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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45

de la Decisidn 486 de la Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 420 a 784 17/Junio/2009

Reivindicaciones: Folios 785 a 819 17/Juniof2009
Folios 840 a 868 14/Septiembre/2009

Prioridad:; US 60 871 180 21/Diciembre/2006
US 60 985 542 5/Noviembre/2007

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porgue esta solicitud fue presentada de

ntro

del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la

prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: "ACILAMINOPIRAZOLES COMO INHIBIDORES DE FGFR"
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El problema planteado en esta solicitud consiste en |a necesidad de proporcionar
compuestos Utiles para inhibir la angiogenesis del tumor en el tratamiento de cancer.,

Para resolver este problema técnico la solicitud en estudio proporciona un
compuesto de la fédrmula (1) y composiciones que lo contienen.

(R")

a

(D
o una sal farmacéuticamente aceptable del mismo (Ver folios 421 a 432).

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): C07 D 231/40 // 401/06 // 401/12 // 401/14 /1 403/12 // 405/06
11 409/12 11 413112 [] 471/04 /I 487/04; A61 K 31/415; A 61 P 35/00

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

El uso de las reivindicaciones 17 — 18 no es patentable, de acuerdo con el Art 14.
5. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

El capitulo reivindicatorio no es conciso porque presenta una excesiva complejidad,
lo cual dificulta determinar la extension del objeto que se busca proteger. Al revisar la
descripcion se observa en Ios ejemplos que A es fenilo, piridilo o furilo; B es femlo
piridilo, pirazinilo o tienilo: R' es metoxi, metoxi-etoxi, meﬂlcarbamonl dos grupocs R
Juntos pueden formar un grupo dioxol, a es O(correspondiendo R' a hidrogeno), 1, 2,
3; R? es metoxi, metoxi-etoxi, 2-hidroxi-etoxi, etoxi, morfolino, inilamino, etliamlno
metilsulfonil, acetamido, ciano, benzamida, anilino, metil, hidroximetil,
dimetilaminometil, 2-hidroxietil, metanosulfonamida, formamida, dimetisulfamoil,
fluor, cianoisoquinolina, COOH, pirazolilo, oxazolilo, tetrazolilo, triazolilo, piperidilo,
piperazinilo, diazepanilo, piperidilo sustltuado piperazinilo sustltmdo diazepanilo
sustituido, b es 0(correspondiendo R*a hidrégeno), 1, 2, 3; RYes hidrogeno, X es —
CHz-, O; Y es CH:. Por lo tanto, se sugiere restringir la solicitud a una razonable
generalizacidn de tales ejemplos.
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Las reivindicaciones 17 y 18 indican el uso que puede darse al compuesto aunque la
reivindicacion esté encabezada en términos de un compuesto, la materia objeto de
las reivindicaciones 17 y 18 ya se encuentra contemplada en las reivindicaciones 1 a
16. Se sugiere eliminar estas reivindicaciones del pliego reivindicatorio.

6. Determinacion del Estado de la Técnica
El Estado de la Técnica se determind con base en la fecha de Presentaciéon de la

Solicitud de Prioridad: Diciembre 21 de 2008, y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

. Fecha de
Itemn Documento Titulo Publicacién
J. Med. Chem.
2004, 47, 3367-
3380.
3-Aminopyrazole | 3-Aminopyrazole Inhibitors of
D1 Inhibitors of CDK2/Cyclin A as Antitumor Agents. 15/Mayo/2004
CDK2/Cyclin A as { 1. Lead Finding
Antitumor Agents,
1. Lead
Finding

Dt

http:/iwww sinab.unal.edu.co:2139/doi/pdfplus/10.1021/m031145u
http://pubs.acs.org/doi/abs/10.1021/im031 1454y divulga (paginas 3367 y 3368,
introduccién y esquemas 1y 2, pagina 3370 tabla 1 compuesto 29) compuestos
derivados de 3-aminopirazol de actividad antitumoral)

7. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en un compuesto de férmula (1)

R,

I

o una sal farmacéuticamente aceptable del mismo (Ver folios 840 a 850)
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Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

SOLICITUD D1
H Q
(Rz),, NJ\
e, R
—N R N/N
o] . [
HWN‘N/\X’Y
O
« {pagina 3368, esquemas 1y 2,
) pagina 3370 tabla 1 cormpuesto
29)
Anilio de pirazol Anillo de pirazol
X-Y-A-(R'),
Xy Y son-CHp—
A es fenilo

R' es halogeno, hidroxilo, ciano, C,-C; | R
atquilo, C5-C; cicloalguilo, C2-Cs
alquenilo, fenilo, heterociclilo de 4 a g Benzilo
miembros, C;-C, alcoxi, 0 dos grupos
R' adyacentes junto con los atomos a
ios que estan unidos forman un anillo
carbociclico o heterociclicode 4 a 7
miembros.

aes{,1,2 304

N{R")- CO NH-CO

R® es hidrogeno
B-(R%)s R’

B es fenilo 4-bromo fenilo
R? es haldgeno
bes0,1,2 304

Eldocumento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacién 1 porque divuiga un compuesto derivado de aminopirazol de
utilidad come agente antitumoral

La diferencia entre la invencién, definida en la reivindicacién 1 y el compuesto de D1
consiste en que la unidn X-Y entre el fenilo y el pirazol corresponde a un grupo —
CHz—CHz—y en su lugar dicha union en D1 corresponde a un grupo —CHz—

El efecto que logra el incluir este sustituyente —-CH—CH,—fenilo es que proporciona
un nuevo compuesto de utilidad en el tratamiento def cancer.

Por |o tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: "como modificar el compuesto conocido en D1 para proporcionar
un nuevo compuesto anticancerigeno.

En consecuencia, la persona del oficio normaimente versada en la materia,
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reemplazaria el sustituyente bencilo por un sustituyente fenil etilo sobre el anillo de
pirazol en el compuesto de D1 para llegar asi al objeto de {a reivindicacion 1 de la
solicitud. Por lo cual se considera obvia.

En conclusion la reivindicacién 1 cumple el requisito de novedad (Art. 16), pero no
cumple con el requisito de nivel inventivo (Art. 18).

Puesto que las reivindicaciones dependientes 2 - 7 y 19 no mencionan
caracteristicas inventivas adicionales tampoco se pueden considerar inventivas.

En consecuencia las reivindicaciones 1 - 7 y 19 cumplen el requisito de novedad
(Art. 16), pero no cumplen con el requisito de nivel inventivo (Art. 18).

8. Conclusién

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Item Documento Reivindicaciones afectadas | Requisito que afecta
3-Aminopyrazole
Inhibitors of CDK2/Cyclin
A as Antitumor Agents. 1.
Lead Finding

D1 1-7,19 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo disppesto enelnumeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JESUS ¥ERNEL GARCIA GARCIA

El anterior requerimiento fue notificado por fijacion en lista, de fecha

18 JUL, 2012

»

Elaborado por: Rodolfo Cadena Amaya.
Revisado por: Ana Delia Pinzén. (7
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3-Aminopyrazole Inhibitors of CDK2/Cyclin A as Antitumor Agents. 1. Lead

Finding

Paolo Pevarello,** Maria Gabriella Brasca,” Raffaella Amiei,* Paole Orsini,” Gabriella Traquandi,” Luca Corti,’
Claudia Piutti,! Pietro Sansonna,’ Manuela Villa," Betsy $. Pierce,! Maurizio Pulici,’ Patrizia Giordano,”

Katia Martina,! Edward L. Fritzen* Richard A. Nugent,} Elena Casale,’ Alexander Cameron,’ Marina Ciomei,}
Fulvia Roletto,” Antonella Isacchi,® GianPaolo Fogliatto,” Enrico Pesenti,f Wilma Pastori,! Aurelio Marsiglio

Karen L. Leach.! Paula M. Clare," Francesco Fiorentini,! Mario Varasi,’ Anna Vulpetti,” and

Martha A. Warpehoski*

Chemistry, Pharmacology, Biology. and Global Drug Metabolism Departments, Pharmacie Holia.
Viale Pastenr 10, 20014 Nerviono (MI), Itoly, and Chemistry and Pharmacology Departmends,
Pharwacia Carporation, 301 Henrietto, Strect. Kalamozoo 49001, Michigan

Recetved Decomber 17, 2003

Abnormal proliferation mediated by disruption of the normal cell cycle mechanisms is a
hallmark of virtually all cancer cells. Compounds targeting complexes between cyclin-dependent
kinases (CDK) and cyclins, such as CDK2/cyclin A and CDKZ/cyclin E, and inhibiting their
kinase activity are regarded as promising antitumor agents to complement the existing
therapies. From a high-throughput screening effort, we identified a new class of CDK2/cyclin
A/E inhibitors. The hit-to-lead expansion of this class is described. X-ray crystallographic data
of early compounds in this series, as well as in vitro testing funneled for rapidly achieving in
vivo efficacy, led to a nanomolar inhibitor of CDK2/cyclin A (N-(3-cyclopropyl-1H-pyrazol-3-
y1)-2-(2-naphthylacetamide (41), PNU-292137, ICso = 37 nM) with in vivo antitumor activity
{TGI » 50%) in a mouse xenograft model at a dose devoid of toxic effects.

Introduction

The importance of the retinoblastoma (Rb) pathway
in controlling normal cell proliferation has been clearly
established.!? The cyclin-dependent kinases (CDKs) are
intimately involved in this process.? These serine—
threonine protein kinases govern the initiation, progres-
sion. and completion of cell eycle events. In human
cancers, the Rb pathway is universally disrupted either
by CDK4 amplification, cvclin D overexpression, muta-
tion of the RB gene, or inactivation of the CDK4 specific
inhibitor pl16NEA4 Ag 4 consequence of these alter-
ations, the distribution of the endogencus CDXK inhibitor
P27 between CDKE4 and CDI2 can occur, resulting in
an “activation™ of CDK2 catalytic aciivity.” The effect
of these changes is the deregulation of the transcription
factor E2F causing an increased expression of E2F
target genes. %7 Among these genes are those encoding
cycling A and E as well as other proteins required for
DNA replication,

The CDEKZ protein can form complexes with both
cyclins £ and A, and it is required for the G1/S
transition and S phase progression?®® and centrosome
duplication .19 In addition to being required to maintain
Rb phosphorylation, CDK2 also phosphorylates other
cell cycle substrates such ag Hira, NPAT, and nucleo-
phosmin.!1=18 The microinjection of specific CDK2,

*To whom cerrespundence should be addressed. Phone: +39-

0248383481, Fax: +30-0245283937. E-mail;  paolo.pevarellu@
pharmacia.com.
* Chemistry Department. Pharmagia Iialia,

FChemistry Department. Pharmacia Corperation.

f Pharmaculogy Department, Pharmaeia Jualia,

* Bivlggy Department, Pharmacia Italia.
Pharmacology Department, Pharmacia Corporation.
Glebal Drug Metabolism Department, Pharmacia ltabia,

cyclin A or ¢yclin E antibodies, or antisense oligonucle-
otides will block the cell ¢ycle in normal cells as well as
in cells from which Rb has been deleted.!® This is in
contrast to CDK4/eyclin D for which a kev role bus been
demonstrated only in phosphoryvlating Rb, and there-
fore, its activity is essential only in Rb positive cells.

One of the key CDE2 substrates ts the B2F-1 protein
itself, of which the turnover and activity is induced by
phasphorylation by CDK2/cyclin A. This leads to higher
than normal levels of E2F, which huve been found to
induce apoptosis.'” Tt bas been shown that CDK2/cyelin
A inactivation through “transfection” of a specific pep-
tide mimetic will induce apoptosis in cells constitutively
expresging E2F 1.8 Furthermore, apoptosis is ohserved
in transformed hut not in normal cells. Even if these
data should be taken with caution, sinee it is not clear
whether a small-molecule catalytic inhibitor of CDK2
will have the same effect as this peptide, thev provide
a basis for a context-driven therapeutic window upon
treatment with a CDK2 inhibitor: tumor cells with a
deregulated E2F1 function should be more sensitive
than normal cells to a CDK2 inhibitor.

Other observations supporting the use of a CDK2/
cyclins £ and A inhibitor in a clinical setting rest upon
several lines of evidence showing an altered regulation
of CDK2, cyclins E and A, and their natural inhibitors
(p21°'72 and p278IPY) in human cancers. In particular.
overexpression of cvelin A and/or cyelin E has been
detected in ~50% of breast and lung cancers and evelin
E expressinn becames progressively higher with increas-
ing stage and grade and correlates with a poor progno-
sis1®

Natural CDK2 kinase inhibitors such as p2 7R are
often unregulated and expressed at low levels in cancer.

10.10214m031145u CCC: $27.50  © 2004 American Chemical Society
Published on Web 05/15/2004
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Decreased levels of p27 predict 2 poor prognosis in
hreast, prostate, colon, gastric, lung, and esophageal
cancer. %9

Thus, although a recent paper suggests that CDKZ2
activity may not be an absolute requirement for prolif-
eration in some types of tumor cells,?! there is consider-
able support to the notion that deregulated activity of
CDK2 complexes drives tumor cell growth, and there-
fore, specific inhibition of CDE2/cyclins A and E kinase
activity will block tumeor celi proliferation.

Several classes of CDX inhibitors have been described
recently in the literature,? but so far only a few
molecules have progressed into human clinical trials,
notably the nonselective CDK inhibitor flavopiridaol,*
the purine analogue (R)-roscovitine (CYC-202),* and the
2.aminothiazole derivative BMS-387032 (Chart 1).%

This puper reports on the discavery of a new class of
CDK2 inhibitors and its rapid optimization in potency
leading to a compound (4}, PN1J-292137, Chart 1) with
good in vivo bipavailability and efficacy in an animal
tumer model,

Chemistry

Final compounds were made uvsing two difterent
protocols: {A) coupling of a suitable 3-substituted
3-aminopyrazole with an acid chloride fullowed by
selective basic deacylation of the endocyclic residue to
yield the final compounds 1-7 and 10—29 (Scheme 1);
{B) coupling of & suitable 1-Boc protected 5-substituted
3-aminopyrazole?®?T with a carboxylic acid and a con-
densing agent followed by the protecting group removal
to yield the final compounds 30—-37 and 40—42 (Scheme
2.

According to procedure A, an excess of the acylating
agent allowed us to obtain the disubstituted derivaiive,

Pevarclio et al,

Scheme 1+
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which is susceptible to selective hydrolysis of the more
labile endocyclic position under mild conditions, As
outlined in procedure B, 1-Boc protected S-substituted
3-aminopyrazole was treated with the suitable carboxy-
lic acid by using EDCT as » condensing agent. The
resulting intermediate was then deprotecied with TFA
at room temperature, [t i3 noteworthy that procedure
B allowed us to save an eguivalent of reactant and to
exploit a larger number of stable and commercially
available carboxylic acids.

The carbomethoxy derivatives 43 (method A) and 44
{method B) afforded, respectively, compounds 8 and 38
by basic hydrolysizs {Scheme 3) and compounds 9 and
39 by ammonolysis (Scheme 41

F-Substituted 3-aminopyrazole precursors of final
compounds 1—42 and carboxylic acid derivatives em-
ployed to obtain final compounds 1-32 and 34—42 were
etther commercially available or known from the litera-
ture and are reported in the Registry Numbers section,
{4-(2-Pyrrolidin-1-yl-ethoxy)phenyllacetic acid (47) was
prepared fromn 4-hydroxvphenylacetic acid by a three-
step sequence as described in Scheme 5.

Biological and Preliminary ADME Testing
Scheme

Compounds were tested according to a =screening
funnel, the entry point being a biochemical assay for
inhibition of CDK2/eyclin A. Compounds having IC;q
values lower than approximately 100 nM were subse-
quently tested for their antiproliferative activity against
AZ2780 human ovarian tumor cells. Compounds with an
ICsp in the low micromolar range were further charac-
terized in vitro for their ability to block the cell cycle
by fluorescence activated cell sorting (FACS) and DNA
synthesis by bromodeoxvuridine {BrdU) incorporation
block of A2Z780 cells, as well for their ability to bluck
other tumor cell lings (HT-29, DU145, and HCT-116).
In parallel, an assessment of drug parameters such as
bufter solubility, CYP4503A4 inhibition, cell perme-
ability, and plasma protein binding was conducted.
Selected compounds were tested for their selectivity
against a panel of kinases. By integrating in vitro
biological and pharmacological results and preliminary
absorption, disposition, metabolism, and excretion
(ADME) parameters and after having assessed in vive
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pharmacokinetic (PK) parameters in rats, a lead caom-
pound (41) was selected for in vivo assessment in an
animal tumor model (A2780 xenograft tumer).

Results and Discussion

Among several classes of potential CDK2/cyclin A
inhibitors emerging from an internal high-throughput
screening (HTS) effort, we focused our attention on
3-aminopyrazoles because of the low molecular weight
of the scaffold and amenahility for rapid class expansion.
Initial hits 1-4 (Tahle 1) allowed a preliminary, albeit
rough structure—activity relationship (SAR) evalua-
twon: (1) a cyclopropy]l substituent at position 5 of the
3-aminopyrazole scaffold was much move effective than
a methyl group (2 vs 3) when an n-propylamide was the
residue at position 3, and it still conferred a significantly
enhanced potency with a 3-benzamido group (1 vs 4).
(2) & 3-benzamido compound (4) also had a goed activity
as a CDK2/cyclin A inhibitor, considerably widening the
number of products that could be evaluated during class
expansion. The crystal structure of CDK2 with com-
pound 4 was determined (Figure 1), From this, it was
observed that the three nitrogens of the 3-aminopyra-
zole scaffold were involved in a donor—acceptor—donor
hydrogen bond triad, making contact with the hinge
region (Glu81-Len83) of the kinase ATP pocket. The

5-cyclopropyl ring accupies the narrow lipaphilic pocket
formed by Vall8. Ala31, Val64, and Phe80, The plane
of the cyclopropyl ring is almost perpendicular to the
plane of the pyrazole ring and is packed nicely against
the phenyl ring of Phes0. Finally the benzene ving of 4
is directed toward the eolvent-accessible region of the
enzvme pocket, contributing to the overall binding
through lipophilic interactions with the side chains of
Ile10 and PheB2 and the main chain of His84 and
Asp86.

From a medicinal chemistry perspective. where a
rapid expansion of the chemical class is important, it
was thought that the choice of the 5-substituent was
likely to be restricted to groups able to be accommoedated
into the narrow lipophilic pocket, while there was
considerable room for a quick expansion associated with
the 3-substituent. This turned out fo be true as we
proceeded with class expansion. Furthermore, mmodeling
work suggested that generic substitution at position 4
may be detrimental for activity. since it would force the
3-aminocarbonyl group into a conformation that would
disrupt the hydrogen-bonding of the 3-aminopyrazole
to the hinge region of the enzyme.

The SAR associated with different substituents on the
3-benzamido moiety was firsi investipated, Compounds
5—9 showed that substituents at the para position of

72
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Table 1. SAR of of 3-Propylamido- and
3-Benzamidoaminopyrazoles (129}

CDR2/cyclin A

compd R R (ICsp, nMe

1 nethyl phenyl 1500

2 methyl propyl =10000

3 cycloprapyl propyl 224

4 cvelopropyl phenyl 290

5 cyclopropyl 4-Br—CsH, 34

6 cvelopropyl 4-Cl-0gH4 - 85

7 eyclopropyl  4-OMe—~CiHj- 705

8 eyclopropy! $-COOK-CsH,- 165

9 eyelopropyl  4-CONHo—Cily- 68
i1 eyclopropyl  3-Be—CeHs- 390
11 cyclopropyl 3-Ci—CeH,- 1000
12 evelopropyl 3-OMe~CgH, - 600
13 cvelopropyl  3-CFp—CsH,- 500
14 cyclopropyi  2-Br-CyH.. 1500
15 eyclopropyl 2-Cl-CgHy— 1000
16 cyclapropyl 2.0Me—-CsHj- > 10600
17 cyclopropyl 2,6-diC1-CgHy- =>10060
18 cyclopropyl 3.4-diCl-CgHy- 83
19 cyclobutyl 4-Br-CgHa- e
20 cyclopentyl 4-Br—CyHi- 50
21 cyclohexyl 4-Br—CgH,- 1000
22 melhyl 4-Br—CgHa- GO0
23 ethyl- 4-Br-CgH,- 630
24 propyl 4-Br-CsHi- 850
25 1sopropvl 4-Br—CgH,; - 200
26 sec-bulyl 4-Br—CyH,- =>10000
27 tert-butyl 4-Br—CsH,- = 10000
28 pheny! §-Br—=CyH,~ = 10000
29 henzyl 4-Br—C4Hy— > 10000

¢ See Experimental Section.

Figure 1. ATP binding pocket residues of the X-ray structure
of CDK2 in complex with 4. The three hydrogen bonds between
the CDK2 hinge region and the inhibitor are drawn as dashed
lines.

the benzamido ring retained or favored potency com-
pared to the unsubstituted compound 4, giving 1Cs0
values in the range 34—705 nM. Halogen substituents
and electron-withdrawing proups provided the best
results.

We then examined the effect of substitution at posi-
tions 2 and 3 on the benzamido moiety (10--18). We

Pevarello et al.

observed a clear drop in activity compared to the
unsubstituted parent compound 4. The potency of the
3,4-dichlorobenzamide derivative (18) shows that the
presence of a 4-chloro is able to offset the loss in activity
that is brought about by the 3-chloro substituent. A
steric clash between a 2-substituent on the henzamido
ring and the amino acid residues lining the hinge region
of the enzyme is likely to account for this clear-cut SAR
(e.g.. 16 and 17), while the reason for the diminizhed
activity of the 3-substituted benzamides (10—13) is not
clear even after model inspection,

We then turned our attention to the effect of different
S-substituents on a series of 3-(4-bromoebenzamide)-
pyrazoles (5, 19-29), and we confirmed that small
cycloalkyl groups (5. 19, 20) gave the hest inhibitions.
Cy and Cy alkyl groups retained some activity. while
smaller (22) and larger linear or branched alkyl or
cycloalkyl groups (21 and 26—29) were detrimental to
a good inhibitory effect.

This finding is consistent with the observed binding
mode of this class, since alkyl and aryl substituents
other than small cyclealkyl groups would interact
unfavorably with Phe80.

On further expansion of this chemical class, we looked
at the effect of a phenylacetamido mojety on the
3-aminopyrazole scaffold. A selection of 3-phenylaceta-
mido derivatives is reported in Table 2, and low nano-
molar activity is frequently met in this subclass. Strue-
tural inspection of this region suggested that a phenyl-
acetic residue would give a more favorable interaction
with the lipophilic Ile10 and Phe82 aminn acid residues
on the rim of the solvent-accessible region. In fact, the
2-benzylecarbonylamine meiety in position 3 of the
pyrazole perfectly mimics the interaction of the N-6-
benzyl group present in the purine CDK2 inhibitors,
such as roscovitine or olomucine, with the protein.?® Tqg
confirm this hypothesis, the crystal structure of 41 in
complex with CDK2Z/cyelin A was determined (Figure
2}, In Figure 3a, 41 and (R)-roscovitine are shown
superimposed in the ATP binding pocket of CDK2/cyclin
A_ The superposition shows that the substituents of two
different scaffolds, the 3-aminopyrazole and the purine,
can be placed in identical positions with respect to the
protein. As shown in Figure 3a, the cvciopropyl of 41
and the isopropyl of (R }-roscovitine gverlap perfectly and
make similar interactions with the hydrophobic pocket
at the back of the CDK2 ATP pocket. Furthermore the
naphthyl moiety of 41 lies in the same plane as the
phenyl moiety of the (R)-roscovitine N-6-benzyl group,
allowing hydrophohic interactions with the side chains
of Tle 10 and PheB2 (Figure 3b). It should also be noted
that the conformational changes in the PSTAIRE helix
and in the T-loop of CDK2, due to cyclin A hinding,®
accur far from the bound 3-amidopyrazole ligands.
Consequently. the presence or absence of cvelin A does
not appear to affect the hinding mode of the inhibitors,
as demnnstrated by a comparison of the binding modes
of the two pyrazole derivatives 4 and 41 in complex with
CDI2 and CDE2/cyelin A, respectively (Figure 24

Despite the good activity attained in the biochemical
assay for CDE2/vclin A inhibition, all compounds
reported in Table 1 displayed weak activity in a tumor
cell antiproliferation test (A2780 humaun ovarian tumor
cells), with [Csp values in the medium —high niieromolar

g7
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Table 2. SAR of of 3-Phenylacetamidoaminopyrazoles {30-421

Journal of Medicinal Chemisiry, 2004, Voi, 47, No. 13 3371

CDR2/evelin A A2780 cells
compd R R, I Crp. n M (ICx = SD. nM)
30 cvelopropyl phenylaceiyl 48 1400 = 112
3 cyelopropyl 4-conhgz-phenylacetyl 74 2835 = 235

32 cyeloprapyl 3-ome-phenylacetyl 29 > 20000

33 cyclopropyl 4-12-pyrrolidin-1-v1:-ethoxy 95 6984 =813
34 cyclopropyl 4.QCFy-phenylacetyl 87 4990 £ 570
a5 cyclopropyl 4-biphenylacetyl 56 111 = 39
36 cvelopropy] 4-(3-flugrobiphenyliacetyl 4 1823

37 eyelopropyl 4-(3-methylbiphenybacetyl & 2057

38 eyclopropyl 4-(4-carboxybiphenyllacetyl 11 > 20000

39 cyelopropyl 4-(4-carboxamidobiphenybacelyl 4 1468 + 165
40 cyclopropy! 4-(2-thenyh)-phenvlacetyl 3 121 +£3

41 cvclopropyl 4-(2-naphthyl)acety] 37 286 2 49
42 cyelopropyl 4-{1-naphthyllacetyl 38 900 £ 112

« See Experimenial Section.

Figure 2. Stereoview showing the structure of CDKZ complexad with compound 4 (green carbon atnms for the protein, cyan
carhon atoms for the inhibitor) superimposed on the structure of CDK2/cvclin A with compound 41 (vellow carbon atoms for the
protein, orange for the inhibitor). Tt is elear from this figure that compound 41 retaing the same hydrogen-bonding patiern as
sbserved for 4. The benzylic methylene of the naphthylacetamide group of 41 with respect to the benzoic group of 4 allows this
sabstituent to adopt a bent conformation with the naphthyl group packing onto Ilel10. The differences in the eonformations of the
protein residues are caused by having eyclin bound in one case and not in the other. This does not appear to affect the binding

of the ligand.

a)

A
o1 Ik \Pheee
aw

s =

Figure 3. Crystal structure of 41 in complex with CDK2/cyclin A: (a) overlap of 41 (atom-type colored) and roscovitine (magenta)
complexed to CDE2/vvelin A; (bt surface representation of ATP binfing cleft, colored by residue hydrophobicity, in complex with
41. Red indicates most hydrophobic residues, and blue indicates the most polar ones.

range. On the other hand, several compounds in Table
2 are endowed with potent cellular activity. The SAR,
hinking activity in the biochemical assay with cellular
activity on the basis of the physicochemical properties
of a molecule, is often difficult to rationalize hecnuse
many variables are known to play a role. In addition to
cellular membrane permeabitity and subeellular com-

partmentalization, tumor cells possess refined mecha-
nisms for efficiently extruding xenobiotica.®® Tt is not
uncommon, therefore, to observe that even minor modi-
fications in otherwisze very similar compounds lead to
dramatic differences in cellular activity.™ Compound 35
exemplifies this fact very well in that by simply replac-
ing the phenyvlacetoamide moiety of 30 with a hiphen-
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Figure 4. 41 blocks cell eycle progression. Cells synchronized in G2/M by nocodazole treatment weve released in the absence or

in the presence of 41. In comparison with the control cells, cells treated with 41 showed a block in G1 and a complete absence of

S phase. as confirmed by the lack of BrdU incorporatien.

Table 3. Antiproliferative Activity of 41 on Different Human
Tumor Cell Lines (1Cs0 £ SD, nM)

compd  AR780 cells  HT-29 cells HCTL1G6 cells DU145 cells
41 286 L 48 170+£1 73+ 30 651 = 883

ylacetamido residue (35), we achieved potent nanomolar
antiproliferative activity on A2780 cells {Table 2). While
increased lipophilicity and improved cell membrane
permeability can partially account for a better cellular
activity of 35 ve 30, the experimental result has vet to
be fully rationalized. Compound 35, while pharmaco-
logically very potent, had poor physicochemical proper-
ties (e.g., buffer solubility in the single-digit micromolar
range and plasma protein binding close to 100%),
hampering its use as an in vivo tool for investigating
antitumor activity of a CDK2/eyclin A inhibitor in a
xenograft model.

Several biarylacetamido derivatives (36~40, Table 2
were shown to be single-digit nanomolar inhibitors in
the biochemical asgay for CDK2/cyelin A inhibition, and
some of them aleo displayed potent aniiproliferative
activity, but an overall druglike profile compatible with
a possible in vive evaluation was achieved only with the
2-naphthyl derivative 41 (Table 5).

This compound proved to be a valuahle tool for
understanding the potential of CDK2/cyclin A inhibitors
in an in vive antitumor setting and was further submit-
ted for (a) inhibition of tumeor cell proliferation in
different tumor cell lines, (b) cell cvele analysis, (¢)
preliminary ADME and in vive PK parameters, (d)
kinase selectivity profile, and (e} in vivo evaluation in
the A2780 human covarian twnor xenograft model.

(a} Inhibition of Tumor Cell Proliferation in
Different Tumor Cell Lines. Activity of 41 in a
broader panel of tumor cell lines was assessed (Table
3). and the compound was found to efficiently inhibit
tumor cell proliferation in human colon (HT-29 and
HCT-116) and prostate (DU145) tumor cell lines with
a potency comparable with that observed in A2780 cells,

(b) Cell Cycle Analysis. Further in vitro investiga-
tion was aimed at demonstrating that the antiprotif-
erative acrivity ohserved was mediated by CDK2 inhi-

18 hs release

» In medium

s contalning:

e g

£ o

€ § _jflavo

T g Slpirido) 4!
25

4 2 ol oslo1 03 |mM

- 5 e B &-B_F;;RBBl

Figure 5. 41 blocks pRB phosphorylation. After the ireatment
with 0.3 #M 41, the substrate retinoblastoma protein (pRbis
mainly in the dephosphorylated lorm.

bition. The cell ¢ycle profile was studied using FACS,
after synchronization with nocodazole. Cell population
peaks showed a G1 block at 0.3 oM (Figure 4) with total
block of BrdU incorporation, meaning that DNA syn-
thesis in these tumor cells was impaired. Western blot
analysis of the phosphorylation status of the known
substrate, retinoblastoma protein (pRb), showed a cor-
responding block of the phosphorytation at 0.1- 0.3 uM
(Figure 5), adding further evidence to the notion that
antiproliferation activity of 41 is mediated by blocking
CDK2.

(¢} Kinase Selectivity Profile. Compound 41 was
assessed for its selectivity against a panel of 33 kinases
{Table 4). Among the members of the CDK family that
were tested, it was found to inhibit CDK2/cyelin E,
CDK&/M125, and less potendy CDRl/eyelin B, but it
displayed selectivity for CDK4/cyelin D1, Compound 41
had a 60-fold higher [C; versus GSK-33, while ICsg
values for ali other enzymes in the panel were higher
than 10 M. The overall good selectivity profile rein-
forced the value of 41 as a candidate for further in vivo
evaluation in an efficacy model.

{d) Preliminary ADME and in Vivo Pharmaco-
kinetic (PK) Parameters. Compounds of this zeries
were routinely assessed on fests predictive of good
druglike properties. The parameters of 41 (Table 5) were
consistent with a good predicted in vivo bivavailability.
The compound was then assessed in a preliminary PK

study in rats mice, and in vivo clearance, volume of
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Table 4. Selectivity Profile of 41 on a Pane!l of 33 Kinases

57
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kinase ICs0 InM) enzyme conen (nb} subsirate bufler assay formal
CDK2/evclin A 37 1.1 HISTONE H1 A SPA
CDR2/evelin B a2 1.1 HISTONE H1 A SPA
CDRO/p25 114 4 HISTONE H1 A 5PA
CDEl/eyelin B 270 4 HISTONE H1 A SPA
CDK4/evelin D1 =>10000 G0 RE A multiscreen
ABL >10000 1.2 MBP B SPA
ART-1 >10000 5 ARTiide A Dowex
AUR-2 > 10000 2.5 CHOCHKtide 4X C SPA
CDCT/0OBI >10000 18 MCM2 C SPa
CHK-1 >10000 12 CHEKlide B SPA
CK-2 >10000 0.7 MCM2 G SPA
EGFR-1 >10000 9 MEP B SbhA
ERK-2 4600 3 MBP A Dowex
FGFR-1 >10000 4 MEBP B 5Pa
GSK-373 1905 20 MBP B SPA
IGFR-1 >10000 3 1RStitle D SPA
TKK-2 >10000 15 1KRBalpha C SPa
TKKi > 10000 3 1IKBalpha B Dowex
R =10000 b 1RStide C SPa
KIT =10000 4 KITtide B SPA
LCK > 10000 1.3 MBP B SPra
LYN = 10000 2 HISTONEH1 B SPA
MET > 10000 10 MBFP B Dowex
p3du = 10000 i MBP B Dowex
PAK4 > 10000 2 PAKtide B SPA
PDGFR-1 = 10000 9 MEBP B SPA
PDK1 =>10000 13 PDRtide C SPA
PKC#H =10000 2 HISTONE H1 B SPA
PLK1 >10000 50 nCASEIN E Dowex
RET >10000 5 MEP B SPA
STLK2 >10000 1 MBP B SPA
TRKA >10000 15 MBP B Dowex
VEGFR-2 >10000 4.7 MBP D 8PA
VEGFR-3 >10000 10 MBP B SPA
ZAPT0 >10000 8 GASTRIN D SPA
Table 5. Sclubility. Celtular Permeability, Predicied 10.0
Clearance, and Plasma Protein Binding (PPB) of 41 .
buffer cellular meiabelic rate  plasma protein Z 7.5
solubility (M) permenability (mL min kg™  binding (%) -E’
tpH T iCaeco-21  (rat hepatocytes) tHSA) g
£ -
22 high 278 99 s =0
E
Table 6. Pharmacokinetic Parameters of 41 afier Intravenous 2 254
and Oral Adininistration to Male Sprague Dawley Rats
oral {pol 1.0
iv administration  administration 0 25 days
dose (mg/kg) 5 10 treatment
dose {nmelkg) 17161 34322 .
Cmax M) 194 £ 3.9 9.63 = 1.81 —=—\ghicle
i;‘,im(,_ thi \ ) r.1}‘3‘3 = 0.53 | —e- 41 10 mg/Kg os daily
AUCw (nM-h) 21242145 38182815 . ,
Tyg i) 1.0 +0.17 2.38 £ 1.73 {~7- 41 5 maig os bid
MRT (h! 1.31£0.34 |41 7.5 mg/Kg os bid
clearance tmL min=" kg~") 135 0.98 , "
Vi tmL kgt 1057 + 278 Figure 6. Antitumor efficacy of 41. Compound 41 shows a
bioavailability (%) §9.8 533% tumor growth inhibition (TGI) against a human ovarian

distribution, haif-life, and high oral biocavailability war-
ranted its use in an in vivo efficacy model (Table 6).

(¢} Tn Vive Evaluation in the A2780 Human
Ovarian Xenograft Tumor. 41 was evaluated in an
in vivo model of antitumor activity on nu/nu mice
bearing human ovarian A2780 xenografted tumors,
The compound was administered orally (10 mg/kg
daily und 7.5 mg/kg, bid., for 10 days) (Figure 6),
yielding a tumor growth inhibition {TGI) of 53% (with
the b.i.d. administration schedule) without any signifi-
cant weight Joss and toxicity being observed in the
study.

cancer model (A2780) transplanted into nude mice when
administered at 7.5 mg/ky twice a day for 10 consecutive dayvs.

Conclusion

A novel class of CDE2/cyclin A inhibitors was discov-
ered frorm HTS and rapidly optimized to an in vivo
phurmacological tool that demonstrated tumor growth
inhibition in a xenograft medel of human ovarian
cancer. Structure-based drug design was applied through-
out class expansion and was instrumental to direct the
synthesis toward more potent inhibitors. Lead com-
pound 41 (PNU-292137) was a valuable tool for dem-
onstrating the potential of CDK2/cycling E and A
inhibitors in an in vivo setting, lts optimization to vield
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compounds with an improved druglike profile will he
the subject of a future communication.

Experimental Section

I. Chemistry. Melting points were determined in open glass
capillaries with a Buchi 5335 mielting point apparatus and are
uncorrected. Eiemental analyses were performed on a Carlo
Erha 1110 mstrument, and C, H, and N results were within
=0.4% of theoretical values. *H NMR spectra were recorded
on & Varian Mercury 400 spectrometer, using the solvent as
infernal standard; chenvical shifts are expressed in ppm (4).
Electron impact (EI) mass spectra (MS) were obtained on a
Finnigan-MAT TSQ 700 triple-quadrupole instrument. ESI
mass spectra were obtained on LCQ ion trap (thermo), Finni-
gan. Organic solutions, where applicable, were dried over
anhydrous Na,50, and evaporated using an Heidolph WB
2001 rotary evaporator at 15—20 mmHMg. Flash column chro-
matographic separations were carried out on 40/60 ym silica
gel (Carlo Erba). Thin-layer chromatography was performed
on Whatman silica gel 60 plates conted with a 250 ym layer
with fluorescent indicator. Components were visualized by UV
light {# = 254 nm! by iodine vapor. Dichloromethane was
distilled from Py and stored over 4 A molecular sieves, All
experiments dealing with meisture-sensitive compounds were
conducted under dry nitrogen. Starting materials, unless
otherwise specified, were commercially available (Aldrich.
Fluka) and of the best grade and were used without further
purification.

Method A. N-(5-Cyclopropyl-1H-pyrazol.3-yl}benaz-
amide (4). Toe a solution of 0.37 g (3 mmol) of 3-cyclopropyl-
S5-amino- 1H-pyrazole in 15 mL of dichloromethane 0.8 mL (7.3
mmal) of N-methylmorpheline and 0.8 ml: (6.9 mmol) of
benzoy! chloride were successively added at room temperature.
After 16 h under stirring, the mixture was concentrated and
the residue was digsolved in 15 mL of methanol. An amount
of 3.5 mL of sodium hyvdrate, 2.5 M, was added dropwise, and
10 mL of tetrahydrofuran was finally added in order to obtain
a homogeneous solution. After 15 min the mixture was
concentrated and poured into water. The precipitate was
filtered and dried in a vacuum to afford 585 mg (86%) of the
title compound: mp 232-234 °C; 'H NMR (DMSQO-dg) & 12.1
(s. 1HY, 10.65 (s, 1H), 7.97 (app d 2H), 7.50 (m, 3H), 6.31 (s,
1H), 1.89 (m. IH), 0.83 (m. 2H), 0.69 (m. 2H) 13C NMR
{DMSO-de) 7.2 (CHG, 8.1 {CH2-7, CH2-8!, 43.0 (CH2~12),
92.8 (CH-4), 126.9 (CH-16}, 128.7 (CH15, CH-17}, 129.5 (CH-
14, CH-18), 136.7 (C-13), 147.8 (C-5}, 168.5 (C-1(; MS (ED
miz (rel intensity) 227 (M™, 22), 226 (11), 199 (23), 106 (13),
1051951, 78411), 77 (99), 66 (9), 65 (14), 51 (29); HRMS (FAB)
caled for CiaHigN3O + H1 2281131, found 228.1122, Anal.
{CyaH1aNOY C, H, N,

Analogously, using the corresponding 5-substituted 3-amino-
1H-pyrazole and a suitable acid chloride, the following com-
pounds were prepared.

N-(5-Methyl-1H-pyrazol-3-y)benzamide (1): yield 58%;
mp 218-220°C; 1H NMR iDMSO-cl) 6 12.10 (s, 1H), 10.70 (s.
1H), 7.98 (d, 2H), 7.50 {m, 3H), 6.40 (s. 18}, 2.23 (s. 3H», MS
(ED) m/z (rel intensity} 201 (M-, 92). 200 44), 173 (94), 172
(18), 106 t74), 105 (99), T8 (413, 7T7¢99), 51 (92), 50 (23). Anal.
(CiyHuNaOYCLUH, N,

N-(3-Mcthyl-1H-pyrazol-G-yDbutanamide (2): vield 527;
mp 190-192 °C: HH NMR (DMSO-ds) & 11.89 (bs, 1TD. 10,12
‘bs, 1HM 6.25 (s, 1H). 2.23 11, 2H, J = 7.32 H2), 2,19 (s. 3H.
L56 fm, 2H) 0.82 (1. 3. J = 7.32 Hzw M5 (ED mifz {rel
intensity) 167 (M. 203, 149 (15). 97 (100), 96 (231, 43 (13y;
HRMS (FABY caled for CyHizN3O — H1 168.1131, found
168.1129. Anal. (CsH,aNaO) C (caled 57.47, found 56.72), H,
N.

N-(3-Cyclopropyl-1H-pyrazol-5-yhbutanamide (3); yield
66%; '"H NMR (DMSO-d) 4 11.96 (bs, 1H), 10.13 (bs, 1HY, 6,14
(s, 1H), 2.05 fm. 2H). 1.85 (m, 1HX 1.57 (m, 2H). 0.7-0.9 (2
m, 7TH) MS (ESI+} m/z (rel intensity) 216 (MNa™. 25), 194
(MH~. 82), 176 (93), 124 (100); HRMS (FAB) calcd for
CiwHya N3O + H1 194.1288, found 194,1296. Anal, (C1yHi:N30Y
C (caled 62.15, found 61.12)}, H, N.

Pevarello et al.

N-(53-Cyclopropyl-1H-pyrazol-3-¥)-4-bromohenz-
amide (3): vield 25%) mp 136—188 *C: '"H NMR (DMSO-ds
A 791 J = 8.5 Hz, 2H), 7.68 i, 2H), 6.28 (s, 1H). 1.88 (m.
1HY 0.90 (m. 2H), 0.67 (m. 2H) MS (ED m/z (rel intensity!
305 (M7, 270 185 (991, 183 (391, 183 (68). 137 (44), 155 119,
A8, TG (410, 66 (121, 51 (291, HRMS (FAB) caled for CaHio-
BrNa(} — H1 306.0242, found 306.0238. Anal. (CjaH wBriN,01
C. H. N, Br.

N-(5-Cyelopropyl-1H-pyrazol-3-yl).d.chlorobenz-
amide {6): yield 57%); mp 186187 °C: 'H NMR (DMS30-,;}
B 12.2 (s, 1 H, 10.8 ts, 1 H), 7.97 (app d, 2 H), 7.53 {app d, 2
H). 6.28 (s, 1 H), 1.87 (m. 1 H), $.91 {(m, 2 H}, 0.67 (m, 2 H);
MS (ED m/z (rel intensity) 261 (M*, 27), 235 (8), 233 (36, 141
(66), 139 (99), 113 (31), 111 (78), 76 (19), 75 (9), 65 (10). Anal.
(Cy3H2CIN;OY C, H, N, CL.

N-{5-Cyclopropyl-1H-pyrazol-3-yi}-4-methoxybenz-
amide (7} yield 70%: mp 173—175 °C; *H NMR (DMSO-ds) o
12,11 ¢s, 1H), 10.51 (s, 1H). 7.97 {d. .J = 8.8 He. 2H), 7.00 (d.
o = 8.8 Hz, 2H), 6.26 (s, 1H), 3.80 (s, 3HW 1.86 tm, 1H), 0.91
tm, 2H). (.67 (m, 2H); MS (ED m/z (rel intensity) 257 (M-,
A2), 257 (32), 229 (14). 135 (995, 107 (191, 92 138), 77 (58). 74
(1530, 73 (18), 65 €1.7), 64 (18). Anal (CuH N300 G H. N,

N-(5-Cyclopropyl-1H-pyrazol-3.y11-3.-bromobenz.-
amide (10): yield 43%; mp 157158 °C; 'H NMR (DMSQ-/,)
0 12.20 (s, 1HY. 10.75 s, LH}, 8.14 (s, 1H). 7.96 (d, J = 7.9 [Tz,
1H). 7.72d, 1H), 7.43 (5. JJ = 7.9 Hz, 1), 6.28 (s, 1H). 1.87
(m, 1H), 0.918 fm, 2HY 0.675 (m, 2HY MS (ED) m/e trel
ntensity) 305 (M. 16), 1835 (991, 183 199, 157 (451, 155 1300,
T7039), 7818, 15 (22), 66 (31, 65117, 31 (24), Anal 1 Qe
BrN;OV C, H, N, Br.

N-(5-Cyclopropyl-1H-pyrazol-3-y)-3.chlorobenz-
amide {11): yield 75%; mp 143~147 °C: 'H NMR (DMSO-d )
4 12.35 1g, 1H). 10.80 ts. 1H), 7.50-8.00 (4m, 4H. 6.32 {s, 1H).
1.81 tm, 1H). 0.95 tm, 2HY .71 (m, 2H); MS (ESI4) m/z (rel
intensity! 545 (ZMNa~. 5). 262 (MH~™. 100). 244 {22). Anal.
1CyHpCINOY C, H. N.

N-(5-Cyclopropyl-1H-pyrazol-3-yl}-3-methoxybenz-
amide (12): yield 38%; mp 147-149 °C: 'H NMR (DMSO-da
& 12.15 (s, 1H). 10.63 (s, 1H1, 7.55 (d, 2H), 7.39-7.36 (1, J =
8.0 Hz, 1H) 7.10 (app d. 1H), 6.29 (s, 1H). 3.80 (s, 3H). 187
i, 1HY, 0,917 tm, 2H), 0.67 (m, 2H); HRMS 1FAB! caled for
CnHmNaOg + H1 2581242‘ found 2581230

N-(5-Cyclopropyl-1H-pyrazol-3-y1)-3-trifluoromethyl-
benzamide (13} yield 22%: mp 192-193 °C: *H NMR (DMSO.
de) 0 12.25 (s, 1H1 11.00 (s. 1H). 8.32¢s, 1H), 8.264d, J =7.9
Hz, 1H), 7.90(d, 1H), 7.71 (t. 1H), 6.31 (s, 1H). 1.88 (m. 1H),
0.92 (m, ZH)Y, 0.62 tm, 2HY MS (ED mi/e {vel intensity) 285 (M.
15Y, 295 (15), 267 (21), 266 (10), 173 (99), 145 (9%, 126 (1:3).
95 (18), 75 {15), 66 {19). 65 (181 Anal. (C.,Hi2FalN.OYC, H. N,

N-{5-Cyclopropyl-1H-pyruzol-3-yD-2-bromobenz-
amide (14): yield 26%; mp 157~158 °C; 'H NMR (DMSO-de)
d 12.15 (s. 1H), 10.75 (5. 1H), 7.65 (d. J = 7.7 Hz, 1H), 7.41
(app d. 1H). 7.35 (m, 2H). 6.26 (s. 1H}, 1.86 (s, 1H), 0.919 tm,
2H). 0.677 (m, 2HY MS (FAB) m/z {rel intensity) 306 (MH-.
9, 613 (100, 384 (L5 382 (151 308 (97, 307 (26, 306 (991,
305 (13, 226 (101, 185 (15), 183 (16); HRMS (FAPR! caled for
CraHpBrNa0 -~ H1 306.0242. found 306.0250.

N-(5-Cyclopropyl-1H-pyrazol-3-yli-2-chlorobhenz-
amide (150 yield 42%: mp 153-155 °C; 'H NMR (DMSO-do
6 12.15 (s, 1HY, 10.75 (5. AH), 7.47-7.37 tm, 41D, 6.25 s, 1H),
L.B7 tm, iH 0916 vm, 2H), 0.675 tm, 2H: MS (KD m/z (rel
intensity) 261 (M~ 6), 226 (22), 141 (23), 139 (99, 113 119,
1114582 756421 67 (171 65 (381, 52 (16). 51 (24); HRMS (FAB)
caled for CisHCINRO + HI1 262.0747. found 262.0737.

N.(5-Cyclopropyl-1H.-pyrazol-3-y1}-2-methoxybenz-
amide (16): yield 307%; *H NMR (DMSO-fe) 0 12.14 {5, 1H).
10.70 (s, 1H). 7.51-7.35 {m, 4H), 6.24 (s, 1H), 3.69 (=, 3H).
1.86 tm, 1H), 0.92 (m, 2H). 0.66 (m, 2HY HRMS (FAB) calcd
for C14H15N50. + H1 258.1237. found 258.1233.

N-(&-Cyclopropyl-1H-pyrazol-3-y1)-2,6-dichlorobenz-
amide (17): vield 56%; 'H NMR (DMSO-dx) 4 12.17 {5, 1H),
10,72 (s, TH), 7.55-7.34 (m, 3H), 6.26 (s. 1H), 1.88 (m. 1H),
0.93 (m, 2H). 0.68 fm, 2H);, HRMS (FAB) caled for CysHu-
ClN,O ~ H1 296.0352, found 296.0348,
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N-(6-Cyclopropyl-1H-pyrazol-3-yl}-3,d-dichlorobenz.
amide (18): yield 42%; mp 195-196 “C; 'H NMR (DM30-ds)
$12.20 (s, 1H), 10.90 (¢, 1H). 8.2 (s, 1H), 7.94 {d. J = 8.4 Hz,
1H), 7.76 (d. J = 8.4 Hz, 1H), 6.29 (s, 1H), 1.87 {m, 1H), 0.019
{m, 2H), 0.675 (m, 2H);, HRMS (FAR} caled for CiaH ) CleN:O
4+ H1 296.0357, found 296.0350,

N-(5-Cvelobutyl-1H-pvrazol-3-yl}-4d-bromobenzamide
{19): yield 43%: mp 192-193 °C; 'H NMR (DMSQ-ds1d 12.18
(s, 1H), 10.87 (s. 1HY, 7.92 (d. J = 8.5 Hz, 2H}, 7.63 (d, 2H),
6.287s. 1H). 2.65 (m. 1H). 2.08 (1, 2H). 1.94 (m, 2ZH}, 1.65 (m,
ZHY MSED m/z (rel intensity) 319 (M™, 5), 263 (591, 185 (96),
183 (991, 157 (76), 155 (82). 76 (83), 73 (74), 53 (56% Anal.
{C1 HBrN;0OY C, HU N

N-(5-Cyclapentyl-1H-pyrazol-3-yl)-d.-bromohenz-
amide (20V: vield 624 ‘H NMR (DMSO-dg) 6 7.93(d, J=8.3
Hz, 2H), 7.65 td, 2H)., 632 (5, 1H), 2.51 (m, 1H)Y, 2,22 (m, 4H1,
1.82 tm, 2H). 1.41 (m, 2H); HRMS (FAB! caled for C3HBrNsQ
— H1 334.0549, found 334.0555.

N-(5-Cycloexyl-1H-pyrazol-3-y1)-4-bromobenzamide {2}):
vield 60%: "I NMR (DMSO-dg; 4 7.92 (d. J = 8.5 Hz, 2H),
7.61 (d, 2H), 6.29 (s, 1H), 2.38 (m. JH), 1.96 (m. 2H). 1.66 (m.
2H)Y. 1.26 (m, GH); HRMS (FAR) caled for CieHi:BriN2O +- H1
348.0706, found 348.0716.

N-(5-Methyl-1H-pyrazol-3-y1)-4-bromobenzamide (22):
yield 70%; mp 221 —-223 °C: 'H NMR (DMSO-dg} o 2.10 (&, 1H).
10.80 5. 1Hy, 7.90 {d. .J = 9.0 Hz. 2H). 7.66 (d. -/ = 9.0 Hz,
2H), 8.87 (. 1H), 2.20 (s, 3HY Anal. 1Cy HisBrN:OO €, H. N.

N-{5-Ethyl-1/I-pyrazol-3-yli-4d-bromobenzamide (23):
vield 27%; mp 253-254 °C; 'H NMR (DMSO-dg) & 12.17 {5,
1H), 10.79 (s, 1H), 7.92(d, J = 8.0 Hz, 2H), 769 (d, J = 8.0
Hz. 2I7), 6.42 (5, 1H), 2.61 (g, J = 8 Ha, 2H), 1.20 (¢, J = 5.0
Hz, 3H); HRMS (FAB) caled for Ci2HiBrN;O + H1 294 0249,
found 294.0247.

N-(5-Propyl-1H-pyrazol-3-y)-4-bromobenzamide (24);
vield 679 wp 186—187 °C: 'H NMR (DMSO-ds) 4 12.18 (s,
LH)Y. 10.81 (s. 1H}. 7.92 (d. J = 9.0 Hz. 2H). 7.69 (d. J = 8.0
Hz, 2H), 6.41 (s, 1H), 2.55 ¢t, 2H), 162 (m, 2ZHY, 091 (x, J =
7.0 Hz, 3R HRMS (FAB) caled for C2HuBrN;O + Hl
308.0399, found 308.0406, Anal. (C3H,BrN,O» €, H, N.

N-(5-1sopropyl-1H-pyrazol-3-vl)-4-bromobenzamide (25):
yield 33%; mp 186-187 °C; 'H NMR (DMSO-ds} & 12.16 (s.
1HY, 10.81 (s, 1HY, 7.90 (d. J = 9.0 Hz. 2H), 7.66 (d, / = 9.0
Hz, 2H), 6.39 (s, 1H), 2.91 (m, 1H), 1.21 (d, J = 7.0 Hz, 5H};
HRMS (FAB)Y caled for CiaH,.BrN;O + Hi 308.0399, found
308.0398. Anal. (C;3HuBrN;OY CL H, N

N-(3-sec-Butyl-1H-pyrazol-3-yi)-4-bromobenzamide (268}
yvield 7% *H NMR (DMSO-dat 0 12.19 (s, 1H), 10.87 (5. 1H,
7921d.J=7.0Hz 2H). 7.69(d, J = 7.0 Hz, 2H), 6.40 15, 1H),
2.71 tm. 1HY, 157 (m, 2H), 1.21 (d. o = 7.0 Hz, 3H%, 0.83 (¢,
30 MBS (FAB m/z (rel intensity) 322 (MH', 99, 183 (15}, 139
(10h, 89 (560, HRMS (FAB! caled for CuyH gBrNaO + Hi
32205535, found 322.0561,

N.(5-tert-Bulyl-1 H-pyrazol-3-yl)4-bromobenzamide (27):
vield 88%: mp 241+243 °C; 'H NMR (DMSO-dg} & 12.20 (s,
1H), 10,75 (¢, 1HY 7.89(d. J = 8.0 Hz. 2H), 7.67 (d. J = 8.0
Hz. 2H) 640 (2. 1H) 1.26 (g, 9H); HRMS (FABR) caled for
CrsHisBirNLO + H1 3220555, found 322.0561. Anal. (CyHe-
B]'N:{O] C, H, N.

N-(5-Phenyl-1H-pyrazol-3-y1}-4-bromobenzamide (28):
vield 79%; mp 251-253 °C; 'H NMR (DMSO-dg) & 12.97 (s,
1H), 10.95 (s, 1H), 7.95 (d, J = 8.0 Hz, 2H), 7.75-7.68 (m,
4H), 7.43 (1, 8H, 2H), 7.35 (, J = 7.0 Hz, 1H), 7.03 (s, 1HY;
MS (EI} m/z (rel intensity) 341 (M~, 10), 185 (98), 183 (89),
157 (47, 155 (50). 102 (63), 77 (44). 76 (671, 75 (42}, 73 (76),
51 (32‘) AI‘JH]. (CmH]zBTN;}O) C, H N.

N-(5-Benzyl-1H-pyrazol-3-y1)-4-bromobenzamide (29):
vield 36%: mp 185-187 °C; 'H NMR (DMSO0-ds) 0 7.88(d, J
= 5.0 Hz, 2H). 7.65 (d. J = 8.0 Hz, 2H), 7.27 (m, 5H). .32 (s,
1[‘.[], 3.91 (s, 2H). HRMS (FAB) caled for C}?HmBI'NsO + Hl
356.0399. found 356.0402. Anal, (C,yHBrNaOYC. H. N,

Methyl  4-[(5-cyclopropyl-1H-pyrazol-3-yllamino]-
carbonylibenzoate (43% vield 40%: mp 172-174 °C; 'H
NMR (DMSQ-d) 4 12,20 (s, LH). 10.90 s, 1H), 8.06 . J =
8.0 Ha, 2H), 8.01 1d, J = 8.0 Hz, 2H), 6.30 (s, 1H), 3.87 (s,
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3H), 1.88 (m, 1HY 0.91 tm, 2H} 0.67 im, 2H), M5 (EDY m/z (vel
intensity) 285 (M=, D). 256 (13), 163 (99), 136 (21), 135 (22),
119 (14}, 104 (14). 103 (28), 77 (15). 75 (18), HRMS (FAB! caled
for CisHeN30z + H1 286.1191, found 286.1194.

Method B. 2-(1,1"-Biphenyl-4-y1)-N—(5-eyclopropyl-1H-
pyrazol-3-yllucetamide (35). To a solution of 45.6 mg t0.215
mmol) of 1,1-biphenyl-4-ylacetic acid in 3 mL of dichloro-
methane at 0 °C, 41.2 mg 10.215 mmol) of N-(3-dimethy!-
aminopropyl)-N'-ethylcarbediimide hydrochloride was added.
After 1 h at the same temperaiure under stirring. 40 mg (0.179
mmol) of tert-butvl-3-amino-5-cyelopropyl- 1H-pyrazole-1-car-
boxylate was added. The mixture was maintained at roum
temperature for 16 h, then was diluted with dichloromethane
and washed with a saturated solution of sodium hydrogeno-
carbonate. The organic layer was dried over anhydrous sadium
sulfate aud evaporated to drvness to give after column chre-
matography (hexanesfethyl acetater 60 mg (80% vield? of
2.01. 1 -biphenyl-d-¥])-No( 5-cyclopropyl-l-terbutoxyvearbonyipyra-
zol-3-yliacetamide. This intermediate was submitied o hy-
drolysis with 15 ml of trifluoroacetic aeid, 10% v/v, in
dichloromethane for 1 h. The solvent was thea evaporated
under vacuum. The residue redissolved with dichloromethane
and was washed with a saturated selution of sodium hydrogen
earbonate. The organic layer was dried over anhydrous sodium
sulfate and evaporated 1o give 42 mg (929 vield) of the title
compound. *H NMR (DMSQ-dg) 4 7.6—7.3 tm, 9H1. 6.09 15, 11,
3.59 (5, 2Hy, 1.81 (m, 1H): ESK—)Y MS m/z 318 (100, MH~-:
HRMS (FAB) caled for CaoHpNaQ + HI1 218.1601. found
318.1605. Anal. (CanHpyN2OYC, H, N

Analogously, by use of feri-butyl 3-amino-5-cyclopropyt- LH-
pyrazole-1-carboxylate and a suitable carboxylic acid, the
following compounds were prepared.

N-{3-Cyclopropyl-1H-pyrazol-5-yl}phenylacetarnide (30):
vield 65%); mp 206—208 °C; 'H NMR (DMSO-dg 4 12.05 ts,
1H), 10.5 (8, 1H), 7.28 (app d, 4H), 7.21 (m, 1H), 6.10 (5, 1H},
3.54 (s, 2H), 1.80 (m, 2H), 0.59 (m, 2H: MS (ED mfz (rel
intensity) 241 (M~, 64), 123 (99), 118 (10}, 96 (161, 95 1%, 91
199), 80 {351, 73 (14), 66 (10), 65 (48). Anal. (CLaH=:NOV1CL H,
N

4-{2.[(3-Cyclopropyl-1H-pyrazol-5-yDamino).2.oxo0-
ethyl}benzamide (31): yield 1% mp =230 °C; '"H NMR
(DMSO-ds) 3 1045 (s, 1HD, 7.77 tdd. F = 6.5, 1.8 Hz. 2H), .09
(s, 1H), 3.61 {s. 2H}, 1.81 {m, 1H}Y HRMS (FAB) caled for
CmH:sN.;O-g + H1i 2851346, found 285.1346. ESI{+1 MS mifz
285 (100, MH™). Anal 1C:HgN,() C tealed 63.37. found
G1.28). H, N tealed 19.71, found 18.52).

N-(3-Cyclopropyl-1H-pyrazol-5-y1)-2-(3-methoxyphenyl)-
acetamide (32} vield 78%); mp 186--188 °C: 'H NMR
(DMEO-dat ¢ 12.03 (s, 1H), 1041 (s. 1HY G.80 -7.23 {3m. 4H.
6.13 18, 1H), 375 (5, 3T, 3.54 (s, 2H). L84 1m, 11TV, 0.81 (m,
2, 0.63 (m, 21T M (ESE-) m/fz ivel intensity) 565 (2MNa-,
200, 272 ¢MH™, 1003, 254 (10). Anal. ((:],,R,H]TN:jOEJ C. 11, N,

N.(3-Cyclopropyl-1H-pyrazol-5-y1)-2-[4-(2-pyrrolidin-1-
vlethoxy)phenyllacetamide (33): vield 80%; TH NMR (100
MHz. DMSO-de) 8 11.92 (5. 1HY. 10.34 (s, 1H). 7.19(d. J = 8.7
Hz. 2H). 6.851d.J = B.7 Hz, 2H1. 6.07 (s, LH)}, 4.02tt. J =348
Ha. 2H} 346 (s, 2H). 283 (t, J = 7.3 Hz, 2H), 2.58 (5. 4H),
1.81 (tt, J = 8.5 and 5.0 Hz. 1H), 1.67 (dt, J = 6.3 and 3.3 Hz,
4H), 0.88 iddd. J = 8.4, 6.4, and 4.1 Hz, 2H}, 0.60 (ddd, J =
6.4, 5.0, and 4.2 Hz, 2H); MS (ESI+) m/c (rel intensity? 7331
(2MNa~, 20), 377 (MNa*, 8, 355 (MH-, 100% HRMS (FARBI
caled for CopHuasN,Op + H1 355.2128, found 355.2133.

N-(3-Cyclopropyl-1H-pyrazol-5-y1)-2-(4-trifluoromeih-
oxyphenyDacetamide (34): yield 7T8%; 'H NMR (DMS0-dy
3 10.48 (s, 1THY, 7.4—7.2 (m, 4H}, 6.08 (s, 1F), 3.60¢s. 2H). 1.81
(m, 1Hy ESIt-) MS: m/z 326 (100, MH™); HRMS (FAB) ealad
for CiaHL,FaiNa0, + HI 326.1111. found 326.1116.

N-(3-Cyclopropyl-1H-pyrazol-5-¥1)-2-(3"-fluoro[1,1"-bi-
phenylj-4-yhacetamide (36): vield 75%: '"H NMR 1400 MHe,
DMSO-da) 8 10.49 (s. 1H). 7.63 (d. J = 8.2 Hz. 2H), 7.38¢d. ./
= 8.2 Hz, 2H). 6.09 (s, 1H1, 3.59 (s, 2HL 1.82 (m. 1H); MS
(ESI+) m/z (rel intensity) 693 (2MNa*, 15). 358 (MNa~, 8},
336 (MH-, 1001, 185 (221: HRMS (FABR) caled for CagH FNLO
< H1 336.1507, found 336.1512
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N.(3-Cyclopropyl-LH.pyrazol-5-v1)-2-(3-methyl[1,1’-bi-
phenyl]-4-yvl)acelamide (37): vield 79%Y *H NMR (400 MHz.
DMS0-ds} & 11.99 (s, 1H), 10.46 (s, 1HD), 7.13-7.57 (m, S8Hw
6.09 (s, 1H). 3.59 (s, 2T1), 2,35 (5. 3H), 1.81 (¢t J =84 and 5.1
Hz. TH), 0.88 (ddd, J = 8.4, 6.4, and 4.1 He, 2H), 0.61 (ddd. J
=6.4. 5.1, and 4.1 Hz, 2H) M85 (ESI+) m/z (rel intensity) 683
(ZMNa®, 15). 332 (MH*, 100+ 181 (35) HRMS (FAB! caled
for C:1H21N30 + H1 332.1757. found 332.1761.

N-(5-Cyclopropyl-1H-pyrazol-3.yl)-2-(4-thien-2-yl-
phenylacetamide (40): yield 756%). 'H NMR {400 MHz,
DMSEO-dgy o 10.47 (s, 11), 7.6-7.1 (m, TH), 6.08 (s, 1H). 1.82
tm, 1HY ESIH1 MS m/z 324 (100, MH'): HRMS (FADR) caled
for CaHzNaGS - H1 324.1165. found 324.1173.

N-(6-Cyclopropyl-1H-pyrazol-3.y1}.2.(2.naphthyl)-
acetamide (41): yield 827%: 'H NMR iIDMSO-d 5 6.10 (s, 1H).
17318, 2H, L8O (m, 1HY; BSTi+) MS m/fz 292 (100, MH™) =3C
NMR (DMS0-Jp) & 7.2 (CH-5), &1 (CH2-7.CH2-8}, 43.1
tCH2--12), 82.8 (CH-4Y, 126.0, 126.5 (CH19,CH-18), 127.8,
127.9, 128.0. 128.1 («CH-14, CH-22, CH-15, CH-20. CH-17),
132.3. 133.4 (C-16. C-21), 1344 1C-13), 145.8 (C-3). 147.8 (C-
5) 168.4 (C-10); HRMS (FAB! caled for CieHisN,O + H1
292.1444, found 292.1452. Anal, (C;¢H7NaOY C. H. N.

N-(5-Cyclopropyl-1H-pyrazol-3-y1)-2-{}-naphthyl)-
acelamide (42): yield 78%); '"H NMR (400 MHz, DMS30Q-dg) 6
6.07 (s, 1H), 4.07 (s, 2H), 1.80 {m. 1H): ESI (=) MS m/z 292
(100. MH+1: HRMS (FAB) caled for CigHisN3Q + H1 292.1444,
found 292.1452.

Methyl 4-{2-[{3-cyclopropyl-1H-pyrazol-3-y])amino]-2-
oxoethyl}-1,1"-biphenyl-4-carboxylate (44): yield 74%; 'H
NMR (DMSO-de) 6 7.9~7.3 (m, 8H}, 8.11 (s, 1H), 3.58 (s, 2H),
1.85 (m, 1HY ESI(+) MS m/z 375 (100. MH'), HRMS (FAB)
caled for CoeHy N20Oy + H1 376.1656, found 376.1651

Methyl [4-(2-Chloroethoxy)phenyllacetate (45). A mix-
ture of methyl (p-hvdroxyphenyllacetate (30 g, 0.18 mol),
L-brome-2-chloreethane (315 mlL, 0.18 mol), and anhydrous
potassium carbonate (37 g in anhydrous acetons (200 mL} was
refluxed. An equivalent. amount of 1-hromo-2-chlororihane was
added three more times at intervals of 40 h. After the mixture
was cooled, the precipitate was filtered off and the solution
was evaporated. The residue was taken up with ether (1 L),
Lhe suspension obtained was filtered, and the solution was
washed with 1 N NaOl (200 mL, then 100 mL) and brine.
The organic layer was cvaporated to drymess to give the
phenylacetate derivative as an oily semisolid (29 g. T0% vield).
'"H NMR(CDClp 0 3.6 (2H, =), 3.7 (3H, 51, 3.8 (2H, t}. 4.2 (2H.
. 6.9 (2H. m). 7.2 (2H, m.

Methyl [4-(2-Pyrrolidin-1-ylethoxy)phenyllacetate (46).
A mixture of methyl [4-12-chloroethoxy)phenyllacetate (10.0
g, 44 mmel), pirrolidine (18 ml. 220 mmol}, and putassium
iodide (3.6 g, 22 mmolt in anhvdrous dimethylformamide (55
mL} was heated at 100 "C for 5 h. The solution was acidified
and extracted with ether to eliminate unreacted products.
Then the solution was basified {pH ~8) and extracted with
chloroform. The organic solution was washed with brine, and
the solvent was evaporated to dryness. The residue was
purified by flash chromatography with dichloromethane/
methanol/30% NHyOH agueous (95:5:0.5). The product was
obtained in 48% yield (5.5 gb. '"H NMR (CDCly) 6 1.8 (4H, m),
2.6 t4H. m, 2.9 12H, 1), 3.55 (ZH. 5), 3.7 (3H. sk 4.1 (2H. t),
G.9(2H, m), 7.2 (2H. m.

[4-(2-Pyrrolidin-1-ylethoxylphenyl|acetic Acid (47). A
mixture of methyl [4-(2-pyrrolidin-1-vlethoxy)phenyvljacetate
(4.3 g, 16 mmeob) and a solution of 1 N sodium hydroxide {17
ml was stirred at room temperature for 24 h, The basic
sulution was extracted with dichloromethane/MeQH (90:10),
neutralized with 1 N HCIL (17 mL). and then evaporated to
dryness. The residue was taken up with chlorofurm, the
suspension obtained was filtered. and the selution was evapo-
rated to afford an oil that solidified on standing. This solid
was triturated in ether to give the acid as a beige hygroscopic
powder (3.5 g. 86%): mp 9698 °C; 'H NMR (CDCls1 4 1.7 (4H.
mb 2.55 (4H, m), 2.8 (2H. t}, 3.45(2H. ). 4.0 (2H, ¢}, 6.85 (2H.
md. 7.15 (2H, m). Anal. (Ci;HwwNO3) C (caled 67.45. found
6413, H N

Pevarello of al.

4-{[{5-Cyclopropyl-1H-pyrazol-3-ylJaminolcarbonyl}-
bhenzoic Acid (8). To a solution of 80 mg (0.28 mmoli of 43 in
5 mL of methanol, 2.5 mL of water, 2.5 mL of THF, and 80
mg (1.43 mmol) of KOH were added, After 2 hours uuder
stirring at roum temperature. the organic solvent was removed,
and the product was precipitated with 10% HCL giving 40 mg
(50% vield) of 8 as o white solid (50% )% mp 291-293 *C. 'H
NMR (DMSO-fs) & 12 70 (bs. 1HY 10.90 (5, 1H), 8.031d. J =
8.0 Hz, 2H), 7.98 (d. J = 8.0 Hz. 2H), 6.25 (s, 1H), 1.88 tm,
1H), 091 (m, 2H), 0.67 (m. 2H)x HREMS (FAB) caled for
CuHuNr{Ox + Hi 272.1035, fUllIld 272.1030.

Analogously. by use of compound 44, compound 38 was
obtained.

4-{2-[{5-Cyclopropyl-1H-pyrazol-3-yllamino)-2-0xa-
ethyl}-1,1"-biphenyl-4-carboxylic acid (38): yield 58%; 'H
NMR (400 MHz. DMSO-da) & 10.46 15, 1H). 6.09 1=, 1H), 3.61
(s, 2H), 1.81 tm, 1H); EST (=) MS m/z 362 (100, MH-) HRMS
(FAB) caled for Co HWwNyOy — H1 362. 1489, found 3621487,

N.(5-Cyclopropyl-1H-pyrazol-3-yDterephthulamide (9.
To 4310.12 g, 0.42 mmol) was added 20 mL of aqueous (30%)
ammontium hydroxyde. and the heterogeneous mixture was
vigorously stirred overnight. loosely stoppered. The resulting
solid was filtered and washed with water to remove almumonia
and then with ethyl acetate to remove residual ester. The solid
was dissolved in warm: methanol and cencentrated to afford
65 mg of 9 az a white powder (579 mp 261—-263 °C:; 'H NMR
(DMSO-d¢t 6 12,20 (s, 1H), 10.85 (s, tH), 8.09 (s, 1H). 8.01 (4.
J=80Hz 2M), 7.92(d..J = 8.0 Hz, 2H), 7.50 (s. 1H). 6.28 (s.
1HY, 1.87 (m, 1H), 0,91 {m, 2H), 0.67 (m, 2ZH); MS (ED /e (el
intensity) 270 (M=, 10, 148 (991, 128 {721, 143 (251, 73 (40).
T1L (42, 60 125). 59 (581, 58 (501 HRMS (FAB) caled for
C14H14N402 - Hl 2731.1195. found 271.1197.

Analogously. by usze of compound 44. compound 39 was
chtained.

4'-{2-[(5-Cyclopropyl-1H{-pyrazol-3-yl)amine]-2-0x0-
ethyl}-1,1-biphenyl-d.carboxamide (381 vield G1%: 17
NMR (400 M1z, DMSO-s) & 10,46 15, 11D, 6.09 (g, 1H1, 3.61
15, 2H), 1.8Y (m, 111 ESI(—) MS m/r 361 0100, MH™), HRMS
(FAB) caled for CaiHaNgQOw + H1 361.1659, found 361.1662.

I1. Registry Numbers (RN). Benzovl chloride (RN, 93-88-
4 butyry] chloride (RN, 141-75-3% 4-hromobenzov] chloride
(RN, 586-75-4); 4-chlorcbenzoy! chloride (RN, 122-01-0%. 4-meth-
oxybenzeyl chloride iRN, 100-07-21; 4-chlorocarbonylhenzoic
acid methvl ester (RN, 7377-26-61 3-bromobenzoy! chluride
(RN, 1711-09-71 3-chlorobenzoyl chluride (618-46-2); 3-meth-
oxybenzoyl chloride {RN. 1711-05-3% 3-trifluoromethyibenzov
chloride {RN, 2251-65-2); 2-bromobenzuy] chloride (RN, 7154-
66-71; 2-chloroberzoyl chloride (RN, 609-65-4); 2-methuxyben-
zoy] chioride (21615-34-9); 2.6-dichlorobenzuy! cltluride (RN,
4659-45-4% 3.4-dichlorobenzoyl chloride (3024-72-4); phenyl-
acetic acid (RN, 103-82-2); (4-carbamoylphenyllacetic acid (RN,
2393-28-4): {3-methoxyphenyllacetic acid (RN. 1798-09-04; (4-
trifluoromethoxyphenyllacetic acid (RN, 4315-07-5); biphenyl-
4-ylacetic acid (RN, 5728-52-9%; {3"-Nuorobiphenyl-4-yDacetic
acid (RN, 5002-38-0); (3-methylbiphenyi-4-yliacetic acid (RN,
296777-83-8), 4'-carboxymethylbiphenyl-4-carboxylc acid meth-
¥l ester (RN, 540467-44.5). {4-thiephen-2-yl-phenyliacetic acid
(RN, 252561-11-8% naphthalen-2-ylacetic acid (RN, 581-96-4);
naphthalen-1-ylacetic acid (RN, 86-87-3); 5-methvl-3-amino-
1H-pyrazole (RN, 31230-17-8); 5-cyclopropyt-3-amine- LH-pyra-
zole (RN, 175137-46-9; 5-cyelobutyl-3-amino-1H-pyrazole (RN,
326827-21-8): S-cyclopentyl-3-aming-LH-pyrazole (RN, 264209-
16-71; 5-cyclohexyl-3-amine-1H-pyrazole (RN. §1542-54-31
ethyl-3-aminoe-1H-pyrazole (RN, 1924-24-1); 5-propyl-3-amino-
1H-pyrazote (RN, 56367-26-1% 5-isopropyl-3-aminp- LH-pyra.
zole (RN, 56367-24-9); 5-sec-butyl-3-amino- 1H-pyrazole (RN,
A6367-25-01; S-rert-butyl-3-amine-1H-pyrazole (RN, 82560-12-
1% 5-phenyl-3-amino-1H-pyrazole (RN, 1572-10-7) 5-benzyl-
3-amino-1H-pyrazale (RN, 1560712-24-6).

IT1. Kinase Assayvs. The biochemical activity of compeunds
was determined by incubation with specific enzymes and
substrates, followed by quantitation of the phosphorylated
product. Compounds were 3-lold serially dituted from 10 te
0.0015 pM, then incubated for 30~%0 min at. room temperature
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in the presence of ATP/P#*1-ATP mix [2K.] substrate (5R.].
and the specific enzyme [0.7-100 nM] in a final volume of 30
#L of kinage buffer. using 96 U bottom plates. The final
concentration of DMSO was 1%,

A summary of kinase assav conditions follows.

buffer A: Tris-HCI, pH 7.4, 10 mM; MgCls, 10 mM: DTT
7.4 mM.

buffer B: Hepes. pl 7.5, 50 mM; MgClp. 3 mM: MnCla, 3
mM: DTT, T mM: NaVO;, 3 ud

buffer C: Hepes, pH 7.5, 53 mM; MgCla 5 mM; DTT, 1 mM;
NaV(0j. 3 pM.

buffer D: Hepes, pH 7.5, 50 mM; MnCls 3 mM; DTT, 1 mM;
NaVQg, 3 #M.

buffer E: Mops. pH 6.8, 50 mM; MgCle, 10 mM; DFT, 1 mM;
NaVQs, 3 uM.

After incubation, the reaction was stopped and the phos-
phorylated substrate was separated from nenincorporated
radioactive ATP using SPA beads (Amersham Pharmacia
Biotech), Dowex resin {(Supelco), or Multisereen phospho-
cellulose filter (Millipore} as described helow.

IT1.1. SPA Assays. The reaction was stopped by the
addition of 100 #L of PBS + 32 mM EDTA + 0.1% Triton X-100
+ 500 uM ATP, containing 1 mg of streptavidin-coated SPA
beads {biotin capacity 130 pmol/mg). After 20 min of incubation
for substrate capture. 100 L of the reaction mixture was
transferred into Optiplate (PerkinElmer) 96-well plates con-
taining 100 #L of 5 M (sCl, lell to stand for 4 h te allow
stratification of beads to the top of the plate, and counted using
TopCount (Packard) to measure subsirate-incorporaied phos-
phate.

MI.2. Dowex Resin Assay. An amount of 150 1l of resin/
lormate, pH 3.00, was added to stop the reaction and capture
unreacted P¥-ATP, separating it from the phosphorylated
substrate in solurion. After 60 min of rest, a volume of 50 #L
of supernatant was transferred o Optiplate 96-well plates.
After the additon of 150 4L of Microscint 40 (Packard), the
racioactivity was enunted in the TopCount.

IT1.3. Multiscreen Assay. The reaction was stopped with
the addition of 10 L of EDTA, 150 mM. An amouni of 100 pL.
was transferred to a MultiScreen plate to allow substrate
binding to phosphocellulose filter. Plates were then washed
three timey with 100 #L of HsPQ4, 75 mM, filtered by a
MultiScreen filtration system, and dried. After the additon of
100 nl of Microseint 0 (Packard), radioactivity was counted
in the TopCount,

Experimental data were analyzed by the computer program
Assay Explorer iMDL Information Svstem) using the four-
parameter logistic equation

top — holtom
14+ IOIlogﬂl’_‘-m\-xlslnpc

vy = hottom +

where x is the logarithm of the inhibitor concentration and y
is the response: v starts at bottem and goes to the top with a
sigmuid shape.

At least two independent experiments were performed for
each compound in order to determine ICs; in replicates, and
potency is expressed by the mean of 1Cs values obtained hy
nonlinear regression analysis. Coefficient of variance (SIV/
mean) ranges from 10% to 24%. Staurosporine (Sigma) was
mcluded as standard in all kinase assaye except for p38a
kinase, for which SB203580¢ (Calbivchem was used. All
kinases were produced in house as recombinant proteins
expressed in insect cells (except for CK2, PKCheta. and LYN,
which were purchased from Upstate). A detailed deseription
of the assay panel production and characterization will be
published elsewhere® Substrate peptides were purchased
from Primm (Al{Tide, CHOCKtidedX. CHIKtide, IRStide.
Gastrin) and from Aimerican peptides (IKBalpha). MBP, his-
tone H1. and alphaCasein proteing were purchased from
Sigma. KITtide, PDKtide, PAKtide, MCM2, and RB substrates
were produced in our laboratories. Protein biotinylation re-
quired for SPA assay format was performed in house.
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1V, Production of CDK2/Cyclin A Complex. Expres-
sion and Purification of Cyclin A. A ¢DNA encoding
residues 173-432 of human cyclin A was amplified by the
polymerase cham reaction \PCR) and cloned into the N-
terminal ST fusion bacterial exprezsion vector. pGEX6Y
(Amersham). GST-eyelinA waz expressed i the E. coli host
strain BL21trx (Novagen). Cell cultures were grown in LB
media to an optical density of 0.8 at 25 "C and induved with
3.1 mM IPTG. Growth was continued overnighl at 25 °C. Cells
werg harvested by low-speed centrifugation and lysed by
passage through a APV homogenizer {50 mM Tris, pH 7.9, 150
mM NaCi. 20 mM DTT. The soluble fraction was applied to
glutathione sepharose resin (Amersham), and the GST maoiety
wag removed, after extensive washes, by cleavage with PreScis-
sion Protease (Amersham). The resulting cyelin A in solution
was estimated to be 95% pure by SDS-PAGE.

IV.1. Expression and Purification of CDK2. A human
¢DNA clone encoding full-length CDK2 was amplified by PCR.
and cloned inte a pVL1392 vector (Pharmingen! for expression
in HighFive {invitrogen) insect cells az a GST fusion. Infection
with virue was done at a Moi of 1 for 48 b at 27 °C. Cells were
harvested and lysed by APV homogenizer in the same buffer
as above. The supernatant was loaded unto a glutathione
sepharose (Pharmacial eolumn and washed with buffer IDPBS.
Sigma).

V.2, CDK2/Cyclin A Complex Formation and Purifi-
cation. The resulting resin. with GST-CDK2 linked, was
incubated for 1 h at 4 °C with the previously purified cyclin
A, After extensive washes and cleavage with PreScission
protease, the complex CDI2/cyclin A, pure at 99% (§DS—
PAGE and gel filtration), was obtained. A final gel filtration
on 4 Superdex 200 column fAmershany allowed us to ohtain
the complex with no detectable impurities in the final buifer.
40 mM HEPES, pH 7.0, 200 mM NaCl, 5 mM DTT,

V. Crystal Structure of CDK2/Cyclin A with Com-
pound 41. Fullowing purification. the protein was concen-
trated to 10 me/mkL in a buffer containing 40 mM Hepes. pH
7.0, 0.2 M NaCl, and 3 mM DTT. Crystals of CDK2/cvelin A
were grown at 4 °C by the hanging drop method essentially
as described by Jeffrey et al.* An amount of 2 uL. of the protein
solution was mixed with an equal volume of well solution
containing 20% saturated anunonium sulfate, 1 M KCL, 40 mM
Hepes, pH 7.0. The drops were streak-seeded 1 day later, and
large crystals prew after a further 1 dav period. For soaking
of the compound into the erystal. a crystal was transferred 10
a solution containing 50% saturated ammonium sulfate, 0.4
M KCl, 40 mM Hepes, pH 7.0, 209 glyveerol, and compound
41 at a concentration of approximately 4 mM (the cempound
did not dissolve completely). Data were collected as described
in Table 7 and processed using the HKL suite of programs.™
The starting mode] for the refinement was a structure based
on the structure of 1IFEN® that had been subject to snme
refinement at 2.2 A against data wllected as deseribed
here but with another compound, Refinement was carried
put in CNX.% The structure has been deposited in the Protein
Data Bank {PDB) with ihe code 1VYZ.

V1. Crystal Structure of CDK2 with Compound 4. The
CDK2 protein was produced and purified follewing the pub-
lished provocol.?” Crystals of the apopratein were grown at 20
°C hy the hanging drop vapor diffusion method as previously
reported® but using a protein concentration of 3 mg/mL. To
make the soak solution, compound 4 was first dissolved in
DMSO at a concentration of 50 mM. An amount of 15 uL of
this DMSO stock selution was then added to 85 #L of a sotution
containing 15% PEG3350, 50 mM ammenium acetate. and 0.1
M Hepes, pH 7.4. Crvstals were sonked for 9 b and then
transferred to the cryoprotectant solution (10 PEG3350, 50
mM ammonium acetate, 0.1 M Hepes, pH 7.4, 25% glycerol).
X-ray dara were collected at the ESRF beamline 1D14-4
(Grenoble, France), Data were processed using the HKL suite™
and refined using the program CNX.* The crystallographic
data are summarized in Table 7 (PDB IVYZ),
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Table 7. Crystallographie Data for 4 and 41

CDE2 with 4

CDI2/cyelin A
with 41

Data Collection

X-ray source ESRF ID14-4  ESRF ID14.2
space group P212\2, P6222
a (A} 533 184.2
bl 71.9 184.2
(A 72.22 214.7
o (deg) 90.0 90.0
fdeg) 90.0 90.0
 deg) 90.0 120.0
resoln (A1 30-2.2 35-2.3
12,28~2.0p 12,38-2.3r
no. of measd reflns 71050 456 814
no. of unigue refins 14 353 94 577
completeness (%) 99.5 (99.6) 99.4 (97.1)
W) 14.003.3} 1612.3)
Rmarge 150} N.048 (0.38% 0.081 (0.6
Refinement
R acear V') 24.4 23.0
Rpeo 1501 aes 25.9
no. of progein aton 2246 8978
no. of nonprotein atoms 79 450
rmzd (rom ideal values
bond (A} 0.012 0.007
angles tdeg) 1.53 1.26
rmad B values of 2.4 15
bonded atoms
% of residues in 1.5 1.6
disallowed regions of
Ramachandran plot (%)
av B value (protein) 39.5 34
av B value (inhibitor} 309 43

7 Values in parentheses are for the highest-resolution shells,
* As defined by Weywegt and Jones. ™

VIL In Vitro Pharmacokinetics. VIL1. High-Through-
put Solubility. The method {or estimating nenequilibrium
solubility was based on turbidity detection in 96-well microtiter
plates. Smail aliquets of high concentration DMSO stock
solution were diluted into buffer, and turhidity was detected
using plate readers. Solubility was reported as an average from
the highest concentration without turbidity to the lowest
eoncentration with turbidity. Typieally utilized were 10 mM
DMS0 stocks and measured turbidity at 50 and 250 uM (with
2.54% DMSOYin pH 3. 7. and 10 buffers,

VILZ. Cell Permeability. Caco? cells were grown on
microporous membrane support, the monolayers were inserted
into multi-irans-well plates. which allowed measurements of
permeability in both apical to basolateral and basolateral to
apical divections. Transport experiments were performed using
the Multiprobe 11 Plus (Packard) and 12-well plates or 24-
trans-well plates, which were placed on a heated plate shaker
to provide the right temperature and agitation rate. Test
compounds were determined by LE/MS/MS in the two cham-
bers prior to and 120 min after incubation (10 ¢M).

VIL3. Plasma Protein Binding. Plasma protein binding
was determined by evaluating HPLC retention with a human
serum albumin (HSA) coupled column. The percentage was
determined by comparing the retentionr time of the test
compound te those of known standards.

ViL4. Metabolic Stability (Rat Hepatoeytes). The com-
pound was incubated at 37 °C in 24-well plates under continu-
ous shaking at a concentration of 1 #M in the presence of 10¢
rat hepatocytes in a final volume of 1 mL of Leibovite's
medium, From the same well at different time peinis (0.5, 10,
20, 30, 40, 60. and 90 min). 75 xL of incubation medium was
taken and transferred into a 96-well plate containing in each
well 75 nL of ive-cold acetonitrile to stop the reactiun. At the
same time, control incubations in Leibovitz's medium (absence
uf hepatouytes) were performed to determine the stability of
the compound during the incubation time. After centrifuging
the 96-well plates, the supernatant was directly injected into
an LCAISAIS system and the amount of parent was mea-
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sured. Typical low, moderate, and high clearance drugs were
included in the assay as reference compounds.

VIIIL In Vivo Pharmacokineties. The pharmacckinetics
was investigated in male Sprague Dawley rats that fasted
overnight, following a single dose given intravenously tiv) or
orally (os}). The vehicle used was PEG400, 4% Tween &)/
dextrose (60:;40). A total of six rats were used {three for each
leg). Plasma samples were collected from each rat from the
jugular vein. Blood samples were collectad at predose at 5, 15,
and 30 min and 1, 2, 4, 6, and 24 h after dosing. The mean
hody weight of the rats was approximately 270. Bleod samples
were collected into heparinized syringes from the venous
catheter and transferred immediately into precocled tubes
placed in an ice/water bath. The samples were centrifuged at
10000g for 3 min at 4 °C. Plasma samples were placed in
precooled tubes and frozen at —80 °C until until analvsis.
Samples were analvzed by LC/MS/MS. The pharmacokinetic
parameters were derived by noncompartimental methods using
the WinNonLin software program. The Cras and Thae values
were recorded directly from experimental observations. The
AUC,, values were caleulated using a linear trapezmdal rule.
The total body clearance (Cl), MRT, and the steady-state
volume of distribution (V..) were also calculated after iv
administration. The oral bicavailability (expressed as percent)
was estimated by taking the ratio of dose-normalized AUC
values after aral doses to those after iv doses

TX. Cell Culture. HCT-116 and HT-29 lwunan colon
carcinoma cells were grown in MeCoy's medium suppleniented
with 10% FCS. A2780 human ovarian carcinoma and DU-145
human prostate careinoma cells were grown in RPMI-1640
medium supplemented with 10% FCS.

X. Inhibition of Cell Proliferation. Exponentially grow-
ing cells were seeded in 96-well plates {10 000 cells/cm? for
A2780 and HT-29; 5000 cells/em® for HCT-116 and DUi-1451
and incubated at 37 °C in a humidified 5% COs atmasphere,
After 24 b, sealar concentrations of test compounds were added
for 72 h. At the end of the treatment, cell proliferation was
determined by the SRB assay.®® The 50% inhibitory concentra-
tion (ICs! was calculated on the derived concentration—
response curve {four replicates of two experiments for each
data point).

X1, Cell Treatment afler Synchronization with No-
codazole. Twenty-four hours after seeding, HT-29 cells were
treated with nocodazole {Sigma, 5i. Louis, MO) at a final
concentration of 75 ng/ml and incubated at 37 °C and 5% GOy
for 20 h.

After "mitotic shake-off”, anly nonadherent (synchronized)
cells were collected, washed with PBS, and seeded in coniplete
medium at a concentration of 1 = 10% cells/mL and some of
them were immediately trented with 41 for 16 h.

Thirty minutes before the end of treatment. cells were
puised with BrdlU (10 «M final e¢oncentration) and then
collected by trypsinization and washed with PRS,

XIT. DNA Content Determination. Cells were fixed inive-
cold 70% ethancl (1 mLA10* cellw) and maintained at =20 <C
for at least 12 h.

After centrifugation {200g for 5 min), cell pellet was washed
with PBS and then stained with 1 mL of a solution of
propidium iedide (Sigma, §t. Louis, MO), 50 pg/mL in sodium
citrate {0.1%) + 12.5 vL of RNAse (Sigma, St. Louis. MOY (0.5
mg/ml), and 12.5 4L of NONIDET P40 (Amresco, Solon,
OHIO (0.1%).

After incubation for 1 h at room temperature in the dark.
cytofluovimetric analysis was performed using a FACScan
{Becton Dickinson, San Jose,CA).

XIII. Western Blot Analysis. Western blotting was per-
furmed using whole-cell protein extracts obtained by precipita-
tion with trichloroacetic acid (TCA). The protein conteni was
measured with a BCA protein assay kit (Pierce). An amount
of 20 ug of protein samples was separated on 7.5% SDS-PAGE
gel and transferred to nitrocellulose membranes (Hybuond ECL,
Amersham). The membranes were blocked with 5% milk in
TBE/0.1% Tween 20 for 1 h and subsequentiy probed with
primary antibody fantthuman Rb clone G3-245, Pharmingen)
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overnight at 4 °C and then with horseradish peroxidase (HRP)
conjugated secondary antibedy (geat anti-mouse IgGTH+L).
Pierce} for 1 h at room temperature. The protein bands were
visualized with a chemiluwinescent assay sysiem (Supersig-
nalWest Pico. Piercel,

XIV. Microscopic Analysis of BrdU Incorporation. The
staining was performed on cytocentrifuged slides of the Jabeled
cells fixed in cold acetone for 10 min and air-dried. To denature
the DNA and produce single-stranded molecules. the slides
were immerse in 2 N HCYTriton X-100 for 10 min and then
in PB3 to neutralize the acid. Anli-BrdU FITC conjugated
antibody {Becton Dhckinson) diluted in 0.5% Tween 20/PBS
was added to the slides, and after an incubation of 30 min in
a humidified chamber, a wash with PBS was done. Ta
counterstain the nuclei, slides were incubated for 10 min in
0.01% Heechst 33344 (Sigma). After washes in PBS, air-drying,
and mounting in Mowiol medium (Calbiochem), the slides were
subjected to microscopic examination.

XV. Evaluation of Antitumor Efficacy. Balb Nuw/Nu
female mice from Harlan. Ttaly, 46 weeks old weighing 17—
26 g, were maintained in cages with paper filter covers, food.
sterilized bedding, and acidified water. A2780 human ovarian
carcinoma {from American Type Culture Collection) was
maintained by subcutaneous (sc) transplantation in athymie
mice vsing 20-30 myg of tumor brei. For the experiment,
tumors were excised and fragments were implanted sc into
the left flank. The treatments started when the tumers were
meazurable; mean tumor weight for all the groups was (.12
g. 41 was dissolved in 50% PEG400 (polylethylene glycol}} in
glucose solution. Treatments were administered orally daily
or twice a day for 10 days. In the conirol group, animals were
ireated with the vehicle twice a day. Every 3 days the tumor
growth was evaluated, Tumor growth was assessed by caliper.
The two diameters were recorded, and the tumor weight was
calculated according to the following formula;

(length, mm{width, mm)®
2

tumor weight {img) =

The tumoer growth inhibition (TGI, %) was caleniated according
to the equation

_ mean twmor weight of treated group
mean tumor weight of control group =

% TGL= 100 100

Toxicity was evaluated on the basia of the body weight
reduction. Mice were sacrificed when the tumors reached a
volume that hampered them, and the gross autopsy findings,
mainly the reduction of spleen and liver size, were reported.
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