblemente es hipertension esencial, hipertension pulmonar,
hipertensién secundaria, hipertension sistdlica aislada, hipertension asociada a
diabetes, hipertensién asociada a aterosclerosis, o hipertensién renovascular.

En otra realizacién preferida, la enfermedad o afeccién es diabetes.

En un aspecto adicional, la presente invencién proporciona un
procedimiento de tratamiento de un trastomo o afeccién en el que se conoce, o
se puede demostrar, que la inhibicién de la PDE — 5, produce un efecto
beneficioso, en un mamifero, cuyo procedimiento comprende la administracion
a dicho mamifero de una cantidad terapéuticamente eficaz de un compuesto de
férmula (1) o una sal, solvato o polimorfo farmacéuticamente aceptable de los
mismos.

En una realizacién preferida, la enfermedad o afeccidn es hipertension.
Mas preferiblemente es hipertension esencial, hipertension putmonar,

hipertension secundaria, hipertension sistélica aislada, hipertension asociada a
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diabetes, hipertensién asociada a aterosclerosis, o hipertensién renovascular.

En otra realizacion preferida, la enfermedad o afeccién es diabetes.

Los compuestos de la presente invencion se pueden usar solos o en
combinacién con otros agentes terapéuticos. Cuando se usan en combinacion
con otro agente terapéutico la administracién de los dos agentes puede ser
simultanea o secuencial. La administracién simultdnea incluye la administracion
de una (nica forma de dosificacién que comprende ambos agentes y la
administracién de los dos agentes en formas separadas de dosificacion al
mismo tiempo sustancialmente. La administracién secuencial incluye la
administracion de los dos agentes segin programas diferentes con tal que
haya una superposicidn en los periodos durante los que se proporciona el
tratamiento. Los agentes adecuados con los que los compuestos de férmula (1)
se pueden coadministrar incluyen aspirina, antagonistas de los receptores de la
angiotensina Il (tales como losartan, candesartan, telmisartan, valsartan,
irbesartan y eprosartan), bloqueadores de los canales de calcio (tal como
amlodipina), bloqueadores beta (es decir, antagonistas de los receptores
adrenérgicos bata tales como sotalol, propanolol, timolol, atenolol, carvedilo! y
metoprolol), Cl1027, antagonistas de los receptores CCRS5, imidazolinas,
activadores solubles de la guanilatociclasa, diuréticos (tales como
hidroclorotiazida, torsemida, clorotiazida, clortalidona y amiloride), antagonistas
adrenérgicos alfa (tal como doxazosina), inhibidores de la ACE (enzima
conversora de la angiotensina) (tales como quinapril, enalapril, ramipril y
lisinopril), antagonistas de los receptores de aldosterona (tales como
eplerenona y espironolactona), inhibidores de la endopeptidasa neutra, agentes

antidiabéticos (tales como insulina, sulfonilureas (tales como gliburida, glipizida
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y glimepirida), glitazonas (tales como rosiglitazona y pioglitazona) y
metformina), agentes reductores de colesterol (tales como atorvastatina,
pravastatina, lovastatina, simvastatina, clofibrato y rosuvastatina). y ligandos
alfa-2-delta (tales como gabapentina, pregabalina, é&cido [(1R,5R,65)-6-
(aminometil)biciclo[3.2.0]hept-B-ilJacético, 3-(1-(aminometil)ciclohexilmetil}-4H-
[1.2.4]oxadiazol-5-0na, écido C-[1-(1H-tetrazol-S-ilmetil)cicloheptiljmetilamina,
acido (3S,4S)-(1-aminometil-3,4-dimetilciclopentil)acético, acido (1a,3a,5a)-(3-
(aminometil)biciclo[3.2.0)hept-3-il)acético, é&cido  (3S.5R)-3-aminometil-5-
metiloctanoico, é&cido (3S,5R)-3-amino-5-metilheptanoico, &cido (3S,5R)-3-
amino-5-metilnonanoico y &cido (3S,5R)-3-amino-5-metiloctanoico).

En un aspecto adicional, la presenie invencidon proporciona una
composiciéon farmacéutica que comprende un compuesto de féormula (1), o una
sal, solvato o polimorfo farmacéuticamente aceptable del mismo, y un segundo
agente farmacéuticamente activo seleccionado entre los enumerados en el
parrafo precedente.

Los compuestos de la invencibn se pueden administrar solos o en
combinacién con otros farmacos y generalmente se administrara en forma de
una formulaciéon en asociacién con uno o més excipientes farmacéuticamente
aceptable. El término “excipiente™ se usa en esta memoria descriptiva para
describir cualquier ingrediente distinto del compuesto de la invencién. La
eleccion del excipiente dependerd en gran medida del modo particular de
administracion.

Los compuestos de la invencién se pueden administrar oraimente. La
administracion oral puede implicar degiucién, de manera gue el compuesto

entra en el tracto gastrointestinal, o se puede emplear la administracién bucal o

s
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sublingual mediante la cual el compuesto entra en la comiente sangulnea
directamente desde de la boca.

Las formulaciones adecuadas para administracion oral incluyen
formulaciones sdlidas tales como comprimidos, cépsulas que contienen
particulas, liquidos o polvos, grageas, (incluyendo rellenas de liquidos),
masticables, multi- y nano-particulas, geles, peliculas (incluyendo las
mucoadhesivas), 6vulos, pulverizaciones y formulaciones liquidas.

Las formulaciones liquidas incluyen suspensiones, soluciones, jarabes y
elixires. Tales formulaciones se pueden emplear como cargas en capsulas
blandas o duras y tlpicamente comprenden un vehiculo, por ejemplo, agua,
etanol, propilenglicol, metilcelulosa, o un aceite adecuado, y uno o mas agentes
emuisionantes y/o agentes de suspension. Las formulaciones liquidas también
so pueden preparar mediante la reconstitucién de un sélido, por ejemplo, de
una bolsita.

Los compuestos de la invencion también se pueden usar en formas de
dosificacion de disolucién rapida, disgregacion rapida tales como las descritas
en Expert Opinion in Therapeutic Patents, 11 (6), 981 — 886 de Liang y Chen
(2001).

La composicion de un comprimido tipico de acuerdo a la invencién

puede comprender:

189
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Ingrediente % en p/p
Compuesto de formula {l) 10,00*
Celulosa microcristalina 64,12
Lactosa 21,38
Croscarmelosa de sodio 3,00
Estearato de magnesio 1,5

* Cantidad ajustada de acuerdo con la actividad del farmaco.

Un comprimido tlpico se puede preparar usando los procedimientos
habituales conocidos por un quimico de formulacién, por ejemplo, mediante
compresién directa, granulacién (seca, himeda, o de fusidn), coagulacién por
fusion, o extrusién. La formulacién de comprimidos puede comprender una o
mas capas y se puede recubrir o no.

Los ejemplos de excipientes adecuados para administracion oral
incluyen vehiculos, por ejemplo, celulosa, carbonato de calcio, fosfato célcico
dibasico, manitol y citrato sddico, aglutinantes de granulacién, por ejemplo,
polivinilpirrolidona, hidroxipropilcelulosa, hidroxipropiimetilcelulosa y gelatina,
disgregantes, por ejemplo, glicolato de almidén sédico y silicatos, agentes
lubricantes, por ejemplo, estearato de magnesio y &cido esteéarico, agentes
humectantes, por ejemplo, laurilsulfato sédico, conservantes, antioxidantes,
aromas y colorantes.

Las formulaciones sélidas para la administracion oral se pueden formular

para ser de liberacién inmediata y/o modificada. Las formulaciones de
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liberacién modificada incluyen liberacion retardada, sostenida, pulsada, dual
controlada, dirigida y programada. Los detalles de las tecnologias adecuadas
de liberacién modificada tales como las dispersiones de alta energia, particulas
osmdticas y recubiertas que encuentran en Verma y col.,, Pharmaceutical
Technology On line, 25 (2), 1 — 14 (2001). Otras formulaciones de liberacién
modificada se describen en la patente de Estados Unidos n® 6.106.864.

Los compuestos de la invencion también se pueden administrar
directamente en la comriente sanguinea, en el misculo, o en el interior de un
érgano intemo. Los medios adecuados para la administracién parenteral
incluyen intravenosa, intraarterial, intraperitoneal, intratecal, intraventricular,
intrauretral, intrasternal, intracraneal, intramuscular y subcutanea. Los
dispositivos adecuados para la administracién parentsral incluyen inyectores de
aguja (incluyendo microaguja), inyectores sin aguja y técnicas de infusién.

Las formulaciones parenterales son tipicamente soluciones acuosas que
pueden contener excipientes tales como sales, carbohidratos y agentes de
tamponacién (preferiblemente hasta un pH de entre 3 y 9), pero, para algunas
aplicaciones, pueden ser mas adecuadamente se pueden formular en forma de
una solucién no acuosa estéril o en forma de una forma seca para usar junto
con un portador adecuado tal como agua estéril, libre de pirégenos.

La preparacion de las formulaciones parenterales en condiciones
estériles, por ejemplo, mediante liofilizacion, se puede llevar a cabo faciimente
usando las técnicas farmacéuticas habituales bien conocidas por los expertos
en la técnica.

La solubilidad de los compuestos de férmula (1) usados en la preparacion

de [as soluciones parenterales se puede aumentar mediante un procesamiento

z3
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adecuado, por ejemplo, el uso de dispersiones secadas por pulverizacién de
alta energla (véase el documento WO 01/47495) y/o mediante el uso de
técnicas de formulacion apropiadas, tales como el uso de los agentes
potenciadores de la solubilidad.

Las formulaciones para la administracidon parenteral se pueden formular
para ser de liberacion inmediata y/o modificada. Las formulaciones de
liberacién modificada incluyen liberacién retardada, sostenida, pulsada, dual
controlada, dirigida y programada.

Los compuestos de la invencion también se pueden administrar
topicamente a la piel o la mucosa, bien dérmicamente o transdérmicamente.
Las formulaciones tlpicas para este propésito incluyen geles, hidrogeles,
lociones, soluciones, cremas, pomadas, polvos espolvoreables, apositos,
espumas, pellculas, parches démicos, obleas, implantes, esponjas, fibras,
vendas y microemulsiones. También se pueden usar liposomas. Los vehiculos
tipicos incluyen alcohol, agua, aceite mineral, vaselina liquida, vaselina blanca,
glicerina y propilenglicol. Los potenciadores de penetracidn se pueden
incorporar — véase, por ejemplo, Finnin y Morgan, J Pharm Sci, 88 (10), 955 —
858 (octubre 1999).

Otros medios de administracién tépica incluyen la administracién
mediante iontoforesis, electroporacién, fonoforesis, sonoforesis e inyeccion sin
aguja o microaguja.

Las formulaciones para la administracion topica se pueden formular para
ser de liberacion inmediata y/o modificada. Las formulaciones de liberacion
modificada incluyen liberacion retardada, sostenida, pulsada, dual controlada,

dirigida y programada. De este modo los compuestos de la invencion se
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pueden formular en una forma mas sdlida para administracibn como un
depdsito implantado proporcionando liberacién a largo plazo del compuesto
activo.

Los compuestos de la invencién también se pueden administrar
intranasalmente o mediante inhalacién, tipicamente en forma de un polvo seco
(bien solos, en forma de mezcla, por ejemplio, en una combinacién seca con
lactosa, o en forma de una particula de componentes mezclados, por ejemplo
mezclados con fosfolipidos) a partir de un inhalador de polvo seco o en forma
de una pulverizacidn en aerosol desde un recipiente presurizado, bomba,
pulverizador, atomizador, (preferiblemente un atomizador usando componentes
electrohidrodinamicos para producir una neblina fina), o nebulizador, con o sin
el uso de un propulsor adecuado, tal como diclorofluocrometano.

El recipiente presurizado, bomba, pulverizacion, atomizador, o
nebulizador contiene una solucibn o suspensién del compuesto activo
comprendiendo, por ejemplo, etanol (opcionalmente, etanol acuoso) o un
agente altemativo adecuado para liberacién dispersante, solubilizante, o de
extension d el compuesto a ctivo, e (los) p ropulsor (es) como disolvente y un
tensioactivo opcional, tal como trioleato de sorbitédn o un acido oligolactico.

Antes de uso en una formulacién de polvo seco o suspension, el
producto del fémaco se microniza hasta un tamafio adecuado para la
administracion mediante inhalacién (tipicamente menos de 5 micras). Esto se
puede lograr mediante cualquier procedimiento de fragmentacién apropiado, tal
como la molienda de inyeccién espiral, molienda de inyeccidn en lecho fluido,
tratamiento de fluido supercritico para formar nanoparticulas, homogeneizacién

de alta presién, o0 secado por pulverizacion.
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Una formulacién de solucion adecuada para uso en un atomizador
usando agentes electrohidrodindamicos para producir una neblina fina pueden
contener entre 1 ug y 10 mg del compuesto de la invencién por actuacion y el
volumen de actuacién puede variar entre 1 yl y 100 pl. Una formulacion tipica
puede comprender un compuesto de férmula (l), propilenglicol, agua estéril,
etanol y cloruro sédico. Los disolventes alternativos que se pueden usar en
lugar de propilenglicol Incluyen glicerol y polietilenglicol.

Las cépsulas, los blisters y los cartuchos (hechos, por ejemplo, de
gelatina o de HPMC) para uso en un inhalador o un insuflador se pueden
formular para que contengan una mezcla en polvo del compuesto de la
invencion, una base de polvo adecuada tal como lactosa o almidén y un
modificador de rendimiento tal como /Heucina, manitol, o estearato de
magnesio.

En el caso de inhaladores y aerosoles de polvo seco, la unidad de
dosificacion s e d etermina mediante u na valvula que administra una cantidad
medida. Las unidades de acuerdo con la i nvencién se disponen tipicamente
para administrar una dosis medida 0 “bocanada” conteniendo entre 1 ug y 20
mg del compuesto de férmula (1). La dosis global diaria tipicamente variara en
el intervalo entre 1 ug y 80 mg que se pueden administrar en una sola dosis o,
mas usualmente, en forma de dosis divididas a lo largo del dia.

Las formulaciones para administracién inhalada / intranasal se pueden
formular para ser de liberacién inmediata y/o modificada. Las formulaciones de
liberacidn modificada incluyen liberacién retardada, sostenida, pulsada, dual
controlada, dirigida y programada.

Los compuestos de la invencidn se pueden administrar rectaimente o
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vaginalments, por ejemplo, en la forma de un supositorio, pesario, o enema. La
manteca de caco es una base de supositorios tradicional, pero se pueden usar
diversas altemnativas segin sea apropiado.

Las formulaciones para administracidn rectal/ivaginal se pueden formular
para ser de liberacion inmediata y/o modificada. Las formulaciones de
liberacidn modificada incluyen liberaciébn retardada, sostenida, pulsada, dual
controlada, dirigida y programada.

Los compuesios de la invencibn también se pueden administrar
directaments al ojo u oldo, tipicamente en la forma de gotas de una suspensién
0 solucién micronizada en solucién salina estéril isotdnica, de pH ajustado.
Otras formulaciones adecuadas para administracidn ocular y para el oido
incluyen pomadas, implantes biodegradables (por ejemplo, esponjas de geles
absorbibles, coldgeno) y no biodegradables (por ejemplo, silicona), obleas,
lentes y sistemas particulados o vesiculares, tales como niosomas o liposomas.
Un polimero tal como &cido poliacrilico reticulado, alcohol polivinllico, acido
hialurénico, un polimero celulésico, por ejemplo, hidroxipropilmetilcelulosa,
hidroxietilcelulosa, o metilcelulosa, o un polimero heteropolisacarido, por
ejemplo, goma gelan, se pueden incorporar junto con un conservante, tal como
cloruro de benzalconio. Dichas formulaciones también se pueden administrar
mediante iontoforesis.

Las formulaciones para administracién ocular/para el oldo se pueden
formular para ser de liberacién inmediata y/o modificada. Las formulaciones de
liberacién modificada incluyen liberacién retardada, sostenida, pulsada, dual
controlada, dirigida y programada.

Los compuestos de la invencién se pueden combinar con entidades
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macromoleculares solubles tales como polimeros que contienen ciclodextrina o
polietilenglicol para mejorar su solubilidad, velocidad de disolucibn,
enmascaramisnto de sabor, blodisponibilidad y/o estabilidad.

Por ejemplo, los complejos farmaco — ciclodextrina, se encuentra que
son generalmente (itiles para la mayoria de las formas de dosificacion y vias de
administracion. Se pueden usar tanto 108 complejos de inclusidén como los de
no inclusién. Como una alternativa para dirigir la formacién de complejos con el
farmaco, se puede usar la ciclodextrina como un aditivo auxiliar, es decir como
un vehlculo, diluyente, o solubilizante. Los mas cominmente usados para estos
propoésitos son las ciclodextrinas alfa, beta y gamma, los ejemplos de las cuales
se pueden en las solictudes de patentes Intemacionales nimeros WO
91/11172, WO 94/02518 y WO 98/55148.

Para administracion a los pacientes humanos, la dosis diaria total de los
compuestos de la invencion esta tipicamente an el intervalo entra 0,1 mg y 500
mg dependiendo, naturaimente, de la forma de administracién. Por ejemplo, la
administracion oral puede requerir una dosis diaria total de entre 0,1 mg y 500
mg, aunque una dosis intravenosa puede solamente raquerir entre 0,1 mg y 50
mg dependiendo. La dosis diaria total se puede administrar en dosis (nicas o
divididas.

Estas dosificaciones se basan en un sujeto humano medio que tiene un
peso de entre 65 y 70 kg. El médico serd capaz de determinar faciimente las
dosis para los sujetos cuyo peso cae fuera de este intervalo, tales como nifios y
ancianos.

Los compuestos de la invencibn se pueden preparar, de manera

conocida de una diversidad de formas. En los siguientes esquemas de reaccién
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y de aqul en adelante, salvo que se establezca otra cosa R' a R® son como se
han definido en el primer aspecto. Estos procedimientos forman aspesctos
adicionales de la invencién.

1. El esquema 1 resume una via sintética que es aplicable a la sintesis
de los compuestos de férmula (1), y particularmente para los compuestos de
férmula (I) en la que R® es hidrdgeno o alquilo o cicloalquilo no sustituido. Los
materiales de partida son los acidos pirazolcarboxllicos de férmula (11). Algunos
compuestos de férmula (I1) son articulos de comercio, y otros se conocen en la
bibliografia. Cuando no se conocen se pueden preparar segin uno 0 mas de
los procadimientos que estan disponibles en la técnica, tales como los descritos

en la parte 2 mas adelante.

Esquema 1

£
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Etapa (a)

El acido carboxlico de fébrmula (ll) se convierte en la amida
correspondiente de férmula (lll) bien directamente o, preferiblements, mediante
un intermedio de cloruro de Aacido. La conversién directa se puede lograr
tratando una solucion del 4cido con exceso de amoniaco en presencia de un

agente de acoplamiento tal como una carbodiimida (por ejemplo,
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diciclohexilcarbodiimida o  1-(3-dimetilaminopropil)-3-etilcarbodiimida) vy
opcionalmente un hidroxitriazol tal como HOBT o HOAT. Los disolventes
adecuados incluyen diclorometano y acetato de etilo. La conversién indirecta se
puede lograr mediante la formacion de un cloruro de &cido mediante
tratamiento con cloruro de oxalilo y N,N-dimetiformamida en un disolvente
adecuado tal como diclorometano, o con cloruro de tionilo. Una solucién del
cloruro de &acido en un disolvente adecuado tal como diclorometano,
tetrahidrofurano o dioxano se frata después con amonlaco gaseoso o
amonlaco acuoso para proporcionar la amida de férmula (lll).

Preferiblemente, una solucién del 4cido de férmula (I1) en diclorometano
se trata a temperatura ambiente con cloruro de oxalilo y una cantidad catalitica
de N,N-dimetilformamida durante dos horas. Después la mezcla se enfria hasta
-20°C, se afiade exceso de amoniaco, Yy la mezcia se agita durante 2 horas a
una temperatura de entre -20°C y la temperatura amiente.

Etapa (b)

Cuando R® es R, este grupo se puede introducir en una fase de N-
alquilacién. ElI compuesto de formula (lll) se puede tratar con una base tal
como un carbonato o bicarbonato de metal alcalino, por ejemplo, carbonato
potasico o carbonato de cesio, 0 una amina terciaria, por ejemplo trietilamina,
N-etildiisopropilamina o piridina, y el cloruro (R*-CI), bromuro (R*-Br), yoduro
apropiado (R®-1), mesilato (R*-0S0,CHj) o tosilato (R®- 0SO,Tol) apropiado
en un disolvente adecuado a una temperatura de entre -20°C y 100°C. Los
disolventes adecuados incluyen éteres tales como tetrahidroxifurano y dioxano,
alcoholes inferiores tal como metanol, etanol y butanol, cetonas tales como

acetona y 2-butanona, N-metilpirrolidinona, N, N-dimetilformamida y acetonitrilo.

%
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Altemativamente, un hidréxido de metal aicatino tal como hidndxido
sodico o hidréxido potadsico se pueden usar como la base. Entonces los
disolventes adecuados pueden incluir agua y mezclas de agua y disolventes
organicos miscibles en agua.

Altemativamente, un alctxido (C1 — C,;) de metal alcalino tal como
metéxido sbdico o terc-butéxido potasico se pueden usar como la base.
Entonces los disolventes adecuados incluyen los comrespondientes alcoholes
inferiores (es decir, metanol para metéxido sddico), éteres tales como
tetrahidroxifurano y dioxano, N-metilpimolidinona, N,N-dimetilformamida y
acetonitrilo.

También se pueden usar las bases fuertes tales como hidruro sédico y
hexametildisilazida sodica o potasica. Entonces los disolventes adecuados
incluyen éteres tales como tetrahidroxifurano y dioxano, N-metilpirrolidinona y
N,N-dimetilformamida.

La reaccién también se puede llevar a cabo en condiciones de
transferencia de fase usando hidréxido sédico o potasico acuoso como base,
diclorometano o cloroformo como disolvente orgénico, y un cloruro o hidroxido
de tetraalquilamonio como catalizador de transferencia de fase.

Alternativamente, la transformacién se puede lograr usando la reaccién
de Mitsunobu (Organic Reactions 1892, 42), en la que una solucién del
compuesto de formula (lll) y el alcohol apropiado R%-OH en un disolvente
adecuado se trata con trifenilfosfina y un azodicarboxilato de dialquilo tal como
azodicarboxilato de dietllo o azodicarboxilato de diisopropilo. L os disolventes

-adecuados incluyen tetrahidrofurano y dioxano. Preferiblemente la reaccién se

realiza a una temperatura entre -10°C y temperatura ambients.
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Preferiblemente, l0s compuestos de fdrmula (lll) se tratan con bien 1
equivalente de R®-Br y 1 equivalente de carbonato potésico en N,N-
dimetiformamida a temperatura ambiente durante 18 horas, o con 1,2
equivalentes de R®-OH, 1,4 equivalentes de azodicarboxilato de diisopropilo y
1.4 equivalentes de trifenilfosfina en tetrahidrofurano a una temperatura entre
0°C y 25°C durante 2 horas.

Dependiendo de la eleccion precisa de reactivos y condiciones elegidas,
la reaccién puede proporcionar el producto N'-0 AP-alquilado, o una mezcla de
los dos. Cuando se produce una mezcla entonces los componentes
individuales se pueden separar usando procedimientos convencionales tales
como cromatografla o cristalizacién fraccionada.

Etapa (c)

La reducciéon del grupo nitro de los compuestos de férmula (IV) para
proporcionar las aminas de férmula (V) se puede lograr mediante, por ejemplo,
hidrogenacién por transferencia o catalitica, 0 mediante una reduccién por
metales en disolucién.

Para la hidrogenacién por transferencia, el compuesto nitro se hace
reaccionar con un donante de hidrogeno adecuado, tal como formiato de
amonio o ciclohexeno, en un disolvente polar, tal como tetrahidrofurano,
metanol o etanol, en presencia de un catalizador de metal de transicién o de sal
de metal de transicién, tal como paladio o hidréxido de paladio (ll),
opcionalmente a presién y temperatura elevadas.

Para hidrogenacion catalftica, una solucién del compuesto nitroenun
disolvente polar, tal como tetrahidrofurano, metanol o etanol, se agita en una

atmésfera de hidrégeno en presencia de un catalizador de metal de transicién o

/73/
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de sal de metal de transicién, tal como paladio o niquel Raney®, opcionalmente
a presion elevada. El catalizador puede estar en solucién (catélisis homogénea)
© en suspension (catalisis heterogénea).

Para la reduccién por metales en disolucién, el componente nitro en
etanol se trata con un metal reactivo adecuado, tal como cinc o estafio, en
presencia de un acido tal como acido acético o acido clorhidrico. También se
pueden usar otros agentes reductores, tales como cloruro de estafio (li).

Preferiblemente, una solucién del compuesto de férmula {IV) en metanol
o etanol se trata con 10% (en peso) Pd(OH); al 10% sobre carbono y 5
equivalentes de formiato de amonio, y la mezcla se calienta a reflujo durante
entre aproximadamente 2 y 18 horas.

Etapa (d)

Una solucién de la pirazolcarboxamida (V) y fosgeno o un equivalente
del mismo, tal como 1,1’carbonildiimidazol, cloroformiato de triclorometilo o
carbonato de bis(triclorometilo), en un disolvente adecuado se agita a una
temperatura de entre temperatura ambiente y el punto de ebullicion del
disolvente, opcionaimente a presién elevada, durante entre 2 y 18 horas para
proporcionar la pirazolopirimidinadiona correspondiente de férmula (VI). Los
disolventes adecuados incluyen acetonitrilo, diclorometano y N.N-
dimetiformamida. Preferiblemente, una solucién de la diona y 1 a 2
equivalentes de carbonildiimidazol en acetonitrilo, N,N-dimetilformamida o
diclorometano se calienta a una temperatura entre 50°C y 80°C durante 18
horas.

Etapa (e)

La diona de férmula (VI) se trata con un gran exceso de un reactivo de
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cloracién adecuado tal como oxicloruro de fésforo (POCI;) o dicloruro de
fenilfosfonilo (PhP(O)Cl2) en presencia de una amina terciaria tal como N-
etildiisopropilamina, N-metilmorfolina, tristilamina o N,N-dimetilanilina a
temperatura elevada durante 8 - 48 horas para proporcionar la
dicloropirazolopirimidina comespondiente de formula (VII). La NN-
dimefiformamida se puede opcionalmente afiadir como catalizador.
Altemativamente, la diona se trata con POCl; o PhP(O)Cl> en un disolvente
adecuado en presencia de un cloruro de tetraalquilamonio, tal como cloruro de
tetraetilamonio a elevada temperatura. Los disolventes adecuados incluyen
acetonitrilo y propionitrilo.

Preferiblemente, la diona se trata con 10 — 30 equivalentes de POCl; y 3
-~ 5 equivalentes de cloruro de tetraetilamonio en propionitrilo a reflujo durante 4
— 18 horas.

Etapa (f)

Una solucién del dicloruro de férmula (VIl), la amina HNR'R? y un
exceso de una amina terciaria tal como N-etildiisopropilamina, N-metilmorfolina
o triatilamina en un disolvente adecuado se agitan a temperatura ambiente o
elevada durante entre 1 y 24 homas para proporcionar el compuesto
commespondiente de férmula (VIH). Los disolventes adecuados incluyen
diclorometano, dimetilsulféxido, N,N-dimetitfformamida, tetrahidrofurano y N-
metilpimolidinona.

Altemativamente, una solucién de la amina HNR'R? en un disolvente
adecuado se trata con butillitico o hexametildisilazida de sodio a baja
temperatura, y el dicloruro se afiade a la solucién resultante. Los disolventes

adecuados incluyen tetrahidrofurano, dioxano y N-metilpirrolidinona.
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Preferiblemente, bien el dicloruro se trata con 3 — 5 equivalentes de la
amina HNR'R? y opcionaimente 3 — 5 equivalentes de N-etildiisopropilamina
en diclorometano, dimetilsuféxido o una mezcla de dimetilsuféxido y N-
metipirrolidinona a 20 — 80°C durante 1 — 18 horas, o una solucién de 2 — 4
equivalentes de HNR'R? en tetrahidrofurano se trata con una cantidad
equimolecular de butillitic o hexametildisilazida de sodio, se afiade 1
equivalente d el dicloruro, y se agitala mezcla a temperatura de entre 0°C y
temperatura ambiente durante entre 2 y 3 horas.

Se apreciard que cualquiera de los grupo funcionales que son
sustituyentes sobre R', y particularmente cualquiera de los grupos amina
primaria o s ecundaria, p uede n ecesitar e star p rotegido con el fin d e p ermitir
que esta reaccién se produzca con éxito. Los grupos protectores adecuados se
conocen bien en la técnica, y se describen en, por ejemplo, "Protective Groups
in Organic Synthesis®, Green, T. W. y Wulits, P. G. M., 3 edicién, John Wiley y
Sons, Ltd, Chichester, 1999. Los ejemplos de los grupos protectores para
aminas primarias y secundarias incluyen los grupos terc-butiloxicarbonilo
(abreviadamente en inglés BOC), benciloxicarbonilo (abreviadamente en inglés
CBZ o Z) y 9-fluorenilmetiloxicarbonilo (abreviadamente en inglés Fmoc). Los
acidos carboxllicos se pueden proteger en forma de sus ésteres metilico,
atllico, bencllico o ferc-butilico. Los alcoholes se pueden proteger en forma de
derivados éster o éter.

Etapa (g)

Una solucién del monocioruro (VIif) y la amina HNR?R* en un disolvente
aprético bipolar adecuado se agita a temperatura elevada durante entre 1 y 24

horas para proporcionar el compuesto correspondiente de formula (1). Los
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disolventes adecuados incluyen dimetilsulféxido, N,N-dimetilformamida y N-
metilpirrolidinona. Se puede incluir opcionalmente un exceso de amina terciaria
tal como N-etildiisopropilamina, N-metilmorfolina o trietilamina y/o una fuente de
fluoruro tal como fluoruro de cesio o fluoruro de tetraetilamonio. Algunas veces
es necesario realizar la reaccién a presion elevada en un recipiente cerrado,
particutarmente cuando la amina HNRR* o el disolvente es volatil.

Altemativamente, la reaccion se puede llevar a cabo bajo irradiacién por
microondas.

Las condiciones preferidas son:

el monocloruro se trata con 3 — 5 equivalentes de la amina HNR®R* y
opcionaimente con 3 — 5 equivalentes de N-etildiisopropilamina en
dimetilsuféxido o N-metilpirrolidinona, opcionalmente en un recipients cermrado
herméticamente, a 80 — 125°C durante 12 — 18 horas; o

el monocloruro se trata con 3 — 5 equivalentes de la amina HNR?R* y 1
equivalents de fluoruro de cesio en dimetilsulféxido o N-metilpirmolidinona,
opcionaimente en un recipiente cerrado herméticamente, a 100 — 120°C; o

el monocloruro se trata con 3 — 5 equivalentes de la amina HNRR* y
opcionalmente con 3 - 5 equivalentes de N-etildiisopropilamina y/o
opcionaimente en fluoruro de cesio o fluoruro de tetraetilamonio en N-
metilpirrolidinona, bajo irradiacién por microondas durante 40 minutos.

Se apreciara que, como en la etapa (f) anterior, cualquiera de los grupos
funcionales -NRR*, y particularmente cualquiera de los grupos amina primaria
o secundaria, puede necesitar protegerse con el fin de permitir que esta
reaccion se produzca con éxito.

En algunos casos, es posible realizar las transformaciones de las etapas
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() y (g) como una operacidn de “un recipiente”, es decir, sin aislar el
monocloruro de férmula (VIH). El compuesto de férmula (Vi) se trata con la
amina HNR'R2, como se ha descrito en la etapa (f), después la amina HNR*R*
se afiade a la mezcla y la reaccién se lleva a cabo como se ha descrito en la
etapa (g).

Cuando se han usado uno o mas grupos protectores en el curso de la
sintesis, e xistira u n protocolo d e d esproteccién final para desenmascarar los
grupos funcionales del compuesto d iana. E ste p rotocolo p uede ser una sola
operacién o se puede realizar en varias etapas. También se puede combinar
con ia manipulacion de sintesis precedents.

Se conoce bien en la técnica la desproteccién, como se describe en
“Protective Groups in Organic Synthesis”, Green, T. W. y Wutts, P. G. M, 3*
edicién, John Wiley y Sons, Ltd, Chichester, 1999. Por ejemplo, las aminas
protegidas con terc-butoxicarbonilo y los ésteres terc-butllicos de acidos
carboxllicos se pueden desproteger mediante tratamiento con acidos tales
como &cido trifluoroacético o cloruro de hidrégeno anhidro en un disolvente
adecuado, aminas protegidas con benciloxicarbonilo y ésteres bencllicos de los
acidos carboxilicos se pueden desproteger mediante hidrogenolisis catalitica.
Las aminas protegidas con 9-fluoreniimetiloxicarbonilo se pueden desproteger
mediante tratamiento con piperidina, y ésteres metllicos y etllicos de acidos
carboxllicos se pueden desproteger mediante tratamiento con un hidréxido de
metal alcalino.

Preferiblemente, los grupos protectores terc-butiloxicarbonilos y terc-
butlos se retimn mediante tratamiento con &acido trifluoroacético en

diclorometano a temperatura ambiente durante entre 1 y 18 horas, o, para los
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grupos protectores terc-butiloxicarbonilo, mediante tratamiento con exceso de
cloruro de hidrégeno en dioxano a temperatura ambients durante 18 horas. Los
grupos protectores bencilo se retiran preferiblemente mediante hidrogenacién a
60 psi (413,79 kPa) en presencia de Pd(OH), en cloruro de hidroégeno etandlico
a temperatura ambiente durante 18 horas.

2. El esquema resume dos procedimientos, las sintesis de Knomr y
de Pechmann, disponible para la sintesis de acidos pirazolcarboxliicos de
férmula (I1). También se pueden usar otros procedimientos conocidos en la

técnica.
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5 Etapa (h)

Las 1,3-dicetonas de férmula {X) que son los materiales de partida para
la sintesis de pirazoles de Knom se pueden preparar a partir de las
metilcetonas correspondientes de férmula (1X) usando una condensacién de
Claisen cruzada. La metilcetona de férmula (1X) se hace reaccionar con oxalato

10 de dimetilo en un disolvente adecuado en presencia de una base adecuada.

Los disolventes adecuados incluyen éteres, tales como tetrahidrofurano. L as
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bases adecuadas incluyen hidruro sédico, ferc-butdxido potasico y
diisopropilamiduro de litio. Altemativamente, se puede usar metdxido sddico
como la base y metanol como et disolvente.

Etapa (1)

La 1,3<dicetona de férmula (X) se puede hacer reaccionar con hidrazina
para proporcionar un pirazol de formula (X1) siguiendo la metodologia bien
conocida de la sintesis de pirazoles de Knorr.

Se apreciard que las hidracinas sustituidas R®ANHNH, también se
pueden usar en la sintesis de pirazoles de Knomr para proporcionar los
andlogos de los compuestos de férmula (Xl) que estdén N-alquilados. Se
produce normalmente una mezcla del producto N'- y N-alquilado y los
componentes individuales se pueden separar usando los procedimientos
convencionales tales como cromatografia o cristalizacién fraccionada. Después
la hidrélisis y nitracién segln los procedimientos descritos para las etapas (l) y
(m) mas adelante, seguido de la formacién de amidas segin el procedimiento
descrito en la parte 1, etapa (a), anteriormente, proporciona los compuestos de
férmula (IV) sin la necesidad de la reaccién de alquilacién de la parte 1, etapa
(b).

Etapa ()

En esta variante de la sintesis de pirazoles de Pechmann, un compuesto
diazo de férmula (XlI) se hace reacclonar con propiclato de metilo para
proporcionar un pirazol de férmula (X1). Los compuestos diazo de férmula (XII)
se pueden preparar mediante procedimientos conocidos, tales como a partir de
la amina primaria correspondiente R°CH:NH; mediante un derivado N-

arilsulfonil-N-nitroso.
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Etapa (k)

En esta variante alternativa de la sintesis de pirazoles de Pechmann, un
acetileno de férmula (XIil) se hace reaccionar con diazoacetato de metilo para
proporcionar un pirazol de férmula (XI).

Etapa (l)

Después la hidrolisis del éster de los compuestos de férmula (XI)
proporciona los compuestos de férmula (XIV). La conversién se puede lograr
convenientemente tratando el compuesto de férmula (XI) con un hidréxido de
metal alcalino tal como hidréxido de litio, hidrdxido s6dico o hidréxido potésico
en un disolvente adecuado a una temperatura de entre aproximadamente 10°C
y la temperatura de ebullicion del disolvente. Los disolventes adecuados
incluyen agua, metanol, etanol y las mezclas de agua con metanol, etanol,
tetrahidrofuano y dioxano.

Etapa (m)

Se conoce bien la nitracién de pirazoles. Los compuestos de férmula
(XIV) se tratan con un agente de nitracién tal como écido nitrico o una mezcla
de Acido nftrico y écido sulfirico para proporcionar los compuestos de formula
()X

3. El esquema 3 proporciona una variacion a la via de sintesis del
esquema 1 que es aplicable a la sintesis de los compuestos de férmula (J) en

los que R%es R®, en el que se introduce este grupo en la etapa final.

90/
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Esquema 3

Etapa (n)

Los compuestos de formula (i), es decir, los compuestos de férmula (1)
en los que R® es hidrogeno, se puede convertir en los compuestos N-alquilados
de formula (I*) e (1) siguiendo los procedimientos descritos en la parte 1, etapa
(b), anterior. Cuando la reaccién proporciona una mezcla de los dos productos
(1" e (1%), éstos se pueden separar usando las técnicas habituales. El uso de
los agentes de alquilacién mas reactivos tiende a promover la formacién de los
compuestos N?-sustituidos de férmula (I5).

4. La metodologlia de los esquemas 1 y 2 se aplica generaimente a la



-59-
Esquema 4

“ H

N [

N o e N [ NH: @) H»b NH,

A ‘o \ —_—

e NO, NO,
(tvA)

RLN,R’
(]
R NN )
N _ R — -
N ”~
Br Le
(XVI)

5 Etapa (0)
El acido 4-nitro{{2H)-pirazol-3-carboxllico comercialmente disponible se

convierte en 4-nitro-(2H)-pirazol-3-carboxamida siguiendo los procedimientos
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descritos en la parte 1, etapa (a), anterior.
Etapa (p)

Los compuestos de formula (IV*), es decir los compuestos de férmula
(V) en los que R® es hidrégeno, se obtienen siguiendo los procedimientos
descritos en la parte 1, etapa (b), descritos anteriormente.

Etapa (q)

Los compuestos de formula (VI*), es decir, los compuestos de férmula
(V1) en los que R® es hidrégeno, se obtienen en dos etapas siguiendo los
procedimientos descritos en la parte 1, etapas (c) y (d), anteriormente.

Etapa (r)

Los compuestos (Vi) se pueden bromar para proporcionar los
compuestos comraspondientes de férmula (XV) mediante el tratamiento con N-
bromosuccionimida en N,N-dimetilformamida a temperatura elevada, o con
bromo y exceso de acetato sddico en acido acético a refiujo. Preferiblemente el
compuesto de formula (VI*) se trata con N-bromosuccinimida en N,N-
dimetilformamida a 50°C durante 18 horas.

Etapa (s)

Los compuestos de formula (XVI) se obtienen siguiendo los
procedimientos descritos en la parte 1 etapas (e), () vy (g), anteriormente.
Etapa (t)

Los compuestos de férmula (XVI) se pueden acoplar a un reactivo
adecuado R®-M, en el que M es un metal, un derivado metslico o un derivado
de boro tal como: litio (M = Li); halomagnesio, particularmente cloromagnesio,
bromomagnesio y yodomagnesio (M = CiMg, BrMg e IMg); halocinc,

particularmente clorocinc, bromocinc y yodocine (M = CiZn, BrZn e IZn);
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trialquilestafio, por ejemplo tri-n-butilestafio (M = n-BusSn); dialquilboro, por
ejemplo dietilboro (M = Et;B); y dialcoxiboro, por ejemplo, dimetoxiboro (M =
H3CO)zB). Generaimente la reaccién se lleva a cabo en presencia de un
catalizador de metal de transicién tal como paladio o niquel, o derivados de los
mismos, y adicionalmente puede reclamar el uso de una base tal como
carbonato potasico, fluoruro de cesio o trietiamina. Los procedimientos de
acoplamiento representativos incluyen los protocolos de “Suzuki® y de "Stille”,
que se describen en detalle en *Metal — Catalysed Cross — Coupling
Reactions®, F. Diederich (ed.), Wiley — VCH, 1998 ( y las referencias citadas en
ese documento).

3. El esquema 5 resume las vias de sintesis que son particularmente (itiles
para la preparacién de los compuestos de férmula (I) en la que RS es
hidroximetilo, alcoximetilo, haloalcoximetilo o cicloalcoximetilo. En el esquema
5. X representa un grupo saliente tal como un &tomo de cloro, bromo ¢ yodo o
un grupo alquilo, arilc o perfluoroalquilsulfonato (por ejemplo un
metanosulfonato, toluenosulfonato o trifluorometanosulfonato), y R® representa

un grupo alquilo, cicloalquilo o haloalquilo.
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Esquema 5
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Etapa (u)

La reduccibn de los ésteres de formula (XVII) para proporcionar los
alcoholes primarios de férmula (XVIil) se puede lograr usando un reactivo de
hidruro metdlico tal como hidruro de litio y aluminio, borohidruro de litio,
trietilborohidruro de litio o hidruro de diisobutilaluminio (abreviadamente en
inglés DIBAL) en un disolvente adecuado a una temperatura inferior a 0°C. Los
disolventes adecuados inciuyen hidrocarburos tales como pentano, hexano y
tolueno, éteres tales como tetrahidrofurano, y mezclas de los mismos.
Altemativamente, el éster se puede reducir mediante hidrogenacién en un
catalizador de cromito de cobre a temperatura y presién elevadas.
Preferiblemente, el éster se trata con 8 — 10 equivalentes de DIBAL en
tetrahidrofurano a una temperatura de entre -78°C y -5°C durante 15 minutos a
1 hora.

Los ésteres de féormula (XVIl]) se pueden preparar segin los
procedimientos descritos en la parte 6, mas adelante.

Etapa (v)

Los compuestos de férmula (I°), es decir los compuestos de formula (1)
en la que R® es hidroximetilo, se puede obtener a partir de los alcoholes de
férmula (XVIIl) siguiendo los procedimientos de la parte 1, etapa (g).

Etapa (w)

Los compuestos de férmula (XIX) en la que X es Br se pueden preparar
a partir de los alcoholes de férmula (XVIi) mediante tratamiento con bromuro
de hidrdgeno o un mezcla de trifenilfosfina y bromo, tetrabromometano o N-
bromosuccinimida, opcionalmente en presencia de piridina, en un disolvente

adecuado tal como éter dietllico, diclorometano o propionitrilo. Preferiblemente
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el alcohol se trata con trifenilfosfina y tetrabromometano e n d iclorometano a
temperatura ambiente durante 1 hora.

Los compuestos de fdrmula (XIX) en la que X es Cl se pueden preparar
a partir de los alcoholes de formula (XVIIl) mediante tratamiento con cloruro de
tionilo, tricloruro de fésforo 0 una mezcla de trifenilfosfina y N-clorosuccinimida
en un disolvente adecuado tal como diclorometano. Preferiblemente el alcohol
se trata con un exceso de cloruro de tionilo en diclorometano durante 2 - 18
horas.

Los compuestos de formula (XIX) en la que X es | se pueden preparar a
partir del bromuro o cloruro comespondiente mediante tratamiento con yoduro
sodico.

Los compuestos de formula (XIX) en la que X un alquilsulfonato,
arilsulfonato o perfluoroaiquilsulfonato se pueden preparar a partir de los
alcoholes de formula (XVIil) mediante tratamiento con un cloruro o anhidrido de
sulfonilo, tal como cloruro de metanosulfonilo (cloruro de mesilo), cloruro de
toluenosulfonilo (cloruro de tosilo) o anhidrido trifluorometanosulfénico
(anhidrido triflico), en presencia de una amina terciaria tal como trietilamina, N-
etildiisopropilamina o N-metilmorfolina, en un disolvente adecuado, por ejemplo
diclorometano. Alternativamente, se puede usar piridina como disolvente, en
cuyo caso no hay necesidad de usar una amina terciaria.

Etapa (x)

Los compuesios de férmula (XX) se pueden obtener tratando los
comespondientes compuestos de formula (XIX) con un alcdxido sédico o
potasico, NaOR® o KOR®, Altemativaments, los compuestos de férmula (XIX)

se pueden tratar con un exceso del alcohol R*OH y un catalizador tal como

208
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tetrafluoroborato de plata (AgBFs). Los disolventes adecuados incluyen
acetonitrilo, N-metilpirrolidinona y N,N-dimetilformamida. Altemativamente, el
alcohol R"OH se puede usar como disolvente con tal que se pueda retirar
facilmente después de la reaccion, por ejemplo mediante evaporacion.

Preferiblemente, un compuesto de férmula (XIX) en la que X es Cl o Br
se trata con un exceso de NaOR® en N,N-dimetiformamida o R°0OH a
temperatura ambiente durante entre 30 minutos y 72 horas.

Etapa (y)

Los compuestos de formulas (XX) también se pueden obtener a partir de
alcoholes primarios de formuia (XVIIl) mediante la reaccibn con un agente
alquilante R"-X, usando los procedimientos analogos a los descritos en la parte
(y) anteriormente. Asl una solucién del alcohol de fémmula (XVIll) en un
disolvente adecuado, por ejemplo N,N-dimeftilformamida o acetonitrilo, se
puede tratar con una base fuerte tal como hidruro sédico para formar el
alcdxido sodico, y después con el agente alquilante R®-X.

Se apreciard que esta transformacion también se puede llevar a cabo
usando los alcoholes primarios de férmula (I°) como materiales de partida,
cuya transformacién conduce a la produccién de los compuestos de férmula
(15).

Etapa (z)

Los compuestos de férmuia (I%), es decir los compuestos de férmula (1)
en la que R® es R°OCH,-, se pueden obtener a partir de los alcoholes de
formula (XX) siguiendo los procedimientos de la parte 1, etapa (g).

8. Los ésteres de formula (XVI1%), es decir os compuestos de formula (XVii) en

la que R* se une en la posicion N', y de férmula (XVII®), es decir los
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compuestos de férmula (XVII) en la que R® se une en la posicién N?, se pueden

preparar segln los procedimientos resumidos en el esquema 6.

Esquema 6

(XVIIA)
Hl_N,n’
p—— =
N Cl
H,CO
O

(XVII®)
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Etapa (aa)

4-Nitropirazol-3,5-dicarboxilato de dimetilo, que se prepara faciimente
segun el procedimiento descrito en la solicitud de la patente intemacional
publicada WO00/24745 (véase la preparacidon 2, pagina 48), se puede N-
alquilar segin los procedimientos descritos en la parte 1, etapa (b),
anteriorments. Se apreciard que la sensibilidad de los grupos éster a la
hidrdlisis vy a la trans-esterificacion significa que los hidroxidos y alcdxidos de
metales alcalinos (distintos de metéxidos) no se pueden usar como bases, y el
agua y los alcoholes (distintos de metanol) no se pueden usar como
disolventes o codisolventes.

Debido a que los dos atomos de nitrdgeno del pirazol son equivalentes,
se obtiens un solo producto de alquilacién.

Etapa (bb)

La hidrélisis selectiva de los diésteres de férmula (XXI) con un
equivalente de hidréxido de metal alcalino segin el procedimiento de
Chambers y col., (J. Org. Chem. 50, 4736 — 4738, 1985) escinde el adyacente
del éster al nitrbgeno sustituido para proporcionar ios monoécidos de férmula
(XXt).

Preferiblemente, el diéster se trata con 1 equivalente de hidrxido
potasico en metanol a temperatura ambiente durante 18 horas.

Etapa (CC)

Los compuestos de fdrmula (XVII*), es decir los compuestos de fdrmula
(XVil) en la que R® se une a en la posicién N' de la pirazolopirimidina, se
pueden obtener a partir de los compuestos de formula (XXil) siguiendo los
procedimientos de la parte 1, etapas (b) a (f).
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La introduccién del grupo —-NR'R? preferiblemente se logra tratando el
dicloruro correspondiente con 3 — 5 equivalentes de HNR'R? en dimetilsulféxido
a 30°C durante 1 hora.

Etapa (dd)

Los compuestos de férmula (XVIIl) se pueden preparar tratando los
monoéacidos de formula (XXIl) con acetato de terc-butilo o isobuteno en
presencia de un &cido mineral.

Etapa (oe)

La hidrélisis del éster metflico de los compuestos de férmula (XXIII)
segln los procedimientos descritos en la parte 2, etapa (l), anteriormente,
seguido de la elaboracion de!l monoédcido resultante siguiendo los
procedimientos de la parte 1, etapas (a) a (d), anteriores, proporciona las
pirazolopirimidina-5,7-dionas N? sustituidas de férmula (XXIV).

Etapa (ff)

El éster terc-butilico de los compuestos d e férmula ( XXIV) se e scinde
mediante tratamiento con écido tal como el &cido trifluoroacético o una solucién
de cloruro de hidrégeno en un disolvente adecuado tal como dioxano. El 4cido
carboxilico resultante se convierte en el éster metilico usando cualquiera de los
procedimientos bien conocidos en la técnica, tal como la formacidn del cloruro
de acido usando cloruro de oxalilo o cloruro de tionilo seguido de tratamiento
con metanol, o mediante tratamiento con metanol y una carbodiimida. Después
el éster metllico se lleva a cabo como se ha descrito en la parte 1, etapas (e) y
(f) anteriores, para proporcionarios compuestos de férmula (XVII1%).

1. La via de sintesis ilustrada en el esquema 6 puede ser de baja produccién

en los casos en los que |a amina HNR'R? e s s 6lo d ébimente nucleéfila, de

Lo
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manera que R' es un anillo pirimidina o pirazina. En estos casos, es necesario
reducir el grupo éster antes de la introduccién del grupo -NR'R?, como se

ilustra en el esquema 7.

5 Esquema?

HO

(XXVI) PG (XXVII)
m/)

A
N
N (kk)
Néj\cl
H

R~

R'. _R?
R® N 8 N
RN N
@)
2
N/I\CI
O

P
PG

XXV (Xvit)
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Etapa (gg)
Los compuestos de férmula (XXV) se pueden obtener a parir de los

compuestos de férmula (XXIl) siguiendo los procedimientos de la parte 1,
etapas (b) a (e), anteriores.
Etapa (hh)

Los compuestos de formula (X0(VI) se pueden obtener a parir de los
compuestos de férmula (XXV) siguiendo los procedimientos de la parte 5,
etapas (v), anterior.

Etapa (ii)

Después el alcohol primario se protege para proporcionar los
compuestos de férmula (XXVII), en la que PG es un grupo protector de alcohol.
Un grupo protector preferido es un grupo trialquilsislilo, particularmente un
grupo terc-butildimetilsillo. Preferiblemente, el alcohol se trata con 1.1
equivalentes de cloruro de ferc-butildimetilsililo y 1.1 equivalentes de imidazol
en diclorometano a temperatura ambiente durante 18 horas.

Etapa (fj)

Los compuesios de férmula (XXVIIl) se pueden obtener a partir de los
compuestos de formula (XXVII) siguiendo los procedimientos de la parte 1,
etapa (f), anterior.

Etapa (kk)

Los compuestos de formula (XXVIII) se desprotegen para proporcionar
los alcoholes primarios de férmula (XViil) usando las condiciones apropiadas.
Cuando PG es un grupo trialquilsililo se puede retirar mediante tratamiento con
una sal fluoruro, tal como fiuoruro de tetrabutilamonio, o con cloruro de

hidrégeno en metanol. Preferiblements, cuando PG es un grupo terc-



butildimetilsililo se retira mediante tratamiento con 2 equivalentes de fluoruro de
tetrabutilamonio en tetrahidrofurano a temperatura ambiente durante 18 horas,
0 con cloruro de hidrégeno en metanol a temperatura ambiente durante 18
horas.

5 8. Los alcoholes de férmula (XVIIl) e (I°) se pueden oxidar a los aldehlidos
comrespondientes de formula (XXIX), que son intermedios particularmente
versatiles en la preparaciobn de los compuestos de formula (1). Algunas
transformaciones representativas se muestran en el esquema 8. Salvo que se
indique otra cosa, en los esquemas 8 a 11 Y es bien Cl o -NR°R*, y puede ser

10 preferibiemente Cl.



Esquema 8
RLN,R’
RUN an

o0y,

HO
(®): Y=NR'R* (XXIX)

(XVIH): Y = C)
(mm) {(qq)
(00)

HLN,R’

(XXX1) (XXXHi) (XXXV)

%
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Etapa (1)

La oxidacién de los alcoholes de formula (XiX) se puede lograr usando
un reactivo de cromo (VI) tal como clorocromato de piridinio, un reactivode
dimetilsulféxido activado como en el protocolo de oxidacion de Swem, un
reactivo de yodo hipervalente tal como el peryodinano de Dess — Martin, o una
combinacién de N-metilformolina-N-6xido y perrutenato de tetra-n-propilamonio
en un disolvente adecuado a una temperatura de entre 0°C y temperatura
ambiente. Los disolventes adecuados incluyen diclorometano.

Un reactivo preferido es el peryodinano de Dess — Matin.

En principio, los aldehildos de férmula (XXIX) también se pueden
preparar a partir de los ésteres cormrespondientes mediante reduccién con
DIBAL a baja temperatura, pero en la practica es muy dificil parar la reduccién
en la fase de aldehido, y el alcohol primario es generaimente el producto
principal.

Etapa (mm)

La reacciéon de los aldehidos de fobrmula (XXIX) con un reactivo de
Grignard R®MgHal, en el que R® es un grupo alquilo o cicloalquilo y Hal es ClI,
Br o |, o con un reactivo organolitico R°Li, proporciona los alcoholes
secundarios de formula (XXX).

Los compuestos de formula (XO(X) en la que Y es NR®R* son ellos
mismos los compuestos de férmula (1) en la que R® es alquilo sustituido con un
grupo hidroxilo.

Etapa (nn)
Los compuestos de férmula (XXX) se pueden lievar a cabo como se ha

descrito en la parte 5 anterior para los anélogos de alcoholes primarios. Por
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ejemplo, se pueden alquilar para proporcionar ios compuestos de férmula
(XXX1) siguiendo los procedimientos descritos en la parte 5, etapas (x) e (y), o
la parte 5, etapa (z), anteriores.

Otra posibilidad, no ilustrada en el esquema 8, es oxidar el alcohol
secundario usando los procedimientos de la etapa (i) para obtener una cetona,
que puede después elaborarse de una manera analoga a la de los aldehidos
de formula (XXIX).

Etapa (o0)

Usando la metodologlia de la reaccién de Wittig, los aldehidos de férmula
(XXIX) se pueden tratar con un reactivo fosforano PhsP:C(R°)R?, en el que R°y
RY son hidrégeno, alquilo o cicloalquilo, para proporcionar los compuestos de
formula (XXXil), en la que hay un doble enlace adyacente al niicleo de la
pirazolopirimidina.

Los compuestos a nalogos t ambién se pueden preparar a partir de los
alcoholes de formula (XXX) en la que R® es CH(R®)R® mediante deshidratacion
catalizada por un acido, o0 mediante eliminacién catalizada por una base a partir
del cloruro o mesilato correspondiente.

Etapa (pp)

Si no se requiere en el producto final, el doble enlace en los compuestos
de formula (XXXIl) se puede reducir mediante hidrogenacién catalitica.
Etapa (qq)

El uso de (metoximetilen)trifenilfosforano en la reaccién de Wittig de la
etapa (00) proporciona los éteres endlicos de férmula POOCIV).
Etapa (1)

Los éteres endlicos de férmula (XXXIV) se pueden hidrolizar en una

25



solucién 4cida para proporcionar los aldehidos de formula (XXXV). Después
éstos se elaboran de la misma forma como se ha descrito anteriormente para
los aldehidos de formula (XXIX).

9. Los aldehidos de férmula (XXIX) también se pueden homologar para
proporcionar ésteres, como se ilustra en el esquema 9. Después los ésteres asl|
obtenidos se elaboran para proporcionar los compuestos de férmula (I)

siguiendo los procedimientos esbozados en la parte 5 y 8 anteriores.

2/?



Esquema 9

{(XXXVI)

l tt)

HLN,R’

a
RN N
N
~~
) O N

o)

H,C

(XXXVII)

(XXXIX)

235
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Etapa (ss)

Los aldehidos de féormula (XXIX) se tratan con
metiimercaptometilsulféxido de metilo (CH,SCHZS(COYCH3) y en triton B en
tetrahidrofurano para proporcionar los intermedios de formula (XXXVI).

Etapa (tt)

Los intermedios de fébrmula (XXXV1) se tratan con metanol y cloruro de
acetilo para proporcionar el éster de férmuta (XXXVII).

Etapa (uu)

Los aldehidos de férmula (XXIX) se pueden convertir en el éster de
acrilato de formula (XOCKXVIIl) mediante reaccién con un reactivo de fdsforo
siguiendo los protocolos de [ as reacciones de W ittig, Homer o W adsworth —
Homer — Emmons. El reactivo se prepara tratando una sal de trifenilfosfonio
PhsP*CH,CO,CH3.X" (Wittig), un éxido de fosfina Ph.P(O)CH2CO2CH3 (Homer),
o un fosfonato (EtO),P(O)CH2CO,CH3; (Wadsworth — Homer — Emmons), con
una base tal como butilitio, una dialquilamiduro de litio o un alcéxido de metal
alcalino, en un disolvente adecuado tal como tetrahidrofurano.

El procedimiento no se limita a la preparacion de los ésteres de acrilato
a-no sustituidos. El uso de un reactivo de fésforo alquil-sustituido tal como
PhsP*CH(R)CO.CHs.X o el 6xido de fosfina o fosfonato equivalente, en el que
R es alquilo, proporciona acceso al comespondiente derivado de a-
alquilacrilato.

La conversion de los aldehidos de férmula (XXIX) en ésteres de acrilato
de formula (XXXVIII) también se puede lograr mediante la reaccién con un
derivado de malonato siguiendo el procedimiento de condensacién de

Knoevenagel.

*2/
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Etapa (vv)

La reduccién del doble enlace carbono — carbono de {(XXXVIil) para
proporcionar los compuestos de férmula (XXXIX) se puede lograr mediante
hidrogenacion catalitica usando hidrégeno molecular en presencia de un
catalizador de metal de transicién tal como paladio, platino o niquel.

Los acrilatos de féormula (XOO(VIII) también se pueden tratar con
reactivos de alquilcobre para proporcionar los analogos de los compuestos de
formula (XXXIX) en la que un sustituyente alquilo se introduce sobre el 4tomo
de carbono adyacente al sistema de anillo de pirazolopirimidina, o con un iluro
de sulfonio o un equivalente de carbeno para proporcionar un derivado de 2-
{pirazolopirimidinil)ciclopropano-1-carboxilato.

10. Los ésteres homologados de férmula (X>(XVIl) también se pueden preparar
mediante el procedimiento ilustrado en el esquema 10.

Esquema 10
1
RLN’R’ R..,_N,H’
R’ SN (ww) H.\b N
N')\ N/J\Y
' H,CO o HO o
(XVi); Y=Cl / QOXX1)
(XXXX); ¥ = NROR*
(xx)
1
R\N,Fl’
R® N
o
oo .
o
OOV
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Etapa (ww)

Los ésteres metllicos de formulas (XVII) y (XXXX) se pueden hidrolizar
para proporcionar los dcidos de férmula (XXXXXI) siguiendo los procedimientos
de la parte 2, etapa (n), anterior. (Los ésteres de férmula (XX(XX) se pueden
obtener a partir de los ésteres de férmula (XVII) siguiendo los procedimientos
de la parte 1, etapa (a) anteriormente.)

Etapa (xx)

Los acidos de formula (XXXXI) se pueden homologar siguiendo los
procedimientos de la reaccidn de Amdt — Eistert. El &cido carboxilico se
convierte en un intermedio de reactivo tal como el cloruro de acido {mediante la
reaccion con cloruro de oxalilo) 0 una mezcla de anhidridos (mediante la
reaccién con cloroformiato de isobutilo). El intermedio se hace reaccionar con
diazometano para proporcionar una a-diazocetona. Esta se trata con 6xido de
plata en presencia de metanol para proporcionar el éster homologado de
formula (XXXVII).

11. Los ésteres homologados de férmula (XXXIX) también se pueden preparar

mediante el procedimiento ilustrado en el esquema 11.
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Esquema 11
1 2
AL Asy-F
RB
RUN- A (yy) \e') N
N —_
NOL L "L
NT Ny H,CO Y
X
(XXIX); Y = CI H,CO™ R,
(OXXXIN); Y = NRIR#4 (OXXIN)
S
(XXXIX)
Etapa (yy)
5 Los cloruros de las férmulas (XXIX) y (XXXXII} se hacen reaccionar con

un malonato de dialquilo (CH30,C)CH; y una base en un disolvente adecuado.
Tipicamente, la base es un alcéxido de metal alcalino tal como etéxido sédico o
terc-hutdxido potasico, y el disolvente es un alcohol tal como metanol o etanol,
o un éter tal como tetrahidrofurano. Preferiblemente la base y el disolvente se

10 eligen de manera que se minimice la transesterificacion con el reactivo de
malonato y el intermedio (XOOCXIIN).
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El procedimiento se puede extender a malonatos sustituidos
(CH302C).CHR, en los que R es un grupo alquilo. Esto proporciona acceso a
los compuestos analogos a (XOXXIX) en el que el grupo R es un sustituyente en
el 4tomo de carbono adyacente al grupo R*O,C. Estos compuestos también se
pueden preparar alquilando el intermedio (XXXXXIll) con R-Br o0 R-| en presencia
de una base de alcoxido de metal alcalino.

Etapa (zz)

Después el intermedio (XOXXIIl) se descarboxila para proporcionar el
producto (XXXIX). Esto se puede lograr mediante hidrdlisis selectiva usando un
equivalenta de un hidréxido de metal alcalino, tal como hidrdxido sddico,
seguido de acidificacion, o mediante cualquier otro procedimiento conocido en
la técnica.

Los compuestos siguientes forman aspectos adicionales de la presente
invencion:

Un compuesto de férmula (Vil)

(Vi)

en la que R® y R® son como se han definido anteriormente.

Se prefiere un compuesto de férmula (VII4)

225
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(VIIA)

en la que R® y R? son como se han definido anteriormente.
Un compuesto de férmula (Viil)

RLN,R’
o @
o
4 N Cl
s R (Vi)

en la que R', R% R® y R® son como se han definido anteriorments.

Se prefiere un compuesto de formula (VII*)

a RLN"F12
R
N | N
N\ Z
I N Tal
R (VIHA)

10 enlaque R', R% R®y R® son como se han definido anteriormente.
La invenciébn ademés se ilustra mediante los siguientes ejemplos no
limitantes.
Los puntos de fusidon se determinaron en un aparato de punto de fusién
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de Gallenkamp usando tubos de capilares de vidrio y estan sin corregir. Salvo
que se indique otra cosa todas las reacciones se llevaron a cabo bajo una
atmoésfera de nitrogeno, usando disolventes anhidros disponibles
comercialments. Las reacciones realizadas bajo irradiacién por microondas se
llevaron a cabo usando una méaquina de Emrys Creator (Personal Chemistry
Ltd.) con una potencia de salida de 15 a 300 W a 2,45 GHz. 'Amoniaco 0,88’ se
refiere a solucién acuosa de amoniaco comercialmente disponible de 0,88 de
peso especifico. La cromatografla en capa fina se realizd sobre placas de gel
de sllice pre-recubiertas con vidrio por la parte trasera de Merck (60 F254), y la
cromatografia en columna sobre gel de silice se llevaron a cabo usando gel de
sllice de 40 — 63 um (gel de sllice 60 de Merck). La cromatografla de
intercambio i6nico se realizo usando la resina de intercambio ibnico
especificada que se ha prelavado con agua desionizada. Los espectros de
RMN se midieron en un espectrémetro Varian Inova 300, Varian Inova 400, o
Varian Mercury 400 en los disolventes especificados. En los espectros de
RMN, solamente se indican los protones no intercambiables que aparecen
distintos de los picos del disolvente. Los espectros de masas de baja resolucién
se registraron en bien un Fisons Trio 1000, usando ionizacidn positiva por
termopulverizacién, o un Finnigan Navigator, usando ionizacion positiva o
negativa por termopulverizacion. Los espectros de masas de alta resolucién se
registraron en un Bruker Apex Il FT — MS usando ionizacién positiva por
electropulverizacién. Los anélisis de combustién se llevaron a cabo mediante
Exeter Analytical Reino Unido Ltd., Uxbridge, Middlesex. Las rotaciones dpticas
se determinaron a 25°C usando un polarimetro Perkin Eimer 341 usando los

disolventes y las concentraciones especificadas. Los compuestos de los
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ejemplos designados como isdmeros dpticos (+) o (-) se atribuyen basandose

en el signo de la rotacién optica cuando se determina en un disolvente

10
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25

adecuado.

Abreviaturas y definiciones

Arbocel ™ Agente de filtracién, de J. Rettenmaier y Sohne,
Alemania

Amberlyst® 15 Resina d e i ntercambio iénico, disponible de Aldrich
Chemical Company

IQPA lonizacién quimica a presién atmosférica

atm Presion en atmésferas (1 atm = 760 Tomr = 101,3
kPa)

Biotage ™ Cromatografia realizada usando cartucho de gel de
sllice Flash 75, de Biotage, Reino Unido

BOC Grupo terc-butoxicarbonilo

a ancho

c Concentracion usada para mediciones de rotacion
Optica en g por 100 mil (1 mg/ml es ¢ 0,10)

cat Catalltico

d doblete

dd doblete de dobletes

Degusa ® 10% en peso de paladio sobre carbono activado,
degusta tipo E101 disponible de Aldrich Chemical
Company

Develosil suministrado por Phenomenex — fabricado por

Nomura Chemical
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Combi-RP Cao

Columna hplc

Dowex®

EMAR

Hyflo ™

liq

EMBR

EMBR (ES)

m/z
gel MCI™

Columna de hplc

+29
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Un compuesto de particulas de sllice esféricas
(tamafio 3 ym 0 5 pm)

que tiens una superficie unida quimicamente de
cadenas C30. Estas particulas se envasan en
columnas de acero inoxidable de dimensiones de 2
cm de didmetro intemo y 25 cm de longitud

resina de intercambio i6nico, de Aldrich Chemical
Company

exceso enantiomérico

espectrometria de masas de alta resolucion
(lonizacién por electropulverizacion de barmido
positivo)

Hyflo supercel®, de Aldrich Chemical Company

liquido

espectrometria de masas de baja resolucion
(ionizacién por elactropulverizacién o
termopulverizacién de barrido positivo)
espectrometria de masas de baja resolucion (barrido
negativo de ionizacién por electropulverizacion)
multiplete

pico de espectro de masas

polimero de alta porosidad, CHP20P 75 — 150 um,
de Mitsubishi Chemical Corporation

Suministrado por Phenomenex. Compuesto de
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de Luna C18

de Phenomenex

psi

Re

Sep-Pak®

t

TLC
5

-86-

particulas esféricas de sllice (tamafio 5 ym o 10 ym)
que tienen una superficie unida quimicamente de
cadenas C18. Estas particulas se envasan en una
columna de acero inoxidable de dimensiones de 2,1
cm de didmetro intemo y 25 cm de longitud.

libras por pulgada cuadrada (1 psi = 6,9 kPa)
cuartete

factor de retencién sobre TLC

singlete

cartucho de gel de silice de Cys de fase inversa,
Waters Corporation

triplete

Cromatografia en capa fina

desplazamiento quimico

Salvo que se indique otra cosa en esta memoria descriptiva:

PyBOP® significa hexafluorofosfato de benzotriazol-1-
iloxitris(pirrolidino)fosfonio;

PyBrOP® significa hexafluorofosfato de bromo-tris-pirrolidinofosfonio;

CDI dignifica N,N'-carbonildiimidazol;

WSCDI  significa  clorhidrato de  1-(3-dimetilaminopropil)-3-

etilcarbodiimida;

Reactivo de Mukaiyama significa yoduro de 2-cloro-1-metilpiridinio;
DCC significa N,N'diciclohexilcarbodiimida;

HOAT significa 1-hidroxi-7-azabenzotriazol;

HOBT significa hidrato de 1-hidroxibenzotriazol;
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Base de Hinig significa N-etildiisopropilamina;

EtsN significa trietilamina;

NMM significa N-metilmorfolina;

NMP significa 1-metil-2-pirrolidinona;

DMAP significa 4-dimetilaminopiridina;

NMO significa N-6xido de 4-metilmorfolina;

KHMDS significa bis(trimetilsililjamiduro de potasio;

NaHMDS significa bis(trimetilsilillamiduro de sodio;

DIAD significa azodicarboxilato de diisopropilo;

DEAD significa azodicarboxilato de dietilo;

DIBAL significa hidruro de diisobutilaluminio;

Peryodinano de Dess - Martin significa 1,1,1-triacetoxi-1,1-dihidro-1,2-
benziodoxol-3(1H)-ona;

TBDMS-CI significa terc-butildimetilclorosilano;

TMS-CI significa clorotrimetilsilano;

BOC significa ferc-butoxicarbonilo;

CBz significa benciloxicarbonilo;

MeOH significa metanol, ETOH significa etanol, y EtOAc significa
acetato de etilo;

THF significa tetrahidrofurano, DMSO significa dimetilsulfoxido, y DCM
significa diclorometano; DMF significa N,N-dimetilformamida;

AcOH significa acido acético, TFA significa &cido trifluoroacético.

Los siguientes ejemplos ilustran la preparacién de los compuestos de la
formula (1):
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Ejemplos 1 - 28
o AP
HNRR¢ F!N N
— , N
N \ | 3
N/ R
R* Bt

Una solucién del monocloruro requerido (véase las preparaciones 68, 70
— 72, 85, 86 y 90) (1 eq), la amina NHRR* requerida (5 eq) y N-
etildiisopropilamina (5 eq) en dimetilsulféxido (3 — 4 mL.mmol™) se calent6 en
un recipiente cerrado herméticamente a 120°C durante 18 horas. La mezcla de
reaccion se diluyd con agua y el producto se extrajo con acetato de etilo (x 3).
Los compuestos organicos se combinaron, se lavaron con agua se secaron
sobre sulfato de magnesio y se concentraron a vaclo. El producto bruto se
purificé usando cromatografla en columna sobre gel de sllice eluyendo con
diclorometano:acetato de etilo,diclorometano:metanol o pentano:acetato de
etilo como disolventes.

Los compuestos siguientes se fabricaron mediante el procedimiento

descrito anteriormente:
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im

N
R'= ﬂ : -NR*R* = -NHCHs; R? = -(CH)20CHs
Z cH
3

'H RMN (CD,0D, 400 MHz) 3: 1,33 (t, 3H), 2,40 (s, 3H), 2,85 (m, 2H), 2,99
(s, 3H), 3,44 (s, 3H), 3,84 (t, 2H), 4,65 (s a, 2H), 6,92 (s, 1H), 8,14 (d, 1H),
8,39 (s, 1H). EMBR: m/z IQPA+ 342, [MH]"

s
XN
R'= j\% s -NR?R* = ‘R = -{CH2)2OCH.CH,
N
CH,

'H RMN (CDCls, 400 MHz) 5: 1,25 (t, 3H), 1,40 (t, 3H), 1,78 (m, 2H), 2,02
(m, 2H), 2,22 (m, 2H), 2,40 (s, 3H), 2,82 (c, 2H), 3,07 (m, 2H), 3,11 (s, 3H),
3,66 (c, 2H), 3,90 (m, 2H), 4,62 (m, 2H), 4,65 (m, 1H), 8,28 (dd, 1H), 8,55
(d, 1H), 8,66 (s, 1H), 10,08 (s, 1H). EMBR: m/z ES+ 440, [MH]"




?
/

-

|

NN
R'= || NRR'= L + R® = -(CH,);OCH-CH
Z \

NH,

'H RMN (CDCls, 400 MH2) &: 1,22 (t, 3H), 1,38 (t, 3H), 2,82 (c, 2H), 3,65
(m, 2H), 3,81 (m, 2H), 3.92 (m, 3H), 4,42 (m, 2H), 4,63 (t, 2H), 8,43 (m,
1H), 8,53 (m, 1H), 8,85 (s, 1H)

EMBR IQPA m/z 384, [MH]'

TA

N7 I R
8 N
R\ HN R™
N
’ N
N\ | N

NAN CH,
R (:{:

R? = -CH3; R® = {(CH3)20(CH3) 2.CH3; R™ = H; R™® = -CHj

'H RMN (CDCl3, 400 MHz) &: 0,75 {t, 3H), 1,49 (d, 3H), 1,61 (m, 2H), 2,37
(s. 3H), 2,47 (s, 3H), 3,07 — 3,41 (m, 5H), 3,52 (t, 2H), 3,80 (t, 2H), 4,64 (t,
2H), 4,74 (d, 2H), 8,81 (d, 1H), 8,10 (s, 1H), 8,20 (d, 1H), 9,68 (s, 1H).
EMBR: m/z IQPA+ 425, [MH]"

.23?
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'H RMN (DMSO-ds, 400 MH2) 5: 1,02 (d, 3H), 1,33 (d, 6H), 2,32 (s, 3H),
2.43 (m, 1H), 2,67 (m, 2H), 2,76 (m, 1H), 2,91 (m, 1H), 3,19 (m, 1H), 3,35
(s, 3H), 3,74 (t, 2H), 4,35 (m, 2H), 4,57 (s a, 2H), 6,91 (d, 1H), 8,03 (s a,
1H), 8,17 (d, 1H), 9,78 (a 1H). EMBR: m/z IQPA+ 425, [MH]*

= ICH;

'H RMN (DMSO-ds, 400 MH2) : 1,05 (d, 3H), 2,34 (d, 6H), 2,56 (m, 1H),
2,70 (m, 2H), 2,78 — 2,85 (m, 2H), 4,45 (d, 2H), 6,93 (d, 1H), 8,22 (d, 1H),
8,27 (s, 1H), 9,94 (s a, 1H), 12,23 (s a, 1H). EMBR: m/z IQPA+ 339, [MH]"

'H RMN (CDCly, 400 MHz) &: 0,75 (t, 3H), 1,21 (d, 3H), 1,62 (m, 2H), 2,30
(8, 3H), 2,47 (s, 3H), 2,85 (m 1H), 2,97 (m, 3H), 3,15 (m, 1H), 3,51 (t, 2H),
3,88 (t, 2H), 4,63 (m, 4H), 7,50 (d, 1H), 8,14 (s, 1H), 8,18 (d, 1H), 9,57 (s,
1H). EMBR: m/z IQPA+ 425, [MH]'

'H RMN (DMSO-ds, 400 MHz2) &: 1,00 (d, 3H), 1,32 (d, BH), 2,25 (s, 3H),
2,40 (m, 1H), 2,65 (m, 2H), 2,76 (m, 1H), 2,89 (m, 1H), 3,19 (m, 1H), 3,35
(s, 3H), 3,75 (t, 2H), 4,33 (d a, 2H), 4,57 (s a, 2H), 7,62 (d, 1H), 8,00 (d a,
1H), 8,15 (s, 1H), 9,67 (s a, 1H). EMBR: m/z IQPA+ 425, [MH]"

H RMN (CDsOD, 400 MHz) : 1,25 (d, 3H), 1,52 (d, 6H), 2,34 (s, 3H), 2,42
(s, 3H), 2,73 (m, 1H), 2,95 (m, 1H), 3,04 (m, 2H), 3,20 (m, 1H), 4,59 (s a,
2H), 5,03 (s a, 1H), 7.69 (d, 1H), 7.85 (s a, 1H), 8,16 (s, 1H). EMBR: m/z
IQPA + 381, [MH]*
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NAP

n‘{ HNJ\/’
Ny

NH
R'*®

R® = -CHs; R® = -(CH2)sOCHg; R'™ = -CH,; R"™® =H

'H RMN (DMSO-dg, 400 MHz2) 5: 1,01 (d, 3H), 1,94 (t, 2H), 2,33 (s, 3H),
2,46 (d @, 1H), 2,66 (m a, 2H), 2,80 (m a, 1H), 2,92 (d a, 1H), 3,17 (m, 5H),
4,37 (d a, 2H), 4,43 (t, 2H), 7,85 (d a, 1H), 8,59 (d, 1H), 8,81 (s, 1H).
EMBR: m/z IQPA + 398, [MH]*

'H RMN (CDCls, 400 MHz) &: 1,25 (t, 3H), 1,34 (d, 3H), 2,48 (s, 3H), 2,87
(m, 1H), 3,01 (m, 2H), 3,26 (m, 2H), 3,66 (c, 2H), 3,81 (t, 2H), 4,63 (m, 4H),
8,13 (d, 1H), 8,56 (d, 1H), 8,87 (s, 1H), 10,13 (s a, 1H). EMBR: m/z ES+
398, [MH]'

H RMN (CDCl,, 400 MHz2) 5: 1,25 (t, 3H), 1,40 (d, 3H), 2,48 (s, 3H), 3,01
(m, 2H), 3,17 (m, 1H), 3,26 (m, 2H), 3,66 (c, 2H), 3,91 (t, 2H), 4,63 (m, 4H),
8,13 (d, 1H), 8,56 (d, 1H), 8,87 (s, 1H), 10,15 (s a, 1H). EMBR: m/z ES+
398, [MH]"




'H RMN (CDCl,, 400 MHz) 5: 1,12 (m, 1H), 1,18 (m, 6H), 1,26 (t, 3H), 2,10
(m a, 1H), 2,47 (s, 3H), 3,04 (m, 2H), 3,44 (m, 2H), 3,87 (m, 2H), 3,91 (3,
2H), 4,64 (t, 2H), 4,70 — 4,88 (m a, 2H), 8,14 (d, 1H), 8,54 (d, 1H), 8,88 (s,
1H), 10,17 (s a, 1H). EMBR: m/z ES+ 428, [MH]"

14

=-CH,, R"=-{CH; 2CHs; =H; = -CH(CHa)2
'H RMN (CDCls, 400 MHz) 5: 1,08 (m, 1H), 1,18 (m, 6H), 1.26 (t, 3H), 2,30
{m, 1H), 2,47 (s, 3H), 3,10 (m, 2H), 3,25 (m, 2H), 3,67 (m, 2H), 3,91 (t, 2H),
4,64 (t, 2H), 4,76 (m, 1H), 4,92 (m, 1H), 8,14 (d, 1H), 8,54 (d, 1H), 8,88 (s.
1H), 10,20 (s a, 1H). EMBR: m/z ES+ 426, [MH]*

'H RMN (CDCls, 400 MHz) &: 1,26 (t, 3H), 1,30 (d, 3H), 1,39 (t, 3H), 2,78 -
3,02 (m &, 7H), 3,66 (c, 2H), 3,91 (t, 2H), 4,62 (m, 4H), 8,15 (d, 1H), 8,55
(d, 1H), 8,86 (s, 1H), 10,13 (s a, 1H). EMBR: m/z ES+ 412, [MH]*

'H RMN (CDCls, 400 MHz) &: 1,26 (t, 3H), 1,30 (d, 3H), 1,39 (t, 3H), 2,78 —
3,02 (m a, TH), 3,66 (c, 2H), 3,91 (t, 2H), 4,62 (m, 4H), 8,15 (d, 1H), 8,55
(d, 1H), 8,86 (s, 1H), 10,13 (s a, 1H). EMBR: m/z ES+ 412, [MH]"

TH RMN (CDCly, 400 MHz) 5: 1,21 (d, 8H), 1,27 (&, 3H), 1,38 (t, 3H), 2,30
(m, 1H), 2,80 (m, 2H), 3,00 (m, 1H), 3,10 (m, 1H), 3,33 (m, 1H), 3,69 (m,
4H), 3,93 (t, 2H), 4,86 (t, 2H), 4,84 (m, 2H), 8,14 (d, 1H), 8,62 (d, 1H), 8,91
(s, 1H), 10,46 (s a, 1H). EMBR: m/z ES+ 440, [MH]'




L35

=-CH{CH:)
'H RMN (CDCls, 400 MHz) &: 1,08 (d, 6H), 1,21 (t. 3H), 1,39 (t, 3H), 2,90

(m, 4H), 3,11 (m, 2H), 3,21 (m, 2H), 3,63 (m, 2H), 3,90 {t, 2H), 4,61 (m,
3H), 4,78 (d a, 1H), 8,18 (d, 1H), 8,51 (d, 1H), 8,83 (s, 1H), 10,12 (s a, 1H).
EMBR: m/z ES+ 440, [MH]'

'H RMN (CDCls, 400 MHz) &: 1,16 (t, 3H), 1,25 (m, 5H), 1,39 (t, 3H), 2,91
(¢, 2H), 3,10 (m, 2H), 3,30 (m, 1H), 3,50 (m, 2H), 3,88 (m, 2H), 3.82 (m,
2H), 4,65 (t, 2H), 4,77 (m, 2H), 8,08 (d, 1H), 8,55 (d, 1H), 8,88 (s, 1H),
10,23 (s a, 1H). EMBR: m/z ES+ 426, [MH]*

'H RMN (DMSO-ds, 400 MHz) &: 1,04 (d, 6H), 1,33 (d, 3H), 2,38 (s, 3H),
3,08 — 3,11 (m, 2H), 3,30 — 3,40 (m, 3H), 3,59 (m, 1H), 3,75 (t, 2H), 4,55
(d, 2H), 4,81 (m, 2H), 8,08 (d, 1H), 8,70 (d, 1H), 9,01 (s, 1H), 8,30 (a 1H),
9,54 (a, 1H). EMBR: m/z IQPA+ 412, [MH]*

'H RMN (DMSO-ds, 400 MHz2) 5: 1,05 (t, 3H), 1,32 (d, 3H), 3,03 (m, 1H),
3,14 (m, 1H), 3,35 (m, 3H), 3,47 (c, 2H), 3,79 (t, 2H), 4,50 (m, 2H), 4,73 (t.
2H), 7,98 (s, 1H), 8,05 (d, 1H), 8,72 (d 1H), 9,01 (s, 1H), 9,40 (s a, 1H),
9,52 (8 a, 1H). EMBR: m/z |QPA+ 384, [MH]*

= -CHa

'H RMN (CD5OD, 400 MHz) 5: 1,18 (d, 6H), 1,22 (t, 3H), 1,36 (t. 3H), 2,53
(t, 2H), 2,89 (m, 4H), 3,85 (c, 2H), 3,88 (m, 2H), 4,63 (m, 4H), 8,20 (d, 1H),
8,57 (d, 1H), 8,79 (s, 1H). EMBR: m/z ES+ 426, [MH]*




'H RMN (CD;0D, 400 MHz) 8: 0,76 (t, 3H), 1,19 (d, 3H), 1,63 (m, 2H), 2,43
(s, 3H), 2,68 (m, 1H), 2,89 (m, 2H), 3,08 (m, 2H), 3,54 (t, 2H), 3,87 (t, 2H),
4,59 (m, 2H), 4,65 (t, 2H), 8,20 (d, 1H), 8,58 (d, 1H), 8,79 (s, 1H). EMBR:
m/z IQPA+ 412, [MHI*

'H RMN (CD5OD, 400 MHz) 5: 1,18 (d, 3H), 1,47 (dd, 6H), 2,43 (s, 3H),
2,64 (m, 1H), 2,87 (m, 2H), 3,06 (m, 2H), 4,50 (s a, 2H), 5,00 (a, 1H), 7,88
(s a, 1H), 8,53 (d, 1H), 8,79 (s, 1H). EMBR: m/z IQPA+ 368, [MH]'

'H RMN (DMSO-de, 400 MHz) 8: 0,96 (t, 3H), 1,32 (d, 3H), 1,88 (m, 2H),
2,41 (s, 3H), 2,94 - 3,20 (m a, 3H), 3,23 - 3,42 (m a, BH), 4,44 - 4,59 (m a,
4H), 7,81 (d, 1H), 8,62 (d, 1H), 8,95 (s, 1H). EMBR IQPA m/z 412, [MH]"
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22

'H RMN (CD;0OD, 400 MHz) 5: 1,20 (m, 6H), 2,42 (s, 3H), 2,50 (s, 3H),
2,68 (m, 1H), 2,88 (m, 2H), 3,00 {m, 1H), 3,10 (m, 1H), 3,84 (c, 2H), 3,87 (i,
2H), 4,58 (d, 2H), 4,64 (t, 2H), 8,18 (s, 1H), 8,67 (s. 1H). EMBR: m/z
IQPA+ 412, [MH]"

NR'R'= "\  ;R®=-(CHg):CHy; R®=-CH,

l

'H RMN (DMSO-ds, 400 MHz) 8: 0,982 (t, 3H), 0,89 (d. 3H), 1,72 (c, 2H).
2,38 (t a, 1H), 2,63 (d a, 2H), 2,71 (t, 2H), 2,88 (d a, 2H), 4,13 (s, 3H), 4,24
(d a, 2H), 7,66 (m, 1H), 8,01 (d a, 1H), 8,82 (s a, 1H). EMBR: m/z IQPA+
368, [MH]"
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<4/

/\\\\N

-NR'R? = Hac,,N,l\) ; R® = -CH.CHs; R® = -(CH,)20CH:CHs
"H RMN (CDCls, 400 MHz) 8: 0,97 (t, 3H), 1,15 (d, 3H), 1,41 (t, 3H), 2,56
(m, 1H), 2,01 (m, 4H), 3,10 (m, 1H), 3,22 (m, 2H), 3,48 (m, 3H), 3,61 (s,

3H), 3,97 (t. 2H), 4,59 (t, 2H), 6,39 (d, 1H), 8,24 (d, 1H), 8,77 (s, 1H).
EMBR: m/z IQPA+ 428, [MH]"

A = los productos se disolvieron en diclorometano, y se trataron con HCI
étereo, después se evaporaron a vacio para proporcionar las sales de HCI.

Notas para los ejemplos 1 — 28

Ejemplo 3: acetidin-3-ilcarbamato de tferc-butilo usado como amina
NHRRY. El producto se tratd con 9 eq de Acido trifiucroacético en
diclorometano suficiente para lograr la solucién, y se agité durante 18 horas. La
mezcla de reaccidn se concentrd a vaclo para producir la sal trifluoroacetato del
compuesto mostrado.

Ejemplos 13 y 17: (2R)-2-isopropilpiperazina (documento WO 01/32646,
pg. 19, descripcion 54) usada como amina NHRR*.

Ejemplos 14 y 18: (25)-2-isopropilpiperazina (documento US 6432957,
pg. 29, descripcion 65) usada como amina NHR®R*.

Ejemplos 19: (2R)-2-etilpiperazina (preparacion 124) usada como amina
NHR'R®.

Eijemplos 28 — 90
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2 1 2 1
\ Qe A
N | N HNRR N N | N
N
) N/*CI ) N> A
R® R® R*

Una solucién del monocloruro requerido (véanse las preparaciones 60,
66, 67, 69, 83, 84, 86 — 89) (1 eq.), y N-etildiisopropilamina (5 eq) en
dimetilsulféxido (3,5 ~ 4 mL.mmol™) se afiadi6 a la solucién de la amina
apropiada (NHR®R*) o amina protegida con BOC (2 — 4 eq), lavando con
dimetilsulféxido segin se requiera. El! reciplente de reaccién se cem®
herméticamente y se calentd hasta 120°C durante 18 horas y la mezcla
enfriada se concentr6 a vaclo. El producto bruto se purificé mediante
cromatografia en columna sobre gel de silice usando un gradiente de elucién
de diclorometano:acetonitrilo:metanol, o mediante HPLC usando una columna
de Develosil Combi-RP Cs, y metanol:agua:dietilamina como eluyents, para
producir el compuesto del titulo.

Cuando se requirié la desproteccion de la amina los productos brutos se
trataron bien con una solucién de Acido trifluoroacético:diclorometano (20:80 a
50:50 por volumen) y la reaccién se agité durante 6 horas o se disolvieron en
diclorometano y s e trataron con una solucién de HCI en éter, a temperatura
ambiente durante 18 horas. Después las soluciones se evaporaron a vaclo y
se purificaron cada una mediante cromatografia en columna sobre del de silice

usando diclorometano:metanol: amoniaco 0,88 como eluyente, o mediante
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HPLC usando una columna Phenomenex Luna C18 2 x 15 cm 5 pm usando un
gradiente de elucibn de 0,1% de éacido trifluoroacético:acetonitriio para
proporcionar la sal trifluoroacetato del compuesto del titulo (B).

Ei A
¥/
N7 | R
N ™
Hac‘ HN R
N
\ 3
A
H‘
H,C
-~ CH,
N/\r
-NR®R* = : R’ = -CHy; R™® = H
H,C/l\/NH
20°
H RMN (D20, 400 MH2) &: 0,77 (¢, 3H), 1,21 (d, 8H), 1,57 (m, 2H), 2,25 (s,
3H), 2,70 (t, 2H), 3,06 (m, 1H), 3,40 (m, 1H), 3,56 (m, 1H), 3,72 (m, 1H),
4,05 (m, 2H), 4,10 (s, 3H), 7,59 (d, 1H), 7,87 (d, 1H), 8,09 (s, 1H). EMBR:
m/z ES+ 385, [MH]"
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-NR®R* = \N -R™ =-CHs: R’™®=H

NH

H RMN (D0, 400 MHz) 5: 0,77 (t, 3H), 1,21 (d, 3H), 1,57 (c, 2H), 2,24 (s,
3H), 2,68 (t, 2H), 3,11 (m, 2H), 3,35 (m, 3H), 4,08 (s, 3H), 4,29 (m, 2H),
7,55 (d, 1H), 7,83 (d, 1H), 8,08 (s, 1H). EMBR: m/z ES+ 381, [MH]*

N
-NR°R* = Cll; :R™=CHy;R®=H

H RMN (D20, 400 MHz) 5: 0,77 (&, 3H), 1,21 (d, 3H), 1,58 (c, 2H), 2,25 (s,
3H), 2,68 (t, 2H), 3,11 (m, 2H), 3,35 (m, 3H), 4,08 (s, 3H), 4,29 (m, 2H),
7.60 (d, 1H), 7.90 (d, 1H), 8,05 (s, 1H). EMBR: m/z ES+ 381, [MH]"

-NR?R® = NH *R™ =-CHy: R™® = H

CH,

\N/\|/CH3
X

H RMN (D0, 400 MHz) 5: 0,78 (t, 3H), 1,21 (d, 6H), 1,56 (c, 2H), 2,27 (s,
3H), 2,68 (t, 2H), 2,94 (t, 2H), 3,28 (m, 2H), 4,08 (s, 3H), 4,39 (m, 2H), 7,60
(m, 1H), 7,92 (m, 1H), 8,05 (m, 1H). EMBR: IQPA+ m/z 385 [MH]"
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H RMN (DMSO-ds, 400 MHz) 5: 0,89 (t, 3H), 1,28 (d, 6H), 1,71 (c, 2H),
2,27 (s, 3H), 2,76 (t, 2H), 2,80 (m, 2H), 3,33 (m, 2H), 4,14 (m, 3H), 4,60
(m, 2H), 8,08 (m, 1H). EM ES+ m/z 385 [MH]*

-NR°R* = \OH :R™=-CHs;; R®=H

'H RMN (DMSO-ds, 400 MHz2) 5: 1,94 (t, 3H), 1,72 (m, 2H), 2,25 (s, 3H),
2,80 (m, 2H), 3,20 (m, 4H), 3,95 (m, 4H), 4,25 (s, 3H), 7,95 (m, 2H), 8,21
(s, 1H). EM ES+ m/z 367 [MH]*

Iy \N TA 7B
-NR'R" = tR"=-CHs; R =H
OH

'H RMN (CD3OD, 400 MHz) : 0,97 (t, 3H), 1,52 (m, 2H), 1,77 (c, 2H), 1,89
(m, 2H), 2,32 (s, 3H), 2,81 (m, 2H), 3,21 (m, 2H), 3,82 (m, 1H), 4,18 (s,
3H), 4,42 (m, 2H), 7,66 (m, 1H), 8,16 (m, 2H). EM ES+ m/z 382 [MH]*




-102-

\N
-NRR* = O ‘R =-CH;: R®=H

H RMN (CDsOD, 400 MHz) &: 0,96 (t, 3H), 1.64 (m, 6H), 1,78 (m, 2H),
2,31 (s, 3H), 2,81 (m, 2H), 3,75 (m, 4H), 4,19 (8, 3H), 7,63 (m, 1H), 8,15
(m, 2H). EM ES+ m/z 366 [MH]*

NH
NR°R*= \'?'/Cl ‘R™=-CH;; R"®=H
H

H RMN (D0, 400 MHz) 5: 0,85 (t, 3H), 1,61 (c, 2H), 2,26 (s, 3H), 2,57 (m,
1H), 2,69 (t, 2H), 3,08 (m, 2H), 4,12 (s, 3H), 4,40 (m, 1H), 4,58 (m, 1H),
7.39 (d, 1H), 7,81 (d, 1H), 7.99 (s, 1H). EM ES+ m/z 353 [MH]*

™
NRPR* = \nla :A™=-CHa: R®=H
CH

'H RMN (DMSO-ds, 400 MHz) 5: 0,93 (t, 3H), 1,66 (c, 2H), 2,32 (s, 3H).
2,70 (m, 2H), 3,01 (s, 3H), 3,29 (m, 2H), 4,24 (s, 3H), 4,38 (M, 2H), 4,56
(m, 1H), 7.56 (m, 2H), 8,20 (m, 2H), 8,80 (m, 1H). EM ES+ m/z 367 [MH]"

2%
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NH

\ b CHa
-NR°R* = O : A" = H; R™® = -CH,

H RMN (CDCls, 400 MHz) 5: 1,00 (t, 3H), 1,34 (d, 3H), 1,83 (c, 2H), 2,40
(s, 3H), 2,84 (m, 3H), 3,01 (m, 2H), 3,25 (m, 2H), 4,27 (s, 3H), 4,67 (m,
2H), 8,87 (d, 1H), 7,50 (s, 1H), 8,16 (d, 1H), 8,24 (s, 1H). EMBR: m/z ES+
381, [MH]*

CH

-NRR* = \h(/Y i s R™ = H; R™ = -CH,
NH

'H RMN (CDCl,, 400 MHz) 5: 1,00 (t, 3H), 1,34 (d, 3H), 1,83 (c, 2H), 2,40

(s, 3H), 2,84 (m, 3H), 3,01 (m, 2H), 3,25 (m, 2H), 4,27 (s, 3H), 4,67 (m,

2H), 8,87 (d, 1H), 7,50 (s, 1H), 8,16 (d, 1H), 8,24 (s a, 1H). EMBR: m/z

ES+ 381, [MH]*

41

“
N
NR°R* = Q : R™ = H; R™ = -CH,
“CH,

'H RMN (CDCl5, 400 MHz) &: 1,00 (t, 3H), 1,82 (¢, 2H), 2,38 (s, 3H), 2,42
(s, 3H), 2,62 (m, 4H), 2,83 (t, 2H), 3,85 (m a, 4H), 4,27 (s a, 3H), 6,85 (s a,
1H), 7,50 (s a, 1H), 8,15 (s a, 1H), 8,24 (s a, 1H). EMBR: m/z ES+ 381,
[MH]*
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N,CH,

-NR3R* = \N :R™ = H; R™ =-CHs
l
H

H RMN (DMSO-dg, 400 MHz) 5: 0,91 (t, 3H), 1,84 (m, 4H), 2,00 — 2,20 (m,
2H), 2,45 (s, 3H), 2,69 (t, 2H), 2,78 (s, 3H), 3,00 (m, 2H), 3,20 — 3,60 (m,
2H), 3,96 (m, 1H), 4,21 (s, 3H), 7,10 (d, 1H), 7,80 (s, 1H), 8,18 (d, 1H).
EMBR: m/z ES+ 385, [MH]"

)
-NR°R* = N ‘R™=H;R™®=-CH;
[
CH,

'H RMN (DMSO-ds, 400 MHz) &: 0,93 (t, 3H), 1,51 (m, 1H), 1,71 (c, 2H),
1,82 (m, 3H), 2,39 (s, 3H), 2,76 (m, 2H), 2,80 (m, 2H), 3,00 (s, 3H), 3.45
(m, 5H), 4,19 (s, 3H), 4,60 (m, 1H), 7,02 (m, 1H), 7,83 (s, 1H), 8,18 (d, 1H).
EMBR: m/z ES+ 409, [MH]"
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N_CH3 R RTA =H HTB = ‘CHa

NRR'= Ny
CH,
"H RMN (DMSO-dg, 400 MHz) 5: 0,94 (t, 3H), 1.72 (c, 2H), 2,20 (m, 2H),
2,40 (s, 3H), 2,75 (t, 2H), 2,90 (m, 2H), 3,10 (s, 3H), 3,20 — 3,95 (complejo,
5H), 4,15 (s, 3H), 5,33 (t, 1H), 6,98 (d, 1H), 7,84 (s, 1H), 8,19 (d, 1 H).
EMBR: m/z ES+ 395, [MH]*

N
-NRR* = O\ :R™=H; R™® =-CH,
NH,

H RMN (CDCly, 400 MHz2) 5: 0,92 (¢, 3H), 1,65 (m, 2H), 1,98 (m, 2H), 2,23
(m, 2H), 2,52 (s, 3H), 2,81 (m, 2H), 3,23 (m, 3H), 3,50 (m, 2H), 4,31 (s.
3H), 4,55 (m, 1H), 7,16 (s a, 1H), 7,69 (s a, 1H), 8,13 (s a, 1H). EMBR: m/z
ES+ 381, [MH]*

Y

-NR°R* = KJNH : R™ = H; R™ = -CHs

'H RMN (CDCls, 400 MHz) &: 0,85 (t, 3H), 1,72 (c, 2H), 2,06 (m a, 2H),
2,51 (s, 3H), 2,82 (t, 2H), 3,31 (m a, 2H), 3,48 (m a, 2H), 3,92 (m a, 2H),
4,15 (ma, 2H), 4,27 (s, 3H), 7.07 (s a, 1H), 7.76 (s, 1H), 8,04 (s, 1H).
EMBR: m/z ES+ 381, [MH]"
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“NT M\
-NR*R* = NKJN—CH,, ; R™ =H; R™® = -CH,

H RMN (DMSO-dg, 400 MHz) &: 0,92 (t, 3H), 1,70 (c, 2H), 2,17 (t, 2H),
2,39 (s, 3H), 2,75 (t, 2H), 2,82 (s, 3H), 3,24 — 3,75 (complejo, 8H), 4,17 (8,
3H), 7,01 (s a, 1H), 7.86 (s, 1H), 8,18 (d, 1H). EMBR: m/z ES+ 395, [MH]*

NH
-NRR* = \N :R™=H; R™® =-CHy

I
H

'H RMN (CDCLs, 400 MHz) &: 0,95 (t. 3H), 1.85 (m, 2H), 2,05 (m, 2H),
2,30 (m, 2H), 2,45 — 2,5 (s, 3H), 2,65 (t, 2H), 2,80 (t, 2H), 3,25 (m, 2H),
3,50 (m, 2H), 4,20 (s, 3H), 4,30 (m, 1H), 7,05 (m, 1H), 7,15 (s, 1H), 8,20
(m, 1H). EMAR: 381, [MH]'

\
N
-NR*R* = O/\ NH, R =H; R™® =-CH,

H RMN (DMSO-ds, 400 MHzZ) 5: 0,83 (t, 3H), 1,30 — 1,95 (m, 7H), 2,40 (s,
3H), 2,74 (t, 2H), 2,97 (t, 2H), 3,14 (t, 2H), 4,17 (s, 3H), 4,25 (m, 2H), 7,04
(d, 1H), 7,83 (s a, 1H), 8,19 (d, 1H). EMAR: m/z ES+ 395, [MH]"

'H RMN (DMSO-ds, 400 MHz) 5: 0,82 (t, 3H), 1,85 (c, 2H), 2,44 (s, 3H), |-

2,57 (s, 3H), 2,70 (t, 2H), 3,15 (m, 2H), 3,60 (m, 2H) 4,21 (s, 3H), 7,10 (d,
1H), 7,84 (s, 1H), 8,19 (d, 1H). EMAR: 355, [MH]"
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'H RMN (DMSO-de, 400 MHz) &; 0,91 (t, 3H), 1,64 (c. 2H), 1,86 (t, 2H),
2,43 (s, 3H), 2,69 (t, 2H), 2.85 (m a, 2H), 3.43 (m a, 2H) 4,21 (s, 3H), 7,09
(d, 1H), 7,74 (s, 1H), 8,18 (d, 1H). EMAR: 355, [MH]"

L
-NR°R* = NICH.». :R™ = H: R"® =-CHy

CH,
'H RMN (DMSO-dg, 400 MHz) &: 0,93 (t, 3H), 1,59 (c, 2H), 1,72 (c, 2H),
2,05 (m, 2H), 2,36 (s, 3H), 2,75 (m, 8H), 2,92 (m, 2H) 3,42 (m, 2H), 4,14
(s, 3H), 4,68 (s, 1H), 6,96 (d, 1H), 7,83 (s, 1H), 8,18 (d, 1H). EMAR: 409,
MH]"

“ N N,CH,
-NR°R*= |!| : R’ = H: R™ = -CHj

H RMN (DMSO-ds, 400 MHz) 5: 0,92 (t, 3H), 1,09 (m, 1H), 1,55 - 1,90 (m,
5H), 2,10 (m, 1H), 2,45 (s, 3H), 2,80 (s, 3H), 3,20 ~ 3,60 (complejo, 4H),
4,22 (s, 3H), 7,12 (d, 1H), 7.88 (s a, 1H), 8,18 (d, 1H). EMBR ES+ m/z
409, [MH]*
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SN N~
-NRR* = | /\O : R™ = H; R™ = -CH;
CH,

'H RMN (DMSO-ds, 400 MHz) 3: 0,93 (t, 3H), 1,10 (m, 1H), 1,60 — 1,80 (m,
4H), 2,20 (m, 1H), 2.41 (s, 3H), 2,60 (m, 1H), 2,72 (s, 3H), 2.76 (M, 2H),
3,17 (s, 3H), 3,26 — 3,77 (m, 6H), 4,19 (s, 3H), 7.04 (m, 1H), 7.85 (s, 1H),
8,21 (d, 1H). EMBR ES+ m/z 423 [MH]'

THs
N
“CH,
-NR°R* = ‘R =H;R™® =-CH,

'H RMN (DMSO-ds, 400 MHz) 3: 0,90 (t, 3H), 1,57 — 1,78 (m, 8H), 2,34 (s,
3H), 2,72 (t, 2H), 2,78 (s, 6H), 3,06 — 3,22 (m, 2H), 3,80 (m, 2H), 4,12 (s,
3H), 4,46 (s a, 1H), 5,19 (s a, 1H), 6,99 (m, 1H), 7.72 (m, 1H), 8,18 (m,
1H). EMBR ES+ m/z 423 [MH]"

o,

NR°R* = \T/IN) R™=H; R™: -CH,
H

'H RMN (DMSO-ds, 400 MHz) 5: 0,93 (t, 3H), 1,86 (c, 2H), 1,74 — 2,40 (m,
4H), 2,42 (s, 3H), 2,71 (t, 2H), 2,83 (s, 3H), 3,10 — 3,80 (m, 4H), 4,20 (s,
3H), 7,07 (m, 1H), 7,78 (s a, 1H), 8,18 (d, 1H). EMBR ES+ m/z 395 [MH]*
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34 \N 7A 78
-NR'R" = k/” R =H; R =-CHs

H RMN (DMSO-ds, 400 MHz2) &: 0,93 (t, 3H), 1,74 (c, 2H), 1,82 — 2,25 (m
a, 4H), 2,36 (s, 3H), 2,74 (t, 2H), 2.97 - 3,91 (complejo, 9H), 4,15 (s, 3H),
6,97 (d, 1H), 7,81 (s, 1H), 8,18 (d, 1H). EMBR ES+ m/z 407 [MH]'

H RMN (DMSO-de, 400 MHz2) &: 0,91 (t, 3H), 1,65 (c, 2H), 2.40 (s, 3H),
2,67 (t, 2H), 2,80 (s, 6H), 3,28 (m, 2H), 3,72 (t, 2H), 4,19 (s, 3H), 7,09 (m,
1H), 7,77 (m, 1H), 8,18 (d, 1H). EMBR ES+ m/z 369 [MH]"

'H RMN (DMSO-ds, 400 MHz) &: 0,83 (t, 3H), 1,72 (c. 2H), 2,36 (s, 3H),
2,74 (t, 2H), 2,82 (s, 6H), 3,14 (s, 3H), 3,33 (m, 2H), 3.91 (t, 2H), 4,14 (s,
3H), 6,96 (d, 1H), 7.80 (s, 1H), 8,18 (d, 1H). EMBR ES+ m/z 383 [MH['

'H RMN (DMSO-ds, 400 MHz) &: 0,83 (t, 3H), 1,64 (m, 2H), 1,94 (m, 2H),
2,48 (s, 3H), 2,71 (m, 2H), 2,76 (s, 6H), 3,08 (m, 2H), 3,43 (m, 2H), 4,21 (s,
3H), 7,09 (d, 1H), 7.88 (s, 1H), 8,17 (d. 1H). EMBR ES+ m/z 383 [MH]'

'H RMN (DMSO-dg, 400 MHzZ) 5: 0,92 (t, 3H), 1,64 (m, 2H), 1,95 (m, 2H),
2,40 (s, 3H), 2,73 (8, 6H), 2,75 (m, 2H), 3,00 (m, 2H), 3,14 (s, 3H), 3,65 (m,
2H), 4,18 (m, 3H), 7,02 (m, 1H), 7,90 (m, 1H), 8,18 (d, 1H). EMBR ES+
m/z 397 [MHJ*
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25‘7

'H RMN (CDCla, 400 MHz) &: 0,97 {t, 3H), 1,72 (c, 2H), 2,53 (s, 3H), 2,76
(t. 3H), 2,90 (t, 2H), 3,29 (s, 3H), 3,35 (m, 2H), 4,28 (t, 2H), 4,31 (s, 3H),
7.04 (d, 1H), 7,54 (s, 1H), 8,02 (d, 1H). EMBR ES+ m/z 369, [MH]"

NH

-~ CH,
-NH&R‘ - NL\r ; H7A = H.' Rm = 'CHS

H RMN (CDCls, 400 MHz) 5: 0,92 (t, 3H), 1,43 (m, 3H), 1,77 (m, 2H), 2,58
(m, 3H), 2,85 (t, 2H), 3,18 — 3,75 (m, 5H), 4,30 (s, 3H), 4,58 (m, 2H), 7,18
(m, 1H), 7,79 (m, 1H), 8,18 (m, 1H). EMBR IQPA m/z 381 [MH]"

R

-NRR* = \NL) ; R = H; R™ = -CH,

l
H

H RMN (CDCly, 400 MHz) &: 0,97 (t, 3H), 1,08 (m, 1H), 1,73 (m, 2H), 1,85
(m, 1H), 2,27 (m, 1H), 2,53 (s, 3H), 2,80 (t, 2H), 2,85 (m, 1H), 3,37 — 3,88
(complejo 3H), 4,38 (s, 3H), 7,03 (m, 1H), 7,26 (s, 1H), 8.28 (s a, 1H).
EMBR IQPA m/z 367 [MH]*
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ZS s~

SN
-NR*R* = ﬁAE} :R™=H; R™ = -CH,

H
H RMN (CDCl3, 400 MHz) : 0,96 (t, 3H), 1,68 (c, 2H), 1,93 (m, 1H), 2,25
(m, 1H), 2,52 (s, 3H), 2,76 (t, 2H), 2,92 (m, 1H), 3,31 (m, 2H), 3,50 — 3,60
(m, 4H), 4,32 (s, 3H), 7,05 (s, 1H), 7,50 (s a, 1H), 8,05 (d, 1H). EMBR
IQPA m/z 381, [MH]*

N
-NR°R* = @ ‘R™=H: R® = -CHj
~CH,

'H RMN (CDCl, 400 MHz) 5: 0,88 (t, 3H), 1,78 (c, 2H), 2,18 (m, 4H), 2,52
(s, 3H), 2,85 (m, 5H), 3,78 (d, 2H), 3,99 (s, 2H), 4,29 (s, 3H), 4,56 (d, 2H),
7,07 (d, 1H), 7,93 (s, 1H), 8,05 (d, 1H). EMBR IQPA m/z 407 [MH]"

NH
-NR°R* = \N/O  R™ =H; R’® =-CH,
)
CH,

EMBR: m/z ES+ 395, [MH]"
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\N
-NR°R*= (Z\ R™=H;R™® = -CH,
NH

2
'H RMN (CDCls, 400 MHz) 5: 0,8 (t, 3H), 1,62 (c, 2H), 2,48 (s, 3H), 2,52
(m, 2H), 2,77 (t, 2H), 3,03 (m, 1H), 3,85 (d, 2H), 4,15 (d, 2H), 4,27 (s, 3H),
6,99 (d, 1H), 7,34 (d, 1H), 8,13 (d, 1H). EMBR: m/z ES+ 379, [MH]"

\N

H

"H RMN (CDCls, 400 MHz) &: 0,94 (t, 3H), 1,68 (¢, 2H), 1,89 (m, 2H), 2,28
(m, 2H), 2,50 (s, 3H), 2,68 (s, 3H), 2,85 (t, 2H), 3,15 (t, 2H), 3,26 (m, 1H),
4,27 (s, 3H), 4,68 (d, 2H), 7,02 (d, 1H), 7,57 (s, 1H), 8,11 (d, 1H). EMBR:
m/z ES+ 395, [MH]*

“~

'H RMN (CDCls, 400 MHz) &: 0,87 (t, 3H), 1,62 (c, 2H), 2,43 (m, 2H), 2,48
(s, 3H), 2,72 (t, 2H), 3,77 {m, 1H), 3,95 (m, 1H), 4,00 — 4,24 (m, 3H), 4,29
(s, 3H), 7,00 (d, 1H), 7,42 (s, 1H), 8,14 (d, 1H). EMBR IQPA m/z: 367
[MH]*




-113-

2.57

k4

4 \N TA 78
-NR’R* = I R =H; R’® =-CHs
H o,cna

H RMN (CDCls, 400 MHz) &: 1,00 (t, 3H), 1,82 (c, 2H), 2,34 (s, 3H), 2,84
(t, 2H), 3,79 (s, 3H), 4,29 (8, 3H), 4,85 (d, 2H), 6,74 (s a, 1H), 6,89 (d, 2H),
7.34 (d, 2H). EMBR: m/z ES+ 418, [MH]*

H RMN (CDCl;, 400 MHz) &: 1,00 (t, 3H), 1,81 (c, 2H), 2,41 (s, 3H), 2,80
(m, 2H), 3,41 (s, 3H), 3,66 (m, 4H), 4,29 (s, 3H), 6,82 (s, 1H), 7,60 (s a,
1H), 8,12 (s a, 1H). EMBR: m/z ES+ 3586, [MH]"

4 \N TA T8
-NR°R* = —CH, ;R™=H;R™=-CHs

'"H RMN (CDCls, 400 MHz) 5: 0,98 (m, 3H), 1,77 (m, 2H), 1,81 — 2,16 (m,
5H), 2,53 (8, 3H), 2,84 (m, 2H), 2,95 (s, 3H), 3,73 (m, 1H), 3,85 (m, 2H),
4,05 — 4,58 (m, 4H), 4,29 (s, 3H), 7,08 (m, 1H), 7.79 (s, 1H), 8,11 (m, 1H).
EMBR: m/z ES+ 421, [MH]*




238%
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-NR°R* = \'7' : R = H: R™® = -CH,
H NH ' '

'H RMN (DMSO-ds, 400 MHz) &: 0,91 (t, 3H), 1,33 (m, 2H), 1,63 (m, 2H),
1,75 — 1,87 (m, 3H), 2,44 (s, 3H), 2,69 (t, 2H), 2,81 (m, 2H), 3,25 — 3,55
(m, 4H), 4,22 (s, 3H), 7,10 (d, 1H), 8,18 (d, 1H), 8,53 (d a, 1H). EMBR: m/z
ES+ 385, [MH]*

CH,
-NRR* = \N :R™ = H: R™ =-CH,
NH
'H RMN (CDCl,, 400 MHz) &: 0,99 (t, 3H), 1,45 (m, 3H), 1,74 (m, 2H), 2,56
(s, 3H), 2,87 (t, 2H), 3,17 — 3,70 (m, 4H), 4,32 (s, 3H), 4,50 — 5,10 (m, 3H),
7.17 (m, 1H), 7,83 (s, 1H), 8,15 (s, 1H). EMBR: m/z ES+ 381, [MH]*

\N
™~
CH

EMBR: m/z ES+ 408, [MH]" 407, [MH]"

R=H;R"=H,R*=H;R"*=TH;

'H RMN (CDCl3, 400 MHz) &: 0,95 (t, 3H), 2,68 (m, 2H), 2,45 (s, 3H), 2,68
(t, 2H), 4,30 (s, 3H), 6,88 (d, 1H), 7,18 (s, 1H), 8,20 (d, 1H). EMBR: m/z
ES+ 289, [MH]'
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; =-CHa

H RMN (CDCls, 400 MHz) 5: 1,00 (t, 3H), 1,81 (c, 2H), 2,42 (s, 3H), 2,82
(m, 2H), 3,10 (s, 3H), 4.30 (s, 1H), 6.84 (s, 1H), 8,06 (s, 1H). EMBR: m/z
ES+ 312, [MH]*

R'= N¢\|N NR'R* \"/W

)\) ' B NH
'H RMN (CD;0D, 400 MHz) 5: 0,98 (t, 3H), 1,82 (m, 2H), 2,82 (t, 2H), 2,95
(t. 4H), 3,79 (m, 4H), 4,17 (s, 3H), 8,02 (s a, 1H), 8,56 (d, 1H), 8,79 (s, 1H).
EMBR: m/z (ES+) 354, [MH]*

NZ N N
R'= ‘J\) : -NR°R* = Q‘CH,

H RMN (CDsOD, 400 MHz) &: 0,97 (t, 3H), 1,78 (m, 2H), 2,38 (s, 3H), 2,62
(m, 4H), 2,80 (t, 2H), 3,80 (m, 4H), 4,15 (s, 3H), 8,01 (s a, 1H), 8,54 (d,
1H), 8,79 (s, 1H). EMBR: m/z ES+ 368, [MH]"
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81

\ ab CH
N N /\[ 3
R'= I :-NR°R*= N
. NH

'H RMN (CD;0D, 400 MHz) 5: 0,97 (t, 3H), 1,17 (d, 3H), 1,78 (m, 2H),
2,62 (m, 1H), 2,75 — 2,80 (m, 4H), 2,95 — 3,10 (m, 2H), 4,15 (s, 3H), 4,15
(m, 2H), 7,99 (s a, 1H), 8,54 (d, 1H), 8,79 (s, 1H). EMBR: m/z ES+ 368,
[MH]*

|~
NZ N

1_ - NRR* =
R = /I\)l :-NR°R \’f
C

'H RMN (CD;0D, 400 MHz2) 5: 1,00 (t, 3H), 1,80 (m, 2H), 2,10 (m, 2H),
2,25 (m, 2H), 2,85 (m, 2H), 2,90 (s, 3H), 3,21 (s. 3H), 3,55 (m, 2H), 3,65
(m, 2H), 4,20 (s, 3H), 4,85 (m a, 1H), 8,10 (s a, 1H), 8,75 (s a, 1H), 9,10 (s,
1H). EMBR: m/z ES+ 386, [MHJ*

H,

NZN “~
R'= ,J\)\O»CHa : -NR°R* = OH

'H RMN (DMSO-ds, 400 MHz2) 5: 0,91 (t, 3H), 1,73 (c, 2H), 2.71 (t. 2H),
2,75 (m, 4H), 3,59 (m, 4H), 3,89 (s, 3H), 4,08 (s, 3H), 7,30 (s, 1H), 8,50 (s,
1H). EMBR: m/z ES+ 384, [MH]"
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84

'H RMN (DMSO-ds, 400 MHz) 5: 0,91 (t, 3H), 1,72 (c. 2H), 2,70 (t, 2H),
2,81 (s, 3H). 3,91 (s, 3H), 4,09 (s, 3H), 6,70 (s a, 1H), 7,60 (s, 1H), 8,49 (s,
1H), 8,36 (s, 1H). EMBR: m/z ES+ 329, [MH]"

R'= N%P -R? = -CH,; R*=-CH
MOICHS ] - 3 - 3

'H RMN (DMSO-de, 400 MHz) &: 0,91 (t, 3H), 1,73 (c, 2H), 2.72 {t. 2H).
3,12 (s, 6H), 3,90 (s, 3H), 4,10 (s, 3H), 7,50 (s, 1H), 8,51 (s, 1H), 9,52 (s,
1H). EMBR: m/z ES+ 365, [MNa]*

H RMN (CDsOD, 400 MHz) 5: 0,98 (t, 3H), 1,81 (t, 2H), 2,80 (t, 2H), 2,01
(m, 4H), 3,73 (m, 4H), 4,21 (s, 3H), 8,23 (s, 1H), 8,37 (d, 1H), 9,36 (s a,
1H). EMBR: m/z ES- 352, [M-HJ

2{/
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“~

H RMN (CD;0D, 400 MHz) 5: 0,98 (t, 3H), 1,80 (m, 2H), 2,78 (m, 6H),
3,76 (m, 4H), 4,07 (s, 3H), 7,04 (s a, 1H), 8,57 (s a, 2H). EMBR ES+ m/z
354 [MH]*

A ~
R= U . NRPR = NN
"W NH

'H RMN (DMSO-dg, 400 MHz) 5: 0,91 (t, 3H), 1,71 (m, 2H), 2,73 (m, 2H),
2,78 (m, 4H), 3,52 (m, 4H), 4,16 (s, 3H), 7,61 (m, 1H), 8,02 (d, 1H), 8,79
(d, 1H). EMBR IQPA+ m/z 354 [MH]*

-0
N
R'= |/>-CH *R? = -CHy: R* = -CH

H RMN (DMSO-dg, 400 MHz) &: 0,82 (t, 3H), 1,78 (m, 2H), 2,18 (s, 3H),
2,81 (m, 2H), 3,21 (s, 6H), 4,16 (s, 3H). EMBR ES+ m/z 339 [MNa]'

R'= J':P? :R*=-CHs; R*=H

'H RMN (DMSO-dg, 400 MHz) &: 0,87 (t, 3H), 1,74 (m, 2H), 2,77 (m, 2H),
3,00 (s, 3H), 4,26 (s, 3H), 6,89 (s, 2H). EMBR ES+ m/z 287 [MH]'

262
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A = Los productos se disolvieron en diclorometano, se trataron con HCI etéreo,
y las soluciones se evaporaron a vacio para producir las sales clorhidrato.

B = Se aisgl6 la sal trifluoroacetato

Notas para los ejemplos 29 — 90
Ejemplo 30: el 3-metilpiperazina-1-carboxilato de terc-butilo se usé como

amina HNR®R*.

Ejemplo 33: el 3,5dimetilpiperazina-1-carboxilato de terc-butilo
(documento WO 93/01181, pag. 30, prep. 76) se usé como amina HNR*R*.

Ejemplo 34, 79, 83, 86, 87 y 88: el piperazina-1-carboxilato de ferc-butilo
se usd como amina HNR?R*.

Ejemplo 37: el 3-aminoazetidina-1-carboxilato de ferc-butilo (documento
WO 01/47801, pag. 136, prep. 78) se usd como amina HNRR*.

Ejemplo 38: el 3-(metilaminc)azetidina-1-carboxilato de terc-butilo se uséd
como amina HNR®R*, véase la preparacion 6.

Ejemplo 39: la (2S)-2-metilpiperazina se usé como amina HNRR®.

Ejemplo 45: el (piperidin-4-il)carbamato de terc-butilo se usé como amina
HNRR?.

Ejemplo 46: el [1,4]diazepano-1-carboxilato de ferc-butilo se usé como
amina HNR®R*,

Ejemplo 48: el 4-aminopiperidina-1-carboxilato de terc-butilo se usd
como amina HNRR*,

Ejemplo 49: el (piperidin-3-ilmetil)carbamato de terc-butilo se usé como
amina HNR®R*.

267
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Ejemplo 50: el N+{2-aminoetil}-N-iimetilcarbamato de ferc-butilo se uso6
como amina HNR®R*,

Ejemplo 53: la 3-(aminometil)-1-metilpiperidina (J. Am. Chem. Soc., 94
(26), 1972, 9151 — 9158) se us6 como amina HNR®R*.

Ejemplo 54: la 1-metil-3-(metilaminomaetil)piperidina se usé como amina
HNR®R*, véase la preparacién 5.

Ejemplo 62: ol N-metil-N-(2-(metilamino)etil)carbamato de terc-butilo
(documento EP 0296811 ej. 1, etapa A) se usd como amina HNR’R*.

Ejemplo 64: el (3R)-3-aminopirrolidina-1-carboxilato de terc-butilo se usé
como amina HNRR*.

Ejemplo 65: el (35)-3-(aminometil)pirrolidina-1-carboxilato de terc-butilo
se usd como amina HNR®R*.

Ejemplo 66: el 8-metil-3,8-diazabiciclo[3.2.1]octano (documento US
3951980, pag. 3, ej. 1) se usd como amina HNR*R*,

Ejemplo 67: el 4-{metilamino)piperidina-1-carboxilato de terc-butilo se
usd como amina HNR®R*.

Ejemplo 68: el (3-azabiciclo[3.1.0Jhex -6-il)carbamato de ferc-butilo (J.
Chem. Perkin 1, 2000, 1615) se us6 como amina HNR®R*.

Ejemplo 70: el {pimolidin-3-il)}carbamato de ferc-butilo se usé como amina
HNR®R*.

Ejemplo 73: el 6-metil-3,6-diazabiciclo[3.2.2]nonano (documento EP
0297858, pég. 8, ej. 4) se usd como amina HNRR*.

Ejemplo 74: el 4-(aminometil)piperidina -f-carboxilato de terc-butilo se
usd como amina HNR*R*.

Ejemplo 75: el (3S)-3-metilpiperazina -1-carboxilato de terc-butilo se us6

Zf;/
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como amina HNRR*.

Ejemplo 76: el N-metil-N-(piperidin-4-ilmetil)carbamato de terc-butilo
(documento US 5442044, pag. 37, ej. 108) se us6 como amina HNR®R®.

Ejemplo 91

NZ N
|

e

N~"N

La N-etildiisopropilamina (625 pL, 4,5 mmoles) y (2R)-2-metilpiperazina
(450 mg, 4,5 mmoles) se afiadieron a una solucién del compuesto monocloro
de la preparacion 69 (270 mg, 0,89 mmoles) e n d imetilsulféxido (8 mL)y la
mezcla de reaccion se calentd hasta 120°C durante 18 horas en nitrégeno. La
mezcla de reaccion se diluyé con acetato de etilo, se lavd con agua (2 x 30mL)
y después con salmuera (30 mL). La solucién orgénica se secd sobre sulfato de
magnesio y se concenird a vaclo. El producto bruto se purificdé mediante
cromatografta en columna sobre gel de sllice eluyendo con
diclorometano:metanol:amonlaco 100:0:.0 a 95:5:0,5 para producir el
compuesto del titulo, 142 mg.
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'H RMN (CD;OD, 400 MHz) &: 0,97 (t. 3H), 1,17 (d, 3H), 1,78 (m, 2H), 2,62 —
3,20 (m, 7H), 4,15 (s, 3H), 4,51 (m, 2H), 7.88 (s a, 1H), 8,54 (d, 1H), 8,79 (s,
1H). EMBR m/z ES+ 368 [MH]"

5 Ejemplos 92 - 122

1. HNR'R2

———————

2. HNROR#

Una solucién de la amina HNR®*R* apropiada (50 umoles) en 1-mwitil-2-
10 pimolidinona (100 uplL) se afiadi® a una solucibn del compuesto dicloro
apropiado (véanse las preparaciones 52, 55, 56 y 59) (50 uL) en 1-metil-2-
pirrolidinona (100 pL) seguido de N-etildiisopropilamina (50 pL). Se calentd la
mezcia de reaccion en nitrtbgeno durante 36 horas a 90°C. La mezcla de
reaccién se enfrid y se afiadié una solucidén de la amina HNRR* apropiada
15 (-150 umoles) en dimetilsulféxido (125 pL), seguido de mas N-
etildiisopropilamina (50 pL). La mezcla de reaccidn se calentd a 120°C durante
72 horas y después se dejo enfriar. El producto bruto se purificd usando HPLC
sobre una columna de Phenomex Luna C18, 5 ym, 30 x 4,6 mm di a 40°C,
eluyendo con acetonitrilo: 0,05% de acetato de amonio (ac.) con un gradiente

20 de 90:10 hasta 5:95 durante 2,20 minutos con un caudal de 3 mL/min.

Los siguientes compuestos se prepararon mediante el procedimiento
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descrito anteriormente:
3]
82 NP | R™
R OHNT g
\
N N
N /)\N,H’
[
R® LY

R* =-(CH;):0H; R* = -CH3; R® = -CHs; R® = -(CH,);0CH;; R™ = H; R™ = -CH;
Rt = 1,36 min. EMBR: m/z ES* 386,2 [MH]"

Rt = 1,36 min. EMBR: m/z ES* 372,4 [MH]"

94

“
NRPR* = O : R® = -CH,CHj; R” = -(CH,);OCHs;
OH R™ = H; R™ = -CHj

Rt = 1,18 min. EMBR: m/z ES* 412,2 [MH]"

“~
N s R®=-CHy; R =- :
-NR°R* = Q“O\ - ai R — {CHz);OCH3;
CH3 R™ = HR"= "CHS

Rt = 1,52 min. EMBR: m/z ES* 398,2 [MH]"

Rt = 1,16 min. EMBR: m/z ES" 372,5 [MH]"
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“ % . - . = - . H?A =H:
'NR’R4 = N/;} ' Hs -gHa' R‘ (CH2)200H3| '
S NH R™ = -CHs

Rt = 0,96 min. EMBR: m/z ES" 385,2 [MH]*

H
NRRC 2 N N_  :R®=-CH,CHs; R® = -(CH,);OCHj;
|!n| HTA = H; RTB = ‘CH;

Rt = 1,10 min. EMBR: m/z ES* 411,3 [MH]*

Rt = 1,36 min. EMBR: m/z ES" 342,5 [MH]'

E

“ 5 8 M g
 R® = -CHg; R® = (CHg)sOCHs; R™ = H;
etrte Y 17 0 a0
. R™ = -CHj

Rt = 1,27 min. EMBR: m/z ES* 398,4 [MH['

Rt = 0,78 min. EMBR: m/z ES" 386,2 [MH]"

2

-NH3R4 = \NO"" OH . R5 = ,_CHs; RB = -(CHz)zOCHa; HTA - H;
HTE = 'CHs

Rt = 1,20 min. EMBR: m/z ES" 384,2 [MH]"
= - 2 . =M = - CH2CHj;

Rt = 1,32 min. EMBR: m/z ES"* 386,3 [MH]"
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}(7

Rt = 1,19 min. EMBR: m/z ES* 328,5 [MH]"

2

e N ; RS = -CHg; R = -(CHg)OCHs;
OH R™ =-CHs: R® = H

Rt = 1,30 min. EMBR: m/z ES* 398,3 [MH]"

M e o RS 8
: R® = -CHs; R” = -(CH5):0OCHj;
NRA = hll::\l: R"™ —S-CH ; r(am j):l a
-_— \ a' -

Rt = 1,13 min. EMBR: m/z ES* 397,2 [MH]"

R™®=H
Rt =1,13 min. EMBR: m/z ES" 413,3 [MH]'

-NR°R = N/ﬁ ; R® = -CH,CH; R® = -(CHz);OCH;

K,o R =-CHy; R™ =H

Rt = 1,45 min. EMBR: m/z ES" 398,2 [MH]"

H
Rt = 1,39 min. EMBR: m/z ES" 3724 [MH]"




-126-

11
Rt = 1,17 min. EMBR: m/z ES’ 372,2 [MH]*

272

(\ ‘R®= ={CHg2)2CHs; R®= CHs;
NR°R*= N\j '

NR’R* \'i'/\/ R™=-CHs; R® =H

H

Rt = 1,23 min. EMBR: m/z ES+: 411,2 [MH]"

“~
NRR' N ; R® = -(CH2)2CHs; R® = -CHj;
- k/Ns R™=-CHy;; R™=H
CHS = - =

Rt = 1,34 min. EMBR: m/z ES+: 381,2 [MH]"

114

quo N o

|
\ HN " Ncp,

N N ey
) N/)\N’I\’ O
HC ;

Rt = 1,35 min. EMBR: m/z ES": 400,2 [MH]"
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N——
\
C
.
F{’ HN Ha
NN
N\ I ~ Hs
N~ N7
R° R

"
P
-NR°R* = \,Il/\/N\N : RS = “CH,CHy; R® = <(CHZ);OCH,
H

Rt = 0,92 min. EMBR: m/z ES"; 411,2 [MH]*

“~

-NR°R* = : R® = -CHa; R® = -(CH2)sOCH,

@

NH

Rt = 0,82 min. EMBR: m/z ES": 386,6 [MH]"

\N
NRR = @ W R® = -CHa; RY = -(CH,)sOCH3

Rt = 0,83 min. EMBR: m/z ES™: 398,2 [MH]*

0
\—OH

O

Rt = 0,61 min. EMBR: m/z ES*: 415,2 [MH[*

-NR°R* = : R® = -CH,CHs; R® = -(CH2):OCH3
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R® = -(CH,)2NH(CHs); R* = H; R® = -(CH,).CHa; R® = -CHg;
Rt = 0,80 min. EMBR: m/z ES*: 330,1 [MH]"

Sd \N )
-NR'R" = Q‘"NHa s RP = -(CH2)2CH3; R™ =-CH»

Rt = 0,84 min. EMBR: m/z ES*: 342,4 [MH]"

- N ~wOH
NR'R* = O + R = <CHzCHy; R° = -(CH3)20CHs

Rt = 1,12 min. EMBR: m/z ES": 387,3 [MH]"

(121

I N 5 6
-NR'R* = i R = -CHg; R” = (CHg);OCH,

Rt = 1,22 min. EMBR: m/z ES*: 357,2 [MH]*

Notas para los ejemplos 92 — 122
Ejemplo 95: (3S)-3-metoxipirmolidina se usé como amina HNRR*, véase

la preparacion 7.

Ejemplo 101: 3-aminopropionato de terc-butilo se usé como HNRR?,
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Ejemplo 107: 3-amino-N-metilpropionamida se usé como amina HNR*R*,
véase la preparacion 8.
Ejemplo 111: 2-amino-5-propoxipiridina (J. Med. Chem., 1981, 24 (12),
1518 — 1521) se us6 como amina HNR’R*.
5 Ejemplo 114: (S)-(+)-2-amino-1-propanol se usé como amina HNRR*.
Ejemplo 115: 2-(pirazol-1-il)etilamina (documento W O 02/066481, p 4g.
60, procedimiento 44) se usé como amina HNRR*.
Ejemplo 116: piperazina-1-carboxilato de terc-butilo se usd como amina
HNR®R*.
10 Ejemplo 117: (1S,48)2,5-diazabiciclo[2.2.1]heptano-2-carboxilato de
terc-butilo se us6 como amina HNRR.
Ejemplo 118: éster ferc-butllico de L-prolina se usd como amina HNRR*.
Ejemplo 119: N-(2-aminoetil}-N-metilcarbamato de ferc-butllico se usé
como amina HNR*R*.
15 Ejemplo 120: (3S)-3-(terc-butiloxicarbonilamino)pirrolidina se usé como
amina HNR®R®,

Eiemplo 123 — 130

" FliN,n‘

1. HNR'R2 ’h N

2. HNR3R* Ny | /)\ R’
R N za

20
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Una solucion de! dicloruro de la preparacion 52 (1 eq) en
dimetilsulféxido (1 mL.mmol*) se afiadié a la solucién de la amina apropiada
HNR'R? (2 eq) en dimetilsulféxido (0,75 mL.mmol'). Se afiadi®6 N-
etildiisopropilamina (1 eq) y el recipiente de reaccion se cemd herméticamente y
se agitd a 140 rpm a 80°C durante 12 horas. Después la mezcla de reaccién se
dejo que se enfriara. Se afiadié después una solucién de piperazinacarboxilato
de terc-butilo o 33% de metilamina en metanol (5 eq) en dimetilsuiféxido (0,66
mL.mmol™) seguido de N-etildiisopropilamina (3 eq) a la mezcla de reaccién y
se cemmbd herméticamente el recipiente de reaccién, se calentd hasta 120°C y se
dej6é durante 18 horas. La mezcla de reaccién se evapond hasta sequedad.
Cuando se necesitd la desproteccidon (ej. 123 a 129), se afadieron
diciorometano (2,5 mL.mmol™) y &cido triflucroacético (2,5 mL.mmol") y la
mezcla de reaccién se cemd herméticamente y se agitd durante 24 horas. La
mezcla de reaccién se concenird a vaclo. Los residuos se purificaron usando
una columna de Phenomenex Luna C18 2 x 15 ecm 5 pym eluyendo con

acetonitrilo:dietilamida para producir los compuestos del titulo.

El
HG HN’R1
N): | ;’i‘\
N~ N

H,C
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'H RMN (DMSO-ds, 400 MHZ) 5.
0,90 (t, 3H), 1,20 (m, 3H), 1,70 (m,
2H), 2,56 (m, 2H), 2,67 (m, 2H),
2,75 (m, 4H), 3,56 (m, 4H), 4,10
(s,3H), 7,76 (d, 1H), 7,80 (s a, 1H),
8,16 (s, 1H). EMBR: m/z IQPA#:
as1, [MHJ'

'H RMN (DMSO<ds, 400 MAz) 5]
0,80 (¢, 3H), 1,4 — 1,5 (m, 6H), 1,6 —
1,8 (m, 4H), 1,96 (d, 2H), 2,63 (t,
2H), 2,75 (m, 4H), 3,56 (m, 4H), 4,0
(m, 1H), 4,05 (s, 3H), 6,30 (d, 1H).
EMBR: m/z (ES+) 358, [MH]'

"H RMN {DM50-ds, 400 MHAZ) &;
0,93 (t, 3H), 1,72 (m, 2H), 2,27 (s,
3H), 2,38 (s, 3H), 2,75 (t, 2H), 2,77
(m, 4H), 3,56 (m, 4H), 4,13 (s, 3H),
8,74 (s, 1H), 7,59 (s a, 1H). EMBR:
m/z (ES+) 381, [MH]*

H3
R'= N/I
™
- O
H,
R'= NZ I
X CH,
OH

'HRMN (CD;0D, 400 MHz) &: 0,96 |
(t, 3H), 1,44 (m, 4H), 1,76 (m, 4H),
2,08 (s a, 1H), 2,22 (s a, H), 2,76 (.
2H), 2,85 (t, 4H), 3,68 (m, 1H), 3,74
(m, 4H), 4,07 (m, 1H), 4,13 (s, 3H).
EMBR: ES+ m/z 374 [MH]'
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"THRMN (CD,0D, 400 MHz) 5: 0,96 |
(t, 3H),

1,37 (m, 2H), 1,58 (m, 2H), 1,76 (m,
2H), 1,95 (m, 1H), 2,19 (m, 4H),
2,78 (m, 2H), 2,93 (m, 4H), 3,25 (m,
1H), 3,37 (s, 3H), 3,78 (m, 4H),
4,10 (s, 3H). EMBR ES+ m/z 388
[MH]*

"H RMN (DMSO-de, 400 MHZ) 5:
0,98 (t, 3H), 1,77 (m, 2H), 2,77 (m,
6H), 2,82 (s, 3H), 3,57 (m, 4H),
4,18 (s, 3H), 7.64 (m, 1H), 7,98 (m,
1H), 8,13 (m, 1H), 8,44 (m, 1H).
EMBR ES m/z 410 [MH]"

THRMN {CD:0D, 400 MHz) 5: 0,07 |
(t. 3H), 1,65 (m, 6H), 1,78 (m, 2H),
2,15 (m, 2H), 2,81 (t, 2H), 2,90 (m,
4H), 3,75 (m, 4H), 4,09 (s, 3H),
4,49 (m, 1H). EMBR ES+ m/z 344
[MH]
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130 'HRMN {CD;0D, 400 MHz) 5: 0,99
_CH,
/Ol (t, 3H), 1,75 (m, 2H), 1,88 (m, 2H),
ng HC 2,05 (m, 2H), 2,22 (t, 2H), 2,34 (s,
,N XN 3H), 2,79 (t, 2H), 2,94 (s, 3H), 3,01
N \ I \ P /CHg (m, 2H), 3,05 (s, 3H), 3,94 (s, 3H),

4,02 (m, 1H)

HC

Notas para los ejiemplos 123 — 130

Ejemplo 123 — 129: piperazina-1-carboxilato de terc-butilo como amina

HNRR*.
5 Ejemplo 123: 2-amino-5-etilpiridina se usd como amina HNR'R?, véase

la preparacién 10.

10

4-Metilpiridin-2-ilamina (112 mg, 1,037 mmoles) se afiadié a una
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solucién del dicloruro de la preparacion 65 (100 mg, 0,346 mmoles) en
dimetilsulféxido (1 mL) y la mezcla de reacciéon se agitd a 70°C durante 18
horas. Se afiadieron éster ferc-butllico del 4cido piperazina-1-carboxllico (322
mg, 1,73 mmoles) y N-etildiisopropilamina (1 mL) y se agité la mezcla de
reaccion a 120°C durante 8 horas. La mezcla de reaccion enfriada se diluyd
con etanol y acetato de stilo, se lavod la fase orgdnica con agua (2 x 15 mL), se
secO sobre sulfato de magnesio y se concentrd a vaclo. Se disolvié el residuo
en diclorometano (1 mL) y se afiadié acido trifluoroacético (1 mL) en nitrégeno
a temperatura ambiente. La mezcla de reacciéon se agité durante 2 horas a
temperatura ambiente y se concentrd a vaclo. El residuo se disolvié en
diclorometano (15 mL) y se afiadié carbonato 4cido de sodio 2 M hasta que la
fase acuosa se hizo b 4sica. L a fase organica se lavé con agua (10 mL), se
secd sobre sulfato de magnesio y se concentrd a vacfo. El producto bruto se
purificé mediante cromatografia en columna sobre gel de silice usando acetato
de etilo:metancl:dietilamina 98:1:1 para producir una goma que se disolvid en
diclorometano (2 mL). Se afiadi6 cloruro de hidrdgeno 2 M en éter (1 mL) y la
mezcla se seco por soplado y se concentrd a vaclo para proporcionar un sélido
amarillo, 50 mg. 'H RMN (DMSO-dg, 400 MHz) 5: 0,87 (t, 3H), 1,67 (m, 2H),
2,36 (s, 3H), 2,72 (t, 2H), 3,20 (m, 4H), 3.24 (s, 3H), 3,71 (m, 2H), 3,89 (m, 4H),
4,65 (m, 2H), 7,05 (m, 1H), 7,81 (s, 1H), 8,13 (m, 1H). EMBR: m/z ES+ 411,
[MH]*

Ejemplo 132

228"
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H,C~0o

Producido mediante el procedimiento del ejemplo 131 usando 2-amino-
5-metiipiridina como material de partida. '"H RMN (DMSO-dg, 400 MHz) 5: 0,87
(t, 3H), 1,66 (m, 2H), 2,25 (s, 3H), 2,73 (t, 2H), 3,16 (m, 4H), 3,26 (s, 3H), 3,71
(m, 2H), 3,84 (m, 4H), 4,63 (m, 2H), 7,78 (m, 1H), 7,91 (m, 1H), 8,12 (s, 1H).
EMBR: m/z ES 411 [MH]*

Eiemplos 133 - 150

& H 6 HN~
F}“ ! F}N
NN — SN
| ! 3
\ Nél\0| r N/)\Ilq/n
R° R r*

Una solucién de amina homoquiral apropiada (0,5 mmoles) (2R,5S)-2,5-
dimetilpiperazina-1-carboxilato de ferc-butilo (documento 02/42292 preparacion
51) o la piperazina protegida de la preparacién 3) (para la resolucién véase el
documento WO 02/42292) en dimetilsulféxido (0,75 mL) se afiadié al
monocloruro apropiado (preparaciones 72, 74, 117 — 123) (0,2 mmoles). Se

afiadié N-etildiisopropilamina (1 mmol), los recipientes de reaccién se cerraron
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herméticamente y se calentaron a 130°C durante 18 horas. Las mezclasde
reaccién se concentraron a vacio y los residuos se trataron con una solucién de
acido trifluoroacético en diclorometano (0,5 mL/1,5 mL), y las soluciones se
agitaron a temperatura ambiente durante 18 horas. Las mezclas se evaporaron
a vacio. Los residuos se purificaron usando una columna de Phenomenex Luna
C18 2 x 15 cm 5 pym eluyendo con acetonitrilo:dietilamina para producir los

compuestos del titulo.

EJ.

133 | Rl | : R® = -CHs; R® = -(CHz)20CH3
x
CH,
'H RMN (DMSO-ds, 400 MHz) &: 1,09 (d, 3H), 1,19 (d, 3H), 2,29 (s, 3H).
2,32 (s, 3H), 3,11 (m, 2H), 3,22 (m, 1H), 3,27 — 3,36 (m, 4H), 3,72 (m,
2H), 4,04 (m, 1H), 4,57 (m, 3H), 6,88 (d, 1H), 7.89 (m, 1H), 8,18 (d, 1H).
EMAR 411,26 [MH]*
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CH,

N ~
| ; R® = -CHy; R® = -(CH2)20CHs

x
'HRMN (DMSO-dg, 400 MHz) 5: 1,07 (d, 3H), 1,17 (d, 3H), 2,25 (s, 3H),
2,31 (s, 3H), 3,13 (m, 2H), 3,22 (m, 1H), 3,27 - 3,38 (m, 4H), 3.72 (m,

2H), 4,02 (m, 1H), 4,58 (m, 3H), 7.63 (d, 1H), 7.98 (m, 1H), 8,16 (s, 1H),
9,63 (s a, 1H). EMAR 411,26 [MH]*

NZ N

R'= )\) ; R® = -CHa; R® = -(CH);OCH;

'H RMN (DMSO-dg, 400 MHZ) &: 1,09 (d, 3H), 1,17 (d, 3H), 2,31 (s, 3H),
3,14 (m, 2H), 3,24 (m, 2H), 3,30 (s, 3H), 3,74 (m, 2H), 4,01 (d, 1H), 4,58
(m, 3H), 8,01 (d, 1H), 8,62 (d, 1H), 8,83 (s, 1H). EMAR: m/z (ESI*)
398,24 [MH]*

Y i R® = -CHs; R = (CHy)yOCH,CHs

CH,
'HRMN (DMSO-ds, 400 MHz) 5: 1,08 (m, 6H), 1,19 (d, 3H), 2,28 (m, 6H),
3,16 (m, 2H), 3,22 (m, 2H), 3,50 (m, 2H), 3,76 (m, 2H), 4,02 (d, 1H), 4,62
(m, 3H), 6,88 (d, 1H), 8,03 (s a, 1H), 8,17 (d, 1H), 9,58 (s a, 1H). EMAR
425,27 [MH]'
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N/ I CHS
"

R'= ; R® = -CHy; R® = -(CH,);OCH.CHj

'H RMN (DMSO-dg, 400 MHz) 5: 1,08 (m, 6H), 1,17 (d, 3H), 2,24 (s, 3H),
2,29 (s, 3H), 3,12 (m, 2H), 3,15 (m, 2H), 3,51 (m, 2H), 3,76 (m, 2H), 4,00
(d, 1H), 4,54 (m, 3H), 7.83 (d, 1H), 8,03 (d, 1H), 8,14 (s, 1H), 9,53 (s a,
1H). EMAR 425,27 [MH]*

o NZ N 5 .
= )\) i R® = -CHa; R” = -(CH,)?0CHCHy

'H RMN (DMSO-ds, 400 MHz) &: 1,08 (m, 6H), 1,17 (d, 3H), 2,31 (s, 3H),
3,14 (m, 2H), 3,25 (m, 2H), 3,53 (m, 2H), 3,74 (m, 2H), 4,02 (d, 1H), 4,57
(m, 3H), 8,03 (d, 1H), 8,61 (d, 1H), 8,82 (s, 1H). EMAR 412,25 [MH]"

: R® = -CH2CHs; R® = -(CH2)20CH;CHs
CH,
'H RMN (DMSO-ds, 400 MHz) 5: 1,08 (m, 6H), 1,21 (d, 3H), 1,29 (t, 3H),
2,31 (s, 3H), 2,74 (c, 2H), 3,13 (m, 2H), 3,23 (m, 2H), 3,51 (m, 2H), 3,76
(m, 2H), 4,02 (d, 1H), 4,56 (m, 3H), 6,89 (d, 1H), 8,05 (s, 1H), 8,16 (d,
1H), 9,60 (s, 1H). EMAR 439,29 [MH]*
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CH,
| : R® = -CHCHg; R® = -(CH,)20CH2CHs

'H RMN (CDCls, 400 MHz) &: 1,10 (m, 6H), 1,18 (m, 3H), 1,31 (t, 3H),
2,24 (s, 3H), 2,50 (m, 1H), 2,74 (m, 2H), 3,12 (m, 2H), 3,23 (m, 1H), 3,54
(m, 2H), 3,77 (m, 2H), 4,01 (m, 1H), 4,55 (m, 3H), 7,63 (d, 1H), 8,04 (d,
1H), 8,12 (s, 1H), 9.52 (s a, 1H). EMAR 439,29 [MH]*

141

o NN .
R'= ,J\) ; R® = -CH2CHa; R® = -(CH2)2OCH.CHs

"H RMN (CDCls, 400 MH2) &: 1,08 (m, 6H), 1,21 (d, 3H), 1,29 (t, 3H),
2,77 (c, 2H), 3,13 (m, 2H), 3,23 (m, 2H), 3,53 (m, 2H), 3,76 (m, 2H), 4,02
(d, 1H), 4,55 (m, 1H), 4,58 (m, 2H), 8,03 (s, 1H), 8,63 (d, 1H), 8,82 (s,
1H). EMAR 426,27 [MH]*
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. ; R® = -CHs; R® = -(CH,),OCH;
CH,

'H RMN (DMSO-ds, 400 MHz) 5: 1,08 (d, 3H), 1,19 (d, 3H), 2,29 (s, 3H),
2,32 (s, 3H), 3,16 (m, 2H), 3,23 (m, 2H), 3,31 (s, 3H), 3,68 (m, 2H), 4,03
(m, 1H), 4,58 (m, 3H), 6,92 (m, 1H), 8,00 (m, 1H), 8,17 (m, 1H). EMAR
411,26 [MH]*

N/ ' CHS

.p5 . _ -R%=.
\ 1 n5 - CHa. n (CH2)200H5

H RMN (CDCls, 400 MHz) 5: 1,06 (d, 3H), 1,13 (d, 3H), 2.24 (s, 3H), 2.27
(s, 3H), 3,14 (m, 2H), 3,20 (m, 2H), 3,30 (s, 3H), 3,75 (m, 2H), 4,03 (m,
1H), 4,56 (m, 3H), 7,62 (m, 1H), 8,00 (m, 1H), 8,16 (m, 1H), 9,62 (s, 1H).
EMAR 411,26 [MH]*

237
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144

1 N%N 8
R'= )\) ; R® = -CHs; R® = -(CH2):OCHs

'H RMN (CDCls, 400 MHz) &: 1,05 (d, 3H), 1,18 (d, 3H), 2,27 (s, 3H), 2,48
(m, 1H), 3,16 (m, 2H), 3,23 (m, 1H), 3,35 (s, 3H), 3,72 (m, 2H), 4,00 (d,
1H), 4,60 (m, 3H), 8,01 (d, 1H), 8,62 (d, 1H), 8,84 (s, 1H). EMAR 398,24
[MH]

- R® = -CHs; R® = -(CH2);0CHzCH3
N
CH,

THRMN (DMSO-ds, 400 MHz) 5: 1,08 (m, 8H), 1,21 (s, 3H), 2,29 (m, 6H),
3,17 (m, 2H), 3,23 (m, 2H), 3,30 (s, 3H), 3,57 (m, 2H), 3.77 (m, 2H), 4,02
(m, 1H), 4,56 (m, 3H), 6,86 (m, 1H), 8,03 (m, 1H), 8,17 (m, 1H). EMAR
425,27 [MH]*

N/ I CHS

« ; R® = -CHs; R® = -(CH2)20CH.CHs

'H RMN (DMSO-ds, 400 MHz) 5: 1,07 (m, 6H), 1,18 (d, 3H), 2,24 (s, 3H),
2,32 (s, 3H), 3,17 (m, 2H), 3,23 (m, 2H), 3,31 (s, 3H), 3,67 (m, 2H), 3,77
(m, 2H), 4,02 (m, 1H), 4,56 (m, 3H), 7,64 (m, 1H), 8,03 (m, 1H), 8,16 (m,
1H). EMAR 425,27 [MH]*




X
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o N”’\p : .
R = A) » R” = -CH3; R” = -(CH2)20CHCH4

'H RMN (DMSO-dg, 400 MHz) &: 1,08 (m, 6H), 1,17 (d, 3H), 2,31 (s, 3H),
3,14 (m, 2H), 3,26 (m, 2H), 3,53 (m, 2H), 3,74 (m, 2H), 4,02 (d, 1H), 4,57
(m, 3H), 8,03 (d, 1H), 8,61 (d, 1H), 8,82 (s, 1H). EMAR 412,26 [MH]"

i R® = -<CHzCHa; R® = -(CHZ)?0CH,CHs

N"NCH,

'H RMN (DMSO-de, 400 MHz) 5: 1,03 (m, 6H), 1,20 (m, 3H), 1,26 (m,
3H), 2,29 (s, 3H), 2,50 (m, 1H), 2,74 (m, 2H), 3,15 (m, 2H), 3,27 (m, 1H),
3,52 (m, 2H), 3,77 (m, 2H), 4,02 (m, 1H), 4,57 (m, 3H), 6,90 (m, 1H), 8,04
(m, 1H), 8,18 (m, 1H), 9,58 (m, 1H),. EMAR 439,29 [MH]"

CH,
| ; R® = -CHoCHa; R® = -{CHo)20CH;CHs,

'H RMN (DMSO-dg, 400 MHz) 3: 1,07 (m, 6H), 1,17 (m, 3H), 1,28 (m,
3H), 2,22 (s, 3H), 2,48 (m, 1H), 2,77 (m, 2H), 3,15 (m, 2H), 3,21 (m, 1H),
3,52 (m, 2H), 3,77 (m, 2H), 4,02 (m, 1H), 4,55 (m, 3H), 7,81 (m, 1H), 8,03
(d, 1H), 8,14 (s, 1H), 9,54 (s a, 1H). EMAR 439,29 [MH]*
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150
N
1 N N 8
R'= /I\/“ ; R® = -CHzCHa; R® = -(CH2)20CH;CHs

"H RMN (DMSO-ds, 400 MHZ) &: 1,09 (m, 6H), 1,21 (d, 3H), 1,27 (t, 3H),
2,48 (m, 1H), 2,77 (c, 2H), 3,13 (m, 2H), 3,23 (m, 1H), 3,53 (m, 2H), 3,76
(m, 2H), 4,02 (d, 1H), 4,57 (m, 3H), 8,03 (s, 1H), 8,63 (d, 1H), 8,82 (s,
1H). EMAR 426,27 [MH]*

Ejemplos 151 v 152

.“ Los siguientes compuestos se prepararon mediante el procedimiento del
ejemplo 131 usando el dicloruro de la preparacién 56, piperazina-1-carboxilato
de terc-butilo y la amina HNR'R? apropiada como materiales de partida,

excepto que los productos se aislaron en forma de base libre.
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151

R =-CHj;; R®=H

'HRMN (CDCls, 400 MHz) 5: 1,38 (t, 3H), 2,31 (s, 3H), 2,80 (c, 2H), 3,04
(m, 4H), 3,50 (s, 3H), 3,86 (t, 2H), 3,92 (m, 4H), 4,64 (m, 2H), 7,51 (d,
1H), 8,14 (m, 2H), 9,78 (s, 1H). EMBR: m/z ES+ 397, [MH]"

R™=H,R"=-CH;

"H RMN (CDCl,, 400 MHz) &: 1,39 (t, 3H), 2,36 (s, 3H), 2,90 (c, 2H), 3,08
(m, 4H), 3,50 (s, 3H), 3,88 (t, 2H), 3,92 (m, 4H), 4,64 (m, 2H), 6.79 (d,
1H), 8,13 (s, 1H), 8,19 (d, 1H), 9,80 (s, 1H). EMBR: m/z ES+ 397, [MH]"

Eiemplo 153

pirazolo[4.3-d]pirimidina-5,7-diamina

25p
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N/

H,C~ |

c‘\\ HN = CH,

N SN N=
N NA\N /\/I\{I:/>
H,C

2-Amino-4-metilpiridina (118 mg, 1,09 mmoles) se afiadié a una solucién
del dicloruro de la preparacién 56 (10 mg, 0,36 mmoles) en dimetilsulféxido (1
mL) y la mezcla de reaccion se agitd a 70°C durante 18 horas. Se afiadieron 2-
(pirazol-1-il)etilamina (documento 02/066481, pag. 60, procedimiento 44) (202
mg, 1,82 mmoles) y N-etildiisopropilamina (632 pL, 3,64 mmoles) y la mezcla
de reaccién se agitd a 120°C durante 18 horas. La mezcla de reaccion se
repartié entre acetato de etilo y agua, se separaron los compuestos orgénicos,
se lavaron con agua y salmuera, se secaron sobre sulfato de magnesio y se
concentraron a vaclo para producir el compuesto del titulo.
'H RMN (CD,0D, 400 MHz) 5: 1,34 (t, 3H), 2,37 (s, 3H), 2,85 (c, 2H), 3,46 (s,
3H), 3,84 (m, 4H), 4,40 (t, 2H), 4,63 (s a, 2H), 6,23 (s, 1H), 6,90 (d, 1H), 7,47 (s,
1H), 7,53 (s, 1H), 8,12 (d, 1H), 8,23 (s, 1H). EMBR: m/z IQPA+ 422, [MH]'

d]pirimidin-5-ilaminojpropan-1-ol
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N/
H,C~0 ~ |
k\ HN CHa
N >
’ N
N\ I N/)\NH
H,C HO\“..-J\CH
3

Preparado mediante el procedimiento del ejemplo 153 usando (S)-2-
aminopropanol como material de partida.

H RMN (CD30D, 400 MHz) &: 1,32 {t, 6H), 2,49 (s, 3H), 2,82 (c, 2H),
3,39 (s, 3H), 3,65 (dd, 1H), 3,73 (dd, 1H), 3,87 (t, 2H), 4,16 (m, 1H), 4,86 (t,
2H), 7,10 (d, 1H), 7,75 (s a, 1H), 8,12 (d, 1H). EMBR: m/z IQPA+ 386, [MH]"

Ejemplos 155 — 162

Los siguientes compuestos de formula general mostrados mas adelante
8e prepararon mediante los procedimiantos de los eiemplos 1 — 28 usando los
materiales de partida de monocloruro apropiados (preparaciéon 72, 74, 117,
120, 122 y 123) y las aminas HNR?R* (preparaciones 114 y 115), pero se
purificaron inicialmente usando una columna Phenomex Cis 5 pm, Yy
acetonitrilo:agua:écido trifluoroacético (5:95:0,95 a 95:5:0,05) como eluyente,
seguido de una columna de Phenomex Luna Cys 5 pm y un gradiente de
elucion de acetonitrilo:acetato de amonio 50 mM (5:95 a 95:5) para

proporcionar los compuestos del titulo.
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El.
_R'
8 HN
ﬁN CH,
Fd I N N
R
5 N |
R CH,
155 N“
R'= | | : R® = -CHy; R® = -(CH2)20CHa
CH,

H RMN (CDCla, 400 MHz) 5: 2,30 (m, 2H), 2,36 (s, 3H), 2.43 (s, 3H),
2,71 (s, 3H), 3,0 — 3,5 (m, 4H), 3,17 (s, 3H), 3,46 (s, 3H), 3,82 (m, 2H),
4,60 (m, 2H), 5,40 (m, 1H), 8,77 (m, 1H), 8,17 (m, 2H). EMBR ES+ m/z
411, [MH]*

; R® = CHy; R = -(CH)20CHZCH3
CH,
'H RMN (CDCla, 400 MHz) 5: 1,16 (t, 3H), 2,02 (s, 3H), 2,1 — 2,4 (m, 2H),
2,36 (m, 3H), 2,43 (s, 3H), 2,59 (s, 3H), 2,68 — 3,14 (m, 1H), 3,59 (m,
2H), 3,87 (m, 2H), 4,60 (m, 2H), 5,53 (m, 1H), 6,77 (d, 1H), 8,15 (d, 1H),
8,27 (s a, 1H), 9,64 (s a, 1H). EMBR ES+ m/z 425 [MH]*
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NN .
R = ‘J\) ' ='CH3; R =-(CH2):°CH:CH3

'H RMN (CDCly, 400 MHz) &: 1.23 (t, 3H), 2,10 — 2,40 (m, 2H), 2,4 (s,
3H), 2,58 (s, 3H), 2,67 (s, 3H), 2,80 — 3,60 (m, 4H), 3,64 (m, 2H), 3.94
(m, 2H), 4,62 (m, 2H), 5,43 (m, 1H), 8,24 (m, 1H), 8,60 (m, 1H), 8,85 (m,
1H). EMBR ES+ m/z 412 [MH]*

N/
R'= | | . R® = -CHaCHa: R® = -(CH3)sOCH.CHa
CH,
EMBR ES+ m/z 439 [MHT*
“ CHS
A= | : R® = <CHzCHy; R® = -(CH,)2OCH,CH
= S R = % R = 2)20CH2CHa

'H RMN (CDCls, 400 MHz) &: 1,23 (t, 3H), 1,39 (t, 3H), 2,30 — 2,40 (m,
2H), 2,37 (s, 3H), 2.74 (s, 3H), 2,86 (c, 2H), 3,17 (s, 3H), 3,17 (m, 1H),
3,34 (d, 2H), 3,49 (m, 1H), 3,61 (c, 2H), 3,88 (m, 2H), 4,83 (m, 2H), 5,38
(m, 1H), 8,15 (s, 1H), 8,28 (d, 1H). EMBR ES+ m/z 439 [MH]'

272,
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1 NZON 5 )
R = M ; R” = -CHzCHg; R™ = -(CH2)20CH2CHj3

"HRMN (CDCla, 400 MHz) 5: 1,24 (t, 3H), 1,39 (t, 3H), 2,1 — 2,2 (m, 2H),
2,64 (s, 3H), 2,90 (c, 2H), 3,07 — 3,42 (m, 4H), 3,19 (s, 3H), 3,67 (m, 2H),
3,88 (m, 2H), 4,61 (m, 2H), 5,44 (m, 1H), 8,24 (d, 1H), 8,60 (d, 1H), 8,86
(s, 1H). EMBR ES+ m/z 426 [MH]*

R’
8 F
H‘ HN ICHa
\Y = o
N l}l h
CH,

S ; R® = -CHy; R® = -(CH2)20CH,CH;s
CH,

THRMN (CDCla, 400 MHz) 5: 1,18 (t, 3H), 2,25 (t, 3H), 2,37 (s, 3H), 2,43
(s, 3H), 2,57 (s, 3H), 2,80 — 3,10 (m, 4H), 3,20 (s, 2H), 3,60 (m, 3H), 3,88
(m, 2H), 4,62 (m, 2H), 5,55 (m, 1H), 6,79 (d, 1H), 8,18 (d, 1H), 8,30 (s,
1H), 9,63 (s a, 1H). EMBR ES+ m/z 425 [MH]"
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S : R® = -CHoCHa; R® = -(CH2)20CHzCHs
CH,

'HRMN (CDCls, 400 MHz) 5: 1,18 (t, 3H), 1,39 (t. 3H), 2,1 — 2,3 (m, 2H),
2,37 (s, 3H), 2,55 (s, 3H), 2,80 — 3,10 (m, 4H), 2,89 (c, 2H), 3,21 (s, 3H),
3,62 (c, 2H), 3,89 (m, 2H), 4,63 (m, 2H), 5,50 (m, 1H), 6,80 (d, 1H), 8,19
(d, 1H), 8,30 (s, 1H), 9,68 (s a, 1H). EMBR ES+ m/z 439 [MH]"

Los ejemplos 155 a 160 se prepararon usando la pirrolidina de la
preparacién 114 como la amina HNRR!. Los ejemplos 161 y 162 se

5 prepararon usando la pirrolidina de la preparacién 115 como la amina HNR®R*.

Ejemplo 163

.. 10

277
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Yy
' & N X
/N I\N

PR

N

\
H,C OH 2HCI

Carbonato potasico (57 mg, 0,33 mmoles) y 2-(bromometil)tetrahidro-2H-
pirano (50 pL, 0,39 mmoles) se afiadieron a una solucién de ia piperazina
protegida de la preparacion 84 (150 mg, 0,35 mmoles) en N,N-
dimetilformamida (10 mL) y la mezcla de reaccién se agité a 90°C durante 18
horas. La mezcla de reaccion se repartié entre acetato de etilo (50 mL) y agua
(50 mL), los compuestos organicos se separaron, se secaron sobre sulfato de
magnesio y se concentraron a vacio. El producto bruto s e p urificé mediante
cromatografia en columna sobre gel de sllice usando pentano:acetato de etilo
100:0 a 40:60. El producto se disolvié en diclorometano (10 mL), y se burbujed
cloruro de hidrégeno a través de él hasta su saturacion, y la reaccién se agité a
temperatura a mbiente durante 3 horas. L a solucién se concentr a vacio, el
producto se triturd con éter, se separd el éter por decantacioén, y el producto se
seco a vaclo.

'H RMN (D20, 400 MHz) 5: 1,20 — 1,90 (m, 6H), 2,31 (s, 3H), 2,38 (s,
3H), 3,49 (m, 4H), 3,50 (m, 1H), 3,76 (m, 1H), 4,00 (m, 4H), 4,18 (m, 1H), 4,50
(m. 2H), 7,62 (d, 2H), 8,04 (d, 1H), 8,13 (s, 1H). EMBR: m/z |QPA+ 423, [MH]"
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Ejemplos 164 — 177

\",o CH,
CH
O CH, °?

1. Re-X
2. CF,CO,H

1
o R

R I-IN’R1 HN”
N~y NSy
WA * >;¢1\

HyC

5 Carbonato potésico (59 mg, 0,42 mmoles) y el bromuro R® apropiado
(0,35 mmoles) s e afiadieron a una solucién de la piperazina protegida de la
preparacion 97 (150 mg, 0,35 m moles) en N,N-dimetilformamida (3 mL) y la
mezcla de reaccion se agité a 550 rpm a 100°C durante 36 horas. La mezcla de
reaccion se concentrd a vaclo. El producto se puso en diclorometano (2 mL) y

10 se aftadio acido trifluoroacético (2 mL). La mezcla de reaccién se agité durante
2 horas y se concentré a vaclo. Los residuos se purificaron usando una
columna de Phenomex Luna C18 2 x 15 cm 5 ym, eluyendo con acetonitrilo:

dietilamina para producir los compuestos del titulo.
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EJ.

164

R? = -(CH2)2OCH,CHs

'H RMN (DMSO-ds, 400 MHz) 5: 1,07 (t, 3H), 2,31 (s, 3H), 2,41 (s, 3H),
2,76 (t, 4H), 3,51 (c, 2H), 3,62 (t, 4H), 3,77 (t, 2H), 4,57 (t, 2H), 6,89 (d,
1H), 8,02 (s, 1H), 8,16 (d, 1H). EMBR: m/z ES+ 397, [MH]*

'R®={CHz);OCH;

'H RMN (DMSO-ds, 400 MHz) &: 2,30 (s, 3H), 2,31 (s, 3H), 2,75 (t, 4H),
3,33 (s, 3H), 3,60 (t, 4H), 3,74 (t. 2H), 4,58 (t, 2H), 6,90 (d, 1H), 7,96 (s,
1H), 8,17 (d, 1H). EMBR: m/z ES+ 383, [MH]"

-

H RMN (DMSO-dg, 400 MHz) 5: 1,68 (m, 2H), 1,78 (m, 1H), 2,02 (m, 1H),
2,31 (s, 6H), 2,75 (t, 4H), 3,81 (t, 4H), 3,69 (m, 1H), 3,90 (m, 1H), 4,24 (m,
1H), 4,44 (m, 1H), 4,61 (m, 1H), 8,89 (d, 1H), 8,00 (s, 1H), 8,17 (d, 1H).
EMBR: m/z ES+ 409, [MH]*
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-
R= I |
N
H RMN (DMSO-dg, 400 MHz) 5: 2,28 (s, 3H), 2,32 (s, 3H), 2,76 (m, 4H),
3,26 (s, 2H), 3,61 (t, 4H), 6,90 (d, 1H), 7,42 (m, 1H), 7,53 (d, 1H), 7.88 (t,
1H), 7,98 (s, 1H), 8,18 (d, 1H), 8,61 (d, 1H). EMBR: m/z ES+ 416, [MH]"

R'=
o

EMBR: m/z ES+ 423, [MH}"

R® = O

"HRMN (DMSO-dg, 400 MHz) &: 1,64 (m, 2H), 1,93 (m, 2H), 2,40 (m, 3H),
2,45 (s, 3H), 2,80 — 2,90 (m, 4H), 3,48 (m, 2H), 3,65 (m, 2H), 3,78 (m, 2H),
4,20 (m, 1H), 4,35 (m, 2H), 7,09 (m, 1H), 7,96 (m, 1H), 8,28 (m, 1H), 8,80
(a, 1H). EMBR: m/z ES+ 409, [MH]'

'R®=-CH.CF;

'H RMN (DMSO-dg, 400 MHz2) 5: 2,38 (s, 3H), 2,45 (s, 3H), 3,24 (m, 4H),
3,90 (m, 4H), 541 (m, 2H), 7,04 (m, 1H), 8,08 (m, 1H), 8,23 (m, 1H).
EMBR: ES+ m/z 407, [MH]"
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R =
(@)

'H RMN (DMSO-de, 400 MHz) 5: 1,28 (m, 1H), 1,43 (m, 3H), 1,59 (m, 1H),
1,76 (m, 1H), 2,34 (s, 3H), 2,41 (s, 3H), 2,53 (m, 1H), 2,77 (t, 4H), 3,64 (t,
4H), 3,80 (m, 2H), 4,29 (m, 2H), 6,94 (d, 1H), 8,19 (d, 1H), 8,25 (s, 1H).
EMBR: m/z ES+ 423, [MH]*

'R = -{CHz)?0CH:CH;

'H RMN (DMSO-dg, 400 MHz) &: 1,02 (t, 3H), 2,34 (s, 3H), 2,42 (s, 3H),
2,78 (t, 4H), 3,39 (c, 2H), 3,64 (t, 4H), 3,80 (t, 2H), 4,43 (t, 2H), 6,94 (d,
1H), 8,18 (d, 1H), 8,25 (s, 1H). EMBR: m/z ES+ 397, [MH]"

-

"H RMN (CDsOD, 400 MHz) 5: 0,48 (c, 2H), 0,63 (c, 2H), 1,37 (m, 1H),
2.41 (s, 3H), 2,53 (s, 3H), 3,13 (t, 4H), 3,85 (t, 4H), 4,23 (d, 2H), 6,97 (d,
1H), 8,18 (d, 1H), 8,32 (s, 1H). EMBR: m/z ES+ 379, [MH]*
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'R ={CH:).CH{CH;)

'H RMN (DMSO-dg, 400 MHzZ) 5: 0,81 (s, 3H), 0,93 (s, 3H), 1,59 (m, 1H),
1,72 (c, 2H), 2,34 (s, 3H), 2,42 (s, 3H), 2,76 (t, 4H), 3,64 (t, 4H), 4,29 (1,
2H), 6,94 (d, 1H), 8,18 (d, 1H), 8,25 (s, 1H). EMBR: m/z ES+ 395, [MH]"

RE =

'H RMN (CD50D, 400 MHz) &; 1,89 (m, 2H), 2,31 (m, 2H), 2,43 (s, 3H),
2,56 (s, 3H), 3,27 (t, 4H), 3,66 (t, 2H), 4,08 (t, 4H), 4,14 (m, 2H), 4,74 (m,
1H), 7,06 (d, 1H), 8,19 (d, 1H), 8,25 (s, 1H). EMBR: m/z ES+ 408, [MH]*

o

RP= &
N

'HRMN (CD;0D, 400 MHz) 5: 2,43 (s, 3H), 2,50 (s, 3H), 3,33 (t, 4H), 4,08
(t, 4H), 4,87 (s, 2H), 6,99 (d, 1H), 7,16 (d. 1H), 7.36 (t, 1H), 7,81 (t, 1H),
8,18 (d, 1H), 8,23 (s, 1H), 8,54 (d, 1H). EMBR: m/z ES+ 418, [MH]*
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"H RMN (DMSO-ds, 400 MHz) : 1,82 (c, 4H), 1,88 (m, 2H), 2,34 (s, 3H),
2,41 (s, 3H), 2,77 (t, 4H), 2,87 (m, 1H), 3,84 (t, 4H), 4,30 (d, 2H), 7.4 (d,
1H), 8,18 (d, 1H), 8,25 (s, 1H). EMBR: m/z ES+ 393, [MH]'

Notas para los ejemplos 164 a 177

- Ejemplo 167 y 176: 2-(bromometil)piridina (documento US 6465486, pag. 12,

ej. 5) utilizada en forma del bromuro de R®.

Ejemplo 169: 3-(bromometil)tetrahidrofurano (documento WO 99/45006, péag.

117, preparacion 9) utilizado en forma del bromuro de R®.

Ejemplo 175: 3-bromotetrahidropirano (preparacién 125) utilizado en forma del

bromuro de R®.




10

15

302

-158-

Hac--o

H,C

Se agitd a temperatura ambiente durante 2 horas una soluciéon del
compuesto p rotegido con BOC de |a preparacién 82 (150 mg, 0,3 mmol) en
diclorometano (5 ml) y acido trifluoroacético (5 ml). La mezcla de reaccién se
concenird a vaclo y el residuo se destild azeotrdpicamente con tolueno. El
producto se purific6 mediante cromatografla en columna en gel de silice
utilizando diclorometano:metanol (100:0 a 95:5), proporcionando el compuesto
del titulo en forma de una goma, 30 mg.

'H-RMN (DMSO-ds, 400 MHz) 5: 1,34 (d, 6H), 2,31 (s, 3H), 2,86 (m, 4H),
3,18 (m, 1H), 3,35 (s, 3H), 3,62 (m, 4H), 3,74 (m, 2H), 4,58 (m, 2H), 6,90 (s,
1H), 7,99 (s, 1H), 8,17 (d, 1H). EMBR: m/z |QPA+ 411 [MH]".

Ejemplo 179

5-metilpiridin-2-ilamina
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Se agitd a temperatura ambiente durante 2 horas una solucién del
compuesto p rotegido con BOC de la preparacién 93 (150 mg, 0,3 mmol) en
diclorometano (5 ml) y acido trifluoroacético (5 ml). La mezcla de reaccion se
concentrd a vaclo y el residuo se destils azeotrdpicamente con tolueno. El
producto se purific6 mediante cromatografla en columna en gel de sflice
utilizando acetato de etilo:metanol.dietilamina (100:0:0 a 96:2:2),
proporcionando el compuesto del titulo, 14,5 mg.

'H-RMN (DMSO-dg, 400 MHz) &: 1,34 (d, 6H), 2,26 (s, 3H), 2,95 (s, 4H),
3,18 (m, 1H), 3,35 (s, 3H), 3,71 (m, 4H), 3,76 (t, 2H), 4,60 (t, 2H), 7,63 (d, 1H),
7,97 (d, 1H), 8,16 (s, 1H). EMBR: m/z |IQPA+ 411 [MH]".

Ejemplo 180

metil-2H-pirazol-3-ilamina
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Se triturd el compuesto protegido ¢con BOC de la preparaciéon 95 con
cloruro de hidrbgeno en éter (8 ml, 2 M) durante 30 minutos. La goma
resultante se lavd con éter, se disolvié en hidréxido de sadio (1 M) y se extrajo
con acetato de atilo {2 x 10 ml). L os e xtractos o rgénicos s e combinaron, se
sacaron sobre sulfato de magnasio y se concentraron a vaclo, proporcionando
el producto.

'H-RMN (DMSO-dg, 400 MHz) 5: 1,25 (t, 3H), 2,20 (8, 3H), 2,72 (m, 6H),
3,30 (s, 3H), 3,60 (m, 4H), 3,72 (t, 2H), 4,56 (m, 2H), 6,36 (s, 1H), 8,42 (s, 1H).

EMBR: m/z EP+: 386 [MH]".

Ejemplo 181

irazolo[4,3-dIpinmidin-3-iljmetanol




Sos—
-161-

Se afiadieron N-etildiisopropilamina (1,3 ml, 7,5 mmol) y N-etilmetilamina

(642 pul, 7,5 mmol) a una solucién del monocloruro de la preparacién 106 (544

mg, 1,5 mmol) en dimetlisulféxido (4 ml), y la mezcla de reaccion se agité a

120°C durante 18 horas. La mezcla de reaccidn se enfrié y se repartié entre

5 diclorometano (200 ml) y agua (50 ml). La fase organica se lavé con agua (2 x

50 ml), se secd sobre sulfato de magnesio y se concentré a vacio. El producto

bruto se purific6 mediante cromatografla en columna en gel de sflice eluyendo

con diclorometano:metanol 100:0 a 94:6, proporcionando el producto del titulo,

525 mg. 'H-RMN (CD;0D, 400 MHz) &: 1,10 (t, 3H), 1,22 (t, 3H), 2,39 (s, 3H),

10 3,21 (s, 3H), 3,60 (c, 2H), 3,78 (c, 2H), 3,89 (m, 2H), 4,76 (t, 2H), 4,80 (s, 2H),
6,92 (d, 1H), 8,15 (d, 1H), 8,19 (s, 1H). EMBR |IQPA+ m/z 386 [MH]".

Ejemplo 182

15 dlpirimidin-3-ilimetanol

Se prepard el compuesto del titulo mediante el procedimiento del

ejemplo 181 utilizando dimetilamina como material de partida.
'H-RMN (CD10D, 400 MHz) &: 1,10 (t, 3H), 2,38 (s, 3H), 3,23 (s, 6H),
20 3,58 (c, 2H), 3,87 (t, 2H), 4,66 (m, 2H), 4,81 (m, 2H), 6,93 (d, 1H), 8,15 (d, 1H),
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8,41 (s, 1H).

Ejemplo 183

Se afiadié el compuesto de la preparaciéon 111 (150 mg, 0,35 mmol) a
una solucion de 25% de metdxido de sodio en metanol (350 pl, 1,4 mmol) en 1-
metil-2-pirrolidinona (3,5 ml) y la mezcla de reaccién se dejé a temperatura
ambiente durante 15 minutos. La mezcla de reaccién se inactivd con é&cido
acético (60 pl), se tratd con N-etildiisopropilamina (174 pl) y la solucién se
diluyé a un volumen de 9 ml con 1-metil-2-pirrolidinona. Esta solucién (3 ml) se
tratd con piperazin-1-carboxilato de terc-butilo (93 mg, 0,5 mmol) y la mezcia de
reaccion se sellé y se calentd a 110°C durante 12 horas. La mezcla de reaccion
se concentrd a vacio y el producto bruto se repartié entre diclorometano {10 mi)
y agua (10 ml). Las fases se separaron y la fase organica se secd sobre sulfato
de magnesio y se evaporé a vacio. El producto se disolvi6 en una mezcla de
diclorometano (2 ml) y acido trifluoroacético (2 ml), y se dejé durante 1 hora. La
mezcla de reaccion se concentrd a vaclo y se repartid entre diclorometano y
una solucién de hidrogenocarbonato de sodio. La fase orgénica se separd y se

concentrd a vaclo. El producto bruto se purificé mediante cromatografia en



30'%.
-163-

columna en gel de sflice eluyendo con acetato de etilo:metanol:diclorometano
96:2:2. El producto se disolvi6 en éter, se traté con HCl 2 M en éter y la
solucién se evapor$ a vacio, proporcionando el producto del titulo, 53 mg.
'H-RMN (D20, 400 MHz) &: 0,95 (t, 3H), 2,45 (s, 3H), 3,30 (m, 4H), 3,35
5 (s, 3H), 3,48 (c, 2H), 3,84 (t, 2H), 3,95 (m, 4H), 4,72 (s, 2H), 4,75 (m, 2H), 7,21
(d, 1H), 7,55 (s, 1H), 8,10 (d, 1H). EMBR: m/z IQPA+ 427, [MH]".

10

NH 2HCI

-

Ests compuesto se prepard mediante el procedimiento del ejemplo 183
utilizando (R)-2-metilpiperazina.
H-RMN (D20, 400 MHz) &: 0,92 (t, 3H), 1,32 (d, 3H), 2,45 (s, 3H), 3,17
15 (m, 2H), 3,35 (s, 3H), 3,40-3,50 (m, 5H), 3,87 (m, 2H), 4,46 (m, 2H), 4,68 (s,
2H), 4,73 (m, 2H), 7,21 {d, 1H), 7,57 (s, 1H), 8,10 (d, 1H). EMBR: m/z IQPA+
441 [MH]".

20
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irazolo[4,3-dipirimidin-5,7-diamina

Se prepard este compuesto mediante el procedimiento del ejemplo 183
utilizando N,N-dimetilamina. Después de calentar la mezcla de reaccion, se
concentrd a vacio y el producto bruto se purific6 mediante cromatografla
ultrarrapida en gel de silice seluyendo con diclorometano:metanol 98:2,
proporcionando el producto del titulo.

"H-RMN (CD30D, 400 MH) &: 1,11 (t, 3H), 2,39 (s, 3H), 3,24 (s, 6H), 3.44
(s, 3H), 3,60 (c, 2H), 3,90 (t, 2H), 4,70 (m, 4H), 6,93 (d, 1H), 8,15 (d, 1H), 8,41
(s. 1H). EMBR: m/z IQPA+ 386, [MH]".

Ejemplo 186

S5
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Se prepard este compuesto mediante el procedimiento del ejemplo 183
utilizando 21% de et6xido de sodio en etanol. El producto bruto se purifico
mediante cromatografia ultrarépida en gel de sflice eluyendo con
diclorometano:metanol 100:0 a 94:6. Se concentraron a vaclo las fracciones
combinadas apropiadas, se disolvieron en éter y se trataron con cloruro de

hidrigeno 2 M en éter. La mezcla de reacciébn se concentrd a vaclo

proporcionando el producto del titulo.

'H-RMN (D20, 400 MHz) &: 0,88 (t, 3H), 1,08 (t, 3H), 2,39 (s, 3H), 3,26
(m, 4H), 3,42 (c, 2H), 3,58 (c, 2H), 3,83 (t, 2H), 3,90 (m, 4H), 4,70 (m, 4H), 7,14
(d, 1H), 7,50 (s, 1H), 8,04 (d, 1H). EMBR: m/z IQPA+ 441, [MH]".
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Este compuesto se prepard mediante el procedimiento del ejemplo 183
utilizando 21% de etdxido de sodio en etanol y (R)-2-metilpiperazina.
'H-RMN (D20, 400 MHz) &: 0,88 (t, 3H), 1,06 (t, 3H), 1,28 (d, 3H), 2,40
5 (s, 3H), 3,12 (m, 2H), 3,30-3,50 {m, 5H), 3,55 (c, 2H), 3,82 (t, 2H), 4,42 (m, 2H),
4,73 (m, 4H), 7,14 (d, 1H), 7,50 (s, 1H), 8,05 (d, 1H). EMBR: m/z IQPA+ 455,
[MH]".

Ejemplo 188

Este compuesto se preparé mediante el procedimiento del ejemplo 183
utilizando 21% de etdxido de sodio en etanal y dimetilamina.

15 'H-RMN (CD10D, 400 MH2) 5: 1,09 (t, 3H), 1,22 (s, 3H), 2.38 (s, 3H),
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3,22 (s, BH), 3,57 (c, 2H), 3,64 (c, 2H), 3,87 (t, 2H), 4,68 (t, 2H), 4,72 (s, 2H),
8,93 (d, 1H), 8,15 (d, 1H), 8.41 (s, 1H). EMBR: m/z IQPA+ 400, [MH]".

Ejemplo 189

P
H,C
Este compuesto se prepard mediante el procedimiento del ejemplo 183
utilizando (R)-2-metilpiperazina y el compuesto monoclorado de la preparacién
10 112 como materiales de partida.
'H-RMN (CDsOD, 400 MHz) 5: 1,22 (m, 8H), 2,64-3,17 (m a, 4H), 3,44
(s, 3H), 3,67 (c, 2H), 3,78, 4,35 (2d, 1H), 3,91 (t, 2H), 4,60 (d, 2H), 4,78 (m,
4H), 8,21 (d, 1H), 8,60 (d, 1H), 8,83 (s, 1H). EMBR IQPA+ m/z 428 [MH]".

15 Ejemplo 180
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Este compuesto se prepand mediante el procedimiento del ejemplo 183

utilizando piperazin-1-carboxilato de terc-butilo y el compuesto monoclorado de

la preparacién 112 como materiales de partida.

H-RMN (CDsOD, 400 MHz): 5 1,21 (t, 3H), 2,97 (m, 4H), 3,43 (s, 3H),

3,66 (c, 2H), 3,81 (m, 4H), 3,94 (t, 2H), 4,83 (m, 4H), 8,20 (d, 1H), 8,59 (d, 1H),
8,80 (s, 1H). EMBR IQPA+ m/z 414 [MH]".

Ejemplo 191

con

irazolo[4,3-d]pirimidin-5,7-diamina

H;.C\\ N¢\IN
C‘ﬁ HNJ\)

Se combind el monacloruro de la preparacién 72 (115 mg, 0,35 mmol)

la amina de la preparacibn 115 (197 mg, 1,73 mmol) y N-
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etildiisopropilamina (0,3 ml, 1,73 mmol) en dimefilsulfoxido (4 ml), y la mezcla
de reaccion se agité a 120°C durante 16 horas. La mezcla de reaccién enfriada
se diluyd con acetato de etilo (10 mi) y agua (10 mi). La fase organica se
separd y la acuosa se extrajo adicionalmente con acetato de etilo (3 x 10 ml).
Las soluciones organicas combinadas se lavaron con agua (3 x 15 ml), se
secaron sobre sulfato de magnesio y se concentraron a vaclo. El producto
bruto se purificé mediante cromatografia en columna en gel de silice utilizando
diclorometano:metanol 99:1 a 85:15, proporcionando una goma, 21 mg.

'H-RMN (CD30D, 400 MHz) &: 1,20 (t, 3H), 2,01-2,28 (m, 2H), 2,42 (s,
3H), 2,48 (s, 3H), 2,76 (m, 2H), 2,95 (m, 2H), 3,16 (s, 3H), 3,64 (c, 2H), 3,87 (i,
2H), 4,63 (t, 2H), 5,32 (m, 1H), 8,31 (d, 1H), 8,598 (d, 1H), 8,79 (s, 1H). EMBR:
m/z EP+: 412 [MH]".

Ejemplo 192

1-(2-Etoxietil}-3-etil-N-metil-N*-(5-metilpiridin-2-il}-N°-{(3S)-1-metilpirrolidin-3-ill-

1 H-pirazolo[4,3-d|pirimidin-5,7-diamina
(G

N
N H,
/N l SN O
N\ .
"’)\'?""
H,C CH,

El compuesto del titulo se prepard a partir del compuesto diclorado de la

preparacién 54, la amina de la preparacién 115 y 2-amino-5-metilpiridina,

siguiendo el procedimiento del ejemplo 131.

3/3
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'H-RMN (CDCl,, 400 MHz) &: 1,20 (t, 3H), 1,39 (t, 3H), 2,1-2,3 (m, 2H),
2,37 (s, 3H), 2,54 (s, 3H), 2,91 (m, 2H), 2,80-3,25 (m, 4H), 3,20 (s, 3H), 3,61
(m, 2H), 3,95 (m, 2H), 4,63 (m, 2H), 5,50 (m, 1H), 7,53 (d, 1H), 8,14 (s, 1H),
8,28 (d, 1H), 9,65 (s a, 1H). EMAR: m/z EP+: 439,29 [MH]".

irazolo[4 iimidin-5.7-diamina

10 El compuesto del titulo se preparé a partir del compuesto diclorado de la
preparacién 54, la amina de la preparacién 115 y 4-aminopiridina, siguiendo el
procedimiento del ejemplo 131.

'H-RMN (CDCl3, 400 MHz) 5: 1,26 (t, 3H), 1,39 (t, 3H), 2,20-2,40 (m,
2H), 2,68 (s, 3H), 2,90 (c, 2H), 3,11 (s, 3H), 3,05-3,40 (m, 4H), 3,67 (c, 2H),

15 3,92 (m, 2H), 4,64 (m, 2H), 5,46 (m, 1H), 8,28 (d, 1H), 8,60 (d, 1H), 8,88 (s,
1H). EMAR: m/z, EP+: 426,27 [MH]".

Ejemplos 184-215
Se disolvieron los compuestos clorados aproplados (preparaciones 72,

20 120, 134, 137, 139, 142, 143, 144, 159 y 161) (1 eq.), la amina HNR’R*
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apropiada (3-5 eq.) y N-etildiisopropilamina (3-5 eq.) en dimetilsulféxido, (3,5-
6,9 ml.mmol™) y la mezcla de reaccién se agitd a 120°C durante 18 horas en un
recipiente sellado. La mezcla de nreaccibn se repartid6 entre agua y

diclorometano, la fase organica se separd y la acuosa se lavd con

diclorometano (x2). Los extractos orgénicos se combinaron, se secaron sobre
sulfato de magneslo y se concentraron a vaclo. El residuo se purificé mediante
cromatografla en columna en gel de sllice eluyendo con
diclorometano:metanol:amoniaco 0,880 98:2:0 a 90:10:1, proporcionando el
producto del titulo.
HS
FI‘ RI
194" " 300, F 12 @, .

N gHa 1,16 (d, 3H), 2,40 (s, 3H), 2,61 (m, 1H), 2,85
| (m, 2H), 2,84 (m, 1H), 3,08 (m, 1H), 3,58 (c,

Z 2H), 3,87 (t, 2H), 3,92 (s, 3H), 4,51 (m, 2H),
4,65 (m, 2H), 6,85 (m, 1H), 7.95 (m, 1H),
8,42 (m, 1H). EMBR: m/z IQPA+ 427 [MH]'

Sls—
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—z
S

o0

uI

"H'RMN {CD,0D, 400 MHz) &: 1,13 (m, 6H),
2,40 (s, 3H), 2,58 (m, 1H), 2,82 (m, 2H), 2,95
(m, 1H), 3,02 (m, 1H), 3,60 (c, 2H), 3,87 (m,
5H), 4,53 (m, 2H), 4,63 (t, 2H), 7,44 (m, 1H),
8,01 (m, 1H), 8,18 (m, 1H). EMBR: m/z
IQPA+ 427 [MH]"

H,C

/

H- 20D, z

1,20 (t, 3H), 2,40 (s, 3H), 2,58 (m, 1H), 2,82
(m, 2H), 2,95 (m, 1H), 3,02 (m, 1H), 3,66 (c,
2H), 3,87 (t, 2H), 3,90 (s, 3H), 4,54 (m, 2H),
4,60 (t, 2H), 6,44 (m, 1H), 7,63 (m, 1H), 7,76
(m, 1H). EMBR: m/z IQPA+ 427 [MH[*

CH

—Z
\ 7/

'H-RMN {CD;0D, 400 MHz) &: 1,20 (m, 8H), |
2,41 (s, 3H), 2,46 (s, 3H), 2,61 (m, 1H), 2,83
(m, 2H), 3,00 (m, 2H), 3,61 (c, 2H), 3,87 {t.
2H), 4,55 (m, 2H), 4,85 (t. 2H), 6,93 (d, 1H),
7.67 (dd, 1H), 8,05 (d, 1H). EMBR: m/z EP+
411 [MNa]'

CH,

—Z
\ 7

"H-RMN {CD;0D, 400 MHZ): & 1,14 (m, GH),|
2,33 (s, 3H), 2,41 (s, 3H), 2,43 (s, 3H), 2,61
(m, 1H), 2,82 (m, 2H), 2,96 (m, 1H), 3,04 (m,
1H), 3,58 (c, 2H), 3,83 (m, 2H), 4,57 (m, 2H),
4,63 (m, 2H), 6,80 (s, 1H), 8,01 (s, 1H).
EMBR: m/z EP+ 425 [MH]*

25
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CH,

TH-RMN {CD,0D, 400 MHz) &: 1,70-1,177 (m,]
6H), 2,35 (s, 3H), 2,40 (s, 3H), 2,48 (s, 3H),
2,59 (m, 1H), 2,79-3,07 (m, 4H), 3,59 (c, 2H),
3,88 (t, 2H), 4,52 (m, 2H), 4,85 (t, 2H), 7,97
(d, 1H), 8,61 (d, 1H). EMBR: m/z IQPA+ 425

[MH]*

'H-RMN {CD,0D, 400 MHz) &: 1,19 {m, 6HY, |
2,42 (s, 3H), 2,50 (s, 3H), 2,65 (m, 1H), 2,82-
3,11 (m, 4H), 3,64 (c, 2H), 3,87 (t, 2H), 4,57
(m, 2H), 4,63 (t, 2H), 8,18 (s, 1H), 8,67 (s,
1H). EMBR: m/z IQPA+ m/z 412 [MH]}*

H,C L0

Datos

"H-RMN {CD,0D, 400 MHz) &: 1,10 (t, 3R},
1,16 (d, 3H), 2,40 (s, 3H), 2,59 (m, 1H), 2,80-
2,97 (m, 3H), 3,07 (d, 1H), 3,54 (¢, 2H), 3,62
(s, 3H), 3,84 (t, 2H), 4,48 (d, 2H), 4,63 {t.
2H), 6,61 (d, 1H), 7,71 (dd, 1H), 8,10 (d, 1H).
EMBR: m/z |QPA+ 427 [MH]*

3/
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"H-RMN {CD:0D, 400 MHz) 8 1,70 (T, 3H),
2,39 (s, 3H), 3,18 (s, 3H), 3,34 (s, 3H), 3,55
(m, 4H), 3,62 (s, 3H), 3,78 (t, 2H), 3,85 (t,
2H), 4,62 (t, 2H), 8,61 (d, 1H), 7,69 (dd, 1H),
8,34 (d, 1H). EMBR: m/z IQPA+ 416 [MH]'

'H-RMN {CDs0D, 400 MAz) & 1,17 (, 3H),
1,20 (t, 3H), 2,49 (s, 3H), 3,24 (s, 3H), 3,56
(c, 2H), 3.62 (s, 3H), 3,67 (c. 2H), 3,88 (t,
2H), 4,76 (t, 2H), 6,63 (d, 1H), 7,73 (dd, 1H),
8,04 (d, 1H). EMBR: m/z IQPA+ 386 [MH]"

Datos

E

N\

Iz

~CH,

"H-RMN (CD,0D, 400 MHz) &: 1,08 (t, 3H), |
2,41 (s, 3H), 2,42 (s, 3H), 2,51 (s, 3H), 3,70
(c, 2H), 3,82 (m, 1H), 3,86 (t. 2H), 4,02 (m,
2H), 4,40 (m, 2H), 4,87 (t, 2H), 6,94 (d, 1H),
8,15 (d. 1H), 8,47 (m, 1H). EMBR: mk
IQPA+ 397 [MH]*

=/
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"H-RMN ({CD,0D, 400 MAz) 5: 1,08 (T, 3H),]
2,23 (s, 6H), 2,38 (s, 3H), 2,42 (s, 3H), 3,26
(m, 1H), 3,56 (c, 2H), 3,84 (t, 2H), 4,00 (m,
2H), 4,22 (m, 2H), 4,64 (t, 2H), 6,92 (d, 1H),
8,14 (d, 1H), 8,46 (s, 1H). EMBR: m/z EP+
411 [MH["

"H-RMN {CD-0D, 400 MHz) &: 1,12 {t, 3H), |
2,00 (m, 2H), 2,40 (s, 3H), 2,42 (s, 3H), 2,44
(s, 3H), 2,92 (m, 2H), 3,59 (m, 4H), 3,84 (m,
3H), 4,63 (m, 2H), 4,82 (m, 1H), 6,93 (m,
1H), 8,15 (m, 1H), 8,37 (m, 1H). EMBR: m/z
EP+ 423 [MH]'

‘H- 30D, Z) 5. 1,10 {8,
2,39 (s, 3H), 2,41 (s, 3H), 3.24 (s, 3H), 3,35
(s, 3H), 3,58 (c, 2H), 3,66 (t, 2H), 3,87 (m,
4H), 4,63 (t, 2H), 6,92 (d, 1H), 8,13 (d, 1H),
8,35 (s, 1H). EMBR: m/z IQPA+ 400 [MH[*

2,39 (s, 6H), 3,30 (m, 2H), 3,57 (c, 2H), 3,83
(m, 7H), 4,83 (t, 2H), 6,92 (d, 1H), 8,14 (d,
1H), 8,36 (s, 1H). EMBR: m/z IQPA+ 386
[MH]*

Slg
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1H), 2,41 (s, 3H), 2,44 (8, 3H), 2,47 (s, 3H), 2,71 (m, 2H), 2,80 (m,
1H), 2,88 (m, 1H), 3,14 (s, 3H), 3,62 (¢, 2H), 3,88 (m, 2H), 4,66 (m,
2H), 5,59 (m, 1H), 8,93 (d, 1H), 7,70 (m, 1H), 8,16 (d a, 1H). EMBR:
m/z IQPA+ 425 [MH]*

3H), 2,44 (s, 3H), 2,98 (m, 2H), 3,53-3,68 (m, 4H), 3,81 (m, 1H),
3,88 (t, 2H), 4,62 (t, 2H), 4,82 (m, 1H), 8,36 (m, 1H), 8,77 (d, 1H),
8,80 (s, 1H). EMBR: m/z EP+ 410 [MH]"

320
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1H), 2,82 (m, 2H), 2,92-3,04 (m, 2H), 3,43 (s, 3H), 3,61 (c, 2H),
3,88 (t, 2H), 4,55 (m, 2H), 4,67 (s, 2H), 4,70 (t, 2H), 6,91 (d, 1H),
7,64 (m, 1H), 8,03 (m, 1H). EMBR: m/z IQPA* 441 [MH]*

N/

Datos
N "H-RMN (CD,0D, 400 MRz} &: 1,00 (f, 3H), |
|TIACH3 1,21 (t, 3H), 2,36 (s, 3H), 3,17 (s, 3H), 3,43
CH3 (s, 3H), 3,57 (c, 2H), 3,72 (c, 2H), 3,87 (t,
2H), 4,67 (m, 4H), 6,89 (d, 1H), 8,12 (d, 1H),
8,35 (s, 1H). EMBR: m/z IQPA+ 400 [MH]*

3 2
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"H-RMN {CD,0D, 400 MHz) &: 1,09 (t, 3H),
1,94 (m, 2H), 2,10 (m, 2H), 2,40 (s, 3H), 3,42
(s, 3H), 3,58 (c, 2H), 3,67-3,79 (m, 4H), 3,88
(t, 2H), 4,26 (m, 1H), 4,64 (s, 2H), 4,70 (t,
2H), 6,92 (d, 1H), 8,15 (d, 1H), 8,44 (s, 1H).
EMBR: m/z IQPA+ 442 [MH]*

TH-RMN ({CDsOD, 400 MHz) &: 1,12 (t, 3H), ]
1,74 (m, 2H), 1,93 (m, 2H), 2,19 (m, 2H),
2,32 (s, 3H), 2,44 (s, 3H), 3,00 (m, 2H), 3,09
(s, 3H), 3.44 (s, 3H), 3,59 (c, 2H), 3,88 {t,
2H), 4,69 (m, 5H), 6,93 (d, 1H), 8,15 (d, 1H),
8,23 (m, 1H). EMBR: m/z IQPA+ 469 [MH]'

"H-RMN (CD;0D, 400 MHz) &: 1,09 {, 3H), |
2,25 (s, 6H), 2,40 (s, 3H), 3,26 (m, 1H), 3,42
(s, 3H), 3,58 (c, 2H), 3,88 (t, 2H), 4,01 (m,
2H), 4,24 (m, 2H), 4,68 (s, 2H), 4,72 (m, 2H),
6,93 (d, 1H), 8,14 (d, 1H), 8.47 (s, 1H).

~—OH

A-
B-
C-

reaccion no calentada en un recipiente sellado.
se utilizd 1 eq. de fluoruro de cesio en lugar de N-etildiisopropilamina
se utiliz6 la sal trifluoroacetato de la amina HNR*R* y 9 eq. de N-

etildiisopropilamina

D- reaccion realizada en NMP con radiacién de microondas durante 40 min
a 180°C
E- producto aislado mediante trituracién con éter/pentano

322
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F- 1 eq. de fluoruro de tetraetilamonio afiadido

Ej. 204: Se utiliz6 bis{trifluoroacetato) de N-metil-3-azetidinamina como se
describe en el documento JP 2002 255932, p4g. 5.

Ej. 205 y 215: véase la prep. 170.

Ej. 208 y 210: Se utilizé (15,4S)-2-metil-2,5-diazabiciclo[2.2.1]heptano como se
describe en Chem. Heterocyclo. Compd. (trad. ing.) 36; 4; 2000; 428-431.

Ej. 209: Se utiliz6 (3S)-1-metil-3-(metilamino)pimmolidina de la preparacién 115.

Ejemplos 216-228
Se disolvieron el compuesto monoclorado apropiado (preparaciones 72,

110, 135, 136, 138, 140, 159 y 162 (1 eq.) y la amina HNR®R* apropiada (5-6
eq.) en dimetilsulféxido (5-10 ml.mmol™ y la mezcla de reaccién se calentd a
110-120°C durante 18 horas en un recipiente sellado. La mezcla de reaccién se
diluyé con acetato de etilo, se lavé con agua (x2) y la fase orgénica se secd
sobre sulfato de magnesio y se concentrd a vacio. El residuo se purifico
mediante cromatografia en columna en gel de silice eluyendo con
diclorometano:metanol:amoniaco 0,88 89:1:0,125 a 95:5:0,5, después se triturd
con é&ter/pentano, proporcionando el producto deseado.
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Rf

§ 2

-N(CH3)2

Datos
- UL, Z} 0. 1, . ' £,
(s, 6H), 2,41 (s, 3H), 2,62 (t, 2H), 3,23 (s, 3H),
3,64 (c, 2H), 3,87 (m, 4H), 4,63 (t, 2H), 8,34 (d,
1H), 8,56 (d, 1H), 8,79 (s, 1H). EMBR: m/z
IQPA+ 400 [MH]*

'H-RMN {CD30D, 400 MHz) &: 1,21 (m, 6H),
2,42 (s, 3H), 3,19 (s, 3H), 3,64 (c, 2H), 3,74 (c,
2H), 3,87 (t, 2H), 4,61 (t, 2H), 8,35 (d, 1H), 8,55
(d, 1H), 8,78 (s, 1H). EMBR: m/z IQPA+ 357

[MH]*

-CH,

H- s0D, z) & 1,20 (m,

2,41 (s, 3H), 2,57 (s, 3H), 3,18 (s, 3H), 3,64 (c,
2H), 3,72 (c, 2H), 3,88 (t, 2H), 4,61 (t, 2H), 8,17
(d, 1H), 8,44 (d, 1H). EMBR: m/z EP+ 371 [H]*
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219 |-CH; |-OCH; | F- 30D, Z)§: 1,23 {t, 3H), Z,
(s, 3H), 2,57 (s, 3H), 3,24 (s, 3H), 3,36 (s, 3H),
3,85 (m, 4H), 3,87 (m, 4H), 4,61 (m, 2H), 8,17
(d, 1H). 843 (d. 1H). EMBR: miz IQPA+ 401
[MHT"
R’
HN
H:,C/\(J N N
AN |N¢|\N/\,CH3
H,C K/NH
N® R Datos
290 i"" 'H-RMN (CDs0D; 400 MAz) 5: 717 (¢ 3H), 124 T,
S 3H), 2,41 (s, 3H), 2,58 (s, 3H), 2,62 (m, 1H), 2.84
)\,) (m. 2H), 2,96 (m, 1H), 3,05 (m, 1H), 3,64 (c, 2H).
3,88 (m, 2H), 4,53 (m, 2H), 4,63 (m, 2H), 8,03 (d.
1H), 8,46 (d, 1H). EMBR: m/z EP+ 412 [MH[*
LAl w | F-RMIN (CD;0D, 400 Mz} ;1,13 (@, 3F), 1.25
\ |t 3H), 243 (5, 3H), 2,49 (s, 3H), 2,56 (m, 1H), 2,82

(m, 2H), 2,88 (m, 1H), 3.00 (m, 1H), 3.61 (c, 2H),
3,85 (m, 2H), 4,57 (m, 2H), 4,64 (m, 2H), 6,99 (d,
1H), 8,43 (d, 1H). EMBR: m/z EP+ 412 [MH[*
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222 E "H-RMN ({CD;0D, 400 MHz): & 1,18 (m, 6H), 2,41
3
N (s, 3H), 2,68 (m, 1H), 2,90-3,20 (m, 4H), 3,63 (m,
| y P 2H), 3,88 (m, 2H), 4,57 (m, 2H), 4,64 (m, 2H), 7,30
(d, 1H), 8,51 (d, 1H), 8,65 (s a, 1H). EMBR: m/z
IQPA+ 465 [MH]*
R'
HN”
X
. C,Lf,
N® R Datos
223° H "H- 30D, z) 0. 1, . y &y 8,
3
NN 3H), 2,49 (s, 3H), 3,10 (m, 1H), 3,15-3,50 (m, 4H), 4,07
| ) |(m. 4H), 477 (m, 4H), 697 (d, 1H), 7.73 (dd, 1H), 7.98
(m, 1H). EMBR: m/z EP+ 465 [MH]"
224° NN "H-RMN (CD,0D, 400 MHz) &: 1,00 (d, 3H), 2,40 (s,

3H), 2,60 (m, 1H), 2,80 (m, 2H), 3,00-3,50 (m, 2H), 4,00
(m, 2H), 4,10 (t, 2H), 4,55 (d, 2H), 4,70 (t, 2H), 8,20 (m,
1H), 8,60 (d, 1H), 8,80 (s, 1H). EMBR: m/z IQPA+ 452

MH)"

HN’R1
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R R® Datos

225 ~._ |H "H-RMN (CD;0D, 400 MAz) 5. 1,27 (|
‘Jl\) 6H), 3,19 (s, 3H), 3.45 (s, 3H), 3.65 (c.
2H), 3,74 (c. 2H), 3,91 (t, 2H), 4,69 (m,
4H), 8,33 (d, 1H), 8,55 (d, 1H), 8,78 (s,
1H). EMBR: m/z IQPA+ 387 [MH]*
“OCH; 'HRMN (CD50D, 400 MHz) & 1,17 (t,
3H), 2,40 (s, 3H), 3,25 (s, 3H), 3,35 (s.
3H), 3.44 (s, 3H), 3,59 (c, 2H), 3,66 (t,
2H), 3,89 (m, 4H), 4,70 (m, 4H), 6,92 (d,
1H), 8,15 (d, 1H), 8,35 (d, 1H). EMBR:
m/z IQPA+ 430 [MH]*

H, |©OH 'H-RMN {CD,0D, 400 MHz): § 1,12 (t]
N 3H), 2,41 (s, 3H), 3,30 (s, 3H), 3,44 (s,
N/

3H), 3,59 (c, 2H), 3,83 (m, 4H), 3,89 (i,
2H), 4,70 (m, 4H), 6,92 (d, 1H), 8,13 (d,
1H), 8,35 (d, 1H). EMBR: m/z IQPA+ 416
[MH]*

2\
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3,76 (c, 2H), 3,91 (t, 2H), 4,69 (t, 2H), 4,85 (m, 2H), 8,36 (dd, 1H), 8,57
(d, 1H), 8,79 (s, 1H). EMBR: m/z EP+ 395 [MNa]'

A- la reaccion se diluyd con diclorometano, no acetato de etilo

B- se purificd mediante HPLC utilizando 0,1 eq. de Acido trifluoroacético y
acetonitrilo como eluyente

C- aislado en forma de Ja sal HCI

D- se afiadio 1 eq. de fluoruro de cesio a la reaccion.

Eiemplo 229

Se disolvieron el compuesto clorado de [a preparacion 122 (2,3 g, 6,37
mmol), (15,4S)(-)-2,5-diazabiciclo[2.2.1]heptano-2-carboxilato de terc-butilo
(3.8 g, 19,11 mmol) y fluoruro de cesio (967 mg, 6,37 mmol) en dimetilsulféxido
(15 ml) y la mezcla de reaccién se calenté a 110°C durante 18 horas. La
mezcla de reaccion enfriada se repartid entre una soluciéon de 4cido cltrico al

10% y acetato de etilo (400 ml) y se separaron las fases. La fase acuosa se

REy
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extrajo con acetato de etilo (200 ml) y las soluciones organicas combinadas se
lavaron con agua (200 ml), salmuera (200 ml) y después se secaron sobre
sulfato de magnesio y se concentraron a vaclo. El residuo se disolvid en
diclorometano (40 ml) y 4cido trifluoroacético (10 ml) y la solucién se agit6 a
temperatura ambiente durante 2 horas. La mezcla de reaccidn se concentrd a
vaclo y el residuo se repartié entre diclorometano (100 ml) y una solucién de
carbonato de sodio (100 ml). La solucién orgénica se sect sobre sulfatode
magnesio Y se evaporé a vaclo. El producto bruto se purificd mediante
cromatografla en columna en gel de slice eluyendo con
diclorometano:metanol:amoniaco 0,88 (97,5:2,5:0,25 a 95:5:0,5). El producto se
disolvid despuds en metanol, se afiadié acido clorhidrico 2 N {1 eq.) y la
solucion se evapord a vaclo. El sélido se recristalizd con acetato de
isopropilo/éter, proporcionando el compuesto del titulo en forma de un sélido
amarillo palido. 1,15 g. 'TH-RMN (CD30D, 400 MHz) &: 1,10 (t, 3H), 1,34 (t, 3H),
2,17 (m, 1H), 2,35 (m, 1H), 2,53 (s, 3H), 2,91 (¢, 2H), 3,52 (m, 2H), 3,59 (m,
2H), 3,980 (t, 2H), 3,98 (m, 2H), 4,84 (m, 1H), 4,88 (m, 2H), 5,20 (m, 1H), 7,15
(d. 1H), 7,97 (s, 1H), 8,22 (m, 1H).

Microanalisis encontrado: C 54,63, H 7,05, N 22,82. CxH3gNsO-HCI-1,5
HzO requiere C 54,37, H 7,05, N 23,06%.

Ejemplo 230

225
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El compuesto del titulo se obtuvo a partir del compuesto clorado de la
preparacion 160 y (1S,4S)-(-)-2,5-diazabiciclo[2.2.1]heptano-2-carboxilato de
terc-butilo siguiendo el procedimiento descrito en el ejemplo 239, excepto

5 porque el compuesto se aislé en forma de la base libre.

'H-RMN (CD,0D, 400 MHz) &: 0,71 (t, 3H), 1,53 (m, 2H), 1,92 (m, 1H),
2,10 (m, 1H), 2,42 (s, 3H), 3,17 (c, 2H), 3,43 (s, 3H), 3,50 (m, 2H), 3,66 (m, 1H),
3,68 (m, 1H), 3,89 (m, 2H), 4,02 (s, 1H), 4,69 (m, 2H), 4,74 (m, 2H), 4,95 (s,
1H), 6,94 (d, 1H), 8,14 (d, 1H), 8,33 (m, 1H). EMBR: m/z EP+ 453 [MH]".

10

Ejemplo 231
5-((1S5.,4S)-2,5-Diazabiciclof2.2.1]lhept-2-il}-3-metil-1-[2-(2,2.2-

ilpiridin-2-ilamina

15 El producto del titulo s e p repard mediante un p rocedimiento similar al
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descrito para el ejemplo 230 utilizando el compuesto monoclorado de la
preparacién 141 y (1S,2SH-)-2,5-diazabiciclo[2.2.1]heptano-2-carboxilato de
terc-butilo.
'H-RMN (CD3OD, 400 MHz) &: 1,84 (m, 1H), 1,87 (m, 1H), 2,40 (s, 3H),
2,41 (s, 3H), 3,06 (¢, 2H), 3,58 (m, 1H), 3,70 (m, 1H), 3,82 (s, 1H), 4,00 (c, 2H),
4,06 (t, 2H), 4,72 (m, 2H), 4,84 (m, 1H), 6,92 (d, 1H), 8,13 (d, 1H), 8,25 (m, 1H).
EMBR: m/z EP+ 463 [MH]".

N N
H,C NH

El compuesto del titulo se obtuvo en forma de una espuma amarilla a

partir del compuesio clorado de la preparacion 120 y 3,86-
diazabiciclo[3.2.1]octano-8-carboxilato de terc-butilo (Tet. Lett. 43 (2002), 899-
902) siguiendo el procedimiento descrito en el ejemplo 231.

'H-RMN (CD50D, 400 MHz): 5 1,12 (t, 3H), 1,89 (m, 4H), 241 (2 x s,
6H), 3,19 (m, 2H), 3,80 (c, 2H), 3,75 (m, 2H), 3,86 (t, 2H), 4,36 (m, 2H), 4,65 (t,
2H), 8,92 (d, tH), 7,39 (d, 1H), 8,20 (s a, 1H). EMBR: m/z EP+ 423 [MH}".

337
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Ejempios 233-238
Se disolvieron el precursor monoclorado apropiado (preparaciones 120,

134, 139, 140 y 143) (1 eq.), la amina NHR’R* apropiada (3 eq.) y N-
etildiisopropilamina (3 eq.) en dimetilsulféxido (3,80 ml.mmol™), y la mezcla de
reaccion se dispuso en un ReactiVial™ y se calentd a 120°C durante 18 horas.
La mezcla de reaccién se diluyd con agua y la mezcla se extrajo con acetato de
etilo. La fase organica se secd sobra sulfato d e magnesio y se concentrd a
vacio. El residuo se suspendi6 en diclorometano (20-50 ml.mmol"), se trat6
con é&cido trifluoroacético (4-20 ml.mmol™) y la mezcla se agitd a temperatura
ambiente durante 5 horas. La mezcla se concentrd después & vaclo y el
residuo se suspendié en acetato de etilo y se lavé con una solucién al 10% de
hidrogenocarbonato de sodio. La fase orgédnica se secd sobre sulfato de
magnesio y se concentré a vaclo. El residuo se purificé mediante cromatografia
en columna en gel de sflice eluyendo con diclorometano:metanol 99:1 a 98:2,

proporcionando el producto deseado.
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Datos

"H-RMN (CD,0D, 400 MHz) &: 1,71 {t, 3H), 1,86 (d, |
1H), 2,03 (d, 1H), 2,35 (s, 3H), 2,41 (s, 3H), 2,47 (s,
3H), 3,14 (s, 2H), 3,60 (m, 3H), 3,70 {m, 1H), 3,89
(m, 2H), 3,97 (s, 1H), 4,66 (m, 2H), 4,88 (s, 1H),
7.99 (m, 1H), 8,73 (d, 1H). EMBR: m/z IQPA+ 423
MH]*

"H-RMN {CD,00, 400 MH2) 5: 1,72 (t, 3Hj), 1,86 (m, |
1H), 2,07 (m, 1H), 2,36 (s, 3H), 2,42 (s, 3H), 2,43 (s,
3H), 3,18 (¢, 2H), 3,59 (c, 2H), 3,69 (m, 2H), 3,84
(m, 2H), 4,01 (s, 1H), 4,66 (m, 2H), 4,93 (s, 1H),
6,81 (8, 1H), 8,19 (s a, 1H). EMBR: m/z IQPA+ 423
[MH]*
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235 H "H-RMN (CD,0D, 400 MHZ) &: 1,17 {t, 3H), 1,83 (m.|
’ 1H), 2,01 (m, 1H), 2,41 (s, 3H), 2 48 (s, 3H), 3,04
o
" (m. 2H), 3,60 (m, 3H), 3,70 (m, 1H), 3,82 (s, 1H),
X

3,88 (t, 2H), 4,65 (m, 2H), 4,89 (s, 1H), 8,93 (d, 1H),
7,67 (dd, 1H), 8,23 (m, 1H). EMBR: m/z IQPA+ 409
MH]*

"H-RMN {CD,0D, 400 MHz) &: 1,70 (t, 3H), 1,92 (d,
2H), 2,41 (s, 3H), 2,43 (s, 3H), 3,18 (m, 2H), 3.59
(m, 3H), 3,70 (m, 1H), 3,83 (m, 3H), 4,63 (m, 2H),
4,86 (m, 1H), 6,82 (d, 1H), 8,13 (d, 1H), 8,38 (m,
1H). EMBR: m/z EP+ 409 [MH]*

H,C

2,39 (s, 3H), 2,41 (s, 3H), 3,23 (m, 1H), 3,38 (m, 2H), 3,58 (c, 2H), 3,81
(m, 1H), 3,85 (m, 2H), 4,00 (m, 1H), 4,64 (m, 2H), 4,81 (m, 1H), 6.91 (d,
1H), 8,15 (d, 1H), 8,29 (m, 1H). EMBR: m/z IQPA+ 423 [MH]*
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3,22 (d, 2H), 3,83 (s, 2H), 4,06 (m, 4H), 4,40 (d, 2H), 4,75 (t, 2H), 6,95 (d,
1H), 7,70 (m, 1H), 8,08 (s a, 1H). EMBR: m/z IQPA+ 477 [MH]"

-~
HN \NI CH
3
Hc\/\oﬁn
3 7 \N
N A

N N
H,C NH
5

Se calentd a 110°C durante 18 horas una mezcla del compuesto clorado
de la preparacién 171 (150 mg, 0,42 mmol), 3,8-diazabiciclo[3.2.1]Joctano-8-
carboxilato de terc-butilo (Tet. Lett. 43 (2002), 899-902) (446 mg, 2,1 mmol) y
fluoruro de cesio (63,8 mg, 0,42 mmol) en dimetilsulféxido (3 mi) en un

10 recipiente sellado. La reacciéon se vertié en agua, y el precipitado resultante se
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separd por filtracion. Este sélido se disolvié en diclorometano y la solucion se
evapord a vaclo. El sélido se redisolvié en diclorometano (6 ml), se afiadié
acido trifluoroacético (2 ml) y la solucién se agitd a temperatura ambiente
durante 3 horas. La mezcla se concentrd a vaclo, el residuo se rapartié entre
diclorometano y &cido clorhidrico 2 N y las fases se separaron. La solucién
acuosa se alcalinizé utilizando carbonato de sodio sélido y después se extrajo
con diclorometano (3x). Estos extractos orgédnicos se secaron sobre sulfato de
magnesio y se evaporaron a vaclo. El producto bruto se purific6 mediante
cromatografia en columna en gel de sllice utilizando un gradiente de elucion de
diclorometano:metanol:amoniaco 0,88 (100:0:0 a 98:2:0,25), proporcionando el
compuesto del titulo en forma de un sdlido amarillo. 85 mg.

'H-RMN (CD;0D, 400 MHz) &: 0,73 (t, 3H), 1,57 (m, 2H), 1,75-1,86 (m,
4H), 2,40 (s, 3H), 2,44 (s, 3H), 3,11 (m, 2H), 3,48 (t, 2H), 3,60 (m, 2H), 3,84 (t,
2H), 4,27 (m, 2H), 4,85 (t, 2H), 6,90 (d, 1H), 7,66 (m, 1H), 8,10 (d &, 1H).
EMBR: m/z IQPA+ 437 [MH]".

Ejemplos 240-243
Se afladieron la amina protegida apropiada (1 eq.) y A&acido

trifluoroacético (7,5-12,5 ml.mmoi') a diclorometano (1542 ml.mmol"), y la
mezcla de reaccion se agité a temperatura ambiente durante 18 horas. La
mezcla de reaccibn se concentrd a vaclo y el residuo se repartié entre
diclorometano y una solucién de hidrogenocarbonato de sodio, las fases se
separaron y la acuosa se |avé con diclorometano. L a fase organica se secd
sobre sulfato de magnesio y se concentrd a vaclo. El residuo se purificd

mediante cromatografla en columna en gel de silice eluyendo con
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diclorometano:metanol:amoniaco 0,880 100:0:0 a 90:10:1, proporcionando el

producto deseado.
1
HN’H
/0
C y. | -~ N
N
\ Z
A,
H,C ks Nm
N® R' Datos
—m A C:H3 lH- 3 ] Z ) tl by [
| P 1H), 1,98 (d, 1H), 2,32 (s, 3H), 2,42 (s, 3H), 3,07
(m, 2H), 3,56 (m, 3H), 3,68 (m, 1H), 3,86 (m, 3H),
4,63 (m, 3H), 7,62 (d, 1H), 8,11 (s, 1H), 8,32 (m,
1H). EMBR: m/z IQPA+ 409 [MH]*
(241 N/*N ‘H-mmﬂiwm
M 1H), 2,02 (m, 1H), 2,42 (s, 3H), 3,09 (m, 2H), 3,56-
3,76 (m, 4H), 3,90 (m, 3H), 4,63 (m, 2H), 4,92 (s,
1H), 8,56 (m, 1H), 8,58 (d, 1H), 8,79 (s, 1H). EMBR:
m/z EP+ 386 [MH]"




22y

3,16 (d, 2H), 3,43 (s, 3H). 3,58 (c, 2H), 3,64 (m, 2H), 3,87 (t, 2H), 4,33
(d. 2H), 4,67 (s, 2H), 4,70 (t, 2H), 6,91 (d, 1H), 8,13 (d, 1H), 8,20 (s, 1H).
EMBR: m/z IQPA+ 453 [MH]"

2,02 (d, 1H), 2,41 (s, 3H), 3,12 (c, 2H), 3,56-3,70 (m, 5H), 3,73 (m, 1H),
3,89 (m, 3H), 4,73 (m, 4H), 4,91 (s, 1H), 6,93 (d, 1H), 8,15 (d. 1H), 8,39
(m, 1H). EMBR: m/z EP+ 453 [MH]"
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Se disolvié el producto protegido de la preparaciéon 168 (62 mg, 0,12
mmol) en etanol (5 ml) y la solucién se traté con hidréxido de paladio (10 mg) y
acido clorhidrico 2 M (124 ul, 0,25 mmol). La mezcla de reaccion se dispuso a
414 kPa durante 18 horas y después se tratd con catalizador adicional (20 mg)
y se dispuso a 414 kPa durante 18 horas. La mezcla de reaccién se filtrd
mediante cromatografla en columna en gel de sllice eluyendo con
diclorometano:metanol:amoniaco 0,88 95:5:0,5 a 90:10:1, proporcionando el
producto del titulo, 16 mg.

'H-RMN (CD;0D, 400 MHz2) 5: 1,11 (t, 3H), 1,92 (m, 1H), 2,11 (m, 1H),
2,41 (2 x s, 6H), 3,21 (m, 2H), 3,58 (m, 2H), 3,70 (¢, 2H), 3,84 (m, 2H), 4,09 (s,
1H), 4,65 (m, 2H), 4,95 (s, 1H), 6,95 (m, 1H), 8,16 (d, 1H), 8,36 {m, 1H). EMBR:
m/z |IQPA+ 409 [MH]".

Eiemplos 245 a 257
Se disolvieron el compuesto clorado apropiado (preparaciones 191 a

202) (1 eq.) y la amina HNR®R* apropiada (3-5 eq.) en dimetilsulféxido (2,7-
13,6 ml.mmol') y la mezcla de reaccién se agitd a 120°C durante 18 horas en
un recipiente sellado. La mezcia de reaccién se repartié entre agua y acetato

de etilo, y las fases se separaron. La fase orgénica se secod sobre sulfato de
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magnesio y se concentré a vaclo. El residuo se purificd mediante cromatografia
en columna en gel de sllice eluyendo con diclorometano:metanol:amoniaco

0,88, proporcionando el producto del titulo.

HN’R1

oﬁ
)(\ /Nkn

H,C R

R' -NR°R Datos
CH, "H-RMN (CD:0D, 400 MHz) &: 2,74]
(m, 1H), 2,41 (m, 7H), 2,71 (s, 3H),
2,91 (c, 1H), 3,11 (m, 1H), 3,23 (m,
l 4H), 3,35 (m, 1H), 3,88-4,09 (m, 4H),
4,73 (t, 2H), 5,24 (s, 1H), 6,96 (d,
1H), 8,15 (d, 1H), 8,22 (s, 1H).
EMBR: m/z |IQPA+ 479 [MH]*
P | s "RPRIN {CD0D, 400 MFz) B 1,18
/* K/ (d. 3H), 2,44 (s, 3H), 2,57 (s, 3H),
)\)j 2,64 (m, 1H), 2,85 (m, 2H), 2,95-3,10
(m, 2H), 4,04-4,10 (m, 4H), 4,54 (m,
2H), 4,70 (t, 2H), 8,02 (m, 1H), 8,48
(d. 1H). EMBR: m/z IQPA+ 466
[MHT*

2\
/
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34/

2475 H, N 'H-RMN ({CD,0D, 400 MHz) 5: 2,00-
N ,O 2,45 (m, 4H), 2,42 (s, 3H), 2,50 (s,
/) t'iH, 3H), 2,88 (8, 3H), 3,15 (m, 5H), 3,60
N (m, 2H), 4,08 (m, 4H), 4,72 (m, 2H),
5,00 (m, 1H), 8,22 (s, 1H), 8,68 (s,
1H). EMBR: m/z IQPA+ 494 [MH]"
P
N
N® R Datos
248 ~n | SN ,YCHS '"H-RMN (CD,0D, 400 MH2) &: 1,18
/I!l k/NH (d, 3H), 1,36 (t, 3H), 2,68 (m, 1H),

2,88 (m, 4H), 3,02 (m, 1H), 3,08 (m,
1H), 3,96 (c, 2H), 4,03 (t, 2H), 4.55
(m, 2H), 4,78 (t, 2H), 8,02 (m, 1H),
8,87 (d, 1H), 9,45 (s, 1H). EMBR:
miz IQPA+ 466 [MH]"
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B2

'H-RMN {CD,0D, 400 MHz) &. 1,20
(d, 3H), 1,35 (t, 3H), 2,60 (m, 1H),
2,80 (m, 4H), 3,05 (m, 2H), 4,05 (m,
4H), 4,50 (d, 2H), 4,70 (t, 2H), 8,20
(m, 1H), 8,60 (d, 1H), 8,80 (s, 1H).
EMBR: m/z IQPA- 464 [M-HJ

'"H-RMN {CD50D, 400 MHZ) &: 1,18
(d, 3H), 1,35 (t, 3H), 2,58 (s, 3H),
2,83 (m, 1H), 2,87 (m, 4H), 2,99-3,11
(m, 2H), 4,09 (m, 4H), 4,53 (m, 2H),
4,72 (m, 2H), 8,03 (s, 1H), 8,48 (d,
1H). EMBR: m/z IQPA+ 480 [MH"]

249°° NN | N CH

I N *
250 H, [~ CH,

N
A
251 H, N-C
= N \N/O
| N') CH

'H-RMN (CD50D, 400 MHz) &: 1,38
(t, 3H), 1,78 (m, 2H), 1,94 (m, 2H),
2,23 (m, 2H), 2,35 (s, 3H), 2,54 (s,
3H), 2,88 (c, 2H), 3,03 (m, 2H), 3,11
(8, 3H), 4,06 (m, 4H), 4,68 (m, 3H),
8,22 (m, 1H), 8,67 (s, 1H). EMBR:
m/z IQPA+ 508 [MH]*
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¥ 3

(d, 3H), 2,50 (s, 3H), 2,62 (m, 1H),
2,85 (m, 2H), 3,00 (m, 2H), 3,42 (s,
3H), 4,05 (m, 2H), 4,15 (m, 2H), 4,54
(m, 2H), 4,70 (s, 2H), 4,82 (m, 2H),
6,99 (d, 1H), 7.70 (m, 1H), 8,10 (d,
1H). EMBR: m/z IQPA+ 495 [MH]"

'H-RMN {CD,0D, 400 MHZ) &: 1,18
(d, 3H), 2,39 (s, 3H), 2,60 (m, 1H),
2,80 (m, 2H), 2,90-3,05 (m, 2H), 3,42
(8, 3H), 4,00 (m, 2H), 4,10 (m, 2H),
4,50 (d, 2H), 4,65 (s, 2H), 4,75 (m,
2H), 6,90 (d, 1H), 8,10 (m, 2H).
EMBR: m/z IQPA+ 495 [MH]*
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AN - e Z) O 1,
(t, 3H), 3,22 (s, 3H), 3,39 (s, 3H),

3,61-3,68 (m, 5H), 3,97 (¢, 2H), 4,06
(t, 2H), 4,73 (s, 2H), 4.90 (1, 2H),
8,62 (d, 1H), 7.70 (m, 1H), 7.86 (d,
1H). EMBR: m/z IQPA+ 470 [MH]*

HN’RI

R Dalos
CH, | H-RMN{CD;OD, 400 MHz) &: 1,20 (m, 6H), 242 (s, 3H),|
NZ 2,62 (m, 1H), 2,85 (m, 2H), 3,00 (m, 2H), 3,85 (¢, 2H),
\ || |4,10 (m, 2H), 4,15 (m, 2H), 4,60 (m, 2H), 4,75 (s, 2H)
4,85 (m, 2H), 6,95 (d, 1H), 7.70 (m, 1H), 8,10 (m, 1H).

EMBR: m/z IQPA+ 509 [MH]*
| PRV (CD300D; 200 WFEY B .20, BF), 240 6, 3R,
2,60 (m, 1H), 2,85 (m, 2H), 3,00 (m, 2H), 3,85 (¢, 2H),
': || [4:05 (m, 2H), 4,10 t, 2H), 4,59 (m, 2H), 4.70 (s, 2H), 4,80
N~ |t 2H), 6,85 (d, 1H), 8,20 (m, 2H). EMBR: m/z IQPA+ 508

[MH]*
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-
HN \N' CH
~0  \ 3

2,81 (m, 2H), 3,00 (m, 2H), 3,30 (m, 2H), 3,63 (m, 4H), 3,92 (m, 2H),
4,59 (m, 2H), 4,80 (s, 2H), 8,98 (d, 1H), 7,65 (m, 1H), 8,05 (d, 1H).
EMBR: m/z IQPA+ 455 [MH]*

A-  se utiliz6 la sal clorhidrato de la amina de la preparacién 115 y se afiadio
una cantidad equimolar de N-etildiisopropilamina a la reaccién.
B- lareaccion no se realizd en un recipiente sellado.

5 C- el producto se traté con HCI en éter, proporcionando la sal clorhidrato

D-  se afladié 1 eq. de fluoruro de cesio a la mezcla de reaccién.

10
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Se agitd a 110°C durante 18 horas una mezcla del cloruro de la
preparacién 140 (200 mg, 0,5 mmol), 1-piperazincarboxilato de terc-butilo (165
mg, 0,89 mmol), fluoruro de cesio (76 mg, 0,5 mmol) y N-etildiisopropilamina
(0,88 mil, 5,0 mmol) en dimetilsulféxido (2 ml). La mezcla enfriada se repartié
entre acetato de etilo (25 ml) y agua (25 ml), las fases se separaron y la fase
organica se lavd con salmuera, se secd sobre sulfato de magnesio y se
evapord a vaclo. El producto se disolvid en diclorometano (9 ml), se afiadid
acido ftrifluoroacético (3 mil) y la reaccidn se agitd durante 1,5 horas. La
reaccion se evapord a vaclo y el residuo se repartié entre acetato de etilo y una
solucién acuosa de bicarbonato de sodio. Las fases se separaron, la fase
orgénica se secd sobre sulfato de magnesio y se evapord a vaclo. El residuo se
triturd con éter/pentano, proporcionando el compuesto del titulo en forma de un
sélido blanquecino, 117 mg. 'H-RMN (CD3OD, 400 MHz) 5: 2,40 (s, 3H), 2,46
(s. 3H), 2,93 (m, 4H), 3,75 (m, 4H), 4,05 (m, 4H), 4,73 (t, 2H), 6,94 (d, 1H), 7,68
(dd, H), 8,05 (m, 1H). EMBR: m/z IQPA+ 451 [MH]*.
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CH,

F =

Fy\ (\\\ > ‘
£ HN N
fN NN
N
H,C, N "@
O NH

Se calenté a 120°C durante 18 horas en un ReactiViai® una mezcla del
compuesto clorado de la preparacion 193 (150 mg, 0,35 mmol), 3,8-
diazabiciclo[3.2.1]octano-8-carboxilato de terc-butilo (J. Med. Chem. 1998, 41,
674) (160 mg, 0,72 mmol) y N-etildiisopropilamina (244 pl, 1,4 mmol) en
dimetilsulféxido (3 ml). La mezcla se verti en agua y se extrajo con
diclorometano (2x). Las fracciones organicas combinadas se lavaran con agua,
se secaron sobre sulfato de magnesio y se evaporaron a vacio. E! aceite
residual se disolvié en diclorometano (6 ml), se afiadié acido trifluoroacético (2
ml) y la solucién se agitd a temperatura ambiente durante 3 horas. La reaccion
86 concentrd a vacd, el residuo se repartid entre diclorometano y &cido
clorhidrico 2 N y las fases se separaron. La fase acuosa se lavé con
diclorometano y después se alcalinizé utilizando bicarbonato de sodio sdlido.
Esta solucion se extrajo con diclorometano (3x), estos extractos orgéanicos
combinados se secaron sobre sulfato de magnesio y se evaporaron a vacio. El
producto bruto se purificd mediante cromatografia en columna en gel de sffice
utilizando un gradiente de elucién de diclorometano:metanol:amoniaco 0,88

(98:2:0,25 a 96:4.0,5), proporcionando el compuesto del titulo en forma de una



10

15

345

-204-

espuma amarllla, 80 mg.

'H-RMN (CD30D, 400 MHz) 5: 1,76-1,84 (m, 4H), 2,38 (s, 3H), 3,15 (m,
2H), 3,42 (s, 3H), 3,59 (m, 2H), 4,02 (c, 2H), 4,10 (t, 2H), 4,28 (m, 2H), 4,68 (s,
2H), 4,77 (t, 2H), 6,92 (m, 1H), 8,13 (m, 2H). EMBR: m/z IQPA+ 507 [MH]".

Ejemplo 260

El compuesto del titulo se obtuvo en forma de un sdlido amarillo a partir
del cloruro de la preparacion 159 y (15,4S){-)-2,5-diazabiciclo[2.2.1]heptano-2-
carboxilato de terc-butilo siguiendo un procedimiento similar al descrito en el
ejemplo 259, excepto porque el producto no se purificé mediante cromatografla
en columna.

'H-RMN (CD30D, 400 MHz) &: 1,11 (t, 3H), 2,01 (m, 2H), 2,42 (s, 3H),
3,32 (m, 2H), 3,43 (s, 3H), 3,80 (c, 2H), 3,82 (m, 2H), 3,90 (t, 2H), 4,37 (m, 1H),
4,70 (s, 2H), 4,74 (m, 2H), 5,06 (m, 1H), 6,97 (d, 1H), 8,17 (d, 1H), 8,32 (s, 1H).
EMBR: m/z IQPA+ 439 [MH]".
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Se afiadi6é una solucién de hidréxido de sodio (760 pl, 1 M, 0,76 mmol) a
una solucién del compuesto de la preparacién 203 (200 mg, 0,38 mmol)en
dioxano (5 ml) y la reaccién se agitd a temperatura ambiente durante 18 horas.
La mezcla se repartié entre acetato de etilo (20 ml) y agua (20 ml) y las fases
se separaron. La fase acuosa se acidificd utilizando una solucion de acido
cltrico 1 M, después se extrajo con diclorometano (2 x 50 ml). Estos extractos
organicos combinados se secaron sobre sulfato de magnesio y se evaporaron
a vaclo. El residuo se purificdé mediante cromatografla en columna en gel de
sllice de fase inversa utilizando un gradiente de elucién de agua:metanol (100:0
a 20:80) y las fracciones a propiadas s e concentraron a vacio. £l residuo se
disolvi6 en diclorometano (10 mi), la solucién se secd sobre sulfato de
magnesio y se evapord a vacio, proporcionando el compuesto del titulo, 30 mg.

'H-RMN (DMSO-ds, 400 MH2) 5: 1,52 (m, 2H), 1,84 (m, 2H), 2,30 (s.
3H), 2,50 (m, 4H), 3,00 (m, 2H), 3,95 (t, 2H), 4,06 (c, 2H), 4,47 (m, 2H), 4,64
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(m, 2H), 6,78 (d, 1H), 7,94 (m, 1H), 8,14 (d, 1H). EMBR: m/z EP- 492 [M-HT.

H,
: I
,?(F\ (L}, HN\ NJ
A N/j\N
H,C OWOH

Se calentd una mezcla del compuesto clorado de la preparacién 197
(105 mg, 0,37 mmol) e isonipecotato de etilo (188 ul, 1,22 mmol) en
dimetilsulféxido (2 mi) a 120°C durante 3 horas. La mezcla enfriada se repartié
entre diclorometano (50 ml) y agua (50 ml) y las fases se separaron. La fase
organica se lavé con agua (2 x 25 ml), se seco sobre sulfato de magnesio y se
evapord a vaclo. El residuo se disolvid en dioxano (2 ml), se afiadid hidréxido
de sodio (2,0 ml, 1 M, 2,0 mmol) y ia solucién se agitd a temperatura ambiente
durante 18 horas. La reaccién se evapord a vacio y el residuo se repartié entre
diclorometano (20 ml) y agua (20 ml), las fases se separaron y la fase acuosa
se acidificd con acido cltrico 1 M. Esta solucidn se axtrajo con diclorometano (2
x 50 ml) y los extractos orgénicos combinados se secaron sobre sulfato de
magnesio y se evaporaron a vaclo. El producto bruto se purificé mediante

cromatografia en columna en gel de sllice utilizando un gradiente de elucién de
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diclorometano:metanol:acido acético (100:0.0 a 94:6:0,6), proporcionando el
compuesto del titulo en forma de un sélido amarillo, 87 mg.

'H-RMN (CD;30D, 400 MHz) &; 1,73 (m, 2H), 2,02 (m, 2H), 2,44 (s, 3H),
2,50 (s, 3H), 2,64 (m, 1H), 3,18 (m, 2H), 4,00-4,06 (m, 4H), 4,64 (m, 2H), 4,72

5 (t. 2H), 8,17 (m, 1H), 8,64 (s, 1H). EMBR: m/z IQPA+ 495 [MH]".

10

15

OH
o

Se calent6 una mezcla del compuesto clorado de la preparacién 200
(150 mg, 0,38 mmol) e isonipecotato de etilo (277 ul, 1,80 mmol) en
dimetilsulféxido (1,5 ml) en un Reactivial® a 120°C durante 18 horas. La
mezcla enfriada se repartié entre acetato de etilo (50 ml) y agua (50 ml) y las
fases se separaron. La fase orgdnica se lavé con agua (50 ml), se secd sobre
sulfato de magnesio y se evaporé a vaclo. El residuo se disolvié en dioxano (3
mi), se afiadié hidréxido de sodio (2,5 ml, 1 M, 2,5 mmol) y la soluci6n se agitd

a temperatura ambiente durante 72 horas. La reaccién se evapor6 a vaclo, el



10

15

20

352~

-208-

residuo se disolvid en agua (2 ml) y la solucion se acidificd utilizando una
soluciéon de é&cido citrico al 10%. El precipitado resultante se separd por
filtracion, se lavé con agua y se secé a vaclo a 45°C, proporcionando el
compuesto del titulo en forma de un sélido amarilio, 106 mg.

'H-RMN (CD30D, 400 MHz): 5 1,35 (t, 3H), 1,73 (m, 2H), 1,99 (m, 2H),
2,50 (s, 3H), 2,62 (m, 1H), 2,89 (c, 2H), 3,15 (m, 2H), 3,96-4,09 (m, 4H), 4,60
(m, 2H), 4,70 (m, 2H), 8,17 (m, 1H), 8,66 (s, 1H). EMBR: m/z IQPA+ 509 [MH]".

Las siguientes preparaciones describen la preparacién de ciertos

intermedios utilizados en los ejemplos precedentes.

Preparacién 1
5-1sopropil-4-nitro-2H-pirazol-3-carboxamida

N
N\ / NH,
H,C NO,
CH,

Se enfri6 a —5°C en hielo/acetona una solucién de acido 5-isopropil-4-
nitro-2H-pirazol-3-carboxllico (Farmaco 46, 11, 1991, 1337-1350) (6 g, 0,03
mol) en N,N-dimetiformamida (69 pl) y diclorometano (87 ml). Se afiadio
cloruro de oxalilo (11,48 g, 0,09 mmol) durante 30 minutos y la mezcla de
reaccion se agitd durante 1 hora, la mezcla de reaccién se dejé después volver
a la temperatura ambiente durante 2 horas. La mezcla de reaccién se

concentrd a vaclo y el disolvente restante se destild azeotropicamente con
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diclorometano. El sdlido resultante se suspendié en tetrahidrofurano (70 ml), se
enfrié6 a 0°C y se afiadi® amoniaco 0,880 (25 ml). La mezcia de reaccién se
agité durante 30 minutos y después se concentrd a vaclo. El sélido resultante
se suspendié en agua, se filtrd y se secé a 70°C a vaclo, proporcionando el
producto.

TH-RMN (DMSO-dg, 400 MHz) 5: 1,28 (d, 8H), 3,55 (m, 1H), 7,59 (s, 1H),
7.89 (s, 1H), 13,72 (s a, 1H). EMBR: m/z EP+ 199 [MH]".

Preparacién 2
4-Nitro-2H-pirazol-3-carboxamida
H o)
N
N/
\ // NH,

NO,

Se afiadié acido 4-nitro-2H-pirazol-3-carboxilico (2,72 g, 17,4 mmol) a
una solucién de cloruro de oxalilo (2,42 ml, 27,7 mmol) y N,N-dimetilformamida
(80 ul) en diclorometano (45 ml), y la mezcla de reacciébn se agitd a
temperatura ambiente durante 2 horas. La mezcla de reaccién se concentrd a
vaclo y se destilé azeotrdpicamente con diclorometano (3 x 100 ml). El
producto bruto se disolvié en tetrahidrofurano, se enfrié en un bafio de hielo y
se traté con una solucién de amoniaco 0,880 (20 ml). La mezcla de reaccién se
agitd a temperatura ambiente durante 18 horas y después se concentrd a
vaclo, y el residuo se repartié entre diclorometano (300 mi) y agua (100 mi). La

fase orgédnica se separd, se secd sobre sulfato de magnesio y se concentrd a
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vaclo, proporcionando el producto del titulo. EMBR EP+ m/z 157 {MH]".

Preparacién 3
trans-2.5-Dimetilpiperazin-1-carboxilato de terc-butilo

H,C CH,
>——\ 0——CH
HN _N—<o cH,
. CH,

=7

Se disolvidé trans-2,5-dimetilpiperazina (10 g, 0,087 mol) en una mezcla

de dioxano (18 ml) y agua (8 ml) y se enfrié en un bafic de hielo. Se afiadié
dicarbonato de di-ferc-butifo (19,298 g, 0,088 mmol) y la mezcia de reaccion se

dejo volver a temperatura ambiente. Se afiadieron dioxano (8 ml) y agua (4 mi)

10 adicionales y la mezcla se agitd durante 18 horas. El dioxano se retiré a vacio y

la mezcla se alcalinizd a pH 9, se extrajo con acetato de etilo, se secé sobre

sulfato de magnesio y se concentrd. La mezcla se purific6 mediante

cromatografia en columna en gel de sflice utilizando metanot:diclorometano
20:80. Se disolvié el producto bruto en éter y se afiadi6 acido clorhidrico (0,5

15 eq.), proporcionando la sal HCI del compuesto del tttulo (2,73 g).

'H-RMN (DMSO-de, 400 MHz) 5: 1,21 (2 x d, 6H), 1,40 (s, 9H), 2,90 (dd,
1H), 3,21 (dd, 1H), 3,52 (m, 2H), 3,62 (dd, 1H), 4,25 (m, 1H), 8,2 (m a, 2H).

EMBR: EP+ m/z 215 [MH]".

20 Preparacién 4
(3S)-3-Metilpiperazin-1-carboxilato de terc-butilo
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H,C CH,
>—\ O——CH,
HN \_/ﬂ—< CH,
o)

Se agitd a temperatura ambiente durante 3 horas una solucién de (2S)-
2-metilpiperazina (3,8 g, 38 mmol) y N-(ferc-butiloxicarboniloxi)ftalimida (10 g,
38 mmol) en diclorometano {100 ml). La mezcla se lavé con una solucién de
hidréxido de sodio 2 N, 1a solucién organica se secd sobre sulfato de magnesio
y sa concentrd a vaclo, proporcionando el compuesto del titulo en forma de un
aceite transparente, 4,31 g. "H-RMN (CDCla, 400 MHz) &: 1,12 (m, 3H), 1,45 (s,
OH), 2,74-2,90 (m a, 3H), 3,00 (d, 2H), 3,78 (m, 1H), 3,88-3,98 (m a, 2H).
EMBR EP+ m/z 201 [MH]".

Preparacién 5
3-{Metilaminometil}-1-metilpiperidina

HiCo \CHs
H

Se calentd en un matraz sellado a 100°C durante 17 horas una solucién
de 3-(clorometil)-1-metilpiperidina (8,2 g, 50 mmol) (documento US 6184338,
ejemplo 5) y 33% de metilamina en etanol (60 mi). La mezcia de reaccion se
concentrd a vacio y se diluyé con agua antes de extraerse con diclorometano, y
se secO sobre sulfato de magnesio. La mezcla de reaccién se filtré y se
concentrd a vaclo, proporcionando el producto del titulo, 8,2 g.

Microanlisis: observado: C 44,80%, H 9,37%, N 13,21%.

CaHigN2: calculado: C 44,65%, H 9,37%, N 13,02%.

IS5
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Preparacion 8
Metilamino idin-1-carboxilato de ferc-butilo

H,,C)v}—no—'ﬁ'\

CH,
H,C CH,

5 Se afiadié 3-yodoazetidin-1-carboxilato de terc-butilo (documento EP
1176142, pag. 23, ¢]. 2 (i)) (2,0 g, 7,07 mmol) a 33% de metilamina en etanol
(45 ml) y la mezcla de reaccién se calentd en un recipiente sellado a 100°C
durante 24 horas. La mezcla de reaccidn se concentrd a vacio y el residuo se
repartié entre acetato de etilo e hidrdxido sodio acuoso 1 M. La fase organica
10 se separd y se lavd con salmuera, se secd sobre sulfato de magnesioy se
concentrd a vaclo. El producto bruto se purific6 mediante cromatografia en
columna en gel de sllice, eluyendo con diclorometano:metanol:amoniaco 0,880
96:3,5:0,5, proporcionando el producto del tiulo.
'H-RMN (CDCls, 400 MHz) &: 1,43 (s, 9H), 1,84 (m, 1H), 2,41 (s, 3H),
15 3,49 (m, 1H), 3,67 (m, 2H), 4,06 (m, 2H). EMBR 1QPA+ m/z 187 [MH]".

Preparacion 7
Trifluoroacetato de (3R)}-3-metoxipimrolidina

H
N

O

H,C—0 CF,COH

20 Se disolvié (3R)-3-hidroxipimolidin-1-carboxilato de terc-butilio (25 g,
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133.4 mmol) en tetrahidrofurano (668 ml) y la mezcla de reaccion se enfrib a
0°C en un bafio de hielo. La mezcla de reaccion se tratd con hidruro de sodio
(4,40 g, dispersién al 80% en aceite mineral, 146,6 mmol) y se agitd hasta
volver a la temperatura ambiente. La mezcla de reaccion se tratd después con
yoduro de metilo (29,0 g, 200,0 mmol) y se agitd a temperatura ambiente
durante 18 horas. La mezcla de reacci6én se diluyé con agua (200 mi) y se
concentrd a vaclo hasta que permanecié s6lo |a fase acuosa. La mezcla de
reaccion se tratd con acetato de etilo (1.500 ml), la fase orgéanica se separd, se
secé sobre sulfato de magnesio y se concenird a vacio, proporcionando el
producto del titulo en forma de un aceite marmdn.

Se disolvib este aceite (24,75 g, 123,0 mmol) en dietiléter (615 ml) y se
burbujed cloruro de hidrdgeno a través de la solucién durante 1 hora a
temperatura ambiente. La mezcla de reaccibn se concentrd a vaclo y se
redisolvié en éter y se agitd durante 2 horas adicionales. El éter se separd por
decantacién y la mezcla de reaccién se concentrd a vaclo. El producto bruto se
disolvié en etanol y se fraté con acido trifluoroacético (200 ml) y se agité a
temperatura ambiente durante 2 horas. La mezcla de reaccién se concentré a
vaclo, proporcionando el producto del titulo. 'H-RMN (CDsOD, 400 MHz) &:
1,96 (m, 1H), 2,09 (m, 1H), 3,08-3,37 (m, 4H), 4,06 (m, 1H), 4,80 (s, 3H).

Preparacion 8
Clorhidrato de 3-amino-N-metilpropionamida

H

N NH, .HCl
H:,C/ \H/\/ 2

o)
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Se disolvieron (2-{metilcarbamoil)metil)}carbamato de bencilo (7,92 g,
33,52 mmol) y 5% de Pd/C (800 mg) en etanol (300 ml) y la mezcla de reaccion
se agitd a temperatura ambiente a 345 kPa de hidrégenc durante 4 horas. La
mezcla de reaccion se filtrd a través de Arbocel®, se lavd con etanol y se
afiadié una solucién de écido clorhidrico 1 M (37 ml) al filtrado. La mezcla de
reaccion se concentrd a vacio y el producto bruto se destilé azeotrGpicamente
con diclorometano (x3) y se secd a vaclo, proporcionando el producto del titulo,
4,66 g. '"H-RMN (CDCls, 400 MHz) &: 2,48 (m, 2H), 2,61 (s, 3H), 2,97 (m, 2H),
7,89-8,11 (m a, 3H).

Preparacién 9
5-Vinilpiridin-2-amina

P

N~ "NH,

Se afiadieron viniltributilestafio (13 ml, 44,65 mmol), acetato de paladio
(I1) (0,45 g, 2,1 mmol), trietilamina (12,4 ml, 88,1 mmol) y tri-(orto-tolil)fosfina
(3,69 g, 12,15 mmol) a una solucién de 5-bromopiridin-2-amina (7,0 g, 40,5
mmol) en acetonitrilo (70 ml), y la mezcla de reaccion se calenté a reflujo
durante 18 horas. La mezcla de reaccion se lavd con una solucién de
carbonato de sodio 2 M (80 ml), se separaron los extractos organicos, se
secaron sobre sulfato de magnesio anhidro, se filtraron y s e concentraron a
vaclo. El producto bruto se purificé mediante cromatografia en columna en gel
de sllice utilizando metanol:diclorometano 3:97, proporcionando 3,6 g de

producto. Este residuo se disolvié en diclorometano y se lavé con soluciones

355
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acuosas de fluoruro de potasio y después hidrogenocarbonato de sodio. La
solucién orgénica se secé sobre sulfato de magnesio, se filtré y se concentré a
vaclo, proporcionando 1,9 g de producto final,

'H-RMN (400 MHz, CDCly) & 4,52 (s a, 2H), 5,13 (d, 1H), 5,58 (d, 1H),
6,48 (d, 1H), 6,57 (m, 1H), 7,54 (d, 1H), 8,05 (s, 1H). EMBR IQPA+ m/z 121
[MH]".

Preparacion 10
5-Etilpiridin-2-amina

H,C | N
N/ NH,

Se afiadié 10% de paladio sobre carbono (300 mg) a una solucién de la
amina de la preparacion 9 (1,7 g, 14,1 mmol) en etanol (80 ml) y la mezcla de
reaccion se agitd a 104 kPa de hidrégeno durante 18 horas. La mezcla de
reaccién se filtré a través de Arbocel® y el filtrado se concentré a vaclo. El
aceite resultante se disolvié en diclorometano y se lavd con una solucién de
fluoruro de potasio (2 x 10 ml), la fase organica se sectd sobre sulfato de
magnesio, se filtré y se concentré a vacio, proporcionando 650 mg de producto.

'H-RMN (400 MHz, CDCl3) &: 1,16 (t, 3H), 2,48 (c, 2H), 4,35 (s a, 2H),
6,46 (d, 1H), 7,26 (m, 1H), 7,89 (m, 1H).

Materiales de partida
Se utilizaron los siguientss pirazoles como materiales de partida:
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5-Metil-4-nitro-2H-pirazol-3-carboxamida (documento US 4.282.361, ej.
7).

5-Etil-4-nitro-2H-pirazol-3-carboxamida (documento WO 02/10171, péag-
17, prep. 1, sintesis j).

5 4-Nitro-5-propil-2H-pirazol-3-carboxamida (documento WO 02/10171,

pag. 17, prep. 1, sintesis k).

9-Isopropil-4-nitro-2H-pirazol-3-carboxamida, véase la preparacion 1.

4-Nitro-2H-pirazol-3-carboxamida- véase la preparacion 2.

10 Preparaciones 11 a 23

ke — A

Se afadieron carbonato de potasio (1 eq.) y el R*8r (1 eq.) apropiado a
una solucién del pirazol apropiado (véanse los materiales de partida anteriores)
(1 eq.) en N,N-dimetilformamida (2-3 ml.mmol') y la mezcla de reaccién se
15 agité en atmésfera de nitrégeno a temperatura ambiente durante 18 horas. La
mezcla de reaccién se concentrd a vacio y se repartié entre acetato de etilo y
agua, la fase organica se lavd sobre sulfato de magnesio y se concentré a
vaclo. El producto bruto se purificd utilizando cromatografla en columna en gel
de sllice eluyendo con acetato de etilo:pentano 50:50 a 100:0, proporcionando

20 los productos deseados.
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Prep. 8
v
N/
\ /  "NH,
5
R NO,
11 [R°=H; R*=-(CH.):0CH:CH;

H-RMN (DMSO-dg, 400 MHz) &: 1,03 (t, 3H), 3,36 (c, 2H), 3,69 (t, 2H),
4,30 (t, 2H), 8,26 (s a, 1H), 8,29 (s, 1H), 8,42 (s a, 1H). EMBR: m/z
IQPA+ 229 [MH]*

12 |R°=CHj;, R°= -{CHz);0CH;

'H-RMN (CDCls, 400 MHz) &: 2,13 (m, 2H), 2,52 (s, 3H), 3,27 (s, 3H),
3,42 (t, 2H), 4,42 (t, 2H), 5,97 (s a, 1H), 7.36 (s a, 1H). EMBR: m/z
IQPA+ 265 [MNa]*

13 |R°= -CHjy, Re= -(CH2)z0CH;CH;

'H-RMN (CDCls, 400 MHz) 5: 1,12 (t, 3H), 2,51 (s, 3H), 3,46 (c, 2H),
3,78 (t, 2H), 4,44 (t, 2H), 6,07 (s a, 1H), 7.42 (s a, 1H). EMBR:m/z
IQPA+ 243, [MH]"

14

R -CHa; R°= {CHZ).OCH;3

'H-RMN (CDCls, 400 MHz) 5: 2,51 (8, 3H), 3,33 (s, 3H), 3,74 (1, 2H),
4,48 (t, 2H), 6,05 (s a, 1H), 7,36 (s a, 1H). EMBR: m/z IQPA+ 251
[MNaJ*

15 |R°= -CHCHa; R°= -{CHz);OCHj

EMBR: m/z IQPA+ 243 [MH]*
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262

=- 3 K=~ 2 3

TH-RMN (DMSO-dg, 400 MHZ) &: 1,03 (t, 3H), 1,18 (t, 3H), 2,84 (c, 2H),
3,37 (c, 2H), 3,69 (t, 2H), 4,22 (t, 2H), 8,18 (s a, 1H), 8,37 (s a, 1H).
EMBR: m/z IQPA+ 279 [MNa]"

"R°=-CH{CH:)z R°= -(CHz)0CH;

H-RMN (DMSO-ds, 400 MHz) 5: 1,26 (d, 6H), 3,18 (s, 3H), 3,42 (m, 1H),
3,85 (t, 2H), 4,25 (t, 2H), 8,17 (s a, 1H), 8,40 (s a, 1H). EMBR: m/z EP+
279 [MNaJ*

'R°= -CHy; R°= -{CH2);0(CHz).CH;

TH-RMN (DMSO-ds, 400 MHZ) 5: 0,79 (t, 3H), 1,44 (m, 2H), 2,41 (s, 3H),
3,20 (t, 2H), 3,70 (t, 2H), 4,22 (t, 2H), 8,18 (s, 1H), 8,33 (s, 1H). EMBR
m/z IQPA+ 257 [MH]*

'R°="-CHj; R%= -{CH;);OCHCH;
'H-RMN (DMSO-dg, 400 MHz) 5: 1,08 (t, 3H), 1,96 (m, 2H), 2,55 (s, 3H),
3,32 (m, 2H), 3,37 (m, 2H), 4,15 (t, 2H), 7.64 (s a, 1H), 7,89 (s a, 1H)

'R°=-CHy; R°= {CHZ).OCH({CH:)

'H-RMN (CDCl, 400 MHz) 5: 1,07 (d, BH), 2,54 (s, 3H), 3,56 (m, 1H),
3,81 (t, 2H), 4,42 (t, 2H), 5,97 (s a, 1H), 7,54 (s a, 1H). EMBR IQPA+
miz 257 [MH]*

= {CH2)2CHj; R™= {CH2),0CH;
TH-RMN (CDCls, 400 MHz) &: 1,00 (t, 3H), 1,74 (m, 2H), 2,89 (t, 2H),
3,33 (s, 3H), 3,78 (t, 2H), 4,49 (t, 2H), 5,95 (s a, 1H), 7.25 (s a, 1H). EM
EP+ m/z 257 [MH]*
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[22 = -(CH2).CH5; R°=-CH,
H-RMN (DMSO-ds, 400 MHz) 5: 0,93 (t, 3H), 1,62 (m, 2H), 2,46 (m,
2H), 3,78 (s, 3H), 8,08 (m, 1H). 8,32 (m, 1H). EMBR IQPA m/z 213

[MHT

23 |R°=-CHj, R°=-CH{CH:)
TH-RMN (DMSO-ds, 400 MHz) &: 1,38 (d, 6H), 2,42 (s, 3H), 4,45 (m, 1H),
8,21 (s, 1H), 8,43 (s, 1H). EMBR: m/z IQPA+ 213 [MH[*

Preparaciéon 18- preparada utilizando 1-{2-bromoetoxi)propano (documento EP
1072595).

5 Preparacion 19- preparada utilizando 1-etoxi-3-yodopropano (documento EP
319479, pag. 21, ej. 23).
Preparacioén 20- preparada utilizada 2-(2-bromoetoxi)propano (documento FR
2638745, pag. 7, 6j. 4.1)

10 Preparaciones 24 a 37

R’ R’
N N
R® NO, R® NH,

Se afiadié en porciones formiato de amonio (5 eq.) a una suspensién de
10% de hidrdxido de paladio (ll) en carbono (10% p/p) y el 4-nitropirazol
requerido (1 eq.) en etanol (4-5 ml.mmol ™), y la mezcla de reaccion se calentd

15 a reflujo en atmobsfera de nitrdgeno durante 2 horas. La mezcla de reaccidn se
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filtr6 a través de Arbocel® y se lavo con etanol, y los filtrados se concentraron a
vacio. Si estaba presente, el etanol restante se destild azeotrépicamente con

tolueno, proporcionando el producto deseado.

Prep. '?a
_N

\ NH,

R®  NH,

Ln*ﬁ‘-‘?ﬂ';'n% -(CH;)20CH;CH,

'H-RMN (DMSO-dg, 400 MHz) 5: 1,04 (t, 3H), 3,34 (c, 2H), 3,60 (t,

2H), 4,36 (s, 2H), 4,42 (t, 2H), 7,03 (s, 1H), 7,40 (s a, 2H). EMBR: m/z

IQPA+ 199 [MH]*

25 |R'=CHy; R*=H

'H-RMN (DMSO-dg, 400 MHzZ) &: 2,04 (s, 3H), 4,45 (s a, 2H), 7,13 (s

a, 2H). EMBR: m/z IQPA+ 399 [MH]*

'R*=-CHa; R°= {CHz);0OCH3

'H-RMN (DMSO-dg, 400 MHz) &: 1,82 (m, 2H), 2,04 (s, 3H), 3,17 (s,

3H), 3,22 (t, 2H), 4,01 (s a, 2H), 4,27 (t, 2H), 7.45 (s a, 2H). EMBR:

m/z IQPA+ 235, [MNa]*

27  |R°=-CH;; R®=(CH);.0CHCH>

'H-RMN (DMSO-ds, 400 MHz) &: 1,03 (t, 3H), 2,02 (s, 3H), 3,35 (c,

2H), 3,56 (t, 2H), 4,12 (s a, 2H), 4,35 (t, 2H), 5,37 (s a, 1H), 7,50 (s a,

1H). EMBR: m/z IQPA+ 213 [MH]"

O

T
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'R*= -CHs; R°= {CHz);0CH;

'H-RMN (DMSO-dg, 400 MHz) &: 2,04 (s, 3H), 3,16 (s, 3H), 3,53 (t.
2H), 4,07 (s a, 2H), 4,40 (t, 2H), 7,47 (s &, 2H). EMBR: m/z IQPA+ 221
[MNa]*

R°=-CHzCHj; R%= {{CHZ)20CH3

'H-RMN (CDCls, 400 MHz) &: 1,20 (t, 3H), 2,53 (c, 2H), 3,32 (s, 3H),
3,80 (t, 2H), 4,46 (t, 2H). EMBR: m/z |QPA+ 213 [MH]*
'R%=-CH:CH3, R°= J{CHz)z20CH2CHs

'H-RMN (CDCls, 400 MHz) &: 1,14 (t, 3H), 1.23 (t, 3H), 2,55 (c, 2H),
3,50 (c, 2H), 3,84 (t, 2H), 4,43 (t, 2H). EMBR: m/z IQPA+ 227 [MH]*
'R°=-CH{CH:)z: R°= -{CH;)?0CHa

'H-RMN (DMSO-dg, 400 MHz) & 1,15 (d, 6H), 2,95 (m, 1H), 3,17 (s,
3)H, 3,55 (t, 2H), 4,07 (s a, 1H), 4,41 {t, 2H), 7,50 (s a, 2H). EMBR:m/z
IQPA+ 227 [MH]*

R"= -CHy; R°= -(CH2)0(CHz);.CH,

'H-RMN (CDCls, 400 MHz) 8: 0,85 (t, 3H), 1,55 (m, 2H), 2,20 (s, 3H),
3,42 (t, 2H), 3,85 (t, 2H), 4,43 (t, 2H). EMBR: m/z IQPA+ 227 [MH]*
'R°= CH3; R°= {CHz);OCH(CHa):

'H-RMN (CDCls, 400 MHz) 5: 1,08 (d, 6H), 2,23 (s, 3H), 3,58 (m, 1H),
3,83 (t, 2H), 4,39 (t, 2H). EMBR IQPA+ m/z 227 [MH]"
'R°={CHZ),CHa; R°= -(CH);OCH3

'H-RMN (CDCls, 400 MHz) 5 0,83 (t, 3H), 1,62 (m, 2H), 2.43 (m, 2H),
3,36 (s, 3H), 3,78 (m, 2H), 4,46 (m, 2H). EMBR TN+ m/z 227 [MH"]
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35 [R°= {CHZ).CH3; R°= CH;,

'H-RMN (CDCly, 400 MHz) &: 0,95 (t, 3H), 1,62 (m, 2H), 2,53 (t, 2H),
2,80 (s a, 2H), 4,10 (s, 3H). EMBR TN+ m/z 205 [MNa']

38 |R°=-CHy; R°= CH{CHa)

'H-RMN (CDCl, 400 MHz) 5: 1,42 (d, 6H), 2,23 (s, 3H), 5,55 {m, 1H).
EMBR: m/z IQPA+ 183 [MH]*

37 |R°=-CHy; R°= {(CHz)s0CHCH;

'H-RMN (CDCl;, 400 MHz) &: 1,03 (t, 3H), 1,82 (m, 2H), 2,02 (s, 3H),
3,24 (t, 2H), 3,48 (c, 2H), 4,05 (m, 2H), 4,28 (t, 2H), 7,48 (m a, 2H).
EMBR IQPA m/z 227 [MH]'

Preparaciones 38 a 51

8 C]
Yoo R\
N N [\
\ [ Nm, - N A
5 N (@)
R NH2 HB H
5 Se agitd una mezcla de la 4-aminopirazol-5-carboxamida apropiada

(véanse las preparaciones 24-37) (1 eq.) y carbonildiimidazol (1 eq.) en N,N-
dimetitformamida (3,8 ml.mmol"') en atmésfera de nitrégeno a temperatura
ambiente durante 1 hora. La reaccion se calentd después a 80°C durante 18
horas. La mezcla de reaccién se calenté a vaclo y el residuo se triturd con
10 acetona. E! sélido resultante se filtré y se secd, proporcionando el producto

requerido.
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Prep. F{s o
N
’ NH
Ny |
\
N
R® H
38 |R*=-{CH).CH3 R°=-CH,
"H-RMN (DMSO-ds, 400 MHz) 5: 0,9 (t, 3H), 1,55 (m, 2H), 2,55 (t, 2H),
3,95 (s, 3H), 11,0 (m a, 2H). EMBR: m/z 209 [MH]*
30 |R°=-CHa, R°=-CH{CH:)

'H-RMN (DMSO-ds, 400 MHz) 5: 1,36 (d, 6H), 2,20 (s, 3H), 5,13 (m,
1H), 11,01 (s, 2H). EMBR: m/z IQPA+ 209 [MH]*

R°=-CHzCHs; R°= {{CHZ)20CH2CH,

'H-RMN (DMSO-ds, 400 MHz) &: 0,88 (t, 3H), 1,12 (t, 3H), 2,61 (c,
2H), 3,38 (c, 2H), 3,67 (t, 2H), 4,46 (t, 2H), 11,06 (s, 2H). EMBR: nvz
IQPA- 251 [M-HJ

41

R’=-CH;, R°= -{CHz),0CH;
'H-RMN (DMSO-dg, 400 MHz) 5: 2,21 (s, 3H), 3,17 (s, 3H), 3,55 (t,
2H), 4,46 (t, 2H), 11,00 (s a, 2H). EMBR: m/z IQPA- 223 [M-HJ"

' R°=-CHzCHj; R°= -{CH;)?0CH;

'H-RMN (DMSO-de, 400 MHz) &: 1,12 (t, 3H), 2,63 (c, 2H), 3,26 (s,
3H), 3,67 (t, 2H), 4,46 (t, 2H), 11,00 (s a, 2H). EMBR: m/z IQPA+ 239
[MH]*
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'R°= -CHs; R°= -(CHZ);OCH;CH,

'H-RMN (DMSO-ds, 400 MHz) &: 1,00 (t, 3H), 2,19 (s, 3H), 3,34 (c,
2H), 3,67 (t, 2H), 4,44 (t, 2H), 11,02 (s a, 2H). EMBR: m/z IQPA- 237
M-HJ

R°=H, R%=-(CH;);0CH;CH;
'H-RMN (DMSO-ds, 400 MHz) 8: 0.7 (s, 3H), 3,36 (c. 2H), 3,70 (t,
2H), 4,51 (t, 2H), 7,34 (s, 1H), 10,93 (s a, 1H), 11,07 (s a, 1H)

'R*=-CHa; R°= -{CHz)sOCH;

'H-RMN (DMSO-ds, 400 MHz) 5: 1,82 (m, 2H), 2,18 (s, 3H), 3,17 (s.
3H), 3,26 (t, 2H), 4,32 (t, 2H), 11,00 (s a, 2H). EMBR: m/z (IQPA-)
237, [M-HJ

'R°=-CH{CHa)z; R°= -{CHz);OCH;

'H-RMN (DMSO-ds, 400 MHz) 5: 1,18 (d, 6H), 3,10 (m, 1H), 3,17 (s,
3H), 3,66 (t, 2H), 4,48 (t, 2H), 11,00 (s, 1H), 11,03 (s, 1H). EMBR: m/z
IQPA+ 253 [MH]*

= -CH;; R°=-{CH; 202CHs
'H-RMN (DMSO-de, 400 MHz) B: 0,74 (t, 3H), 1,39 (m, 2H), 2,20 (5.
3H), 3,26 (t, 2H), 3,67 (t, 2H), 4,46 (t, 2H), 11,04 (s, 2H). EMBR: m/z
IQPA+ 253 [MHT'

R°= -CHj; R°= -{CH2)0CH{CHa):

'H-RMN (DMSO-dg, 400 MHz) 5: 0,96 (d, 6H), 2,19 (s, 3H), 3,45 (m,
1H), 3,65 (t, 2H), 4,40 (t, 2H), 11,00 (s a, 2H). EMBR IQPA- m/z 251
M-HJ
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49~ |R=-CHy; R°=H

50 |R=-{CH;).CHs; R*= {CH:),OCH;

BT [R*=-CHy; R°= {CH;s0CHCH;
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'H-RMN (DMSO-dg; 400 MHz, tautdmeros) 5: 2,18 (s, 1,5H), 2,20 (s,
1,5H), 10,70 (s a, 1H), 10,90 (s a, 0,5H), 10,92 (s a, 0,5H), 13,45 (s a,
0,5H), 13,49 (s a, 0,5H). EMBR: m/z EP+ 189 [MNa]*

'H-RMN (DMSO-de, 400 MHz) &: 0,86 (t, 3H), 1,54 (m, 2H), 2,58 (t,
2H), 3,16 (s, 3H), 3,65 (t, 2H), 4,48 (t, 2H), 11,08 (s, 2H). EMBR IQPA-
miz 253 [MH]*

'H-RMN (DMSO-dg, 400 MHz) 5: 1,08 (t, 3H), 1,90 (m, 2H), 2,19 (s,
3H), 3,35 (m, 4H), 4,38 (t, 2H), 11,00 (s a, 2H). EMBR: m/z IQPA- 237

(M-HJ
Preparaciones 52 a 65
RS
|
,N
N I NH
N\
N o]
RS

Procedimiento A (preparaciones 52, 55, 58, 58 65): Se afiadié N-

etildiisopropilamina (2-2,5 eq.) a una solucién de la diona apropiada (véanse las
preparaciones 38, 41, 42, 44 y 50) (1 eq.) en oxicloruro de fésforo (3 ml.mmol
1), y la soluci6n resultante se calentd a reflujo durante 18 horas. La mezcla
enfriada se concentrd a vaclo, sl residuo se disolvid en acetato de etilo (3,5

ml.mmol) y se lavd cuidadosamente con agua (3,5 ml.mmol"). La solucién
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organica se evapord a vacio y el producto bruto se purificé mediante
cromatografia en columna en gel de sllice utilizando acetato de etilo:pentano

(20:80 a 60:40), proporcionando el compuesto deseado.

Procedimiento B (preparaciones 53, 54, 57, 59, 60, 61, 62, y 63): Se afiadieron

cloruro de tetraetilamonio (3 eq.) y oxicloruro de fésforo (15 eq.) a una solucién
de la diona apropiada (véanse las preparaciones 39, 40, 43, 4548 y 51) (1 eq.)
en acetonitrilo (5-10 ml.mmof') y la solucién resultante se calentd a refiujo
durante 18 horas. La mezcla enfriada se concentrd a vaclo, el residuo se
disolvié en acetato de etilo (3,5 ml.mmol ) y se lavé cuidadosamente con agua
(3,5 ml.mmol ™). La solucidn organica se evapord a vaclo y el producto bruto se
purifico mediante cromatografia en columna en gel de silice utilizando acetato
de etilo:pentano (20:80 a 60:40), proporcionando el compuesto requerido.

Prep.

52 |R°=-[CH):.CHy, R°=-CH;
'H-RMN (CDCla, 400 MHz) & 1,00 (t, 3H), 1,80 (m, 2H), 2,95 (t, 2H),
4,30 (s, 3H). EMBR: m/z IQPA+ 245 [MH]*

53 |R°=-CHs; R°=-CH{CH3);
'H-RMN (CDCl, 400 MHz) &: 1,60 (d, 6H), 2,62 (s, 3H), 543 (m, 1H).
EMBR: m/z IQPA+ 245 [MH]*
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B4 [R=- 3 R°= -(CHz)ZOCHZCH;

'H-RMN (CDCla, 400 MHz) &: 1,07 (t, 3H), 1,40 (t, 3H), 3,05 (¢, 2H),
3,43 (c, 2H), 3,83 (t, 2H), 4,82 (t, 2H). EMBR: m/z IQPA+ 289 {MH]"
55 |R°= -CHj, R°= -(CHz)20CH;

'H-RMN (CDCl3, 400 MHz) 5: 2,60 (s, 3H), 3,28 (s, 3H), 3,79 (t, 2H),
4,82 (t, 2H). EMBR: m/z IQPA+ 261 [MNa]'

58 |R°= -CHCHy; R°=-{CHz);OCH;

'H-RMN (CDCls, 400 MHz) &: 1,30 (t, 3H), 2,94 (c, 2H), 3,16 (s, 3H),
3,73 (t, 2H), 4,77 (t, 2H). EMBR: m/z IQPA+ 275 [MH]"

87 |R°=-CHj;; R°= -{CHZ);OCHCH;

'H-RMN (CDCl3, 400 MHz) &: 1,08 (t, 3H), 2,60 (s, 3H), 3.42 (c, 2H),
3,81 (t, 2H), 4,84 (t, 2H). EMBR IQPA+ m/z 275 [MH]*

58 |R°=H; R°= -{CHz);0CHCH;

'H-RMN (CDCl,, 400 MHz) &: 1,04 (t, 3H), 3,42 (c, 2H), 3,86 (t, 2H),
4,88 (t, 2H), 8,23 (s, 1H). EMBR: m/z IQPA+ 261 [MH]*

58 |R°= -CHg; R°=-{CHz)s0CH;

'H-RMN (DMSO-dg, 400 MHz) &: 2,05 (m, 2H), 2,49 (s, 3H), 3,16 (s,
3H), 3,32 (t, 2H), 4,65 (t, 2H). EMBR: m/z IQPA+ 276 [MH]"

80 |R°= -CHa; R%= -{CHZ).CH({CHs)z

'H-RMN (400 MHz, CDCla) &: 0,91 (d, 6H), 2,50 (s, 3H), 3,40 (m, 1H),
3,70 (t, 2H), 4,70 (t, 2H). EMBR IQPA+ m/z 289 [MH]*

81 [R°=-CH{CHj)z;: R°= {CHZ),0CH3

'H-RMN (DMSO-dg, 400 MHz) 5: 1,38 (d, 6H), 3,18 (s, 3H), 3,39 (m,
1H), 3,74 (t, 2H), 4,77 (t, 2H). EMBR: m/z IQPA+ 289 [MH]"
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62 [R°=-CHj, R°= -{CHZ),O(CHz):.CH;

H-RMN (CDCls, 400 MHz) &: 0,76 (t, 3H), 1,45 (m, 2H), 2,62 (s, 3H),
3,31 (t, 2H), 3,82 (t, 2H), 4,82 (t, 2H). EMBR: m/z IQPA+ 289 [MH]*
63 |R°=-CHa; R°= -{CHz)sOCH,CH;

'H-RMN (CDCls, 400 MHz) &: 0,97 (t, 3H), 2,06 (m, 2H), 2,51 (s, 3H),
3,36 (m, 4H), 4,66 (m, 2H)

"H-RMN (DMSO-dg. 400 MHz) 5: 2,52 (m, 3H). EMBR EP- m/z 201 [M-
HI

85 |R°=-(CHz).CHz; R°= {CHz)20CH;

'H-RMN (CDCl3, 400 MHz) &: 0,99 (t, 3H), 1,83 (m, 2H), 2,99 (t, 2H),
3,28 (s, 3H), 3,80 (t, 2H), 4,83 (t, 2H). EMBR IQPA+ m/z 289 [MH]*

Se agité una solucién del dicloruro de la preparacion 52 (8 g, 32,6 mmol)
y 2-amino-4-metilpiridina (10,6 g, 87,9 mmol) en dimetilsulféxido (60 ml) a 70°C
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durante 18 horas. La mezcla se diluydé con acetato de etilo (200 ml) y se lavd
con agua (3 x 100 ml) y salmuera (70 ml). La solucién organica se seco sobre
sulfato de magnesio y se concentré a vaclo. El producto bruto se purificé
mediante cromatograffa en columna en gel de sllice utilizando
diclorometano:acetonitriio 100:0 a 90:10, proporcionando el compuesto del
titulo en forma de un sdlido amarillo, 5 g.

'H-RMN (CDCly, 400 MHz) &: 1,00 (t, 3H), 1,83 (m, 2H), 2,43 (s, 3H),
2,91 (t, 2H), 4,41 (s, 3H), 6,77 (s a, 1H), 7,89 (m a, 2H). EMBR: m/z EP+ 317
[MH]*

Preparacion 67

Este compuesto se preparé mediante el procedimiento de la preparacion
66 utilizando el dicloruro de la preparacién 52 y 2-amino-5-metilpiridina como
materiales de partida, y se  utilizd un disolvents 1-metil-2-
pirrolidinona:dimetilsulféxido 50:50. El producto bruto se purificd mediante
cromatografla en columna en gel de sllice utilizando pentano:acetato de etilo
100:0 a 60:40.
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H-RMN (DMSO-de, 400 MHz) 5: 0,90 (t, 3H), 1,72 (m, 2H), 2,25 (s, 3H),

2,75 (t, 2H), 4,20 (s, 3H), 7,70 (d, 1H), 7.85 (d, 1H), 8,18 (s, 1H). EMBR: EP+
m/z 339 [MNal".

Preparacién 68

Este compuesto se prepard siguiendo el procedimiento del ejemplo 66
utilizando el dicloruro de la preparacién 56 y 2-amino-4-metilpiridina como
materiales de partida. El producto bruto se purificd mediante cromatografia en
columna en gel de sllice utilizando diclorometano:metanol 98:2.

'H-RMN (CDCl,, 400 MHz) &: 1,38 (t, 3H), 2,32 (s, 3H), 2,98 (c, 2H), 3,52
(s, 3H), 3,92 (t, 2H), 4,73 (t, 2H), 7,58 (d, 1H), 8,17 (s, 1H), 8,36 (d, 1H), 10,11
(s a, 1H). EMBR EP- m/z 345 [M-HJ,

Preparacién 69
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Se afiadié n-butil litio (6,53 ml, 2,5 M en hexanos, 16,32 mmol) a una
solucién de 4-aminopirimidina (1,55 g, 16,32 mmol) en tetrahidrofurano (25 ml)
y se agitdé durante 10 minutos a temperatura ambiente. Se afladié a ésta una
solucion del dicloruro de la preparacién 52 (1 g, 4,08 mmol) en tetrahidrofurano
(25 mi). La mezcla de reacciéon se agitd durante 2 horas. La mezcla se enfrié
después en hielo y se afladié una solucidén acuosa de cloruro de amonio y la
mezcla se extrajo con acetato de etilo. Las soluciones orgénicas combinadas
se sacaron sobre sulfato de magnesio y se purificaron mediante cromatografia
en columna en gel de sllice utllizando diclorometano:metanol 99:1,
proporcionando el compuesto del titulo, 500 mg. 'H-RMN (DMSO-ds, 400 MHz)
6: 0,83 (t, 3H), 1,74 (m, 2H), 2,81 (t, 2H), 4,19 (s, 3H), 7,99 (d, 1H), 8,63 (d,
1H), 8,86 (s, 1H). EMBR: m/z |IEP-: 302 [M-HJ.
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Preparaciones 70 a 77

AN
P g
™"
N —_——
\ | /)\ /N NN
o N Cl N I ,;l\
R N Cl
R

Los siguientes compuestos, de la estructura general siguiente, se
prepararon en el modo descrito en la preparacién 69 a partir del material de

5 partida dicloruro apropiado (preparaciones 53, 54, 57-60 y 64).

Prep.

70 |R°=H, R°%= {CHZ);0CHCH;

'H-RMN (DMSO-ds, 400 MHz) &: 1,05 (t, 3H), 3,52 (c, 2H), 3,83 (t, 2H),
4,80 (t, 2H), 8,16 (d, 1H), 8,26 (s, 1H), 8,72 (d, 1H), 8,88 (s, 1H), 10,6 (s
a, 1H). EMBR: m/z IQPA+ 320 [MH]*
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'R™= -CH;; R%= -{CHz2):OCH{CH3).

TH-RMN (CDCly, 400 MHz) &: 1,03 (d, 6H), 2,43 (s, 3H), 3,60 (m, 1H),
3,80 (t, 2H), 4,75 (t, 2H), 8,18 (d, 1H), 8,71 (s, 1H), 8,91 (s, 1H). EMBR
|QPA+ m/z 348 [MH]*

'R=-CHj,; R®={CH2),OCH;CH;

H-RMN (CDCls, 400 MHZ) 5: 1,23 (t, 3H), 2,57 (s, 3H), 3,69 (c, 2H),
3,95 (t, 2H), 4,73 (t, 2H), 8,44 (d, 1H), 8,67 (d, 1H), 8,91 (s, 1H), 10,41
(s a, 1H). EMBR: m/z EP+: 356 [MNa]"

R°= -CHa; R%=-{CH2).0{CHz).CH;

'H-RMN (DMSO-dg, 400 MHz) 5: 0,62 (t, 3H), 1,43 (m, 2H), 2,44 (s, 3H),
3,41 (1, 2H), 3,80 (t, 2H), 4,76 (t, 2H), 8,15 (d, 1H), 8,72 (d, 1H), 8,89 (s,
1H), 10,39 (s a, 1H). EMBR: m/z IQPA+ 348 [MH]"

'R°=-CHZCHj; R°=-{CHz2)20CH;CHa

'H-RMN (CDCl,, 400 MHz) 5: 1,25 (t, 3H), 1,41 (t, 3H), 3,02 (c, 2H),
3,71 (c, 2H), 3,97 (t, 2H), 4,75 (t, 2H), 8,49 (d, 1H), 8,67 (d, 1H), 8,93 (s,
1H). EMBR: m/z EP+ 348 [MH['

R°="-CHj; R®=-{CHz);OCHs

'H-RMN (DMSO-ds, 400 MHz) &: 2,00 (m, 2H), 2,42 (s, 3H), 3,15 (s,
3H), 3,20 (m, 2H), 4.55 (t, 2H), 7,95 (d, 1H), 8,62 (d, 1H), 8,88 (s, 1H).
EMBR: m/z (IQPA+) 320 [MH]*

'R°= -CHj; R°= -{CHz):OCH;CH;

'H-RMN (DMSO-ds, 400 MHz) &: 0,89 (t, 3H), 1,94 (m, 2H), 2,44 (s, 3H),
3,17 (t. 2H), 3,28 (c, 2H), 4,56 (t, 2H), 7,87 (d, 1H), 8,62 (d, 1H), 8,84 (s,
1H). EMBR IQPA- m/z 346 [M-H]
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77 |R°=-CHs R°= -CH{CHs)
'H-RMN (DMSO-dg, 400 MHz2) &: 1,39 (d, 6H), 2,45 (s, 3H), 5,52 (s a,
1H), 7,78 (d, 1H), 8,58 (s a, 1H), 8,81 (s, 1H). EMBR: m/z IQPA+ 304

[MH]

Preparacion 77: Se utilizd bis(trimetilsililyamiduro de sodio en lugar de butil litio

Preparacién 78

Este compuesto se prepard mediante el procedimiento de la preparacion
69 utilizando el dicloruro de la preparacién 61 y 2-amino-4-metilpiridina como
10 materiales de partida. El producto bruto se purificO madiante cromatografla en
columna en gel de sllice eluyendo con metanol:diclorometano 0:100 a 5:95.
'H-RMN (DMSO-dg, 400 MHz) &: 1,36 (d, 6H), 2,36 (s, 3H), 3,25 (s, 3H),
3,34 (m, 1H), 3,78 (t, 2H), 4,74 (m, 2H), 7,65 (m, 1H), 8,21 (m, 1H), 8,38 (m,
1H). EMBR: m/z IQPA+ 361 [MH]".
15
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Preparacién 79
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Este compuesto se prepanrd mediante el procedimiento de la preparacion
5 69 utilizando el dicloruro de la preparacién 64 y 2-amino-4-metilpiridina como
materiales de partida. El producto bruto se tritur con acetato de etilo, se filtrd y
se concentrd a vaclo, proporcionando el producto del titulo.
'H-RMN (DMSO-ds, 400 MHz) 5: 2,35 (s, 3H), 2,43 (s, 3H), 7,00 (d, 1H),
7,84 (s, 1H), 8,30 (d, 1H). EMBR: m/z EP+ 273 [M-HJ".
10

Preparacién 80

15 Este compuesto se preparé mediante el procedimiento de la preparacion
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69 utilizando el dicloruro de la preparacién 62 y 2-amino-4-metilpiridina como
materiales de partida. El producto bruto se purificd mediante cromatografia en
columna en gel de sllice eluyendo con metanol.diclorometano 0:100 a 5:95.

'H-RMN (CDCls, 400 MHz) &: 0,71 (t, 3H), 1,56 (m, 2H), 2,47 (s, 3H),
2,56 (s, 3H), 3,51 (t, 2H), 3,91 (t. 2H), 4,79 (t, 2H), 6,91 (s a, 1H), 8,17 (s a, 1H),
8,42 (s, 1H). EMBR: m/z IQPA+ 361 [MH]".

Preparacion 81

Este compuesto se prepard mediante el procedimiento de la preparacion
69 utilizando el dicloruro de la preparacién 61 y 2-amino-5-metilpiridina como
materiales de partida. El producto bruto se purificé mediante cromatografia en
columna en gel de sllice eluyendo con metanol:diclorometano 0:100 a 5:95.

'H-RMN (DMSO-dg, 400 MHz) 5: 1,36 (d, 6H), 2,27 (s, 3H), 3.25 (m, 1H),
3,35 (s, 3H), 3,77 (t, 2H), 4,72 (s a, 2H), 7,72 (d @, 1H), 8,05 (d a, 1H), 8,20 (s
1H). EMBR: m/z IQPA+ 361 [MH]".
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Preparacion 82

Este compuesto se preparé mediante el procedimiento de la preparacion
89 utilizando el dicloruro de la preparacion 62 y 2-amino-5-metilpiridina como
materiales de partida. El producto bruto se purificd mediante cromatografia en
columna en gel de sllice eluyendo con metanol:diclorometano 0:100 a 5:95.

H-RMN (CDCl3, 400 MHz) &: 0,74 (t, 3H), 1,60 (m, 2H), 2,32 (s, 3H),
2,55 (s, 3H), 3,53 (t, 2H), 3,92 (t, 2H), 4,72 (t, 2H), 7,58 (d, 1H), 8,15 (s, 1H),
8,38 (d, 1H). EMBR: m/z IQPA+ 361 [MH]".

Preparacién 83

irimidin-7-il)pirazin-2-ilamina
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Este compuesto se preparé mediante el procedimiento de la preparacion

69 utilizando el dicloruro de la preparaciébn 52 y 2-amino-1,4-pirazina como

materiales de partida. 'H-RMN (CD;OD, 400 MHz) &: 0,99 (t, 3H), 1,80 (m, 2H),

5 2,89 (t, 2H), 4,23 (s, 3H), 8,33 (d, 1H), 8,42 (d, H), 8,48 (s, 1H). EMBR: m/z
EP+ 326 [MNa]".

10
Este compuesto se preparé mediante el procedimiento de la preparacién

69 utilizando el dicloruro de la preparacién 52 y 2-aminopirimidina como
materiales de partida. 'TH-RMN (400 MHz, CDCl,) 5: 0,94 (t, 3H), 1.77 (m, 2H),
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2,81 (m, 2H), 3.86 (s, 3H), 7,16 (m, 1H), 8,59 (m, 2H). EMBR IQPA+ m/z 304
[MHT".

Preparacion 85

H,C

Este compuesto se prepard mediante el procedimiento de la preparacién
69 utilizando el dicloruro de la preparacién 57 y 4-amino-6-metilpirimidina como
10 materiales de partida. El producto bruto se purificd mediante cromatografia en
columna en gel de sllice eluyendo con pentano:acetato de etilo 66:34.
'H-RMN (DMSO-dg, 400 MHZ) 5: 1,40 (t, 3H), 2,44 (s, 3H), 2,47 (s, 3H),
3,51 (c, 2H), 3,80 (t, 2H), 4,73 (t, 2H), 8,03 (s, 1H), 8,76 (s, 1H). EMBR m/z
IQPA+ 348 [MH]".
15

Preparacién 86
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Este compuesto se preparé mediante el procedimiento de la preparacion

69 utilizando el dicloruro de la preparacién 52 y 3-aminopiridazina como

materiales de partida. 'H-RMN (DMSO-ds, 400 MHz) &: 0,80 (t, 3H), 1,72 (m,

5 2H), 2,79 (m, 2H), 4,27 (s, 3H), 7,77 (m, 2H), 8,22 (m, 1H). EMBR IQPA+ m/z
304 [MH]".

Preparacién 87

10 metil[1.2.4loxadiazol-3-llamina

N-O

/[N/>*CH3

H,c HN

H,C

Este compuesto se prepar mediante el procedimiento de la preparacién
69 utilizando el dicloruro de la preparacién 52 y 3-amino-5-metil[1.2.4]oxadiazol
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(Heterocycles, EN; 57; 5; 2002; 811) como materiales de partida.
H-RMN (DMSO-dg, 400 MHz) 5: 0,94 {t, 3H), 1,77 (m, 2H), 2,14 (s, 3H),

2,83 (m, 2H), 4,24 (s, 3H), 11,20 (s a, 1H). EMBR EP+ m/z 330 [MNa]".

5 Preparacién 88

Este compuesto se prepard mediante el procedimiento de la preparacién

10 69 utilizando el dicloruro de la preparacién 52 y 2-amino-1H-imidazol como

materiales de partida. 'H-RMN (CD;0D, 400 MHz) 5: 1,01 (t, 3H), 1,72 (m, 2H),
2,81 (m, 2H), 4,33 (s, 3H), 6,95 (s, 2H). EMBR EP- m/z 290 [M-H]".

Preparacién 89
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Este compuesto se prepard mediante el procedimiento de la preparacion
69 utilizando el dicloruro de la preparacion 52 y 4-amino-6-metoxipirimidina
como materiales de partida. El producto bruto se purificd mediante
cromatografia en columna en gel de silice eluyendo con acetato de
etilo:pentano 50:50 a 70:30.

'H-RMN (DMSO-ds, 400 MHz) 5: 0,92 (t, 3H), 1,74 (m, 2H), 2,81 (t, 2H),
3,93 (s, 3H), 4,21 (s, 3H), 7,40 (s, 1H), 8,57 (s, 1H). EMBR: m/z EP+ 356
[MNa]*.

Preparacitn 90
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Este compuesto se preparé mediante el procedimiento de la preparacion
69 utilizando el dicloruro de ia preparacién 53 y 2-amino-5-metilpiridina como
materiales de partida.
'H-RMN (CDCl,, 400 MHz) 5: 1,58 (d, 6H), 2,55 (s, 3H), 2,61 (s, 3H),
5 541 (m, 1H), 7,61 (m, 1H), 8,14 (m, 1H), 8,41 (m, 1H).

Preparacién 91

ill-N-metilpirimidin-

10
Este compuesto se prepard mediante el procedimiento de la preparacién
69 utilizando el dicloruro de la preparacién 54 y N-metilpirimidin-4-ilamina como
materiales de partida.
'H-RMN (CDCly, 400 MHz) &: 1,25 (t. 3H), 1,41 (t, 3H), 3,02 (c, 2H), 3,71
15 (c. 2H), 3,97 (t, 2H), 4,05 (s, 3H), 4,75 (t, 2H), 8,49 (d, 1H), 8,67 (d, 1H), 8,93
(s, 1H).
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Preparaciones 92 a 98

. R\ _HA?
A\
\
N N’ﬁ
5 H
R K/N 0 3
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Se afiadieron N-stildiisopropilamina (3 eq.) y la amina HNR'R? apropiada

(3 eq.) a una solucién del dicloruro apropiado (véanse las preparaciones 56, 61

5 y 64) (1 eq.) en dimetilsuféxido (2-3 ml.mmol™) y se agité a 70°C durante una

noche. Se afladieron piperazin-1-carboxilato de ferc-butilo (5 eq.) y N-

etildiisopropilamina (10 eq.) adicionales a la mezcla de reaccién enfriada y la

reaccion se agitd a 120°C durante una noche. La mezcla de reaccidn enfriada

se reparti6 entre éter y agua (3:1 en volumen) y los extractos organicos se

10 secaron sobre sulfato de magnesio y se concentraron a vacio, proporcionando
el producto.

'Prap. R
e HN”
N?Nl oN
0
N._-O.__CH,
\t[)r CHSCHa
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N7 |
N"cH,
R'= ; R%= -CH(CHs)2: R®%= -(CH;),OCHs

'H-RMN (DMSO-de, 400 MHz) 5: 1,36 (d, 6H), 1.38 (s, 9H), 2,10 (s,
3H), 3,24 (m, 4H), 3,35 (s, 3H), 3,43 (m, 4H), 3,67 (t, 2H), 3,74 (m,
1H), 4,59 (t, 2H), 7,73 (d, 1H), 7,85 (s a, 1H), 8,18 (d, 1H). EMBR: m/z
IQPA: m/z IQPA+ 511 [MH]"

N7 | CH,
R'= x : R%= -CH(CHa)s; R®= {CH2)20CH3

'H-RMN (DMSO-ds, 400 MHz2) &: 1,34 (d, 6H), 1,40 (s, SH), 2,06 (s,
3H), 3,35 (s, 3H), 3,41 (m, 4H), 3,64 (m, 4H), 3,75 (t, 2H), 4,59 (t, 2H),

7,67 (d, 1H), 7,98 (d, 1H), 8,15 (s, 1H). EMBR: m/z IQPA+ 511 [MH]"

NP CHs

« I
R'= : R%= .CHq; R%=H

"H-RMN (DMSO-de, 400 MHz) 5: 1,41 (s, 9H), 2.26 (s, 3H), 2,34 (s,
3H), 3,42 (m, 4H), 3,68 (m, 4H), 7,70 (d, 1H), 8,20 (m, 2H), 9,94 (s a,
1H), 12,23 (8 a, 1H). EMBR: m/z |QPA 425 [MH]"

557



-246-

~N
HN
)\}-CHS
—

R ; R®= -CH2CH3; R®%= (CH3);OCH3

'H-RMN (DMSO-g, 400 MHz) 5: 1,26 (t, 3H), 1,41 (s, 9H), 2,23 (s, 3H),
2,73 (c, 2H), 3,36 (s, 3H), 3,40 (m, 4H), 3,64 (m, 4H), 3,72 (t, 2H), 4,56
(m, 2H), 6,36 (s, 1H), 9,47 (s, 1H). EMBR: m/z EP+: 486 [MH]*

" CH,
1 A S_ 8
R'= : R¥= -CH,CHy; R°= {CH2),0CH,
N
N"cH,

: R°= -CHy; R%=H

'H-RMN (DMSO-dg, 400 MHz) 5: 1,42 (s, SH), 2,34 (s, 3H), 2,35 (s,
3H), 3,44 (m, 4H), 3,72 (m, 4H), 6,94 (d, 1H), 8,18 (s, 1H), 8,22 (d,
1H), 11,01 (s a, 1H). EMBR: m/z (electropulverizacién) 423 [M-HJ

N/
|

™
1 CH,
Rl= : R%= -CH,CHj3; R%= -(CH2):0CH;

Preparacion 99

37
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HC 07  o-CHs
N'N
» J/ O
H:,C’0 o) N0,
Se afladié éster dimetilico del 4cido 4-nitro-1H-pirazol-3,5-dicarboxflico
(2,0 g, 8,83 mmol) a una solucién de bromuro de 2-etoxietilo (1,18 ml, 10,45
mmol) y carbonato de potasio (1,32 g, 9,56 mmol) en N,N-dimetilformamida (35
5 ml), y la mezcla de reaccién se agité durante 48 horas a temperatura ambiente.
La mezcla de reaccion se concentrd a vaclo y se repartié entre acetato de etilo
(200 ml) y agua (100 ml). La fase organica se separd, se secd sobre sulfato de
magnesio y se concentrd a vacio. El producto bruto se purificd mediante
cromatografia en columna en gel de silice e luyendo con pentano:acetato de
10 etilo 100:0 a 70:30, proporcionando el producto del titulo, 1,63 g.

TH-RMN (CDCls, 400 MHz) &: 1,07 (t, 3H), 3,41 (c, 2H), 3,73 (t, 2H), 3,89

(s, 3H), 3,94 (s, 3H), 4,76 (t, 2H). EMBR: m/z IQPA+ 302 [MH]".

Preparacién 100
15 ster 3-metllico del Acido 1-(2-etoxisetil}-4-nitro-1H-pirazol-3,5-dicarboxllico

Hac’\o’\l H

0 NO,
H,C (o]

Se afiadi5 el diéster de la preparacién 99 (1,63 g, 5.4 mmol) a una
solucion de hidréxido de potasio (330 mg, 5,9 mmol) en metanol (20 ml) y Ia

3?/
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mezcia de reaccidn se agitd a temperatura ambiente durante 18 horas. La
mezcia de reaccidn se concentrd a vacio y el producto bruto se disolvié en
agua y se lavd con éter. La fase acuosa se acidificé con &cido clorhidrico2 M y
se exirajo con diclorometano (3 x 100 ml). Los extractos orgénicos se
combinaron, se secaron sobre sulfato de magnesio y se concentraron a vacio,
proporcionando el producto del titulo, 1,34 g. 'TH-RMN (CDsOD, 400 MHz) &:
1,07 (t, 3H), 3.47 (c, 2H), 3,80 (t, 2H), 3,88 (s, 3H), 4,77 (t. 2H). EMBR: m/z
IQPA+ 288 [MH]".

Preparaciéon 101
Carbamoil-14{2-etoxietll }4-nitro-1 H-pirazol rboxilato de metilo

HCT O™ N,
N,N
[/ ©
Hac'o 0O NO:

Se afiadieron cloruro de oxalilo (1,2 mi, 13,76 mmol) y N,N-
dimetilformamida (39 ul) a una solucién del acido carboxllico de la preparacién
100 (1,34 g, 4,63 mmol) en diclorometano (20 mi), y la mezcla de reaccion se
agité a temperatura ambiente durante 2 horas. La mezcla de reaccién se
concentrd a vacio y se destilé azeotrdpicamente con diclorometano (3 x 50 ml).
La mezcla de reaccién se disolvié en tetrahidrofurano (50 ml), se enfrid en un
bafio de hielo y se fratd con una solucién de amonlaco 0,880 (10 ml). La
mezcla de reaccion se agité durante 18 horas a temperatura amblents. La

mezcla de reaccién se concentré a vacio y la solucién restante se repartié entre
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diclorometano (200 ml) y agua (50 ml). Los extractos organicos se combinaron,
se secaron sobre sulfato de magnesio y se concentraron a vaclo,
proporcionando el producto del titulo, 0,98 g.

'H-RMN (DMSO-dg, 400 MHz) 5: 1,03 (t, 3H), 3,38 (c, 2H), 3,70 (t, 2H),
3,86 (s, 3H), 4,36 (t, 2H), 8,30 (s a, 1H), 8,46 (s a, 1H). EMBR IQPA+ m/z 287
MH]".

Preparacién 102
4-Amino-5-carbamoil-1-{2-etoxietil}-1 H-pirazol-3-carboxilato de metilo

P
HCT0™Y  nH,
N

NJ o
0 NH,
HC 9

Se afiadié6 Pd(OH) (100 mg) a una solucién del compuesto nitro de ia
preparacion 101 (970 mg, 3,39 mmol) en metanol (20 mi), y la mezcla de
reaccion se calentd a reflujo. Se afladié formiato de amonio (1,07 g, 16,97
mmol) y la mezcla de reaccién se agitd a reflujo durante 2 horas. El catalizador
se retird por filracién y la mezcla de reacciébn se concentrd a vacio,
proporcionando el producto del titulo, 870 mg. 'H-RMN (DMSO-de, 400 MHz) &:
1,04 (t, 3H), 3,32 (c, 2H), 3,66 (t, 2H), 3,78 (s, 3H), 4,49 (t, 2H), 5,12 (s a, 2H),
7.50 (s a, 2H). EMBR IQPA+ m/z 257 [MH]".

Preparacién 103
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carboxilato de metilo
/0
C\\\ 0
N

| NH

Hy

N&

N O
Hac\o . H

Se tratd una solucién de la amina de ia preparacién 102 (570 mg, 3,38
mmol) en N,N-dimetiiformamida (30 ml) con carbonildiimidazol (658 mg, 4,08
mmol) y la mezcla de reaccién se agitd a temperatura ambiente durante 1 hora
y después a 80°C durante 18 horas. La mezcla de reaccién se concentrd a
vacio, el producto bruto se suspendié en acetona y se sometié a sonicacion
durante 30 minutos. El producto sélido se separd por filtracién y se secod a
vaclo.

'H-RMN (DMSO-dg, 400 MHzZ) &: 1,03 (t, 3H), 3,40 (c, 2H), 3,87 (t, 2H),
4,06 (s, 3H), 4,98 (t, 2H). EMBR EP- m/z 281 [M-H].
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Se afiadieron oxicloruro de fosforo (934 pl, 10,0 mmol) y cloruro de
tetraetilamonio (195 mg, 1,50 mmol) a una solucién de la diona de la
preparacion 103 (140 mg, 0,50 mmol) en propionitrilo (5 ml), y la mezcla de
reaccién se calentd a reflujo durante 18 horas. La mezcla de reacciéon se

5 concentrd a vaclo y el producto bruto se repartié entre acetato de etilo (50 ml) y
agua (50 ml). La fase orgénica se sect sobre sulfato de magnesio y se
concentrd a vacio. El producto bruto se purificd mediante cromatografia en
columna en gel de sllice eiluyendo con pentano:acetato de etilo 100:0 a 75:25,
proporcionando el producto del titulo.

10 'H-RMN (CDCls, 400 MHz) &: 1,03 (t, 3H), 3,40 (c, 2H), 3,87 (t, 2H), 4,08
(s. 3H), 4,98 (t, 2H). EMBR |IQPA+ m/z 319 [MH]".

Preparacion 105

15

Se disolvié el compuesto diclorado de la preparacién 104 (1,98 g, 6,20
mmol) en dimetilsulféxido (10 ml) y la mezcla de reaccion se tratd con 2-amino-
4-metilpiridina (1,34 g, 12,4 mmol). La mezcla de reacci6bn se agité a 75°C

20 durante 5 horas. La mezcla de reaccién se repartid entre diclorometano (300
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ml) y agua (500 ml), y se separ$ la fase de diclorometano. Los extractos
organicos se lavaron con agua (3 x 100 ml), se secaron sobre sulfato de
magnesio y se concentraron a vacio. El producto bruto se p urificé mediante
cromatografia en columna en gel de sllice eluyendo con
diclorometano:acetonitrilo 100:0 a 98:2. El producto bruto se triturd con éter (50
ml), se filtrd y se concentré a vacio, proporcionando el producto del titulo, 1,2 g.

'H-RMN (CDCls, 400 MHz) &: 1,06 (t, 3H), 2,49 (s, 3H), 3,62 (c, 2H), 4,00
(t, 2H), 4,08 (s, 3H), 5,05 (a, 2H), 6,98 (s a, 1H), 8,18 (s a, 1H), 8,50 (s a, 1H).
EMBR IQPA+ m/z 391 [MH]".

Preparacién 106

Se suspendi6 el compuesto clorado de la preparacién 105 (1,89 g, 4,84
mmol) en tetrahidrofurano (450 ml) y la mezcla de reaccién se enfrié a —78°C.
Se afiadié DIBAL (39 ml, solucién 1 M en tolueno, 39 mmol) y la mezcla de
reaccion se dej6 calentar hasta —5°C. La mezcla de reaccién se agit6 a -5°C
durante 15 minutos antes de volver a enfriar a —78°C e inactivarse con una

solucién acuosa de cloruro de amonio (10 ml). La mezcla de reaccién ‘'se dejé
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calentar hasta temperatura ambiente y se repartié entre diclorometano (200 ml)
y agua (200 ml). La mezcla se filtr a través de Arbocel® y se separ? la fase
organica, se secd sobre sulfato de magnesio y se concentrd a vaclo. El
producto bruto se triturd con acetato de etilo y el sélido se retird por filtracion,
proporcionando el producto del titulo.

'H-RMN (CDCl3, 400 MHz) 5: 1,11 {, 3H), 2,48 (s, 3H), 3,61 (m, 2H),
3,84 (m, 2H), 4,86 (m, 2H), 5,07 (m, 2H), 6,96 (m, 1H), 8,19 (m, 1H), 8,48 (m,
1H). EMBR IQPA+ m/z 363 [MH]".

Preparacién 107

Se afladi6 gota a gota DIBAL (62,5 ml, 1 M en tetrahidrofurano, 62,5
mmol) a una solucién e nfriada (-78°C) d el é ster de | a preparacién 104 (4 g,
12,5 mmol) en tetrahidrofurano (100 ml) y, una vez se completd la adicién, la
reaccion se agitd durante 10 minutos. La mezcla se dejoé calentar después
hasta —10°C durante 1 hora, y después se volvid a enfriar hasta —78°C. Se
afiadié cuidadosamente una solucién saturada de cloruro de amonio (45 ml), se
calent5 la mezcla a temperatura ambiente y se repartié entre agua (175 ml) y
diclorometano (350 ml). La mezcla se filtrd a través de Arbocel®, lavando con

diclorometano (3 x 100 ml), las soluciones organicas combinadas se secaron
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sobre sulfato de sodio y se evaporaron a vaclo. El producto bruto se purifico
mediante cromatografia en columna en gel de sllice utilizando
metanol:diclorometano (1:99) como eluyente, proporcionando el compuesto del
titulo, 2,56 g.

H-RMN (CDCls, 400 MHZz) &: 1,07 (t, 3H), 3,44 (c, 2H), 3,84 (m, 2H),
4,86 (t, 2H), 5,09 (s, 2H).

Preparacitn 108

H:lc CH N\ | ’7'\

H,C [ 3 N Cl
Si--o
H,C !
H,C

Se afiadieron imidazol (837 mg, 9,35 mmol) y cloruro de tlerc-
butildimetilsililo (1,41 g, 9,35 mmol) a una solucién del alcohol de la preparacién
107 (2,47 g, 8,5 mmol) en diclorometano (50 ml), y la reaccibn se agitd a
temperatura ambiente durante 18 horas. La mezcla se diluyd con diclorometano
(250 ml) y se lavd con una solucién acuosa al 10% de carbonato de potasio
(175 mi). La solucién orgénica se secé sobre sulfato de sodio y se evapord a
vacio. El residuo se purificdé mediante cromatografla en columna en gel de
sflice utilizando metanol:diclorometano (1:99) como eluyente, proporcionando el
compuesto del titulo, 2,9 g. 'H-RMN (CDCls, 400 MHz) 5: 0,00 (s, 6H), 0,78 (s,
9H), 0,93 (t, 3H), 3,29 (c, 2H), 3,71 (m, 2H), 4,72 (m, 2H), 4,94 (s, 2H). EMBR:
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m/z IQPA+ 405 [MH]".

Preparacion 109

Se afiadié bis(trimetilsililJamiduro de sodio (1,12 g, 6,12 mmol) a una
solucién de 4-aminopirimidina (580 mg, 6,12 mmol) en tetrahidrofurano (17 mil)
y la solucién se agité a temperatura ambiente durante 20 minutos. Se afiadio el
cloruro de la preparacién 108 (825 mg, 2,04 mmol) en tetrahidrofurano (8 ml) y
la reaccién se agitd a temperatura ambiente durante 90 minutos. La reaccién se
diluyé con u na solucién a cuosa s aturada d e cloruro d e amonio (50 ml) y se
extrajo con diclorometano (100 ml). Los extractos organicos se secaron sobre
sulfato de sodio y se evaporaron a vacio. El producto bruto se purific6 mediante
cromatografla en columna en gel de sllice utilizando metanol.diclorometano
(3:97), proporcionando el compuesto del titulo, 812 mg.

'H-RMN (CDCls, 400 MH2) 5: 0,00 (s, 6H), 0,78 (s, 9H), 1,08 (t, 3H), 3,54
(c. 2H), 3,82 (m, 2H), 4,63 (m, 2H), 4,91 (s, 2H), 8,29 (d, 1H), 8,53 (d, 1H), 8,76
(s, 1H).
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Preparacion 110

Se afiadié fluoruro de tetrabutilamonio (3,1 ml, 1 M en tetrahidrofurano,
3,1 mmol) a una solucion del compuesto de la preparacién 109 (715 mg, 1,54
mmol) en tetrahidrofurano (15 ml), y la reaccién se agitd a temperatura
ambiente durante 18 horas. La reaccién se diluyé con agua (40 ml) y la mezcla
se extrajo con acetato de etilo (70 ml). La solucién orgénica se secé sobre
sulfato de sodio y se evapord a vaclo. El residuo se purificO mediante
cromatografila en columna en gel de sllice utilizando metanol:diclorometano
(5:95) como eluyente, proporcionando el compuesto del titulo, 450 mg.

'H-RMN (CDCl,, 400 MHz) &: 1,22 (t, 3H), 3,69 (m, 2H), 3,98 (m, 2H),
4,77 (m, 2H), 5,08 (s, 2H), 8,58 (m, 1H), 8,64 (m, 1H), 8,97 (m, 1H). EMBR
IQPA+ m/z 350 [MH]".

Preparacién 111

metilpiridin-2-ilamina
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N i N
\
NA\CI

Br

Se afiadieron tetrabromometano (912 mg, 2,75 mmol) y trifenilfosfina
(720 mg, 2,75 mmol) a una solucién del alcohol de la preparacién 106 (830 mg,
2,29 mmol) en diclorometano (35 ml), y la mezcla de reaccién se agitd a
5 temperatura ambiente durante 1 hora. La mezcla de reaccibn se purificod
directamente mediante cromatografla en columna en gel de silice eluyendo con
diciorometano:metanol 100:0 a 99:1, proporcionando el producto del titulo.
'H-RMN (CDCl,, 400 MHz) 5: 0,82 (m, 3H), 2,63 (s, 3H), 3,58 (m, 2H),
3,91 {(m, 2H), 4,81 (s, 2H), 5,20 (m, 2H), 7,14 (m, 1H), 8,18 (m, 1H), 8,97 (m,
10 1H).
EMBR IQPA+ m/z 427 [MH]".

Preparacion 112

15 4-ilamina



-258-

Este compuesto se prepard mediante el procedimiento de la preparacién

111 utilizando el alcohol de la preparacién 110 como material de partida.

'H-RMN (CDCls, 400 MHz) &: 1,24 (t, 3H), 3,74 (m, 2H), 3,98 (m, 2H),

5 4,84 (m, 4H), 8,81 (m, 1H), 8,69 (m, 1H), 9,02 (m, 1H).

10

15

Preparacion 113

Se disolvieron (3S)-3-(terc-butiloxicarbonilamino)pirrolidina (1 g, 5,37
mmol) y trietilamina (1,38 ml, 10,00 mmol) en diclorometano (15 ml) y la mezcla
de reaccién se agitd durante 10 minutos. La mezcla de reaccién se tratd
después con dicarbonato de di-terc-butilo (1,75 g, 8,00 mmol) y se agité a
temperatura ambiente durante 18 horas. La mezcla de reaccion se concentro a
vacio y el residuo se purific6 mediante cromatografia en columnaengelde
sllice eluyendo con pentano:acetato de etilo 80:20, proporcionando el producto
del titulo en forma de un sélido blanco, 1,25 g.
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'H-RMN (CDCl;, 400 MHz) &: 1,39 (s, 18H), 1,81 (m, 1H), 2,15 (m, 1H),
3,13 {m, 1H), 3,40 (m, 2H), 3,58 (m, 1H), 4,17 (m, 1H), 4,62 (m, 1H). EMBR

EP+ m/z 309 [MNa]".

5 Preparacién 114

Este compuesto se prepard mediante el procedimiento de la preparacion
113 utilizando (3R)-3-{terc-butiloxicarbonilamino)pirrolidina.
10 'H-RMN (CDCls, 400 MHz) &: 1,37 (s, 18H), 1,78 (m, 1H), 2,15 (m, 1H),
3,13 (m, 1H), 3,40 {m, 2H), 3,58 (m, 1H), 4,16 (m, 1H), 4,62 (m, 1H). EMBR
EP+ m/z 309 [MNa]".

Preparacién 115

15 (3S}-1-Metil-3-(metilamino)plmolidina
H

N<
Hac"‘N r CH,

Se afadié gota a gota una solucién de hidruro de litio y aluminio (17 mi,
1M en tetrahidrofurano, 17 mmol) a una solucidn agitada de la pirrolidina de la
preparaciéon 113 (600 mg, 2,09 mmol) en tetrahidrofurano (10 ml)a 0°C.La

20 mezcla de reaccion se dejd calentar hasta temperatura ambiente y después se
calento a reflujo durante 5 horas. La mezcla de reaccién se enfrié a 0°C con un
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bafio de hielo y después se inactivdé mediante la adicién de una solucién de
sulfato de sodio. La mezcla de reaccion se diluyé con acetato de etilo (100 ml),
ol acetato de setilo se separd por decantacién y se utilizd acetato de etilo
adicional para lavar los residuos. Los extractos orgénicos combinados se
secaron sobre sulfato de magnesio y se concentraron a vacio, proporcionando
el producto del titulo, 60 mg.

'H-RMN (CD3OD, 400 MHz) &: 2,25-2,48 (m, 4H), 2,75 (s, 3H), 3,02 (s,
3H), 3,73-4,08 (m, 3H). EMBR IQPA+ m/z 115 [MH]".

Preparacion 116
3R)-1-Metil-3-(metilamino)pimolidina

H

N
Hac"‘N: 7 “CH,

Este compuesto se prepan mediante el procedimiento de la preparacién

115 utilizando la pirrolidina de la preparacién 114.
H-RMN (CD30OD, 400 MHz) 5: 2,23-2,47 (m, 4H), 2,75 (s, 3H), 2,99 (s,
3H), 3,74-4,06 (m, 3H). EMBR IQPA+ m/z 115 [MH]".

Preparaciones 117-123

Se disolvi6 la amina HNR'R? apropiada (6,20 mmol) en tetrahidrofurano
(30 ml) y la mezcla de reaccién se trat con hexametildisilazida de sodio (1,36
8. 7.2 mmol) en atmésfera de nitrbgeno. La mezcla de reaccién se agitd

durante 20 minutos a temperatura ambiente antes de tratarse con el compuesto

Yog



5

-261-

diclorado apropiado (3,1 mmol) de las preparaciones 54, 55 6 57, y se agitd

durante 3 horas. La mezcla de reaccidn se inactivd mediante la adicién de
metanol (10 ml) y se concentrd a vacio. El residuo se purificé mediante

cromatografia en columna en gel de sflice eluyendo con diclorometano:metanol

100:0 a 95:5, proporcionando el producto deseado.

Prep.
rep. ,R1

H3 HN
\
N _

/ N

Ny |

\ =
! NACI

R

N“ |
Y e .
R'= :R= -CHa; R"= -(CHz)zOCHa

"H-RMN (CDCls, 400 MHz) 5: 2,23 (s, 3H), 2,54 (s, 3H), 3,50 (s, 3H),
3,91 (m, 2H), 4,72 (m, 2H), 6,86 (m, 1H), 8,22 (m, 1H), 8,32 (m, 1H),
10,18 (m, 1H). EMBR EP+ m/z 356 [MNa]"

W x-CHs
R'= # ; R%= -CHj; R%= (CH,);OCHj,
'H-RMN (CDCls, 400 MHz) &: 2,31 (s, 3H), 2,54 (s, 3H), 3,51 (s, 3H).
3.91 (m, 2H), 4,72 (m, 2H), 7,59 (m, 1H), 8,22 (m, 1H), 8,32 (m, 1H),

10,17 (m, 1H). EMBR EP+ 356 [MNa]*

V85—
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R'= : R%= -CHj; R%= -(CH2);0CH3

'H-RMN (CDCla, 400 MHz) &: 2,57 (s, 3H), 3,50 (s, 3H), 3,93 (m, 2H),
4,76 (m, 2H), 8,41 (m, 1H), 8,57 (m, 1H), 8,88 (m, 1H), 10,54 (m, 1H).
EMBR EP+ m/z 320 [MH]*

C
R'= " . RS2 .CHy :R% {(CHz);0CH:CHs

H-RMN (CDCls, 400 MHz) &: 1,17 (t, 3H), 2,44 (s, 3H), 2,56 (s, 3H),
3,65 (m, 2H), 3,91 (m, 2H), 4.69 (m, 2H), 6,88 (m, 1H), 8,17 (m, 1H),
8,33 (m, 1H), 10,00 (m, 1H). EMBR EP+ m/z 370 [MH]"

,1 x-CHs
R'= # : R®= -CHg; R®= {(CHz2);OCH,CHj

'H-RMN (CDCls, 400 MHz) &: 1,18 (t, 3H), 2,12 (s, 3H), 2,53 (s, 3H),
3.63 (m, 2H), 3,93 (m, 2H), 4,71 (m, 2H), 7.59 (m, 1H), 8,16 (m, 1H),

8,41 (m, 1H), 9,96 (m, 1H). EMBR EP+ mv/z 370 [MNa]'

I

R'= % . RS- CHyCHg R?= (CH2),OCH;CHs

"H-RMN (CDCl;, 400 MH2) &: 1,20 (t, 3H), 1,38 (t, 3H), 2,44 (s, 3H),
2,98 (m, 2H), 3,62 (m, 2H), 3.91 (m, 2H), 4,72 (m, 2H), 6,86 (m, 1H),

8,15 (m, 1H), 8,35 (m, 1H), 9,95 (m, 1H). EMBR EP+ m/z 384 [MNa]"

75
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4oz

-
R'= : R%= -CH,CHs; Rg= {CH2)20CH2CH;3

TH-RMN (CDCly, 400 MHz) &: 1,21 (t, 3H), 1,38 (t, 3H), 2 44 (s, 3H),
2,98 (m, 2H), 3,62 (m, 2H), 3.91 (m, 2H), 4,74 (m, 2H), 7.59 (m, 1H),
8,15 (m, 1H), 8,36 (m, 1H), 9,87 (m, 1H). EMBR EP+ m/z 384 [MNa]*

Preparacion 124
Diclorhidrato de (2R)-2-etilpiperazina

N
[ 2HCI
N
CH,
Sa disolvié acido (2R)-2-aminobutanoico (1,57 g, 15,22 mmol) en etanol
(40 ml) y la solucién se traté con cloruro de tionilo (5 ml, 63,8 mmol). La mezcla
de reaccion se calentd a reflujo durante 70 horas. La mezcla de reaccion se
enfri6 y se concentrd a vacio. El residuo se destild azeotrdpicamente con
tolueno (50 ml), proporcionando un aceite transparente. El aceite (2,78 g, 16,58
mmol) se disolvid en diclorometano (50 ml) y la solucibn se tratd con
carbobenciloxigilcina (3,47 g, 16,58 mmol), hidrato de 1-hidroxibenzotriazol
(2,55 g, 18,656 mmol), clorhidrato de 1-(3-dimetilaminopropil)-3-etilcarbodiimida
(3,18 g, 16,59 mmol} y trietilamina (6,9 ml, 49,5 mmol). La mezcla de reaccion
so agitd durante 18 horas a temperatura ambiente. La mezcla de reaccién se

lavd con agua, acido cltrico, saimuera y una solucién de hidrogenocarbonato de

sodio y después se secd sobre sulfato de magnesio y se concentrd a vacio. El
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residuo se purificd mediante cromatografia en columna en gel de silice
eluyendo con acstato de etilo:pentano 50:50. El producto bruto (4,22 g, 13,08
mmol) se disolvié en metanol (100 ml) y la solucidn se traté con 10% de Pd/C
(405 mg) y se agité a 414 kPa de hidrdgeno a temperatura ambiente durante 18
horas. La mezcla de reaccién se filtrd a través de Arbocel® y el filtrado se
concentrd a vacio. El residuo (1,6 g9, 11,25 mmol) se disolvib en 1,2-
dimetoxietano (25 ml) y la solucién se tratd con una solucién 1 M de borano en
tetrahidrofurano (45 mi, 45 mmol). La mezcla de reaccién se calentd a reflujo
durante 18 horas, después se inactivé con metanol y se agitdé a temperatura
ambiente durante 30 minutos. La mezcla de reaccién se concentrd a vacio y el
residuo se disolvié en metanol (50 ml) y se traté con una solucién saturada de
cloruro de hidrégeno en dioxano (15 ml). La solucién se calenté a reflujo
durante 2 horas, después se concentré a vaclo y el residuo se disolvid en éter
(50 ml). La solucién se concentrd a vaclo, proporcionando el producto del titulo
en forma de un aceite amarillo que solidific tras reposo.

'H-RMN (DMSO-dg, 400 MHz) &: 0,84 (t, 3H), 1,30 (m, 1H), 1,70 (m, 1H),
3.00-4,10 {(m a, 7H).

Preparacién 125
3-Bromotetrahidropirano

Se disolvié tetrahidropiran-3-ol (J. Org. Chem. 1985, 50, 1582) (4,66 ml,
49 mmol) en diclorometano (137 ml) y la solucibn se tratd con
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tetrabromometano (19,48 g, 58 mmol). La mezcla de reaccion se enfrié a 0°C y
se tratd gota a gota con una solucién de trifenilfosfina (17,98 g, 69 mmol) en
diclorometano. La mezcla de reaccion se dej6 volver a |a temperatura ambiente
y se agitd durante 4 horas. La mezcla de reaccién se concentrd a vaclo y el
residuo se purificd mediante cromatografifa en columna en gel de sllice
eluyendo con diclorometano:metanol 98:2, proporcionando el producto del titulo
en forma de un aceite amarillo, 6,3 g.

'H-RMN (CDCly, 400 MHz) &: 2,02 (m, 2H), 2,18 (m, 2H), 3,54 (t, 2H),
3,96 (m, 2H), 4,31 (m, 1H).

Preparacion 126
22,2 2-Trifluoroetoxi)etanol

FX\ 0/\/OH
F F

Se combinaron trifiuoroetanol (36 mi, 484 mmol), carbonato de etileno
(66,0 g. 741 mmol), trietlamina (70 ml, 494 mmol) y bromuro de
tetrabutilamonio (3,20 g, 9,90 mmol) y la mezcla de reaccién se calentd a
reflujo durante 24 horas. La mezcla de reaccién se destié a presién
atmosférica, proporcionando el producto del titulo en el intervalo 132°C a
142°C.

'H-RMN (CDCls3, 400 MHz) 5: 3,89-3,77 (m, 4H), 3,88 (m, 2H).

Preparacién 127

4@7
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\ // NH,
H,C NO,

Se disolvieron 5 -metil4-nitro-2H-pirazol-3-carboxamida (documento US
4282361, ej. 7) (2,0 g. 11,80 mmol), el alcohol de la preparacién 126 (2,03 g,
14,16 mmol) y trifenilfosfina (4,29 g, 16,52 mmol) en tetrahidrofurano (30 ml), y
la mezcla se enfrié en un bafic de hielo. Se afiadié gota a gota una solucién de
azodicarboxilato d e diisopropilo (3,20 mi, 16,52 mmol) e n tetrahidrofurano (5
ml), y la mezcla de reaccion se agit6 durante 2 horas a temperatura ambiente.
La mezcla de reaccibn se concentrd a vacio y el residuo se triturd con
diclorometano:éter 80:20, proporcionando un sélido blanco, 884 mg. Las aguas
madre se concentraron a vacio y el residuc se triturd de nuevo con
diclorometano y el sélido se filtrd, proporcionando otra carga de sdlido blanco,
584 mg. La solucidn de diclorometano se purificé después mediante
cromatografla en columna en gel de silice eluyendo con diclorometano:éter
70:30, proporcionando producto adicinal, 1,49 g.

'H-RMN (CD30D, 400 MHz) &: 2,46 (s, 3H), 3,91 (c, 2H), 4,02 (t, 2H),
4,35 (t, 2H).

Preparacion 128
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E
>(F\°/\| 0
F N

N/ nH

2

HC  NH,

Se calentd a reflujo una mezcia del pirazol de la preparacién 127 (1,46 g,
4,93 mmol) e hidréxido de paladio (150 mg) en metanol (50 ml), y se afiadi6 en
porciones formiato de amonio (1,55 g, 24,6 mmol). Una vez se complet6 la
adicion, | a reaccion s e a gité d urante u na hora adicional a reflujo. La mezcla
enfriada se filtrd a través de Arbocel® y el fitrado se evapord a vaclo,
proporcionando el compuesto del titulo en forma de un sélido naranja, 1,30 g.

'H-RMN (CD;0D, 400 MHz) &5: 2,16 (s, 3H), 3,84 (¢, 2H), 3,91 (t, 2H),
4,53 (t, 2H). EMBR: m/z EP+ 289 [MNa]".

Preparacion 129

Se calentd a reflujo una solucién de 1,1'-carbonildiimidazol (1,2 g, 7.4
mmol) en acetonitrilo (15 ml), y se afiadi gota a gota una solucién del pirazol
de la preparacién 128 (1,3 g, 4,93 mmol) en acstonitrilo (15 ml) durante 25
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minutos. La reaccion se calentd a reflujo durante 1,5 horas adicionales,
después se afiadieron 1,1’-carbonildiimidazol (400 mg, 2,5 mmol), y la reaccién
se calentd a reflujo durante 18 horas adicionales. La mezcla enfriada se
evapord a vacfo y el residuo se trituré con éter, el sélido resultante se separ6
por filtracién y se seco, proporcionando el compuesto del titulo en forma de un
sdlido blanco, 864 mg.

'H-RMN (DMSO-dg, 400 MH2) &: 2,20 (s, 3H), 3,92 (t, 2H), 4,00 (c, 2H),
4,51 (t, 2H), 11,08 (s, 2H).

Preparacion 130

Se calentd a 100°C una mezcla del compuesto de la preparacion 129
(2,1 g, 7,18 mmol), oxicloruro de fésforo (10,02 ml) y cloruro de tetrastilamonio
(3,57 g, 21,5 mmol) en propionitrilo (30 ml) y se agité durante 18 horas. La
mezcla enfriada se evapord a vacio y el residuo se destild azeotrdpicamente
con tolueno. El residuo se repartié entre acetato de stilo y agua, y se separaron
las fases. La fase organica se secd sobre sulfato de magnesio, se concentr6 a
vacio y el producto bruto se purific mediante cromatografia en columna en gel
de sflice, utilizando diclorometano:acetato de etilo (50:50), proporcionando el

compuesto del titulo en forma de una goma, 776 mg.
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'H-RMN (CDCls, 400 MHz) &: 2,62 (s, 3H), 3,72 (c, 2H), 4,03 (t, 2H), 4,89
(t, 2H).

Preparacién 131
5 5-Amino-1-metil-1H-piridin-2-ona

Hsz
I?I O
CH,

Se afiadi6 gota a gota écido trifluoroacético (10 ml} a una solucién
enfriada en hielo de (1-metil-6-oxo-1,6-dihidropiridin-3-il)carbamato de terc-
butiio (Heterocycles 1995, 40; 2. 831836) (2,87 g, 12,8 mmol) en

10 diclorometano (80 ml), y la reaccién se agité después a temperatura ambiente
durante 18 horas. La mezcla se concentrd a vacio y el residuo se purificd
mediante cromatografia en columna en gel de sflice utilizando
diclorometano:metanol.amoniaco 0,88  (90:10:1) como  eluyents,
proporcionando el compuesto del titulo en forma de un sélido rojo/marrén, 1,90

15 g.

"H-RMN (CD,0D, 400 MHz) 5: 3,50 (s, 3H), 6,47 (d, 1H), 7,04 (d, 1H),
7,26 (dd, 1H).

Preparacién 132
20 Clorhidrato de 5-amino-2,3-dimetilpiridina
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Se afiadi® amoniaco 0,88 frio (344 mi, 6,2 mmol) a 5-bromo-2,3-
dimetilpiridina (Zeitschyrift fir Chemie 28; 2; 1988; 58-80) (35,1 g, 188,6 mmol) y
éxido de cobre (330 mg, 2,3 mmol), y la mezcla se agitd vigorosamente,

5 después se transfirid a un recipiente sellado y se dej6 reposar a 100°C durante
18 horas. La mezcla se enfrid a 10°C, el pH se ajusté a 10 utilizando acido
sulfirico 2 M y la mezcla se extrajo con acetato de etilo. Los extractos
orgénicos combinados se lavaron con salmuera, se secaron sobre sulfato de
sodio y se concentraron a vaclo. El producto se disolvi6 en éter, la solucion se

10 enfrié a 0°C y se afladid gota a gota acido clorhidrico 1 M. La mezcla resultante
se agitd durante 30 minutos, el precipitado se separd por filtracién, se lavé con
éter y se secd a vaclo, proporcionando el compuesto del titulo, 32,9 g.

'H-RMN (DMSO-ds, 400 MHz) &: 2,23 (s, 3H), 2,50 (s, 3H), 7,10-7,80 (m,

5H). EMBR: m/z EP+ 123,6 [MH]".
15

Preparacion 133
4-Amino-8-metilpirimidina

H,

NN

LA

H,N” N

Se calentd en un recipients sellado a 100°C duante 18 horas una mezcla
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de 4-cloro-8-metilpirimidina (Recl. Trav. Chim. Pays-Bas 84; 1965; 1101-1106)
(1 g, 781 mmol) y amoniaco 0,88 (25 ml). La mezcla enfriada se concentr6 a
vaclo y el residuo se purificé mediante cromatografia en columnaengelde
silice utilizando diciorometano:metanol:amoniaco 0,88 (95:5:0,5) como
eluyente, proporcionando el compuesto del titulo, 560 mg.

'H-RMN (CD;0D, 400 MHz) &: 2,30 (s, 3H), 6,40 (s, 1H), 8,23 (s, 1H).

damina

CH,
N -
H,C o’ﬁN HA

={
ci

HC N

Se afiadid en porciones bis(trimetilsilil)amiduro de sodio (1,99 g, 10,85
mmol) a una solucidn enfriada de 2-amino-6-metilpiridina (1,17 g, 10,85 mmol)
en tetrahidrofurano (10 ml), de modo que se mantuviese la temperatura por
debajo de 25°C. Una vez completada la adicién, la solucidn se agitd durante 20
minutos adicionales y después se afiadié gota a gota una solucién del
compuesto clorado de la preparacién 57 (1 g, 3,63 mmol) en tetrahidrofurano
(15 ml) de modo que se mantuviese |a temperatura por d ebajo de 25°C. La
reaccion se agité después durante 2 horas adiclonales y se repartié entre
acetato de etilo (100 mi) y una solucién de &cido cltrico al 10% (100 mi). La

fase orgdnica se separd, se secod sobre sulfato de magnesio y se evapor$ a
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vaclo. El residuo se triturd con éter, el sdlido se filtrd y se secd, proporcionando
el compuesto del titulo, 595 mg.

'H-RMN (CD;OD, 400 MHz) 5: 0,93 (t, 3H), 2,45 (s, 3H), 2,49 (s, 3H),
3,81 (c, 2H), 3,92 (t. 2H), 4,88 (t, 2H), 6,98 (d, 1H), 7,71 (dd, 1H), 8,21 (s a,
1H). EMBR: m/z EP+ m/z 369 [MNa]".

Preparaciones 135 a 141
Los siguientes compuestos se prepararon siguiendo un procedimiento

similar al descrito en la preparacion 134.

R1
HN”
/0
Hsc ,N I \N
N
\§ Z
N)\CI
H,C
Prep. R’ Datos
m Fa iH"R 3 ) Zz)o: 1, ) y & S, ]

Xy (3,65 (c, 2H), 3.93 (m, 2H), 4,77 (m, 2H), 7,40 (d, 1H),
NZ  |8.56 (d, 1H), 8,78 (m, 1H). EMBR: m/z EP+ 401 [MH]*

CH, |'H & Z)5; 1,08 (t, 3H), 2,43 (s,
,1 XN |3H), 2,53 (s, 3H), 3,53 (c, 2H), 3,82 (m, 2H), 4,73 (m,
,K) 2H), 7,99 (m, 1H), 8,60 (m, 1H), 10,368 (m, 1H). EMBR:
m/z EP+ 348 [MH]




o
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H, 'H-RMN (CD»O0D, 400 MHz) 5: 1,18 (t, 3H), 2,50 (s, 3H), |
I XN 255 (s, 3H), 3,65 (c, 2H), 3,92 (t, 2H), 4,77 (t, 2H), 8,31
N/) (s, 1H), 8,72 (s, 1H). EMBR: m/z IQPA+ 348 [MH]"
CHS ‘IH- 3 ’ z : ] tl ’ ’ sl ]
"i’% 2,51 (s, 3H), 3,62 (c, 2H), 3,81 (t, 2H), 4,75 (m, 2H), 7,05
J\N/ (d, 1H), 8,49 (d, 1H). EMBR: m/z IQPA+ 348 [MH]"
139° H, "H-RMN {CD;0D, 400 MHz) 5: 1,08 (t, 3H), 2,36 (s, 3H), |
| N 2,44 (m, 6H), 3,57 (m, 2H), 3,88 (m, 2H), 4,78 (m, 2H),
N “cH, |6:83 (m, 1H), 8,13 (m, 1H). EMBR: m/z IQPA+ 361
[MH]*
F
F
F
Prep. R Datos
140° CH, H-RMN {CD;0D, 400 MHz) 3: 2,36 (s, 3H), 2,43 (3, 3A), |
N 3,94 (m, 4H), 4,81 (t, 2H), 7,16 (d, 1H), 7,83 (d, 1H),
'1 P 8,00 (dd, 1H). EMBR: m/z IQPA+ 423 [MNa]’
147 H._ | F-RMN (DMS0-de, 400 MHz) 5: 2,47 (s, 3H), 2,44 (s,
3
N, [3H)3.96 (1, 2H), 4,01 (c, 2H), 4,86 (t, 2H), 7.14 (d, 1H),
| _J |1.78(s, 1H), 8,30 (d, 1H). EMBR: m/z EP+ 401 [MH]
N
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A- compuesio purificado mediante cromatografia en columna en gel de
sllice utiizando metanol:diclorometano como eluyente, y recristalizado después
con acetato de etilo.

5 B- compuesto purificado mediante cromatografla en columna utilizando
acetato de etilo:pentano come eluyente (50:50 a 100:0)
C- compuesto purificado mediante cromatografia en columna utilizando

acetato de etilo:diclorometano como eluyente.

10 Prep. 135: 2-amino-4-trifluorometilpiridina preparada como en J. Med. Chem.
41 (1); 1998; 96-101.
Prep. 136: se preparé 4-amino-2-metilpirimidina como se describe en J. Het.
Chem. 14; 1413; 1977.

Prep. 137: se utilizd la amina de la preparacién 133.

15
Preparacién 142
20 Se agité una mezcla del compuesto clorado de la preparacién 57 (100

mg, 0,36 mmol) y la amina de la preparacién 131 (230 mg, 1,85 mmol) en
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dimetilsulféxido (3 ml) a temperatura ambiente durante 4 horas. La mezcla se
reparti6 entre acetato de etilo (100 ml) y agua (200 ml), y las fases se
sapararon. La fase acuosa se extrajo con acetato de etilo (2x) y las soluciones
organicas combinadas se secaron sobre sulfato de magnesio y se evaporaron
a vaclo. El residuo se tritué con éter, el sdlido se separé por filtracion y se seco,
proporcionando el compuesto del titulo en forma de un sélido gris, 80 mg.

TH-RMN (CD30D, 400 MHz) 3: 1,08 (t, 3H), 2,46 (s, 3H), 3,54 (c, 2H),
3,63 (s, 3H), 3,87 (t, 2H), 4,76 (t, 2H), 8,63 (d, 1H), 7,69 (dd, 1H), 8,24 (d, 1H).
EMBR: m/z IQPA+ 363 [MH]".

Preparacion 143

H,C/\O/\| i ’C/Z(CHG
\ 4 O
H,C N';E

Se agitd a temperatura ambiente durante 2 horas una mezcla del
compuesto clorado de la preparacién 57 (230 mg, 0,84 mmol), N-
etildiisopropilamina (437 pl, 2,52 mmol) y la amina de la preparacion 132 (398
mg, 2,52 mmot) en dimetilsulféxido (3 ml). La mezcla se diluyd con agua y se
extrajo con acetato de etilo. Los extractos orgénicos combinados se secaron
sobre sulfato de magnesio, se evaporaron a vaclo y el residuo se purificd

mediante cromatografia en columna en gel de silice utilizando

A
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diclorometano:metanol (100:0 a 98:2) como eluyente, proporcionando el
compuesto del titulo, 160 mg.

'H-RMN (CD,0D, 400 MHz) &: 1,08 (t, 3H), 2,36 (s, 3H), 2,47 (s, 3H),
2,48 (s, 3H), 3,59 (c, 2H), 3,81 (t, 2H), 4,79 (t, 2H), 8,01 (d, 1H), 8,67 (d, 1H).
EMBR: m/z IQPA+ 361 [MH]".

Preparacion 144
inmidin-7-ill-8-metoxipiridin-3-

ilamina

_N
S O
H,C 0/\ H/@’ "CH,
N

P,

Cl

Se afiadié gota a gota una soluciébn de 5-amino-2-metoxipiridina (1,13 g,
9,1 mmol) en diclorometano (2 ml) a una solucién del compuesto clorado de la
preparaciéon 57 (500 mg, 1,82 mmol) en diclorometano (8 ml), y después la
reaccidn se agitb a temperatura ambiente durante 18 horas. La mezcla se
diluyd con diclorometano, se lavé con una solucién al 10% de &cido citrico (3 x
10 ml), se secd sobre sulfato de magnesio y se evapord a presién reducida,
proporcionando el compuesto del titulo en forma de un sélido rosa pélido.

"H-RMN (DMSO-ds, 400 MHz) 5: 0,95 (t, 3H), 2,38 (s, 3H), 3,40 (c, 2H),
3,72 (t, 2H), 3,86 (s, 3H), 4,80 {t, 2H), 6,91 (m, 1H), 7,92 (m, 1H), 8,38 (m, 1H),
9,13 (s, 1H). EMBR: m/z IQPA+ 363 [MH]".



5

10

15

-277-

Preparacion 145
4-Nitro-1-{2-propoxietil}-1H-pirazol-3,5-dicarboxilato de dimetilo

M~ L\
W

N\

Se afiadid azodicarboxilato de diisopropilo (14,2 ml, 70 mmol) a una
solucién enfriada con hielo de éster dimetilico de Acido 4-nitro-1H-pirazol-3,5-
dicarboxflico (documento EP 1241170, prep. 10) (15 g. 60 mmol), 2-
propoxietanol (8,2 mi, 70 mmol) y trifenilfosfina (18,9 g. 70 mmol) en
tetrahidrofurano (150 ml), y la reaccién se agité a 0°C durante 2,5 horas,
después se dej6é agitar hasta temperatura ambiente durante 18 horas
adicionales. La reaccion se concentré a vacio y el residuo se purificé mediante
cromatografla en columna en gel de sllice utiizando acetato de etilo:pentano
como eluyente, y después se volvib a pasar por la columna utilizando
diclorometano como eluyente, proporcionando el compuesto del titulo en forma
de un sdlido, 14 g.

'H-RMN (CD;0OD, 400 MHz) &: 0,82 (t, 3H), 1,47 (m, 2H), 3,34 (t, 2H),
3,78 (t, 2H), 3,91 (s, 6H), 4,76 (t, 2H). EMBR: m/z IQPA+ 316 [MHT".

Preparacidn 146

Acido 3-(metoxicarbonil)}-4-nitro-1-(2-propoxietil}-1 H-pirazol-5-carboxilico

4=
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HC—" OH
,N| OH
\
Hac\ NO,
o)
o

Se agitd a temperatura ambiente durante 18 horas una mezcia del

diéster de la preparacién 145 (14 g, 44 mmol) e hidréxido de potasio (2,74 g, 48

mmol) en metanol (200 ml). La mezcla de reaccién se concentr$ a vacfo y el

5 residuo se suspendid en agua. La solucién acuosa se lavd con éter (3x),

después se acidifico a pH 2-3 utilizando &cido clorhidrico, y la solucidn se

extrajo con diclorometano (9x). Estos extractos orgédnicos combinados se

sacaron sobre sulfato de magnesio y se evaporaron a vacio, proporcionando el

compuesto del titulo en forma de un sélido blanco, 13,2 g.

10 'H-RMN (CD;0D, 400 MHz) 5: 0,83 (t, 3H), 1,49 (m, 2H), 3,36 (t, 2H),

3,80 {t, 2H), 3,90 (s, 3H), 4,78 (t, 2H). EMBR: m/z IQPA+ 302 [MH]".

Preparacion 147
5-Carbamoil-4-nitro-1-(2-propoxietil}-1 H-pirazol-3-carboxilato de metilo

HC~" L
N

\§

15 o
Se afiadié gota a gota cloruro de oxalilo (11,48 ml, 132 mmol) durante 30
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minutos a una solucién enfriada (-5°C) del acido de la preparacion 146 (13,2 g,
44 mmol) y N,N-dimetiformamida (150 pl) en diclorometano (140 mi), y la
solucion se agité durante 1 hora, después se dejé calentar lentamente hasta
temperatura ambiente y se agitdé durante 1,5 horas adicionales. La solucién se
5 evapord a vacio y el residuo se destilé6 azeotrépicamente con diclorometano. El
producto se disolvid en tetrahidrofurano (150 ml), la solucién se enfrib en un
bafio de hielo y se afiadié gota a gota amoniaco 0,88 (60 ml) durante 10
minutos. La reaccion se dejé calentar hasta temperatura ambiente durante una
hora, después se evapord a vaclo. El residuo se triturd con agua, el sélido
10 resultante se separd por filtracion y se secé a 70°C, proporcionando el
compuesto del titulo, 10,22 g.
'H-RMN (DMSO-dg, 400 MHz) 5: 0,81 (t, 3H), 1,45 (m, 2H), 3,32 (t, 2H),
3,74 (t, 2H), 3,96 (s, 3H), 4,40 (t, 2H), 8,33 (s a, 1H), 8,48 (s a,1H). EMBR: m/z
[QPA+ 301 [MH]".
15

Preparacion 148
4-Amino-5-carbamoil-1-(2-propoxietil }-1 H-pirazolo-3-carboxilato de metilo

H;,C\/\g
q
N NH,

N, |
\
Hac . NH,
0O

0O

Se calentdé a 75°C una solucién del compuesto nitro de la preparacitn
20 147 (10 g, 33 mmol) e hidrdxido de paladio sobre carbono (933 mg) en etanol
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(180 ml), después se afiadi6 formiato de amonio (2,1 g, 33,3 mmol) y la
reaccion se agitd durante 3 horas adicionales. La mezcla se filtr a través de
Arbocel® lavando con etanol y e! filtrado combinado se evapord a vaclo,
proporcionando el compuesto del titulo en forma de un sélido rosa palido, 9,1 g.

5 'H-RMN(CD30D, 400 MHz) 5: 0,84 (t, 3H), 1,51 (m, 2H), 3,40 {t, 2H),
3,83 (t, 2H), 3,89 (s, 3H), 4,56 (t, 2H). EMBR: m/z IQPA+ 271 [MH]".

10 carboxilato de metilo

HC—" ‘L\
0

Se agité durante 30 minutos a temperatura ambiente una mezcla del
compuesto de la preparacién 148 (9 g, 33 mmol), 1,1'-carbonildiimidazol (5,4 g,

33 mmol) y N,N-dimetilformamida (400 ml) y después se calenté a 75°C

15 durante 18 horas. El analisis por tic mostrd que permanecian materiales de
partida, de modo que se afladié 1,1’-carbonildiimidazol adicional (400 mg, 2,5
mmol) y la mezcla se agitd durante 1,5 horas adicionales. La mezcla se
concentrd a vaclo, el residuo se suspendid en agua y se agité durante 30
minutos. El precipitado resultante se separd por filtracion y se secd,

20 proporcionando el compuesto del titulo en forma de un sdlido rosa pélido, 6,05
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H-RMN (DMSO-de, 400 MHz) &: 0,72 (t, 3H), 1,37 (m, 2H), 3,28 (m, 2H),
3,76 (t. 2H), 3,82 (s, 3H), 4,64 (t, 2H), 10,77 (s, 1H), 11,37 (s, 1H).

Preparacién 150

Se calentd a 115°C durante 18 horas una mezcla dal compuesto de la
preparacién 149 (3 g, 10 mmol), oxicloruro de fosforo (14,2 ml, 152 mmol) y
cloruro de tetraetilamonio (3,95 g, 30 mmol) en propionitrilo (80 ml). La mezcla
se evapord a vacio y el residuo se resuspendid en oxicloruro de fosforo (15 ml,
160 mmol} y propionitrilo (80 ml), y la reaccion se agité a 115°C durante 18
horas adicionales. La mezcla se concentrd a vaclo y el residuo se destild
azeotropicamente con tolueno. El residuo se repartié6 cuidadosamente entre
agua y acetato de etilo, las fases se separaron y la fase acuosa se extrajo con
acetato de etilo adicional. Las soluciones organicas combinadas se lavaron con
salmuera, se secaron sobre suifato de magnesio y se evaporaron a vacio. Ei
producto bruto se purificdé mediante cromatografla en columna en gel de sllice
utilizando pentano:acetato de etilo (75:25) como eluyente, p roporcionando el
compuesto del titulo, 3,1 g.
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H-RMN (DMSO-de, 400 MHz) &: 0,65 (t, 3H), 1,33 (m, 2H), 3,26 (t, 2H),
3,82 (t, 2H), 3,93 (s, 3H), 4,94 (t, 2H).

Preparacion 151

J-carboxilato de metilo

m

He—"

? HNT X" e,
-~

Se agité a temperatura ambiente durante 4 horas una mezcla del
compuesto clorado de la preparacion 150 (1 g, 3 mmol) y 2-amino-4-
10 metilpiridina (389 mg, 3,6 mmol) en dimetilsulféxido (4,1 ml). La mezcla se
repartié entre acetato de etilo y agua y las fases se separaron. La fase acuosa
se extrajo con acetato de etilo (3x) y las soluciones orgénicas combinadas se
lavaron con agua (3x) y salmuera, después se secaron sobre sulfato de
magnesio y se evaporaron a vaclo. El producto bruto se purificd mediante
15 cromatografia en columna en gel de sllice utilizando un gradiente de elucién de
acetato de etilo:pentano (20:80 a 50:50), proporcionando el compuesto del
titulo, 452 mg.
'H-RMN (CDCl,, 400 MHz) &: 0,72 (m, 3H), 1,25 (m, 2H), 2,47 (s, 3H),
3,52 (t, 2H), 3,99 (m, 2H), 4,07 (s, 3H), 4,98 (m, 2H), 6,90 (s, 1H), 7,23 (s, 1H),
20 8,18 (s, 1H).

Fr7—
426



10

15

20

A2)-

-283-

Preparacion 152

Se afiadié hidruro de diisobutilaluminio (4,95 ml, 1 M en tetrahidrofurano,
4,95 mmol) durante 10 minutos a una solucién enfriada (-78°C) del compuesto
de la preparacién 151 (250 mg, 0,62 mmol) en tetrahidrofurano (6,5 ml), y una
vez completada la adicién, la reaccion se dejé calentar hasta —10°C y se agitd
durante 10 minutos. La solucion se volvié a enfriar a —78°C, se afladié hidruro
de diisobutilaluminio adicional (2 ml, 1 M en tetrahidrofurano, 2 mmol) y la
mezcla se calentd a —5°C y se agitd durante 30 minutos. La reaccién se volvid
a enfriar a —78°C y se inactivé con una solucién de cloruro de amonio (5 ml). La
mezcla se repartié entre agua (50 ml) y diclorometano (50 ml), y se filtré a
través de Arbocel® lavando con diciorometano. El filtrado se separd, la fase
organica se seco sobre sulfato de magnesio y se evapord a vaclo. El producto
bruto se purificé mediante cromatografia en columna en gel de sllice utilizando
metanol.diclorometano (1:99), proporcionando el compuesto del titulo en forma
de un sdélido amarillo, 112 mg.

'H-RMN (CD;0D, 400 MHz) &: 0,70 (t, 3H), 1,50 (m, 2H), 2,43 (s, 3H),



ad

3,50 (m, 2H), 3,95 (t, 2H), 4,82 (m, 4H), 7.00 (s, 1H), 8,19 (s, 1H), 8,38 (s, 1H).
EMBR: m/z IQPA+ 377 [MH]".

-284-

Preparacién 153

H,C S N~ cl

H,C HC o)

Se afiadié en porciones bis(trimetilsililJamiduro de sodio (677,1 mg, 3,7
mmol) a una solucién enfriada de 2-amino-8-metilpiridina (400 mg, 3,7 mmol)
10 en tetrahidrofurano (5 ml) de modo que se mantuviera la temperatura a 25°C y,
una vez completada la adicién, la solucién se agitdé durante 20 minutos. Se
afladio gota a gota una solucién del compuesto clorado de la preparacién 108
(500 mg, 1,23 mmol) y después la reaccion se agitd durante 1 hora a
temperatura ambiente. La reaccion se inactivd mediante la adicion de una
15 solucién de cloruro de amonio y la mezcla se repartié entre diclorometano y
agua. Las fases se separaron y la fase organica se lavé con agua y salmuera,
después se seco sobre sulfato de magnesio y se evapord a vacio. El producto
bruto se purificé mediante cromatografia en columna en gel de sllice utilizando
diclorometano:metanol (100:0 a 80:10), proporcionando el compuesto del titulo

20 en forma de un sélido amarillo, 450 mg.
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H-RMN (CD;0D, 400 MHz) &: 0,12 (s, 6H), 0,90 (s, 8H), 1,13 (t, 3H),
2,49 (s, 3H), 3,61 (c, 2H), 3,93 (t, 2H), 4,84 (t, 2H), 4,98 (s, 2H), 6,98 (m, 1H),
7.73 (t, 1H), 8,25 (m, 1H). EMBR: m/z |QPA+ 477 [MHT'.

Preparacién 154

Se agitd a temperatura ambiente durante 18 horas una mezcla del
alcohol protegido de la preparaciéon 153 (450 mg, 0,94 mmol) y fluoruro de
tetrabutilamonio (1,89 mi, 1 M en tetrahidrofurano, 1,89 mmol) en
tetrahidrofurano (5 ml). La mezcla se concentré a vaclo y el residuo se repartié
entre diclorometano y agua. Las fases se separaron, la fase orgéanica se lavd
con agua y salmuera, después se secé sobre suifato de magnesio y se evapord
a vaclo. El producto se trituré con éter, proporcionando el compuesto del titulo
en forma de un sdlido amarillo palido, 260 mg.

'H-RMN (DMSO-dg, 400 MHz) 5: 0,92 (t, 3H), 2,43 (s, 3H), 3,56 (c, 2H),
3,83 (t, 2H), 4,67 (d, 2H), 4,77 (t, 2H), 7,01 (d, 1H), 7,78 (m, 1H), 8,03 (d, 1H),
10,08 (s, 1H). EMBR: m/z IQPA+ 363 [MH]".

4
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Se disolvid el alcohol de la preparacién 106 (1,80 g, 5,00 mmol) en
diclorometano (15 mi) y la solucién se tratdé con cloruro de tionilo (1,50 ml, 17
mmol). La mezcla de reaccién se agité a temperatura ambiente durante 18
horas y se concentrd a vacfo. El residuc se destilé azeotrdpicamente con
tolueno y después se sectd a vacio. El producto bruto se purific6 mediante
cromatografia en columna en gel de sflice eluyendo con diclorometano:metanol
(100:0 a 95:5), proporcionando el producto del titulo, 980 mg.

'H-RMN (CDCl,, 400 MHz) &: 0,92 (t, 3H), 2,63 (s, 3H), 3,58 (m, 2H),
3,91 (m, 2H), 4,81 (s, 2H), 5,20 (m, 2H), 7,14 (m, 1H), 8,16 (m, 1H), 8,97 (m,
1H). EMBR: m/z IQPA+ 381 [MH]".

Preparacién 156

metilpiridin-2-ilamina
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Se afiadié cloruro de tionilo (170 pl, 23,4 mmol) a una solucién del
compuesto hidroxi de la preparacion 152 (220 mg, 0,58 mmol) en
diclorometano (2 ml), y la solucién se agité a temperatura ambiente durante 2,5

S horas. La mezcla de reaccion se evapord a vaclo, proporcionando el
compuesto del titulo en forma de una espuma amariilo palido.

'H-RMN (CDCly, 400 MHz) &: 0,60 (t, 3H), 1,30 (m, 2H), 2,69 (s, 3H),
3,41 {t, 2H), 3,91 (m, 2H), 4,96 (s, 2H), 5,24 (m, 2H), 7,23 (m, 1H), 8,16 (d, 1H),
9,06 (s, 1H). EMBR: m/z EP+ 395 [MH]".

10

Preparacién 157

15 El compuesto del titulo se obtuvo en forma de un sélido amarillo a partir
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del alcohol de la preparacién 110, siguiendo un procedimiento similar al
descrito en la preparacion 156.

'H-RMN (CDCl,, 400 MHz) 5: 1,20 (t, 3H), 3,68 (c, 2H), 3,96 (t, 2H), 4,75
(t, 2H), 4,88 (s, 2H), 8,62 (d, 1H), 8,69 (d, 1H), 8,00 (s, 1H). EMBR: m/z IQPA+
368 [MH]".

Preparacion 158

El compuesto del titulo se obtuvo en forma de una espuma blanca a
partir del alcohol de la preparacién 154, siguiendo un procedimiento similar al
descrito en la preparacion 156.

"H-RMN (CD;0D, 400 MHz) &: 0,87 (t, 3H), 2,90 (s, 3H), 3.47 (c, 2H),
3,89 (t, 2H), 4,96 (s, 2H), 5,30 (t, 2H), 7,19 (d, 1H), 8,19 (t, 1H), 9,04 (d, 1H).
EMBR: m/z IQPA+ 381 [MH]".

metilpiridin-2-ilamina
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Se afiadidé metdxido de sodio (25% en metanol, 8,4 ml, 39,5 mmol) a una
solucién del compuesto clorado de la preparacién 155 (3 g, 7,9 mmol) en
metanol (30 ml), y la reaccién se agitd a temperatura ambiente durante 72
horas. La mezcla se evapord a vaclo y el residuo se repartié entre
diclorometano y agua. L as fases se separaron, la fase organica se lavd con
agua y se evapord a vaclo. El producto se purificd mediante cromatografia en
columna en gel de sllice utilizando acetato de etilo como -eluyente,
proporcionando el compuesto del titulo en forma de un sélido amarillo.

'H-RMN (CD;0D, 400 MHz) 3: 1,10 (t, 3H), 2,44 (s, 3H), 3,35 (m, 2H),
3,45 (s, 3H), 3.80 (c, 2H), 3,93 (t, 2H), 4,72 (s, 2H), 6,99 (s, 1H), 8,19 (s, 1H),
8,33 (s, 1H).

Preparacidn 160

metilpiridin-2-jlamina
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El compuesto del titulo se obtuvo en forma de un sélido amarillo con
80% de rendimiento a partir del compuesto clorado de la preparacién 156,
siguiendo el procedimiento descrito en la preparacion 159.
5 'H-RMN (CD;OD+TFA-d, 400 MHz) 5: 0,81 (t, 3H), 1,40 (m, 2H), 2,40 (s,
3H), 3,30 (s, 3H), 3,36 (t, 2H), 3,80 (t, 2H), 4,61 (s, 2H), 4,84 (t, 2H), 7,08 (d,
1H), 7,92 (s, 1H), 8,25 (d, 1H).

Preparacion 161

Se agitb a temperatura ambiente durante 18 horas una mezcla del
compuesto clorado de la preparacién 158 (280 mg, 0,73 mmol) y metdxido de
15 sodio (198 mg, 3,67 mmol) en metanol {4 ml). El andlisis por TLC mostr6 que
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permanecia material de partida, de modo que se afladi6 metdxido de sodio
adicional (79,2 mg, 1,46 mmol) y la reaccién se agitd durante una hora
adicional. La reaccién se inactivé mediante la adicién de una solucién al 10%
de écido cltrico, y la mezcla se evaporé a vaclo. El residuo se repartié entre
5 diclorometano y agua, y las fases se separaron. La fase orgénica se lavd con
una solucién al 10% de acido citrico y agua, después se seco sobre sulfato de
magnesio y se evapord a vaclo. El producto bruto se purificdé mediante
cromatografia en columna en gel de sflice utilizando un gradiente de elucién de
diclorometano:metanol (100:0 a 98:2), proporcionadno el compuesto del titulo

10 en forma de un sdlido amarillo, 190 mg.
'H-RMN (CDCl3, 400 MHz) 5: 1,22 (t, 3H), 2,46 (s, 3H), 3,50 (s, 3H), 3,65
(c, 2H), 3,84 (t, 2H), 4,78 (m, 4H), 6,87 (d, 1H), 7,83 (t, 1H), 8,22 (d, 1H), 10,05

(s a, 1H). EMBR: m/z IQPA+ 377 [MH]".

15 Preparacion 162

El compuesto del titulo se obtuvo en forma de un sdlido amarillo palido a

20 partir del compuesto clorado de la preparacién 157, siguiendo el procedimiento



-292-

descrito en la preparacion 161.
'H-RMN (CD;OD, 400 MH2) &: 1,19 (t, 3H), 3,44 (s, 3H), 3,67 (c, 2H),
3,96 (t, 2H), 4,75 (s, 2H), 4,85 (t, 2H), 8,44 (d, 1H), 8,67 (d, 1H), 8,87 (s, 1H).
EMBR: m/z IQPA+ 364 [MH]".

Preparacion 163

10 El compuesto del titulo se obtuvo en forma de un sdlido blanquecino con
70% de rendimiento a p artir d el compuesto clorado de |a preparacién 155y
etéxido de sodio en etanol, siguiendo el procedimiento descrito en la
preparacion 159 excepto porque el eluyente de la columna fue acetato de
etilo:pentano.

15 'H-RMN (CD,0D, 400 MHz) &: 1,10 (t, 3H), 1,21 (t, 3H), 2,43 (s, 3H),
3,56-3,68 (m, 4H), 3,92 (t, 2H), 4,76 (s, 2H), 4,84 (t, 2H), 6,99 (s, 1H), 8,19 (s,
1H), 8,34 (s, 1H). EMBR: m/z IQPA+ 391 [MH]".

Preparacién 164
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Se disolvieron el compuesto monoclorado de la preparacién 159 (100
mg, 0,27 mmol), 3,8-diazabiciclo[3.2.1]octano-8-carboxilato de ferc-butilo (Tet.
Lett. 43 (2002), 899-902) (229 mg, 1,08mmol) y N-etildiisopropilamina (232 i,
1,33 mmol) en dimetilsulféxido (3 ml) y la mezcla de reaccion se calentd a
120°C durante 18 horas en un recipiente sellado. L a mezcla d e reaccion se
diluyé con diclorometano y se lavd con agua (x2), una solucidn acuosa al 10%
de &acido citrico y salmuera. La fase orgénica se secd sobre sulfato de
magnesio y se concentrd a vaclo. El residuo se purificd mediante cromatografla
en columna en gel de sflice eluyendo con diclorometano:metanol {(100:0 a
95:5), proporcionando el producto del titulo.

'H-RMN (CD;0D, 400 MHz) &: 1,11 {t, 3H), 1,50 (s, 9H), 1,79 (m, 2H),
1,92 (m, 2H), 2,39 (s, 3H), 3,14 (m, 2H), 3,43 (s, 3H), 3,58 (c, 2H), 3,87 (t, 2H),
4,33 (m, 2H), 4,39 (m, 2H), 4,67 (m, 4H), 6,91 (d, 1H), 8,13 (d, 1H), 8,18 (s,
1H). EMBR: m/z IQPA+ 553 [MH]".

Preparacion 165

43—
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E! producto del tftulo se prepand mediants un p rocedimiento similar al
descrito para la preparacion 164 utilizando el compuesto monoclorado de la
preparacidn 121 y (1S.4S)-2,5-diazabiciclo[2.2.1]heptano-2-carboxilato de ferc-
butilo.

'H-RMN (CD,0D, 400 MHz) &: 1,11 (t, 3H), 1,39-1,48 (s, 9H), 2,00 (m,
2H), 2,28 (s, 3H), 2,40 (s, 3H), 3,43 (m, 2H), 3,54-3,67 (m, 4H), 3,85 (t, 2H),
4,55 (m, 1H), 4,62 (t, 2H), 4,92 (m, 1H), 7,60 (d, 1H), 8,08 (s, 1H), 8,26 (m, 1H).
EMBR: m/z IQPA+ 509 [MH]".

Preparacién 166
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El producto d el tituio s e p reparé mediante un p rocedimiento similar al
descrito para la preparacién 164 utilizando el compuesto monoclorado de la
preparacidn 72 y (18S,4S)-2,5-diazabiciclo[2.2.1]heptano-2-carboxilato de ferc-

5 butilo.
'H-RMN (CD;0D, 400 MHz) &: 1,22 (t, 3H), 1,33 (2 x 8, SH), 2,01 (m,
2H), 2,43 (s, 3H), 3,47 (m, 3H), 3,65 (m, 4H), 3,91 (m, 2H), 4,63 (t, 2H), 5,01
(m, 1H), 8,35 (s a, 1H), 8,60 (d, 1H), 8,80 (s, 1H). EMBR: m/z IQPA+ 496 [MH]".

10 Preparacién 167
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Se calent6 a 120°C durante 18 horas una mezcla del compuesto clorado
de la preparacibn 163 (100 mg, 026 mmol), (1S5.4S)25
diazabiciclo[2.2.1]heptano-2-carboxilato de terc-butilo (202,3 mg, 1,02 mmol) y
N-etildiisopropilamina (226 ul, 1,3 mmol) en dimetilsulféxido (3 mi) en un
recipiente sellado. La reaccion enfriada se repartié entre diclorometano y agua,
las fases se separaron y la fase organica se lavd con agua, después salmuera,
se secl sobre sulfato de magnesio y se evaporé a vacio. El producto se purificd
mediante cromatograffa en columna en gel de sflice utilizando acetato de etilo
como eluyente, proporcionando el compuesto del titulo en forma de un aceite
naranja.

'H-RMN (CD30D, 400 MHz) 5: 1,10 {t, 3H), 1,19 (t, 3H), 1,40-1,48 (2 x s,
9H), 2,00 (m, 2H), 2,40 (s, 3H), 3,49 (m, 2H), 3,56-3,71 (m, 6H), 3,89 (t, 2H),
4,57 (m, 1H), 4,69-4,75 (m, 4H), 4,95 (s,1H), 6,92 (d, 1H), 8,14 (d, 1H), 8,34 (s,
1H). EMBR: m/z EP+ 553 [MH]".

Preparacién 168
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Se disolvieron el compuesto monoclorado de la preparacién 120 (180
mg, 0,52 mmol) dibromhidrato de (1R,4R)-2-bencil-2,5-
diazabiciclo[2.2. 1]heptano (documento EP 400661, ej. 8) (545 mg, 2,90 mmol) y
N-etildiisopropilamina (723 pl, 4,16 mmol) en dimetilsulféxido (3 ml), y la mezcla
de reaccién se calenté a 120°C durante 18 horas en un recipients sellado. La
mezcla de reaccion se repartié entre agua (50 ml) y acetato de etilo (50 ml), y la
fase acuosa se separ$ y se lavd con acetato de etilo. Los extractos orgénicos
se combinaron, se secaron sobre sulfato de magnesio y se concentraron a
vaclo. El residuo se purific6 mediante cromatografia en columna en gel de
sllice eluyendo con acetato de etilo:metanol (100:0 a 95:5), proporcionando el
producto del titulo, 62 mg.

'H-RMN (CD;0D, 400 MHz) &: 0,12 (t, 3H), 1,96 (m, 1H), 2,09 (m, 1H),
2,38 (s, 3H), 2,42 (s, 3H), 2,88 (m, 1H), 3,08 (m, 1H), 3,59 (m, 3H), 3,80-3,95
(m, 7H), 4,62 (m, 2H), 6,92 (d, 1H), 7,35 (m, 5H), 8,12 (d, 1H), 8,35 (m, 1H).
EMBR: m/z IQPA+ 499 [MH]".

Preparacién 169
3-Dimetilaminoazetidin-1-carboxilato de terc-butilo
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Se calentd a B0°C durante 28 horas una mezcla de 3-yodoazetidin-1-
carboxilato de terc-butilo (documento EP 1176147, prep. 18) (6 g, 17,6 mmol) y
dimetilamina (27 ml, 33% en etanol, 176 mmol) en un recipiente sellado. La

5 mezcla enfriada se evaporé a vacio y el residuo se preadsorbié sobre gel de
sllice. Este se purificd mediante cromatografla en columna en gel de silice
utilizando acetato de etilo:hexano (50:50) como eluyente, proporcionando el
compuesto del tiulo en forma de un aceite amarillo, 1,07 g.

'H-RMN (CDCl;, 400 MHz) 5: 1,38 (s, 9H), 2,08 (s, 6H), 2,94 (m, 1H),

10 3,70 (m, 2H), 3,84 (m, 2H).

Preparacién 170
Bis(trifluoroacetato) de 3-dimetilaminoazetidina

qu

N~CH,
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N
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15 Se agitd a temperatura ambiente durante 1 hora una mezcla del
compuesto de la preparacién 169 (760 mg, 3,79 mmol) y 4cido trifluoroacético
(4 ml) en diclorometano (12 ml). La solucién se concentrd a vaclo y el residuo

se destilé azeotropicamente con tolueno y diclorometano. El producto se trituré
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con acetato de etilo y el sélido resultante se sepand por filtracién y se secd,
proporcionando el compuesto del titulo, 600 mg.

TH-RMN (CD30D, 400 MHz) &: 2,80 (s, 6H), 4,23 (m, 1H), 4,34 (m, 2H),
4,45 (m, 2H).

10 Se afiadi® en porciones bis(trimetilsiliiJamiduro de sodio (1,43 g, 7,8
mmol) a una solucién de 2-amino-6-metilpiridina (421,7 mg, 3,9 mmol) en
tetrahidrofurano (7 ml), y la solucién se agit® después durante 10 minutos. Se
afiadié gota a gota una solucién del compuesto clorado de la preparacién 62
(750 mg, 2,6 mmol) en tetrahidrofurano (7 ml), y la reaccién se agité a

15 temperatura ambiente durante 2 horas. Se afladié gota a gota una solucion
acuosa saturada de cloruro de amonio y la mezcla se extrajo después con
diclorometano. La solucidn orgénica se lavé con agua y salmuera, después se
secd sobre sulfato de magnesio y se evapordé a vacio. El producto se
recristalizé con acetato de isopropilo, proporcionando el compuesto del titulo en

20 forma de un sdlido blanquecino.
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'H-RMN (CDCls, 400 MHz) 5: 0,79 (t, 3H), 1,69 (m, 2H), 2,46 (s, 3H),
2,55 (s, 3H), 3,56 (t, 2H), 3,83 (t, 2H), 4,72 (t, 2H), 6,88 (d, 1H), 7,64 (m, 1H),

8,23 (d, 1H), 9,94 (s, 1H). EMBR: m/z IQPA+ 361 [MH]".

5 Preparacién 172

il}pirimidin-4-ilamina

LD
(R HN \N)
N~
N
} | NJ\CI
H,C
Se afiadié en porciones bis(trimetilsililamiduro de sodio (1,46 g, 7,99
10 mmol) a una solucion de 4-aminopirimidina (864 mg, 8,0 mmol) en
tetrahidrofurano (10 ml), y la solucién se agité después durante 15 minutos. Se
afiadié gota a gota la solucién del compuesto clorado de la preparacion 130
(1,17 g, 4,0 mmol) en tetrahidrofurano (10 ml) y la reaccibn se agité a
temperatura ambiente durante 2 horas. La mezcla se repartié entre acetato de
15 etilo (50 ml) y agua (100 ml) y se separaron las fases. La fase acuosa se
extrajo con acetato de etilo (100 ml) y las soluciones orgénicas se secaron
sobre sulfato de magnesio y se evaporaron a vaclo. El producto bruto se
purificé mediante cromatografia en columna en gel de sflice utilizando acetato
de etilo como eluyente, y el sélido resultante se tritund con éter, proporcionando
20 el compuesto del titulo en forma de un sdlido amarillo, 1,02 g.

24

A
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H-RMN (CDCls, 400 MHz) 5: 2,50 (s, 3H), 4,004,10 (m, 2H), 4,12 {t,
2H), 4,85 (t, 2H), 8,40 (d, 1H), 8,60 (d, 1H), 8,85 (s, 1H). EMBR: m/z IQPA+ 410
(MNa]*.

5 Preparacién 173

Se afiadié gota a gota una solucién de azodicarboxilato de diisopropilo

10 (71,9 ml, 366 mmol) en tetrahidrofurano (80 ml) a una solucion de 4-
nitropirazol-3,5-dicarboxilato de dimetilo (60 g, 260 mmol) y trifenilfosfina (96,15

g. 366 mmol) en tetrahidrofurano (650 ml) con agitacidn en atmodsfera de
nitrdgeno, manteniendo la temperatura de reaccién a entre 0°C y 10°C
enfriando en un bafio de hielo. Después de completar la adicion. la mezcla se

15 dej6 calentar hasta temperatura ambiente y se agitd durante 2 dias. El
disolvente se retird a presion reducida y el residuo se disolvié en metanol (800

ml) y se enfrié a 0°C. Se afiadié una solucidn de hidrdxido de potasio (16,16 g,

288 mmol) en metanol (200 ml) a 0°C, la reaccién se dejé calentar hasta
temperatura ambiente y se agitd durante 16 horas. El disolvente se retiré a

20 vaclo y el residuo se repartié entre agua (600 ml) y acetato de etilo (600 ml). La
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fase acuosa se lavd con acetato de etilo (2 x 200 ml) y la fase acuosa se
acidificd con &cido clorhidrico a pH 1. La solucién acuosa se extrajo con
acetato de etilo (3 x 400 ml), v estos extractos combinados se sacaron sobre
sulfato de sodio y se concentraron a vaclo, proporcionando el compuesto del
5 titulo en forma de un sélido incoloro, 52,86 g, 58%.
'H-RMN (CDCla, 400 MH2) 8: 3,77 (c, 2H), 3,93 (s, 3H), 4,00 (t, 2H), 4,84
(t, 2H).

Preparacion 174

10

HC

Se afiadié gota a gota una solucién de azodicarboxilato de diisopropilo

(53,74 g, 266 mmol) en tetrahidrofurano (50 ml) a una solucién de 3-etil-4-
nitropirazol-5-carboxamida (documento EP 1176142, pag. 18) (35,0 g, 190

15 mmoal) y trifenilfosfina (69,79 g, 266 mmol) en tetrahidrofurano (450 ml) con
agitacion en atmésfera de nitrégeno, manteniendo la temperatura de reaccién a
entre 0°C y 10°C enfriando en un bafio de hielo. Después de completar la
adicion, la mezcla se dej6é agitar durante 2 horas, después se calentd a
temperatura ambiente. El disolvente se retind a vaclo y el residuo se recristalizd

20 dos veces con isopropanol caliente, proporcionando el compuesto del titulo en
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forma de un sdlido incoloro, 49,06 g.
'H-RMN (CDCl3, 400 MHz) &: 1,25 (t, 3H), 2,92 {(c, 2H), 3,78 (c, 2H), 3,98
(t, 2H), 4,56 (t, 2H), 5,95 (s a, 1H), 7,11 (s a, 1H).

Preparacién 175

Se disolvi6 el acido de la preparaciéon 173 (70,0 g, 204 mmol) en una
mezcla de dicloromeiano (1.000 ml) y N,N-dimetilformamida (1 ml} en
atmosfera de nitrbgeno a 20°C. Se afiadié gota a gota cloruro de oxalilo (25 ml,
366 mmol) con agitacién. La mezcla se agitd durante 16 horas, después se
concentré & vaclo y el residuc se destild azeotrépicamente con diclorometano
(3 x 200 ml). El residuo se disolvié en tetrahidrofurano (1000 ml), se enfrié a —
78°C y se afiadi gota a gota amoniaco 0,88 (70 ml) manteniendo la mezcla a —
78°C. Después de completar la adicién, la mezcla se agitd durante 1 hora, y
después se afiadi6é un exceso de écido clorhidrico a -78°C (para dar pH 1). La
mezcla se dejé calentar hasta temperatura ambiente y el disolvente se retird a
vaclo. El sdlido de color crema resultante se recogi6 por filtracién y se lavé con
agua (3 x 100 ml). El sélido se triturd con una mezcla de dietiléter y metanol
(20:1, 20 ml/g). proporcionando el compuesto del titulo en forma de un sdlido



-304- ﬁ
incoloro, 40,0 g.

TH-RMN (CDCls, 400 MHz) &: 3,78 (c, 2H), 3,95 (s, 3H), 3,98 (t, 2H), 4,76
(t, 2H), 5,91 (s a, 1H), 7,03 (s a, 1H).

5 Preparacion 176
4-Amino-3-etil-1-(2, 2 2-trifluoroetoxi)etilpirazol-5-carboxamida

H,C

Se hidrogend una solucién del compuesto de la preparacion 174 (23,34
g, 75 mmol) en metanol (400 ml) sabre 10% de paladio sobre carbono (6,0 g) a
10 300 kPa y 50°C durante 2 horas. Se afiadieron otros 2,0 g de catalizador y la
hidrogenacién continué durante otras 14 horas. La solucidén caliente se filtré a
través de Arbocel® y la torta de filtrado se lavé con metanol (4 x 100 mi). El
filtrado se concentrd a vacio y el residuo se destilé azeotrbpicamente con
tolueno (100 ml), proporcionando el compuesto del titulo en forma de un aceite
15 rojo, 19,06 g.
'H-RMN (CDCls, 400 MHz) &: 1,21 (t, 3H), 2,55 (¢, 2H), 3,16 (s a, 2H),
3,79 (c, 2H), 3,99 (t, 2H), 4,61 (t, 2H).

Preparacidn 177
20 4-Amino-5-carbamoil-1-§2-(2,2 2-trifluoroetoxi
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Se hidrogend una solucién del compuesto de la preparacion 175 (40,0 g,
118 mmol) en metanol (640 mi) sobre 10% de paladio sobre carbono (10,0 g) a
5 300 kPa y 50°C durante 3 horas. La solucién caliente se filtrd a través de
Arbocel® y la torta de filtrado se lavé con diclorometano. El filtrado se
concentrd a vaclo, proporcionando el compuesto del titulo en forma de un
solido blanquecino, 34,2 g.
'H-RMN (CDCly, 400 MHz) 5: 3,80 (¢, 2H), 3,981 (s, 3H), 4,07 (t, 2H), 4,63
10 (t, 2H), 6,29 (s a, 2H).

Preparacién 178

S

H,C

15 Se afiadio gota a gota una solucién del compuesto de la preparaciéon 176
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(19,08 g, 68,0 mmol) en acetonitrilo (150 ml) durante 2 horas a una solucién
agitada de N,N-carbonildiimidazol (16,55 g, 100 mmol) en acetonitrilo a reflujo
(850 ml) en atmdsfera de nitrdgeno. La mezcla se calentd a refiujo durante 2
horas, se enfrié y el disolvente se retird a vaclo. El residuo se triturd con agua
5 (150 ml), el sélido incoloro resultante se separd por filtracion, se lavé con agua
(100 mi) y se secd a vaclo a 80°C, proporcionando el compuesto del titulo,
17,53 g.
'H-RMN (CDCl;, 400 MHz) 5: 1,26 (t, 3H), 2,67 (c, 2H), 3,78 (¢, 2H), 4,00
(t, 2H), 4,83 (t, 2H), 7,94 (s a, 1H), 8,43 (s a, 1H). EMBR: m/z EP- 305 [M-H]".

10
Preparacion 179
15 Se afiadié gota a gota una solucién del compuesto de la preparacién 177

(21,7 g. 70,0 mmol) en acetonitrilo (150 ml) durante 2 horas a una s olucién
agitada de N,N-carbonildiimidazol (17,02 g, 105 mmol) en acetonitrilo a reflujo
(850 ml) en atmdésfera de nitrgeno. La mezcla se calentd a reflujo durante 2
horas, se enfrio y el disolvente se retird a vacio. El residuo se trituré con agua

20 (150 mi) y el sdlido gris péalido resultante se separé por filtracién, se lavé con
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agua (3 x 100 ml) y se sect a vaclo a 80°C, proporcionando el compuesto del
titulo, 21,26 g.

'H-RMN (CDCls, 400 MHz) &: 3,79 (c, 2H), 3,98 (s, 3H), 4,07 (t, 2H), 4,77
(t, 2H), 7,87 (s a, 1H), 8,41 (s a, 1H). EMBR: m/z EP- 335 [M-HJ".

Preparacién 180

Se afladié oxicloruro de fésforo (22,8 ml, 0,24 mmol) a una suspensién
10 de la diona de la preparacién 178 (5 g, 16 mmol) y cloruro de tetraetilamonio
(8,11 g. 48 mmol) en propionitrilo (75 ml), y la mezcla se agit6 a 106°C durante
18 horas. La mezcla enfriada se concentrd a vacio y el residuo se destilé
azeotrépicamente con tolueno (2 x 50 mil). El aceite residual se disolvi®é en
acetato de etilo (50 ml), se lavd con agua (200 ml), se secd sobre sulfato de
15 magnesio y se evapord a vaclo, proporcionando el compuesto del titulo, 4,98 g.
'H-RMN (CDCl3, 400 MHz) 5: 1,40 (t, 3H), 3,05 (c, 2H), 3,70 (c, 2H), 4,05

(t, 2H), 4,90 (t, 2H).

Preparacién 181

20

carboxilato de metilo
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Se afiadié oxicloruro de fésforo (56 ml, 0,60 mmol} a una suspensién de
la diona de la preparacién 179 (13,5 g, 40 mmol) y cloruro de tetrastilamonio
(20,0 g, 120 mmol) en propionitrilo (150 ml), y la mezcla de reaccién se agitd a
reflujo durante 18 horas. La mezcla enfriada se concentrd a vaclo y el residuo
se destild azeotrépicamente con tolueno (2 x 50 ml). El residuo se repartié
entre diclorometano (500 ml) y agua (500 ml), las fases se separaron y la
acuosa se extrajo con diclorometano adicional (500 mil). Las soluciones
organicas combinadas se lavaron con agua (200 mil), salmuera (100 ml), se
secaron sobre sulfato de magnesio y se evaporaron a vaclo. El producto bruto
se purificd mediante cromatografla en columna en gel de sllice utilizando un
gradiente de elucion de acetato de etilo:pentano (34:66 a 50:50),
proporcionando el compuesto del titulo en forma de un sélido blanco, 9.4 g.

'H-RMN (CDCls, 400 MHz) &: 3,75 (c, 2H), 4,10 (m, 5H), 5,05 (t, 2H).

Preparacién 182
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Se afiadié gota a gota hidruro de diisobutilaluminio (33,2 ml, 1 M en
tetrahidrofurano, 33,2 mmol) a una solucidn enfriada (-78°C) del éster de la
preparacién 181 (3,1 g, 8,31 mmol) en tetrahidrofurano (50 ml) de modo que se
mantuviera la temperatura por debajo de -70°C. Una vez completada la
adicién, la reaccién se dejd calentar hasta —10°C y se agité durante 1 hora. El
andlisis por tic mostrd que permanecia material de partida, de modo que la
reaccion se volvid a enfriar a —-78°C, se afiadié hidruro de diisobutilaluminio
adicional (8,3 ml, 1 M en tetrahidrofurano, 8,3 mmol), la reaccién se calent6 de
nuevo a —10°C y la reaccién se agitd durante 20 minutos adicionales. La
reaccion se enfrid de nuevo a —78°C, se afiadié Acido clorhidrico (2 M, 30 m) y
la mezcla se dejé calentar hasta temperatura ambiente y se agitd durante 18
horas. La mezcla se diluyd con agua y se extrajo con agua y salmuera, se sect
sobre sulfato de magnesio y se evapord a vaclo. El producto bruto se purificd
mediante cromatografia en columna en gel de sllice utilizando un gradiente de
elucién de diclorometano:metanol (100:0 a 97:3), proporcionando el compuesto
del titulo en forma de un aceite naranja, 2,22 g.

'H-RMN (CDCl,, 400 MHz) &: 2,69 (s, 1H), 3,75 (c, 2H), 4,08 (t, 2H), 4,91
(t, 2H), 5,09 (s, 2H). EMBR: m/z IQPA+ 345 [MH]"

Preparacién 183
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Se agitd a temperatura ambiente durante 3 horas una mezcla del
compuesto diclorado de la preparacién 182 (500 mg, 1,45 mmol), la amina de
la preparacidon 131 (198 mg, 1,6 mmol) y N-etildiisopropilamina (530 pul, 3,0
mmol) en dimetilsulféxido (5 mi). La reaccién se vertié en agua y la mezcla se
acidificd mediante la adicién de Acido clorhidrico. Esta mezcla se extrajo con
diclorometano (2x), los extractos orgénicos combinados se lavaron con agua
(2x), se secaron sobre sulfato de magnesio y se evaporaron a vaclo. El sdlido
verde residual se preadsorbié® sobre gel de sflice, y después se purificd
mediante cromatografia en columna en gel de sllice utilizando un gradiente de
elucién de diclorometano:metanol (98:2 a 80:10), proporcionando el compuesto
del titulo en forma de un sélido blanco crema, 160 mg.

"H-RMN (DMSO-ds, 400 MHz) 5: 3,45 (s, 3H), 3,92 (t, 2H), 4,01 (c, 2H),
4,13 (d, 2H), 4,87 (t, 2H), 5,24 (m, 1H), 6,48 (d, 1H), 7,51 (m, 1H), 7,81 (d, 1H),
8,81 (s, 1H). EMBR: m/z IQPA+ 433 [MH]".

Preparacién 184
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irimidin-3-carboxilato de metilo

Se calentd a reflujo durante 5 horas una mezcla del compuesto diclorado
de la preparacién 181 (2 g, 5,36 mmol) y 2-amino-6-metilpiridina (1,74 g, 16,1
mmol) en acetonitriio (15 ml). La mezcla se enfrié en un bafio de hielo, y se
diluyd con una solucién de éacido citrico al 10% (12 ml), y esta mezcla se agitd
durante 15 minutos. El precipitado resultante se separd por filtracién, se lavod
con una solucidn de acetonitrilo:agua (50:50, 10 ml) y se secd, proporcionando
el compuesto del titulo en forma de un sélido rosa pdlido, 1,8 g. ‘H-RMN
(DMSO-de+TFA-d, 400 MHzZ) &; 2,59 (s, 3H), 3,90 (s, 3H), 4,10 (m, 4H), 5,15 (t,
2H), 7,05 (d, 1H), 7,90 (m, 1H), 8,02 (d, 1H).

Preparacién 185

dlpirimidin-3-carboxilato de metilo
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Se obtuvo el compuesto dsl titulo en forma de un sélido amarillo pélido a
partir del compuesto diclorado de la preparacibn 181 siguiendo el
procedimiento descrito en la preparacion 184.

5 'H-RMN (DMSO-dg+TFAd, 400 MH2) &: 2,50 (s, 3H), 3,90 (s, 3H), 4,00-
4,10 (m, 4H), 5,05 (t, 2H), 7,08 (d. 1H), 7,79 (s, 1H), 8,25 (d, 1H). EMBR: m/z
IQPA+ 445 [MH]".

Preparacién 186

10

irazolof4,3-d]pirimidin-3-illmetanol

F Z '
Fy\ ~

= %\\ HN N CHa
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Se afiadié hidruro de diisobutilaluminio (7 mi, 1 M en tetrahidrofurano, 7
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mmol) a una solucién enfriada (-10°C) del éster de la preparacién 184 (1,2 g,
2,7 mmol) en tetrahidrofurano (25 ml), y la reaccién se agité durante una hora a
-10°C, seguido de 1 hora a 0°C. El analisis por TLC mostrd que permanecia
material de partida, de modo que se afiadié hidruro de diisobutilaluminio
adicional (5,4 ml, 1 M en tetrahidrofurano, 5,4 mmol) y la reaccién se agitd a
0°C durante 10 minutos. La reaccién se enfri6 a —5°C, se afiadié &cido
clorhidrico (1 N, 50 ml) y la mezcla se vertié en acido clorhidrico adicional (2 N,
50 ml). Esta mezcla se agitd durante 30 minutos, después se extrajo con
diclorometano (300 ml en total) y diclorometano:metanol (85:5 en volumen, 3 x
200 ml), y los extractos orgénicos combinados se secaron sobre sulfato de
magnesio y se evaporaron a vaclo. El producto se triturd y se sometidé a
sonhicacion con éter, y el sélido resultante se secé a vaclo, proporcionando el
compuesto del titulo en forma de un polvo amarilio, 760 mg.

'H-RMN (CD;0D, 400 MHz) 5: 2,70 (s, 3H), 3,95 (c, 2H), 4,10 (t, 2H),
4,85 (s, 2H), 5,05 (t, 2H), 7,40 (d, 1H), 7,98 (s, 1H), 8,30 (m, 1H).

Preparacion 187

irazolo[4 irimidin-3-ilimetanol
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El compuesto del titulo se prepard con 92% de rendimiento en forma de
un sdlido rosa a partir del compuesto de la preparacion 185, siguiendo un
procedimiento similar al descrito en la preparacién 186.

5 'H-RMN (CD;0D, 400 MHz) &: 2,52 (s, 3H), 3,98 (c, 2H), 4,10 (t, 2H),
4,85 (s, 2H), 5,00 (t, 2H), 7,19 (d, 1H), 7.82 (s, 1H), 8,21 (d, 1H).

Preparacion 188

10 7-il}-8-metilpiridin-2-ilamina

Se afiadié cloruro de tionilo (0,3 ml, 3,84 mmol) a una suspensoién del

alcohol de la preparacién 186 (400 mg, 0,96 mmol) en diclorometano (6 ml), y

)
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la reaccion se agitd durante 10 minutos. La mezcla de reaccién se concentrd a
vaclo y el rasiduo se destilé azeotropicamente con diclorometano (3 x 10 ml),
proporcionando el compuesto del titulo.

EMBR: m/z IQPA+ 435 [MH]".

Preparacion 189

El compuesto del titulo se obtuvo a partir del alcohol de la preparacién
187, siguiendo el procedimiento descrito en la preparacién 188.
EMBR: m/z IQPA+ 435 [MH]".

Preparacion 180

7-ilamino}-1-metil-1H-piridin-2-ona

6o
A
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El compuesto del titulo se obtuvo en forma de un sélido blanquecino a

partir del alcohol de la preparacién 183, siguiendo el procedimiento descrito en
la preparacién 188. EMBR: m/z IQPA+ 451 [MH]".

5
Preparacion 191
10 Se agitd a temperatura ambiente durante 30 minutos una mezcla del

cloruro de la preparacién 188 (100 mg., 0,23 mmol), metdxido de sodio
(solucién al 25-30% en metanol, 0,2 ml, 0,91 mmol) y yoduro de sodio (10 mg)
en tetrahidrofurano (10 mi). La mezcla se diluyd con una solucion al 10% de
acido cltrico y se extrajo con diclorometano (3 x 100 ml). Los extractos

15 orgéanicos combinados se secaron sobre sulfato de magnesio y se evaporaron
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a vaclo. El producto bruto se secd sobre sulfato de magnesio y se evapord a
vaclo. El producto bruto se purificd mediante cromatografia en columna en gel

de

sllice utilizando diclorometano:metanol (99:1) como eluyens,

proporcionando el compuesto del titulo.
EMBR: m/z IQPA+ 431 [MH]".

5

diclorados apropiados de

Preparaciones 182 a 195

Los siguientes compuestos se prepararon a partir de los compuestos

las preparaciones 188-180, siguiendo el

10 procedimiento descrito en la preparacion 191.

F
N S
/ N
|
\ ~Z
] NJ\CI
R
Prep. R R Datos
192 H CH.CHOCH- | 'H-RMN (CD30D, 400 MHz) &: 1,20
3
N7 (t, 3H), 2,40-2,60 (m, 3H), 3,65 (c,
< | 2H), 3,80-4,18 (m, 4H), 4,80 (s, 2H),

4,90, 5,10 (m x 2, 2H), 7,05 (m, 1H),
7.80 (m, 1H), 8,30 (m, 1H). EMBR
m/z IQPA+ 445 [MH]*
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BLk H, |CMROCHr  |EMBR mzEP+43TZ[MAT
Y
I -
104 H, |CHsCHzOCHz |'H-RMN (CDsOD, 400 MHz) &: 1,20
X (t, 3H), 2,42 (s, 3H), 3,65 (c, 2H), 4,0
| P (m, 2H), 4,15 (t, 2H), 4,78 (m, 2H),
N 4,90, 5,10 (m x 2, 2H), 6,90-8,30 (m,
3H). EMBR: m/z IQPA+ 445 [MH]*
195" ?Ha CH,OCHZ- "H-RMN {CDCL, Z) 5. 3,51 (s,
N. _O 3H), 3,58 (s,3H), 3,91 (c, 2H), 4,18 (t,
U 2H), 4,77-4,80 (m, 4H), 6,59 (d, 1H),
7,31 (m, 1H), 7,93 (s, 1H), 8,09 (d.
1H). EMBR: m/z IQPA+ 447 [MH]".

A- el producto se aislé6 mediante trituracién/sonicacién con éter, y no se

purificd mediante cromatografla en columna.

B- la reaccion se realizd con metanol como disolvente durante 18 horas en

5 ausencia de Nal catalftico.

Preparacién 186

metilpiridin-2-ilamina
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Se afiadié etdxido de sodio (1,15 ml, 21% p/v en etanol, 5,25 mmol) a
una solucién del compuesto de la preparacién 158 (5,00 mg, 1,31 mmol) en
etanol (50 ml), y la reaccion se agitdé a temperatura ambiente durante 18 horas.
Se afiadié cloruro de amonio saturado (50 ml) y el etanol se retird a vaclo. El
residuo acuoso se diluyd con agua (10 ml) y se extrajo con acetato de etilo (70
mi). La solucién orgéanica se secd sobre sulfato de magnesio y se concentr6 a
vacio, proporcionando el compuesto del titulo, 420 mg.

'H-RMN (CDCl3, 400 MHz) &: 1,16 {t, 3H), 1,22 (t, 3H), 2,49 (s, 3H), 3,65
(c. 4H), 3,95 (t, 2H), 4,78 (s, 2H), 4,85 (m, 2H), 7,02 (d, 1H), 7,75 (m, 1H), 8,29
(d. 1H). EMBR: m/z IQPA+ 391 [MH]".

Preparacién 187

6-metilpiimidin-4-ilamina
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Se afiadié bis(tfrimetilsilil)amiduro de sodio (817 mg, 15 mmol) a una
suspensidn de la amina de la preparacibn 133 (300 mg, 2,25 mmol) en
tetrahidrofurano (30 ml) con enfriamiento con hielo. La mezcla se agitd durante
10 minutos, después se afladidé el compuesto de la preparacidén 130 (822 mg,
2,5 mmol) y la reaccién se agitd durante 1 hora a 0°C. Se afladi6é una solucién
al 10% de acido cltrico (5 ml) y la mezcla se concentrd a vacio. El residuo se
repartié entre acetato de etilo (150 ml) y agua (100 mt), las fases se separaron,
la fase organica se secd sobre sulfato de magnesio y se evapord a vaclo,
proporcionando el compuesto del titulo en forma de un sélido amarilio pélido,
968 mg.

"H-RMN (DMSO-dg+TFA-d, 400 MHz) &: 2,48 (s, 3H), 2,57 (s. 3H), 3,84
3,94 (m, 4H), 4,73 (t, 2H), 7,85 (s, 1H), 9,08 (s, 1H).

EMBR: m/z IQPA+ 402 [MH]".

Preparacion 198

2-metilpirimidin-4-ilamina
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El compuesto del titulo se obtuvo con 88% de rendimiento en forma de
un sdlido blanquecino a partir del compuesto de la preparacién 130 y 4-amino-
2-metilpirimidina (J. Het. Chem. 14; 1413, 197), siguiendo el procedimiento

5 descrito en la preparacién 197. 'H-RMN (DMSO-de+TFA-d, 400 MHz) &: 2,50
(s, 3H), 2,64 (s, 3H), 3,85-3,90 (m, 4H), 4,78 (t, 2H), 7,90 (d, 1H), 8,78 {d, 1H).
EMBR: m/z IQPA+ 402 [MH]".

Preparacién 199

10 5-Cloro-3-etil-1-[2-(2,2 2-trifiuoroetoxi)etil]-1 H-pirazolo]4

metilpirimidin-<4-ilamina

Se afladi6é gota a gota una solucién de bis(trimetitsilil)amiduro de sodio
(740 mg, 4,06 mmol) en tetrahidrofurano (10 ml) a una suspensién de 4-amino-
15 2-metilpirimidina (J. Het. Chem., 14; 1413; 197) (445 mg, 4,06 mmol) en
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tetrahidrofurano (10 mi) con enfriamiento con hielo. La mezcla se agit6 durante
15 minutos, después se afladié una solucién del compuesto de la preparacion
180 (700 mg, 2,04 mmol) en tetrahidrofurano (10 ml), y |a solucién se agitd
durante una hora a temperatura ambiente. La mezcla se reparti6 entre una
solucién de acido cltrico al 10% (100 ml) y acetato de etilo (100 ml), y las fases
se separaron. La fase organica se lavd con agua (100 ml) y saimuera (100 mil),
daspués se secOd sobre sulfato de magnesio y se evapord a vaclo,
proporcionando el compuesto del titulo en forma de un sdlido amarillo, 880 mg.

'H-RMN (CD40D, 400 MHz) 5: 1,37 (t, 3H), 2,60 (s, 3H), 2,96 (c, 2H),
4,08 (c, 2H), 4,13 (t, 2H), 4,86 (m, 2H), 8,20 (m, 1H), 8,55 (m, 1H). EMBR: m/z
IQPA- 414 [M-HT.

Preparacidén 200

metilpirimidin<4-ilamina

L

IN l NN
\Y
N')\CI

H,C

El compuesto del titulo se obtuvo en forma de un sélido amarillo pélido a
partir de los compuestos de la preparacion 133 a 180, siguiendo el

procedimiento descrito en la preparacion 199.

é_
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'H-RMN (CDsOD, 400 MHz) 5: 1,27 (t, 3H), 2.45 (s, 3H), 2,85 (c, 2H).
3,94 (c, 2H), 4,01 (t, 2H), 4,88 (m, 2H), 8,18 (m, 1H), 8,61 (m, 1H). EMBR:m/z
IQPA 414 [M-HT.

5 Preparacién 201

El compuesto del titulo se obtuvo con 64% de rendimiento a partir del
10 compuesto de la preparacién 180 y 4-aminopiridazina {J. Het. Chem. 19, 1285;
1982), siguiendo un procedimiento similar al dascrito en la preparacion 199
excepto porque el compuesto se purificd mediante cromatografia en columna
en gel de sllice utilizando diclorometano:metanol (80:10 como eluyents).
H-RMN (CDsOD, 400 MHz) &: 1,37 (t, 3H), 2,86 (c, 2H), 3,96 (c, 2H),
15 4,08 (t, 2H), 4,95 (t, 2H), 8,31 (m, 1H), 8,01 (m, 1H), 9,42 (m, 1H). EMBR: m/z
IQPA+ 403 [MH]".

Preparacién 202

20 illpirimidin-4-ilamina
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Se afiadio una solucién de bis(trimetilsilillamiduro de sodio (1,07 g, 5,82
mmol) en tetrahidrofurano (10 ml) a una solucién de 4-aminopirimidina (550 mg,
5,82 mmol) en tetrahidrofurano (10 ml) con enfriamiento con hielo. La solucién
se agitd durante 15 minutos, después se afiadié una solucién del compuesto de
la preparacion 180 (1 g, 2,91 mmol) en tetrahidrofurano (10 ml) y la reaccion se
agitd a temperatura ambiente durante 18 horas. La reaccién se diluyd con
acetato de etilo (100 ml) y se lavé con agua. La solucién acuosa se extrajo con
acetato de etiio (100 ml) y | as s oluciones o rganicas combinadas s e secaron
sobre sulfato de magnesio y se evaporaron a vaclo. El residuo se purificd
mediante cromatografia en columna en gel de sflice utilizando acetato de etilo
como eluyente, proporcionando el compuesto del titulo en forma de un sdlido
amairillo, 770 mg.

'H-RMN (CDCl3, 400 MHz) 5: 1,40 (t, 3H), 3,00 (c, 2H), 4,05 (c, 2H), 4,20
(t, 2H), 4,80 (t, 2H), 8,40 (m, 1H), 8,70 (dd, 1H), 8,90 (s, 1H), 9,55 (s a, 1H).
EMBR: m/z IQPA+ 403 [MH]".

Preparacién 203
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Se afiadioé 2-amino-4-metilpiridina (162 mg, 1,5 mmol) a una solucion del
compuesto diclorado de la preparacion 130 (165 mg, 0,5 mmol) en
dimetilsulféxido (2 ml) y la reaccién se agitd a 80°C durante 5 horas. Se afiadié
isonipecotato de etilo (308 pl, 2 mml) y la reaccién se agitd durante 8 horas
adicionales a 120°C. La mezcla enfriada se repartié entre diclorometano (100
ml) y una solucién de 4cido cltrico 0,5 M (100 ml), y se separaron las fases. La
fase organica se lavd con agua (100 mi), se secé sobre sulfato de magnesio y
se evapord a vaclo. El producto bruto se purific6 mediante cromatografia en
columna en gel de silice utilizando un gradiente de elucién de
diclorometano:metanol (100:0 a 98:2), proporcionando el compuesto del titulo
en forma de una goma amarilla, 200 mg.

'H-RMN (CD30OD, 400 MHz) 5: 1,25 (t, 3H), 1,70 (m, 2H), 1,95 (m, 2H),
2,38 (s, 3H), 2,40 (s, 3H), 2,62 (m, 1H), 3,10 (m, 2H), 4,00 (c, 2H), 4,06 (t, 2H),
4,12 (c, 2H), 4,60 (m, 2H), 4,71 (m, 2H), 6,93 (d, 1H), 8,14 (d. 1H), 8,20 (m,
1H).

EMBR: m/ IQPA+ 522 [MH]".

467
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Ensavo

Los compuestos de la invencién son inhibidores de la fosfodiesterasa de
tipo 5 especifica de monofosfato de guanilato ciclico (GMPc¢) (inhibidores de
PDE-5). Los compuestos preferidos adecuados para uso segln la presente
invencion son potentes y selectivos inhibidores de PDE-5. Las actividades
inhibidoras de PDE in vitro frente a fosfodiesterasas de 3',5'-monofosfato de
guanosina ciclico (GMPc) y 3',5-monofosfato de adenosina ciclico (AMPc)
pueden determinarse mediante la medida de sus valores de Cls (la
concentracion de compuesto necesaria para un 50% de inhibicion de la

actividad enzimética).

Las enzimas PDE necesarias pueden aislarse de una variedad de
fuentes, incluyendo cuerpo cavemoso humano, plaquetas humanas y de
conejo, ventriculo cardiaco humano, musculo esquelético humano y retina
bovina, esenciaimente mediante una modificacién del procedimiento de
Thompson, W.J., et al. Biochemistry 18(23), 5228-5237, 1979, como se
describe por Ballard S.A. et al, J. Urology 159(8), 2164-2171, 1998. En
particular, la PDE-5 especifica de GMPc¢ y PDE-3 de AMPc inhibida por GMPc
pueden obtenerse a partir de tejido de cuerpo cavernoso humano, plaquetas
humanas o plaquetas de conejo; la PDE-2 estimulada por GMPc se obtuvo a
partir de cuerpo cavernoso humano; la PDE-1 dependiente de
calcio/caimodulina (Ca/CAM) de ventriculo cardiaco humano; la PDE-4
aspecifica de AMPc de misculo esquelético humano y la PDE-6 de
fotorraceptor de retina bovina. Las fosfodiesterasas 7-11 pueden generarse a

partir de clones recombinantes h umanos c ompletos transfectados en células

40
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SF9.

Los ensayos pueden realizarse utilizando una modificacién del
pracedimiento "por lotes” de Thompson, W.J. y Appleman, M.M.; Biochemistry
10(2), 311-316, 1971, esencialmente como se describe por Ballard S.A. ef al.,
J. Urology 159(6), 2164-2171, 1898 o utilizando un ensayo de centelleo de
proximidad para la deteccion directa de AMP/GMP marcados con [*H]
utilizando una modificacion del protocolo descrito por Amerhsam pic con el
codigo de producto TRKQ7090/7100. En resumen, para el ensayo de centelleo
de proximidad, se investigd el efecto de los inhibidores de PDE ensayando una
cantidad fija de enzima en presenca de concentraciones variables de inhibidor
y baja de sustrato (GMPc o AMP¢ en una relacién 3:1 de no marcado a
marcado con [°H] a una concentracién de ~1/3 Kn 0 menor) tal que Clso= K. El
volumen de ensayo final se completé a 100 ul con tampén de ensayo [Tris-HCI
20 mM, pH 7.4, MgClz 5 mM, seroalbiimina bovina 1 mg/ml]. Las reaciones se
iniciaron con enzima, se incubaron durante 30-60 min a 30°C, proporcionado
un recambio de sustrato <30% y se terminaron con 50 pul de perias de silicato
de itrio SPA (que contienen 3 mM de los nucleétidos ciclicos no marcados
respectivos para PDE9 y 11). Las placas se volvieron a sellar y se agitaron
durante 20 min, después de lo cual las perias se dejaron asentar durante 30
min en la oscuridad y después se contaron en un lector de placas TopCount
(Packard, Meriden, CT). Las unidades de radiactividad se conviertieron en %
de actividad de un control no inhibido (100%), representado frente a la
concentraciéon de inhibidor, y los valores de Clsp se obtuvieron utilizando la

extension de Microsoft Excel "ajuste de curva”.
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Todos los compuestos de la invencién tienen una actividad frente a PDE-
5 de menos de 10.000 nM. Los valores de Clsy para los compuestos preferidos

representativos se enumeran en la tabla siguiente.

EJemplo Clso (nM) EJemplo Clso (nM) |

2 0,50 211 2,7

11 0,31 224 0,2
15 0,11 247 0,47

— 20 0,64 248 0,30
23 0,47 249 0,16

91 22,6 250 2,37
138 0,33 251 0,25
141 0,15 252 2,81
161 0,5 253 1.20
162 0,24 255 1,43
181 0,41 200 3,89
184 294 258 1,66
185 1,92 261 0,57
191 24 262 0,93
193 1,01 263 0,27
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Habiendo descrito la invencibn como antecede, se declara como

propiedad lo contenido en las siguientes

REIVINDICACIONES
5
1. Un compuesto de férmula (1)
AL R
RGN -~ N
NO ;
. R
0w
R R ()
eniaque
10 R' es un grupo ciclico seleccionado entre R*, R®, R® y RP, cada uno de

los cuales est4 opcionalmente sustituido con uno o mas grupos R’;

R? es hidrogeno o alquilo C; — Ca;

R® y R* son cada uno de ellos Independientemente alquilo Cy — Ca,
alquenilo C; — Cg, alquinilo Cz — Cp 0 cicloalquilo C3 — Cq0, cada uno de los

15 cuales esta opcionalmente sustituido con uno o més grupos R?, o RE, que esta

opcionalmente sustituido con uno o més grupos R, o hidrégeno;

o -NR®R* fomna RF, que est4 opcionalmente sustituido con uno o méas
grupos R,

R® es alquilo C; — Cs, haloalquilo Cy — Cg, alquenilo C — Cs, alquinilo C2

20 - Cs o cicloalquilo Cs — C;, cada uno de los cuales estd opcionaimente
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sustituido con uno o més grupos seleccionados entre hidroxi, alcoxi Cy — Cs,
haloalcoxi Gy — Cg, clcloalquilo C3 — C7 ¥y cicloalcoxi C3 — C;, o hidrégeno;

R®, que puede estar unido a N' o N2, es R* o hidrégeno;

R? es alquilo C; — Cg, haloalquilo C; — Cg, alquenilo C; — Cg o alquinilo C2
— Ce, cada uno de los cuales est4 opcionaimente sustituido con alcoxi C; — Ce,
(cicloalquil C3 — Cg) alcoxi C; — Cs, haloalcoxi C; — Cg 0 un grupo ciclico
selaccionado entre R’, R*, Rt y RM, o R* es R, cicloalquilo C; — C; o
halocicloalquilo C3 — Cy, cada uno los cuales estA opcionalmente sustituido con
alcoxi C4 — Cg 0 haloalcoxi Cy — Co.

R’ es halo, alquilo C; — Cg, haloalquilo C; — Cg, alquenilo Cz — G,
alquinilo C2 - Cg, cicloalquilo C3 — C 40, halocicloalquilo C3 — C 49, 0x0, fenilo,
OR', OC(O)R'2, NOz, NR¥R™, NR'C(O)R™, NR?CO,R™, C(O)R'?, CO;R"™,
CONRR"0 CN;

R® es halo, fenilo, alcoxi Cy — Cq fenilo, OR'?, OC(O)R'™, NO,, NR'?R",
NRC(O)R"™, NR™?CO.R™, C(O)R'2, CO.R™, CONR'R™, CN, cicloalquilo Cs -
Ca. R® 0 R", los dos Gltimos de los cuales estan opcionalmente sustituidos con
uno o mas grupos R®;

R? es alquilo C1 — Cg, haloalquilo Cy — Cs 0 CO2R'%;

R" es halo, cicloalquilo C3 — Cyp, halocicloalquilo Cs — Cyg, fenilo, OR',
OC(O)R'2, NO;, NR'YR™, NR'C(O)R', NR“CO.R™, C(O)R'?, COR®,
CONR™R™, CN, oxo, alquilo Cy — Cg 0 haloalquilo C; — Cg, los dos dltimos de
los cuales estén opcionalmente sustituidos con R'';

R" es OH, fenilo, NR'?R'? 0 NR'2CO.R™;

R'? y R"™ son cada uno de ellos independientemente hidrégeno, alquilo
C1 - Cg 0 haloalquilo C; - Csg;

275~

494



-331-

R es alquilo C; — Cs 0 haloalquilo Cy — Cg;

Ry R’ son cada uno de ellos independientemente un grupo cicloalquilo

Ca - Cyo 0 cicloalquenilo C3 — Cqp, cada uno de los cuales puede ser bien

monociclico 0, cuando hay un nimero apropiado de atomos en el anillo,

5 policiclico y que puede estar condensado a

10

15

20

(a)

(b)

un anillo aromatico monociclico seleccionado entre un anillo
benceno y un anillo heteroaromético de 5 6 6 eslabones
conteniendo hasta tres heterodtomos seleccionados entre
nitrbgeno, oxigeno y azufre, o

un anillo heteroaliciclico de 5, 6 6 7 eslabones conteniendo
hasta tres heteroatomos selecclongdos entre nitrogeno,

oxigeno y azufre;

R?y R* son cada uno de ellos independientemente un grupo fenilo o

nattilo, cada uno de los cuales se puede condensar a

(@)
(b)

()

un anillo cicloalquilo Cs — C7 o cicloalquenilo Cs —~ Cy,

un anillo heteraaliciclico de 5, 8, 6 7 eslabones conteniendo
hasta tres heterodtomos seleccionados antre nitrdgeno,
oxigeno y azufre, o

un anillo heteroaromatico de 5 6 6 eslabones conteniendo
hasta tres heteroatomos seleccionados entre nitrdgeno,

oxigeno y azufre;

RS R' y RN son cada uno de ellos independientemente un sistema de

anillo monociclico o, cuando hay un nimero apropiado de atomos en el anillo,

25 policiclico saturado o parcialmente insaturado conteniendo entre 3 y 10 dtomos

Y

o)
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en el anillo, de los que al menos uno es un heterodtomo seleccionado entre
nitrégeno, oxigeno y azufre, dicho anillo se puede condensar a un grupo
cicloalquilo Cs — C; o cicloalquenilo Cs — C7 0 un anillo aromético monociclico
seleccionado entre un anillo benceno y un anillo heteroaromético de 5 6 6
eslabones conteniendo hasta tres heterodtomos seleccionados entre nitrdgeno,
oxigeno y azufre;

R? y R™ son cada uno de ellos independientemente un anillo
heteroaromatico de 5 ¢ 6 eslabones conteniendo hasta tres heteroatomos
seleccionados independientemente entre nitrégeno, oxigeno y azufre, dicho
anillo se puede ademas condensar a

(a) un segundo anillo heteroaromético de 5 & 6 eslabones

conteniendo hasta tres hetero4dtomos seleccionados entre
nitrégeno, oxigeno y azufre;

(b) un anillo cicloalquilo Cs — C7 o cicloalquenilo Cs — Cy;

(c) un anillo heteroaliciclico de 5, 6, 6 7 eslabones conteniendo

hasta tres heteroatomos seleccionados ‘entre nitrdgeno,
oxigeno y azufre; o

(d) un anillo benceno;

RE, R" y R® son cada uno de ellos independientemente un sistema de
anillo monociclico o, cuando hay un nimero apropiado de atomos en el anillo,
policiclico saturado conteniendo entre 3 y 10 4tomos en el anilio, de los que al
menos uno es un heteroatomo seleccionado entre nitrégeno, oxigeno y azufre;

y
RH es un anillo heteroaromatico de 5 6 6 eslabones conteniendo hasta

79—
L2
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tres heteroatomos seleccionados independientemente entre nitrégeno, oxigeno
y azufre;
un tautbmero del mismo o una sal, solvato o polimorfo de dicho

compuesto o tautdbmero farmacéuticamente aceptable.

2. Un compuesto segtn la reivindicacion 1 en el que R® es R%,

3. Un compuesto segln bien la reivindicacion 1 o la reivindicacion 2
en el que R' es RP, que esta opcionalmente sustituido con uno 0 més grupos
R’.

4, Un compuesto segin la reivindicacién 3 en el que R® es un anillo
heteroaromaético de 5 eslabones que contiene un heterodtomo seleccionado
entre nitrdgeno, oxigeno y azufre y opcionalmente hasta dos atomos de
nitrdgeno adicionales en el anillo, o un anillo heteroaromético de 6 eslabones

incluyendo 1, 2 6 3 4tomos de nitrdgeno.

5. Un compuesto segun la reivindicacion 4 en el que RP es pirazolilo,
imidazolilo, isoxazolilo, oxazolilo, oxadiazolilo, piridilo, piridazinilo, pirimidilo o

pirazinilo.

6. Un compuesto seglin una cualquiera de las reivindicaciones 1 a 5
en el que R’ es fluoro, metilo, etilo, hidroxi, metoxi, propoxi, trifluorometilo, oxo
o0 CONHMe.

175
a3
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7. Un compuesto segln una cualquiera de las reivindicaciones 1 a 6

en el que R? es hidrégeno.

8. Un compuesto seglin una cualquiera de las reivindicaciones 1 a 7
en el que R? es hidrdgeno, alquilo C; — Cs, que esta opcionalmente sustituido
con uno o mas grupos R?, o RE, que estd opcionalmente sustituido con uno o
més grupos R? y en el que RE es un sistema de anillo saturado monociclico o,
cuando hay un ndmero apropiado de atomos en el anillo, policiclico
conteniendo entre 3 y 7 4&tomos en el anillo, de los cuales al menos uno es un

heteroatomo seleccionado entre nitrdgeno, oxigeno y azufre.

9. Un compuesto seg(in una cualquiera de las reivindicaciones 1 a 8

en el que R* es hidrégeno, metilo o etilo.

10.  Un compuesto segin una cualquiera de las reivindicaciones 1 a 7
en el que —-NR’R* forma RF, que esta opcionalmente sustituido con uno o mas
grupos R y RF es un sistema de anillo saturado monaciclico o, cuando hay un
nimero apropiado de &tomos en el anillo, policiclico conteniendo entre 3 y 10
atomos en el anillo conteniendo uno o dos &atomos de nitrbgeno y

opcionalmente otro 4tomo seleccionado entre oxigeno y azufre.

11.  Un compuesto seglin una cualquiera de las reivindicaciones 1 a
10 en el que R® es metilo, etilo o propilo, cada uno de los cuales estd

opcionalmente sustituido con hidroxi, metoxi o etoxi.
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12. Un compuesto segin una cualquiera de las reivindicaciones 1 a
11 en el que R® est4d unido en N' del sistema de anillo de pirazolo[4,3-

djpirimidina.

13.  Un compuesto seglin una cualquiera de las reivindicaciones 1 a
12 en el que R® es alquilo Cy — C,4 o haloalquilo C4 — C4, cada uno de los
cuales e sta o pcionalmente s ustituido con alcoxi Cy — C4, haloalcoxi Cy — Cy,
(cicloalquil C3 — Cg) metoxi, ciclopropllo, ciclobutilo, tetrahidrofuranilo,
tetrahidropiranilo o piridinilo, o R%* es tetrahidropiranilo.

14. Un compuesto segin la reivindicacién 1 seleccionado entre:
1<{(2-etoxietil}-3-metil-5-[(3R)-3-metilpiperazin-1-il]-N-pirimidin-4-il-1H-
pirazolo[4,3-d]pirimidin-7-amina,
1-(2-etoxietil)}-3-etil-5-[(3R)-3-metilpiperazin-1-il]-N-pirimidin-4-il-1H-
pirazolo[4,3-d]pirimidin-7-amina,
1-(2-etoxietil)-3-etil-N°-metil-N°~(1-maetilpiperidin-4-il - N -pirimidin-4-il-
1 H-pirazolo[4,3-d]pirimidina-5,7-diamina,
3-metil-5-[(3R)-3-metilpiperazin-1-il]-1-{2-n-propoxietil}-N-pirimidin-4-il-
1H-pirazolo[4,3-d]pirimidin-7-amina,
5-[(2R,5S)-2,5-dimetilpiperazin-1-il]-1-(2-etoxietil}-3-metil-N-pirimidin-4-il-
1H-pirazolo[4,3-d]pirimidin-7-amina,
5-[(2R,5S)-2,5-dimetilpiperazin-1-il]-1-(2-etoxietil}-3-etil-N-pirimidin-4-il-
1H-pirazolo[4,3-d]pirimidin-7-amina,
1-{2-etoxietil}-N®,3-dimetil-N’-(4-metilpiridin-2-il}-N°-[(3S)-1-metilpirrolidin-
3-il}- 1H-pirazolo[4,3-d]pirimidina-5,7-diamina,
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1-(2-etoxietil)-3-etil-N°-metil-N-(4-metilpiridin-2-il}-N°-[(3S)-1-
metilpirrolidin-3-il}-1H-pirazolo[4,3-d]pirimidina-5,7-diamina,
1-(2-etoxietil}-3(metoximetil }-5-[(3R)-3-metilpiperazin-1-il]-N-(4-
metilpiridin-2-il)-1 H-pirazolo[4,3-d]pirimidin-7-amina,
1-{2-etoxietil}-3-(metoximetil)}-N°,N°-dimetil-N"-{4-metilpiridin-2-il}-1 H-
pirazolo[4,3-d]pirimidina-5,7-diamina,
{1<{2-etoxietil}-5-[N-etil-N-metilamino]-7-{(4-metilpiridin-2-ilJamino]-1H-
pirazolo[4,3-d]pirimidin-3-il}metanol,
1-(2-isopropoxietil}-3-metil-5-[(3R)-3-metilpiperazin-1-il}-N-pirimidin-4-i-
1H-pirazolo[4,3-d]pirimidin-7-amina,
1-{2-etoxietil)}-N°,3-dimetil-N°-[(3S)-1-metilpirrolidin-3-il}-N-pirimidin-4-il-
1H- pirazolo[4,3-d]pirimidina-5,7-diamina,
1-(2-etoxietil)-3-etil-N°-metil-N-(5-metilpiridin-2-il-N°-[(3S)-1-
metiipirrolidin-3-il]-1H- pirazolof4,3-d]pirimidina-5,7-diamina,
1-metil-5-[(3R)-3-metilpiperazin-1-il}-3-propil-N-pirimidin-4-il-1 H-
pirazolo[4,3-d]pirimidin-7-amina,
N-{5-((1R,4R)-2,5-diazabiciclo[2.2.1]hept-2-il}-1-(2-etoxietil}-3-etil-1 H-
pirazolo[4,3-d]pirimidin-7-il}-4-metilpiridin-2-lamina,
N-[5-((1S,4S)-2,5-diazabiciclo[2.2.1]hept-2-il}-1-(2-etoxietil}-3-etil-1H-
pirazolo[4,3-d]pirimidin-7-il}-4-metilpiridin-2-ilamina,
N-{1-(2-etoxietil}-3-metoximetil-5-[(3R)-3-metilpiperazin-1-il}-1H-
pirazolo]4,3-d]pirimidin-7-il}-6-metilpiridin-2-ilamina,
N-{3-metil-5-[(3R)-3-metilpiperazin-1-ill-1-[2-(2,2,2-trifluoroetoxi)etil]-1 H-
pirazolo[4,3-d]pirimidin-7-il}pirimidin-4-ilamina,
N-{5-(3,8-diazabiciclo[3.2.1]oct-3-il}-3-metil-1-[2-(2,2,2-trifluoroetoxi)etil]-
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3,N°-dimetil-N°-(1-metilpiperidin-4-il}-N-(6-metilpirimidin-4-il}-1-[2-(2,2,2-
trifluoroetoxi)etil]-1H-pirazolo[4,3-d]pirimidina-5,7-diamina,
y los tautdbmeros de los mismos y las sales, solvatos y polimorfos

farmacéuticamente aceptables de dicho compuesto o tautémero.

15. Una composicién farmacéutica comprendiendo un compuesto de
férmula (1) como se ha reivindicado en una cualquiera de las reivindicaciones 1
a 14, o las sales, solvatos o polimorfos farmacéuticamente aceptables del

mismo, y un diluyente o vehiculo farmacéuticamente aceptable.

16. Un compuesto de fébrmula (I) segin una cualquiera de las
reivindicaciones 1 a 14, o una sal, solvato o polimorfo farmacéuticamente

aceptables del mismo, para uso como medicamento.

17.  Un procedimiento de tratamiento de un trastomo o afeccién en la
que se conoce, 0 se puede mostrar, que la inhibicién de la PDE — 5 produce un
efecto beneficioso, en un mamifero, comprendiendo ia administracién a dicho
mamifero de una cantidad terapéuticamente eficaz de un compuesto de
férmula (1) segin una cualquiera de las reivindicaciones 1 a 14, o una sal,

solvato o polimorfo farmacéuticamente aceptable del mismo.

18.  Uso de un compuesto de férmula (I) segiin una cualquiera de las
reivindicaciones 1 a 14, o una sal, solvato o polimorfo farmacéuticamente
aceptable del mismo, en la preparacién de un medicamento para el tratamiento

de un trastomo o afeccién en la que se conoce, 0 se puede mostrar, que la

/=g
a5z



10

15

20

25

-339-

inhibicién de la PDE — 5 produce un efecto beneficioso.

19. Una composiciéon farmacéutica comprendiendo un compuesto de
férmula (1) segin una cualquiera de las reivindicaciones 1 a 14, o las sales,
solvatos o polimorfos farmacéuticamente aceptables del mismo, y un segundo
agente farmacéuticamente activo seleccionado entre aspirina, antagonistas de
los receptores de la angioptensina |l (tales como losartan, candesartan,

o
telmisartan, valsartan, irbesartan y eprosartan), bloqueadores de los canales de

calcio (tal como amlodipina), bloqueadores beta (es decir, antagonistas de los
receptores adrenérgicos beta tales como sotalol, propanolol, timolol, atenolol,
carvedilol y metoprolol), CI1027, antagonistas de los receptores CCRS,
imidazolinas, activadores solubles de la guanilatociclasa, diuréticos (tales como
hidroclorotiazida, torsemida, clorotiazida, clortalidona y amiloride), antagonistas
adrenérgicos alfa (tal como doxazosina), inhibidores de la ACE (enzima
conversora de la angiotensina) (tales como quinapril, enalapril, ramipril y
lisinopril), antagonistas de los receptores de aldosterona (t2les como
eplerenona y espironolactona), inhibidores de la endopeptidasa neutra, agentes
antidiabéticos (tales como insulina, sulfonilureas (tales como gliburida, glipizida

y glimepirida), glitazonas (tales como rosiglitazona y pioglitazona) y

metformina), agentes reductores de colesterol (tales como atorvastatina,

pravastatina, lovastatina, simvastatina, clofibrato y rosuvastatina), y ligandos
alfa-2-delta (tales como gabapentina, pregabalina, &cido [(1R,5R,6S)-6-
(aminometil)biciclo[3.2.0]hept-6-ilJacético, 3-(1- (aminometil)ciclohexiimetil)}-4H-
[1.2.4]oxadiazol-5-ona, C-[1- (1H-tetrazol-5-iimetil)cicloheptiljmetilamina, acido
(3S.4S)-(1- aminometil-3,4-dimetilciclopentil)acético, &cido (1a,3a,5a)-(3-

443
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(aminometil)biciclo[3.2.0]hept-3-il)acético, 4&cido  (3S,5R)-3-aminometil-5-
metiloctanoico, acido (3S,5R)-3-amino-5- metilheptanoico, acido (3S,5R)-3-

amino-5-metilnonanoico y acido (3S,5R)-3-amino-5-metiloctanoico).

20. Uso de un compuesto de fdrmula (l) segiin una cualquiera de las
reivindicaciones 1 a 14, o una sal, solvato o polimorfo farmacéuticamente
aceptable del mismo, en la preparacidn de un medicamento combinado con un
segundo agente farmacéuticamente activo seleccionado entre aspirina,
antagonistas de los receptores de la angiotensina Il (tales como losartan,
candesartan, telmisartan, valsartan, irbesartan y eprosartan), bioqueadores de
los canales de calcio (tal como amlodipina), bloqueadores beta (es decir,
antagonistas de los receptores adrenérgicos beta tales como sotalol,
propanolol, timolol, atenolol, carvedilol y metoprolol), Cl1027, antagonistas de
los receptores CCRS5, imidazolinas, activadores solubles de la guanilatociclasa,
diuréticos (tales como hidroclorotiazida, torsemida, clorotiazida, clortalidona y
amiloride), antagonistas adrenérgicos alfa (tal como doxazosina), inhibidores de
la ACE (enzima conversora de la angiotensina) (tales como quinapril, enalapril,
ramipril y lisinopril), antagonistas de los receptores de aldosterona (tales como
eplerenona y espironolactona), inhibidores de la endopeptidasa neutra, agentes
antidiabéticos (tales como insulina, sulfonilureas (tales como gliburida, glipizida
y glimepirida), glitazonas (tales como rosiglitazona y pioglitazona) y
metformina), agentes reductores de colesterol (tales como atorvastatina,
pravastatina, lovastatina, simvastatina, clofibrato y rosuvastatina), y ligandos
alfa-2-delta (tales como gabapentina, pregabalina, éacido [(1R,5R,6S)-6-
(aminometil)biciclo[3.2.0]hept-8-ilJacético, 3-(1- (aminometil)ciclohexilmetil)}-4+H-

a4
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[1,2,4]oxadiazol-5-ona, C{1- (1H-tetrazol-5-iimetil)cicioheptiljmetilamina, éacido
(354S)-(1- aminometil-3,4-dimetilciclopentil)acético, &cido (1a,3a,5a)-(3-
(aminometil)biciclo{3.2.0)hept-3-il)acético, acido (3S,5R)-3- aminometil-5-
metiloctanoico, acido (3S,5R)-3-amino-5-metilheptanoico, é4cido (3S,5R)-3-
5 amino-5-metilnonanoico y é&cido (3S,5R)-3-amino-5-metiloctanoico), para el
tratamiento de un trastomo o afeccién en la que se conoce, o se puede

mostrar, que la inhibicién de la PDE — 5 produce un efecto beneficioso.

21. Un compuesto de féormula (Vi)

10
Vi)
en la que R® y R® son como se han definido en la reivindicacion 1.
22. Un compuesto de férmula (V1ll)
nLN,R’
‘o @
N
Z
A NJ\CI
R 1]
s (vii)

en la que R', R% R® y R® son como se han definido en la reivindicacién



T2
4%

23. Un procedimiento para la preparacibn de un compuestio de
férmula (1) como se ha definido en la reivindicacién 1 comprendiendo la etapa
de tratamiento d e un compuesto d e férmula (Vi) como se ha definido en la

5 reivindicacién 22 con un compuesto HNR®R*, en el que R® y R* son como se

han definido en la reivindicacién 1.
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Resumen

*  Compuestos farmacéuticos novedosos
Esta invencion se refiere a los compuestos de férmula (l)




TRATADO DE COOPERACION DE PATENTES
PCT
INFORME PRELIMINAR INTERNACIONAL SOBRE PATENTABILIDAD
(Capitulo II del Tratado de Cooperacién en materia de Patentes)
(PCT Articulo 36 y Regla 70)

Referencia del expediente del solicitante 0 mandatario: PC25570A
Solicitud Internacional No.: PCT/IB2004/001433

Fecha de presentacién internacional: 22.04.2004

Fecha de prioridad: 29.04.2003

Clasificacion Internacional de Patentes (IPC) o la vez clasificacién
nacional e IPC: CO7D 487 /04, A61K 31/505, A61K 31/519
Solicitante: PFIZER LIMITED. et al

1. El presente informe preliminar internacional sobre patentabilidad,
se establece por esta Administracién encargada del examen preliminar
internacional segiin el Articulo 35 y se transmite al solicitante conforme
el Articulo 36.

2. Este INFORME consta de un total de 7 hojas, incluida la presente
hoja de portada.

3. Este informe también contiene ANEXOS, que comprenden.
a. O (remitido al solicitante y a la oficina internacional) un
total de ___ hojas, descritas a continuacidn:

] hojas de la descripcién, las reivindicaciones y/o
los dibujos que han sido modificadas y que sirven de
base al presente informe, y/o de hojas que contienen
rectificaciones autorizadas por esta Administracion
(véase la Regla 70.16 y la Instruccion Administrativa
607 del PCT).

[0 hojas que reemplazan a otras hojas anteriores,
pero que esta Administracién considera que contienen
modificaciones que se extienden més alla de la
divulgacién de la invencibn tal como fue
originalmente presentada, segin se indica en el punto
4 del Reglamento I y en el Recuadro Suplementario.

b. [ (remitido tinicamente a la Oficina Internacional) un
total de (indicar tipo y soporte(s) electrénico(s)} ,
que contienen una lista de secuencias y/o tabla(s)
relativa(s), solo en formato legible por ordenador,
como se indica en el Recuadro Suplementario relativo
a Listas de Secuencias (ver Instruccién
Administrativa 802).

4. El presente informe contiene indicaciones relativas a los
siguientes puntos:



X Recuadrol Base de este informe

[0 Recuadroll Prioridad

X Recuadrolll  Ninguna formulacién de opinién sobre la
novedad, la actividad inventiva y la

. aplicacién industrial

[l Recuadro IV Falta de unidad de Invencién

Dd RecuadroV Declaracion motivada segin el Articulo
35(2) sobre la novedad, la actividad
inventiva y la aplicacién industrial, citas y
explicaciones en apoyo de esta declaracion

B Recuadro VI Ciertos documentos citados

4 Recuadro VII Defectos en la Solicitud Internacional

[[] Recuadro VIl Observaciones relativas a la solicitud
internacional

Fecha de radicacién de la demanda: 25.06.2004

Fecha de elaboracién de este reporte: 29.07.2005

Nombre y direccién postal de la. Administracién encargada del Examen

Preliminar Internacional:
Oficina de Patentes Europea
D-80298 - Munich

Tel: +49-89 2399 - 0, Tx: 523656 epmu d

Fax: +49-89 2399 - 4465.

Funcionario Autorizado: Deutsch, W

Tel: + 49 89 2399-8281



Recuadro I. Base de este informe

1. Por lo que respecta al idioma, este informe se ha establecido
sobre la base de la solicitud internacional en el idioma en el cual se
depositd, salvo indicacion en contra sefialada a continuacién.

O

Este informe esti basado en una traduccion del idioma
original al siguiente idioma , que es el de una traduccién
roporcionada a los fines de:
blsqueda internacional (segin Reglas 12.3 y 23.1 (b))
[[] publicacién de la solicitud internacional (segin Regla
12.4)
[0 examen preliminar internacional (segiin Reglas 55.2
y/o 55.3)

2. Por lo que respecta & los elementos de la solicitud internacional,
esta opinién se ha establecido sobre la base de (las hojas de reemplazo

que hayan sido enviadas a la Oficina receptora en respuesta a un

requerimiento segun el Articulo 14 se las denomina en este informe como
“inicialmente presentadas” y no se anexan al informe):

Descripcién, Piginas

1-~263 tal como se presentaron inicialmente
Reivindicaciones, Nimeros

1-23 tal como se presentaron inicialmente

O unalista de secuencias y/o tabla(s) relativa(s) — ver Recuadro
Suplementario relativo a Listas de Secuencias

3. Las modificaciones ha ocasionado la cancelacion de:

04

OO0

4. [

la descripcién, paginas

las reivindicaciones, Nos.

los dibujos, hojas/fig.

la lista de secuencias (especificar): _ '
tabla(s) relativa(s) a la lista de secuencias (especificar):

El presente informe ha sido establecido como si no se

hubiesen presentado (algunas de) las modificaciones anexadas a
este informe y listadas abajo, ya que se ha considerado que iban
més allda de la divulgacion de la invencion tal como fue
presentada, como se indica en el Recuadro Suplementario (Regla
70.2(c)).



la descripcion, paginas

las reivindicaciones, Nos.

los dibujos, hojas/fig.

la lista de secuencias (especificar):

tabla(s) relativa(s) a la liata de secuencias (especificar):

OO0O00

* 8i se utiliza el punto 4, algunas o todas estas paginas pueden llevar el
sello de “sustituida”.

Recuadro No. IIlI. Ninguna formulacién de opinién sobre Ia
novedad, la actividad inventiva y la aplicacién industrial

1. Las preguntas con respecto a 8i el invento reivindicado parece ser
novedoso, implica una actividad inventiva (no ser evidente), o ser
susceptible de aplicacién induatrial, por lo que respecta.

[0 al conjunto de la solicitud internacional,
d alas reivindicaciones Nos. 17 (con respecto a la aplicacién
industrial)

debido a que:
Bd la solicitud internacional, o las reivindicaciones Nos. 17 en

cuestiéon se refieren al objeto, respecto del cual no requiere
examen preliminar internacional (especifique):

ver hoja separada

[0 a descripcion, reivindicaciones, o los dibujos (indiquese
cuales a continuacién) o tales reivindicaciones Nos. en
cuestion no son claras, de manera que no es posible
formular una opinion significativa (especifique):

O las reivindicaciones, o las reivindicaciones Nos. en cuestién
no son claras, de manera que no es posible formular una
opinién significativa.

[CJ no se ha emitido informe de bisqueda internacional para
dichas reivindicaciones Nos.

[0 lalista de de secuencias nucledtidas y/o de aminoécidos no
cumplen la norma estindar prevista en el Anexo C de las
Instrucciones Administrativas por que:

La lista en papel O no se presents

0 nocumple con la norma estindar

S5
4



La lista en formato legible por ordenador
[0 no se presentd
0 nocumple con la norma estdndar
[0 las tablas relativas a las listas de secuencias de nucleétidas
y/o de aminodcidos, si inicamente se han presentado en
formato legible por ordenador, no cumplen con los

requisitos técnicos previstos en el Anexo C-bis de las
Instrucciones Administrativas.

[0 Ver recuadro suplementario para mas detalles.

Recuadro No. V Declaracién razonada segiin el Articulo 35(2)
con respecto a la novedad, nivel inventivo o aplicacién industrial:
anterioridades y explicaciones que soportan tal declaracién

1. Declaracién

Novedad (N) Si: Reivindicaciones 1-23
No: Reivindicaciones

Nivel Inventivo (NI) Si: Reivindicaciones 1-20, 22, 23
No: Reivindicaciones 21

Aplicacién Industrial (AI) Si: Reivindicaciones 1-16, 18-23
No: Reivindicaciones -

2.  Citas y explicaciones (Regla 70.7)

ver hoja separada.

Recuadro No. VI Clertos documentos citados

1. Ciertos documentos publicados (Regla 70.10)

y/o
2. Divulgaciones no eacritas {Regla 70.9)

Ver hoja separada.

Recuadro No. VII Defectos en la Solicitud Internacional




Se han comprobado los defectos siguientes, respecto de la forma o el 43)

contenido de la solicitud internacional:

Ver hoja separada



REPORTE DE EXAMEN PRELIMINAR INT
ERNACI NAL - HOJA ANEXA
Solicitud Internacional No. PCT/IB2004/001433

Para la evaluacion de la reivindicacién 17 de la presente, sobre 8i son
industrialmente aplicables, no existen criterios unificados en los
Estados pertenecientes al PCT. La patentabilidad también puede
depender de la formulacion de las reivindicaciones. La EPO, por
ejemplo, no reconoce como industrialmente aplicable aquella materia
que reivindique el uso de un compuesto en tratamiento médico, pero
permite, sin embargo, reivindicar sobre un compuesto conocido para
primero uso en tratamiento meédico y el uso de tal compuesto en la
manufactura de un medicamento para un nuevo tratamiento médico.

La reivindicacion 17 se relaciona con la materia considerada por esta
Autoridad cubierta por las provisiones establecidas en la Regla 67.1 (iv)
del PCT. Por lo tanto, no se formulard ninguna opinién con respecto a
la aplicacién industrial de la materia de estas reivindicaciones (Articulo
34(4)(a)(T) del PCT).

v

Se hace referencia a los siguientes documentos:

D2: WO 02/00660 A (CHRISTADLER MARIA; MERK PATENT GMBH
(DE); BEIER NORBERT (DE); JONAS) 3 de enero de 2002 (2002-01-03)

D3: WO 02/13798 A (KOPPIKER NANDAN PARMANAND; PFIZER LTD
(GB); PFIZER (US); FRYBURG DAVI) 21 de febrero de 2002 (2002-02-21)

D4: WO 02/102314 A (ROBERGE JACQUES Y; SQUIBB BRISTOL
MYERS CO (US); VACCARO WAYNE (US); ) 27 de diciembre de 2002
(2002-12-27)

D5: US-A-5 091 431 (TULSHIAN DEEN ET AL) 25 de febrero de 1992
(1992-02-25)

Novedad

Los compuestos de las presentes reivindicaciones 1 a 20 y 23 difieren
de los revelados en el documento D2 por el hecho que R! es un grupo
ciclico y por el hecho que un &tomo de nitrdgeno esta unido
directamente al de la posicién 3.



Los compuestos de las presentes reivindicaciones 1 a 20 y 23 difieren
de los revelados en el documento D3 en que estan sustituidos por un
radical RIR2N-,

Los compuestos de las presentes reivindicaciones son derivados pirazol
[4, 3-d] pirimidina, puesto que los compuestos del documento D4 y DS
son derivados de purina.

No hay compuestos en el documento D2 a D5, que se lleven la novedad
de las reivindicaciones presentes 21 y 22,

Nivel Inventivo

El arte previo més préximo es considerado para ser D3, desde que este
revela derivados de pirazol (4,3 - d) pirimidina que actian como
inhibidores cGMP PDES y los cuales son itiles en el tratamiento de
hipertension.

D2 revela componentes teniendo un grupo amino en la posicién 7 y los
cuales son ademés inhibidores de fosfodiesterasa.

Aunque, D4 revela relacion estructural con los compuestos de purina
solo sustituyen correspondiendo sustituyentes amino, los compuestos
de este documento relacionan a PDE7 y otras enfermedades que los de
la presente invencion.

El problema sefialado de la presente invencion es considerado para ser
dispuesto mas adelante pirazol (4,3-d) piramidinas, los cuales son 1tiles
en el tratamiento de hipertension.

En vista de las diferencias estructurales con los compuestos de D2 o
D3, la persona experta no deberia haber llegado a los compuestos
reivindicados.

Un nivel inventivo no es reconocido por el compuesto de la
reivindicacion 21.

En caso de un intermedio el participar en un proceso analogo (proceso
normal) para la preparacién de un “producto subsecuente” patentable,
en orden de ser inventivo el intermedio deberia hacer una contribucién
estructural a la subsecuente y la contribucion estructural provista por
el intermediario deberia manifestar al menos una de ecsas
caracteristicas los cuales diferencian al producto subsecuente de los
compuestos conocidos en el arte previo.

Aungque los compuestos de la reivindicacién 21 son intermediados para
la preparacién del producto final inventivo, el ultimo requerimiento
indicado arriba para los intermedios ademés debe ser considerado
inventivo no cumplido.

a%s



vi

Para el propésito de esta comunicacién esto ha sido asumido que la
prioridad de la presente aplicacién es valida.

En este caso D1: EP-A-1 348 707 (USTAV EX BOTAN AV CR I OF EX B)
1 de octubre de 2003 (2003-10-01) no constituye un arte previo de
conformidad con la Regla 64.1 (b)

Esto debe ser sin embargo notificada la fecha de presentacion de D1 es
anterior a la prioridad de la presente solicitud y contiene materia la
cual anticipa ambas reivindicaciones directamente a intermedios y
productos.

Contrario a los requerimientos de Regla 5.1 (a)} (ii)} PCT, el fondo
relevante del arte revela en el documento D1 y D3 no es mencionado en
la descripcién, ni es /ni son estos documentos identificados dentro.
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Box No.| Basis of the report

1. With regard to the language, this report is based on the intemnational application in the language in which it was
filed, unless otharwise indicated under this item.

O

This report is based on transiations from the original language into the following language ,
which is the language of a translation furished for the purposes of:

O intemational search (under Rules 12.3 and 23.1(b))

O publication of the intemational application (under Rule 12.4)

0O intemational preliminary examination (under Rules 55.2 andbr 55.3)

2. With regard to the elements” of the international application, this report is based on (replacement sheets which
have been furmnished lo the receiving Office in response lo an invitation under Article 14 are referred o in this
report as "originally filed® and are not annexed lo this report):

Description, Pages

1-263 as originally flled

Claims, Numbers

1-23

4. 0

as originally filed

a sequence listing andbr any related table(s) - see Supplemental Box Relating to Sequenca Listing

The amendments have resulted in tha cancellation of:

O the description, pages

O the claims, Nos.

O the drawings, sheetsfigs

O the sequence listing (specify).

O any table(s) related to sequence listing (specify):

This report has been established as if (some of) the amendmants annexed to this report and listed below

had not been made, since they have been considered to go beyond the disclosure as filed, as indicated in the
Supplemental Box {Rule 70.2(c)).

L ]

[ the description, pages
O the claims, Nos.
O the drawings, sheetsfigs

O the sequence listing (specify):
O any table(s) related to sequence listing (spscify):

If item 4 applies, some or all of these sheets may be marked "superseded.”

Form PCTAPEA/409 (January 2004)
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Box No. lll Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

1. The questions whether the claimed invention appears 1o be noval, to involve an inventive step (to be non-
obvious), or to be industrially applicable have not been examined in respect of:

(]
&

a

the entire international application,
claims Nos. 17 with respect to industrial applicability
because:

the said international application, or the said claims Noe. 17 relate to the following subject matter which
does not require an international preliminary examination (specify):

see separate sheet

the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear
that no meaningful opinion could be formed (specify}.

the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed.

no intamational search report has been established for the said claims Nos.

the nucleotide and/or amino acid sequence listing does not comply with the standard provided for in Annex
C of the Administrative Instructions in thal:

the written form O has not been fumished
O does not comply with the standard
the computer readable form O has not been fumishad
O does not comply with the standard
the tables related to the nucleotide andbr amino acid sequence listing, if in computer readable form only, do

not comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions.

See soparate sheet for further details

Form PCTAPEA/40P (January 2004)
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Box No.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement
Novelty (N} Yes: Claims 1-23
No: Claims
Inventive step (IS) Yes: Claims 1-20,22,23
No: Claims 21
Industrial applicability (IA) Yes: Claims 1-16,18-23

No: Claims

2. Citations and explanations {Rule 70.7):

see soparate sheet

Box No. V]l Certain documents cited

1. Ceriain published documents (Rule 70.10)

and /or
2. Non-written disclosures {(Rule 70.8)
see separate sheet

Box No. VIl Certain defects in ths international application

The following defects in the form or contents of the intemational application have been noted:

. see separate sheet

Form PCTAPEA/408 (January 2004)
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For the assessment of the present claim 17 on the question whether it is industrially
applicable, no unified criteria exist in the PCT Contracting States. The patentability can
also be dependent upon the formulation of the claims. The EPO, for example, does not
recognize as industrially applicable the subject-matter of claims to the use of a compound
in medical treatment, but may allow, however, claims to a known compound for first use in
medical treatment and the use of such a compound for the manufacture of a medicament
for a new medical treatment.

Claims 17 relates to subject-matter considered by this Authority to be covered by the
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with respect
to the industrial applicability of the subject-matter of these claims (Article 34(4)(a)(l) PCT).

Vv

Reference is made to the following documents:

D2: WO 02/00660 A (CHRISTADLER MARIA ; MERCK PATENT GMBH (DE);
) BEIER NORBERT (DE); JONAS) 3 January 2002 (2002-01-03)
D3: WO 02/13798 A (KOPPIKER NANDAN PARMANAND ; PFIZER LTD (GB);
PFIZER (US); FRYBURG DAVI) 21 February 2002 {2002-02-21)
D4: WO 02/102314 A (ROBERGE JACQUES Y ; SQUIBB BRISTOL MYERS CO
(US); VACCARO WAYNE (US);) 27 December 2002 (2002-12-27)
D5: US-A-5091 431 (TULSHIAN DEEN ET AL) 25 February 1992 (1992-02-25)

Novelty

Form PCT/Separate Shaat/4D9 (Sheat 1) (EPO-January 2004)
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The compounds of the present claims 1 to 20 and 23 differ from those disclosed in D2
through the fact that R’ is a cyclic group, and through the fact that a nitrogen atom is
directly attached to the to the 3-position.

The compounds of the present claims 1 to 20 and 23 differ from those of D3 that they are
substituted by the R'R®*N- moiety.

The compounds of the present claims are pyraZ8e{4,3-d]pyrimidine derivatives, whereas
the compounds of D4 and D5 are purine derivatives.

There are no compounds in D2 to D5, which take away the novelty of the present claims
21 and 22.

Inventive Step

}
The closest prior art is considered to be D3, since this discloses pyrazolo[4,3-d]pyrimidine
derivatives that act as cGMP PDES inhibitors and which are useful in the treatment of
hypertension.

D2 discloses compounds having an amino group at the 7-position and which are also
phosphodiesterase inhibitors.

Although, D4 discloses structurally related purine compounds also substituted _
. corresponding amino substituents, the compounds of this document relates to PDE7 and

other diseases than those of the present invention.

The problem underlying the present invention is considered to be the provision of further
pyrazolo[4,3-d]pyrimidines, which are useful in the treatment of hypertension.

In view of the structural differences with the compounds of D2 or D3, the skilled person
would not have arrived at the claimed compounds.

An inventive step is not acknowledged for the compounds of claim 21.
In the case of an intermediate taking part in an analogy process {standard process) for the

Form PCT/Separate Shee/408 (Sheet 2) (EPO-January 2004)
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preparation of a patentable “subsequent product’ in order to be inventive the intermediate
should make a structural contribution to the subsequent and the structural contribution
provided by the intermediate should display at least one of those features which
differentiate the subsequent product from known compounds in the prior art.

Although the compounds of claim 21 are intermediates for the preparation of inventive
end-products, the latter requirement indicated above for the intermediate to also be
considered inventive is not fulfilied.

Vi

For the purposes of this communication it has been assumed that the priority of the
present application is valid.

In this case D1: EP-A-1 348 707 (USTAV EX BOTAN AV CR | OF EX B) 1 October 2003
(2003-10-01) does not constitute prior art within the
meaning of Rule 64.1 {b).

It should however be noted that the filing date of D1 is prior to the priority date of the
present application and contains subject matter, which anticipates both claims directed to
intermediates and products.

vil
Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background arnt disclosed

in the document D1 and D3 is not mentioned in the description, nor is/are these
documents identified therein.

Form PCT/Separata Sheet/408 (Sheet 3) (EPO-January 2004)
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