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Focha: 2008-06-10 15:53:26 Dep. 2020 NUECREACGIONi
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DIVISION DE NUEVAS CREACIONES jucco@lioredacamacho.com
E. S. D.

Senor

Re: P1.-F. HOFFMANN-LA ROCHE AG.-Solicitud de Patente de Invencién
en Fase Nacional PCT para "PIRAZOLOBENZODIAZEPINAS
DISUSTITUIDAS UTILES COMO INHIBIDROES DE CDK2 Y
ANGIOGENESIS, Y PARA EL TRATAMIENTO DE CANCER DE

SENO, COLON, PULMON Y PROSTATA".-Clase CO7D 487/04.-

Expediente nimero 07-039.097.-

1. Me refiero a mi memorial de 25 de Septiembre de 2007.

2. De conformidad con lo dispuesto en el Articulo 5.2.12 de la Circular
Externa No. 03 de 28 de Abril de 2003, y estando dentro del plazo de seis meses
contados desde la fecha de la publicacion de la solicitud en la Gaceta de la
Propiedad Industrial nimero 583 de 18 de Diciembre de 2007, solicito a ese
Despacho proceder a realizar el examen de patentabilidad de la presente

invencion.

3. Me permito recordar a usted, que tal como se informé en el Petitorio de la

invencion, la presente solicitud corresponde a Capitulo II.

4, Anexo me permito acompanfiar recibo niumero 08-43.650, expedido por la
Superintendencia de Industria y Comercio, que acredita el pago de la tasa que

dicho examen causa.

Sefior Superintendente,

(ca
ICIA LLOREDA RICAURTE

T.P. 53.215
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(54) Title: PYRAZOLOBENZODIAZEPINES AS CDK2 INHIBITORS

v

Novel pyrazolobenzodiazepines having formula (I) and the pharmaceuticélly acceptable salts thereof, wherein R, R2, R3 and R4 are
as defined herein inhibit cyclin—dependent kinases (CDKSs), in particular CDK2; are anti-proliferative agents useful in the treatment or
control of cell proliferative disorders, in particular breast, colon, lung and prostate tumors.
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PYRAZOLOBENZODIAZEPINES AS CDK2 INHIBITORS

/ The present invention is dnrected to nével pyrazoiobenzodnazepmes which
5/ inhibit cyclin-dependent kinases (CDKs) in gamcular CDK2. These compounds

and their pharmaceutically acceptabie salts, and prodrugs of said compounds,
are anti-proliferative agents useful in the treatment or control of cell proliferative
disorders, in particular cancer. The invention is also directed to pharmaceutical
compositions containing such compounds, and to methods for the treatment

10 ¥ and/or prevention of cancer, particularly in the treatment or control of solid

tumors. The co poundj of the invention are especially useful in the treatment
or control of breast, colon, lung and prostate tumors. The invention is also
directed to intermediates useful in the preparation of the above anti-proliferative
agents.
15
Uncontrolled cell proliferation is the hal[marklof cancer. Cancerous tumor
celis typically have some form of darhag‘e’:t'g‘;th;é‘ gén.es." tbat directly or indirectly
regulate the cell-division cycle. et SRR
20 Cyclin-dependent kinases (CDKs) are enzymes which are critical to cell
cycle control. These enzymes regulate the transitions between the different
phases of the cell cycle, such as the progression .from the Gyphase tothe S
phase (the period of active DNA synthesis), or the progression from the Gz phase
to the M phase, in which active mitosis and cell-division occurs.

CDKs are composed of a catalytic CDK subunit and a regulatory cyclin
subunit. The cyclin subunit is the key regulator of CDK activity, with each CDK
\( interacting with a specific subset of cyclins: e.g. cyclin A (CDK1, CDK 2). The-.
R
different kinase/cyclin pairs regulate progression through specific stages of the
30 cell cycle. R
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Aberrations in the cell cycle control system have been implicated in the
uncontrolled growth of cancerous cells. There is an extensive body of literature
validating the use of compounds inhibiting CDKs as anti-proliferative therapeutic

2 agents.
T L
) The present invention relates to pyrazolobenzodiazepines capable of
P\: inhibiting the activity of one or more CDKs, in particular CDK2. Such compounds
&L are useful for the treatment of cancer, in particular solid tumors. In particular the
P compounds of the present invention are especially useful in the treatment or
f 10  control of breast, colon, lung and prostate tumors. The invention is also directed
8 to intermediate compounds useful in the preparation of the above-mentioned
N pyrazolobenzodiazepines. ~
Ng N
Jé % The compounds of the present invention are compounds of formula | i
Q'_
8 15  below ~
~ z o <
A S S : 0
~ q) w Y e QD
vE P L3 s N ' c
;3 5 933l % |
J o2 T2 9V I <
209 ¢ &5 S
S ’ )
4 O ~W O Pt ~
P ?HVT p JO o @ §°Q )
N O ~ é —_ O: OVERE ]
2‘ & VT O < &G v N ;7\
S wherein
RS oy
L / / / o O
Y R'is hydrogen, -NOz, -CN, -halogen, -OR®, -R°OR’, -COOR’ - CONRR®, T~

-NR™R"! -NHCOR', -NHSO,R'?, or straight-chained lower alkyl which
optionally is substituted by hydroxy and/or halogen; /

/

R? and R* are each independently hydrogen, -halogen, -NO, -CF3, or
straight chained lower alkyl;
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t _ R®is hydrogen, -cycloalkyl, -aryl, -heterocycle, -heteroaryl, -COOR’-CN, -
alkenyl, -CONR®R?, -alkynyl, or lower al'lyl-which optionally is substituted by
hydroxy, -OR®, F, and/or aryt;

5 .
R® is lower alkyl which optionally is substituted by halogen;
R® is lower alkyl;
10 R is hydrogen or lower alky;

R® and R® are each independently hydrogen or lower alkyl which itself
optionally are substituted by hydroxy and/or -NHz; alternatively, R® and R® may
form a 5- or 6-membered heterocycle which optionally is substituted by hydroxy,

15 -NHy, and/or lower alkyl;

R™ R'" and R'™ are each independently hydrogen or lower alkyl;

R is lower alkyl which optionally is substituted by halogen and/or
20 -NR™R'; and

R' and R'® are each independently hydrogen or lower alky! which
optionally are substituted halogen, or alternatively, -NR'R'" is a heterocycle.

25 Further, the invention relates to prodrugs and pharmaceutically active
metabolites of compounds of formula |, and the pharmaceutically acceptable
salts of the foregoing compounds. |

The present invention is further directed to the use of the compounds of

30 formula |, or prodrugs and pharmaceutically active metabolites of compounds of
formula |, and the pharmaceutically acceptable salts of the foregoing compounds

-3-
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as medeicaments; and to pharmaceutical compositions comprising a
pharmaceutically effective amount of any one or more of the above-described
compounds, or a pharmaceutically acceptabie salt or prodrug thereof, and a
pharmaceutically acceptable carrier or excipient.

5 | -

The present invention is aiso directed to the use of the compounds of

formula I, prodrugs or pharmaceutically active metabolites of compounds of
formula |, or the pharmaceutically acceptable salts of the foregoing compounds
for the manufacture of a medicament for treating solid tumors, in particular

10  breast, colon, lung and prostate tumors, more specifically breast and colon

tumors.

As used herein, the following terms shall have the following definitions.

15 “Aryl" means an aromatic group having 5 to 10 atoms and consisting of 1
or 2 rings. Examples of aryl groups include phenyl and 1- or 2-naphthyl.

“Alkenyl” means a straight-chain or branched, substituted or
unsubstituted, aliphatic unsaturated hydrocarbon havmg 2 to 6, preferably 2 to 4,
20 carbon atoms and containing double bonds Typxcal alkenyl groups include
ethylene, propylene, |sopropylene butylene ‘and the Iuke Preferred alkenyl

4’,

groups are straight-chained.

“Alkynyl” means a straight-cha‘in or branched, substituted or
25  unsubstituted, aliphatic unsaturated hydrocarbon having 2 to 6, preferably 2 to 4,
carbon atoms and containing triple bonds. Typical alkynyl groups include
acetylene and the like. Preferred alkynyl groups are straight-chained.

“Cycloalky!” means a non-aromatic, partially or completely saturated cyclic
30  aliphatic hydrocarbon group containing 3 to 8 atoms. Examples of cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.
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In one embodiment, the current invention is directed to compounds having

H N
N\QH /
@ 3
R1 /N R
™

R4

the formuia:

and prodrugs and pharmaceutically active metabolites of compounds of formula
, and the pharmaceutically acceptable salts of the foregoing compounds,
wherein R' through R'® are as defined above. /

In a preferred embodiment of the comp,,,ounds of formula 1, R’ is hydrogen,

NO,, CN, CONH; , halogen or unsubstituted lower alkyl. Preferred lower alkyls
are methyl and ethyl. More preferably, R’ is NOz, CN, or CONHz . R'is

preferably on the 7- or 8- posiion.

In another preferred embodiment of the compounds of formula |, R?is on

the 2’ position and is hydrogen or halogen.

In another preferred embodiment of the compounds of formula |, R%is
unsubstituted lower alkyl, hydroxy lower alkyl, oyoloalkyl, heterocycle, or
heteroaryl. Preferred lower alkyl groups are'rn'ethyl, ethyl and hydroxymethyl.
Preferred cycloalkyl groups are unsuos-_tifut'ed Cs—Cs.

In another preferred embodlment of the compounds of formula I, R* is at

ra,\\

the 4’ position and is hydrogen or halogen most preferably R* is hydrogen.

A

/
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wherein, in each of the immediately foregoing formulas, each of R', R%, R® and
R* are as previously defined herein. These mtermedlates are useful in the

synthesis of compounds of formulal T

The compounds disclosed herein and covered by the above formulae may
exhibit tautomerism or structural isomerism. It is intended that the invention
encompasses any tautomeric or structural isomeric form of these compounds, or
mixtures of such forms, and is not limited to any one tautomeric or structural

isomeric form utilized within the formulae drawn above.

Synthesis of Compounds of Formula |

The compounds of the invention may be prepared by processes known in
the art. Suitable processes for synthesizing these compounds are provided in
the examples. Generally, these compounds 'hﬁay bé prepared according to the

synthesis schemes provided below.

4 &

-10-
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Scheme 1 /

R=H
5
N_/ N/ AT
~g a \g b \35/
R' =N R’ =N =N
R2 r? R
R Rr* R*
1 2 3 4
10
a) Lawesson’s reagent ( a known reaction for most substitutions)
b) reaction with Me,N-CH(OE).
¢) reaction with hydrazine.
15 ‘
Compound 1 is either available from commercial sources or is
synthesized by methods known in the art. < |
20
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‘Scheme 2
R® is other than H

5
s N
H_P 8 4 Y N N
JS . Qg ; .
e ——— e — 3
R’ =N R =N R' =N R R' =N R
Re R? R® R
R R R - R
e
1 2 5 6
N
N ~NH
R1 ’N Ra
RZ
R4
7

a) Lawesson’s reagent (a known reaction for most substitutions)
10  d) reaction with R3-CHO, in the presence of a base preferably piperidine
c) reaction with hydrazine
e) oxidation of dihydropyrazole to pyrazole (use of air in DMSO RT-150° C, orin
the presence of air and base (Cs;COy/DMF)).

15

-12-
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Scheme 3
Alternative Scheme when R®is other than H /

H S S
Hs” N N on
f 9
*g . . . _
R1 =N R1 —=N R\ . =N RS R1 =N 3
g2 R? g2
R‘ Rd. R‘

1 2 8 : c’/ 5
H
N—¢ ~NH N ~NH
e

et | U e r— s
R‘l =N Rs R1 =N H

R? R®

R Rt
7 6

a) Lawesson’s reagent ( a known reaction for most substitutions)

f) reaction with R3.CHO, in the presence of a base preferably
diazabicycloundecane or 2,2,6,6-tetramethylpiperidihe.

g) dehydration, by treatment with weak acid (pyridinium p-toluenesulfonate,
pyridinium acetate etc.) or with chiorotrimethylsilane in pyridine at reflux

¢) reaction with hydrazine

e) oxidation of dihydropyrazole to pyrazole (use of air in DMSO RT-150° C, orin
the presence of air and base (Cs2COy/DMF).

s

I N ST [ I
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Transformation of R' or R Functional Groups

___..__._) R' =N

wherein R" can be any of the options for R’ as defined above and, similarly, R®
can be any of the options for R® as defined above.

Several substitutions may be obtained by chemical modification of existing
functional groups using known methods asis exemplmed in scheme 4 above.
For example, when the desired R' = NH, this substitution may be obtained by
reduction of the corresponding nitro group. Similarly, when the desired R' =
NHR’ (where R’ = -COR'2, -SO;R™®, or —R™R""), this substitution may be
obtained by reaction of the corresponding R' = NH, compound with an acid
halide or anhydride. When the desired R' = CONRR" (where R = hydrogen or
lower alkyl, and R" = lower alkyl), this substitution may be obtained by reaction of
the corresponding compound where R' = |, with carbon monoxide and a primary
or secondary amine in the presence of a palladium catalyst.

In addition, if R® in the starting material is COEt, standard cherhical
modification may be used to e‘roducecompounds having the following
corresponding R® groups:

CH.0OH (reduc’uon) CHO (partlal reductuon) CHaNMe, (reductive
amination of the aldehyde); CHgOMe (alkylat:on of the alcohol); CH=CH

(olefination of the aldehyde); CONRR“ (where R = H or lower alkyl and R"

-14-
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= H or lower alkyl, aminolysis with the corresponding amine HNRR" where
R = H or lower alkyl and R" = H or lower alkyl); CONHNHR (where R=H,
lower alkyl or aryl) (hydrazinolysis - reaction with hydrazine); CN
(dehydration of the amide CONH).

In the foregoing schemes compound 1 rs etther commercnalty available,
for example from Sigma, or can be readlly synthesuzed by methods known in the
art. Thus, compound 2 is prepared from the correspondmg lactam (compound 1)
by the procedure of Sternbach et al., J. Org. Chem. 29:231 (1964) or by reaction

10  with Lawesson’s reagent.

Compositions/Formulations
in an alternative embodiment, the present invention is directed to

pharmaceutical compositions comprising at least one compound of formula | or a
15 prodrug thereof, or a pharmaceutically acceptable salt of a compound of formula
| or a prodrug of such compound.

These pharmaceutical compos'ittcns can be administered orally, for
example, in the form of tablets, coated tablets dragees hard or soft gelatin
20 capsules, solutions, emulsions or suspensmns They can also be administered \/
rectally, for example, in the form of supposnones, or parenterally, for example, in
the form of injection solutions. | ‘

The pharmaceutical compositions of the present invention comprising
25  compounds of formula |, prodrugs of such compounds, or the salts thereof, may
be manufactured in a manner that is known in the art, e.g. by means of
conventional mixing, encapsulating, dissolving, granulating, emulsifying,
entrapping, dragee-making, or lyophilizing processes. These pharmaceutical
preparations can be formulated with therapeutically inert, inorganic or organic
30 carriers. Lactose, corn starch or derivatives thereof, talc, steric acid or its salts
can be used as such carriers for tablets, coated tablets, dragees and hard
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gelatin capsules. Suitable carriers for soft gelatin capsules include vegetable
oils, waxes and fats. Depending on the nature of the active substance, no
carriers are generally required in the case of soft gelatin capsules. Suitable
carriers for the manufacture of solutions and syrups are water, polyols,
saccharose, invert sugar and glucose. Suitable carriers for injection are water,
alcohols, polyols, glycerine, vegetable oils, phospholipids and surfactants.
Suitable carriers for suppositories are natural or hardened oils, waxes, fats and
semi-liquid polyols.

The pharmaceutical preparations can also contain preserving agents,
solubilizing agents, stabilizing agents, wetting agents, emulsifying agents,
sweetening agents, coloring agents, flavoring agents, salts for varying the
osmotic pressure, buffers, coating agents or antioxidants. They can also contain
other therapeutically valuable substances, inClqding additional active ingredients
other than those of formula . .

Dosages .
As mentioned above, the compounds of formula I, prodrugs thereof, and

their salts, and compositions containing these compounds are useful in the
treatment or control of cell proliferative disorders, in particular oncological
disorders. These compounds and formulations contéining said compounds are
particularly useful in the treatment or control of solid tumors, such as, for

example, breast and colon tumors.

A therapeutically effective an%ddr{t ofa compqlmg in accordance with this
invention means an amount of compound that i's"e'f_f\ecti:\'/e to prevent, alleviate or
ameliorate symptoms of disease of pro!drfé;ﬁhés&&iv_al of the subject being
treated. Determination of a therapeutically effective amount is within the skill in
the art.

-16-
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extracts washed successively with water, brine and then dried over anhydrous
sodium sulfate. The mixture was filtered, and concentrated under reduced
pressure. Purification by silica gel chromatography (elution with ethyl
acetate/methanol (95:5)) gave 0.5 g of Compound C19 (pyrazole 7 whereinR' =
CONH,, R? = F, R® = CHs, R* = H) as a yellow solid. mp 323-324 °C.
'H nmr: (DMSO-d6, 300 mHz) 11.79 (s, 1H), 8.08 (s, 1H), 7.64 (s, 1H), 7.58 (dd,
J =2, 9 Hz, 1H), 7.38-7.52 (m, 2H), 7.02-7.30. (m, 4H), 6.73 (d, J =9 Hz, 1H),
2.05 (s, 3H). T B

Additional compounds not specifically listed in Examples 1-3 above were
prepared using the methods described above. These compounds, designated
“D,” are included in Tables I-1V below.

Example 4: Antiproliferative Activity

The antiproliferative activity of the compounds of the invention is
demonstrated below. These effects indicate that the compounds of the present
invention are useful in treating cancer, in particular solid tumors such as breast
and colon tumors. '

CDK2 FiashPlate Assay o

To determine inhibition of CDK2 activi,ty, purified recombinant
retinoblastoma (Rb) protein was coated on 96 well FlashPlates (New England
Nuclear, Boston, MA). Rb is a natural substrate for phosphorylation by CDK2
(Herwig and Strauss Eurr. J. Biochem., Vol. 246 (1997) pp. 581-601 and
references therein). Recombinant active human Cyclin E/CDK2 complexes were
partially purified from extracts of insect cells. The active Cyclin E/CDK2 was
added to the Rb-coated FlashPlates along with **P-ATP and dilutions of test
compounds. Plates were incubated for 25 minutes at room temperature with
shaking, then washed and counted in the Topcount scintillation counter (Packard
Instrument Co., Downers Grove, IL). Dilutions of test compounds were tested in

. -39
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oy

duplicate in each assay. The percent inhibition 6f Rb phosphorylation, which is a
measure of the inhibition of CDK2 activity, was determined according to the

following formula:

O
100 x| 1 - testcompound - nonspecific
total - nonspecific

where “test compound” refers to the average counts per minute of the test
duplicates, "nonspecific” refers to the average counts per minute when no Cyclin
E/CDK2 was added, and “total” refers to the average counts per minute when no

compound was added.

The results of the foregoing in vitro experiments are set forth in Tabies IA
to 1C below. R
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TABLE |A &
Inhibition of Cdk2 - ICs, Range 0.01 - 0.99 uM
Compound R’ - R | R R*
Number (position 7) (position 2) * (position 4’)
A5 NO, Cl H H
A13 NO, F H H
A15 CN F H H
v A16 NO, H H H
A17 NO, CF3 H H
A20 CO.Et F H H
A21 H Cl H H
B1 NO, Cl 2-pyrrolyl H
B3 NO, Cl CHs H
B4 NO- Cl CH,CHs H
B6 NO» Cl i-Pr H
B7 CN F CHs H
B9 CO.Et F CHs H
B10 NO, : Cl 5-(4-Me)-pyrazolyl H
B12 NO» Cl CFs H
B13 NO, ) Ch. 2l . 1-thiazolyl H
B14 NO» ~Cl. | _4-imidazolyl H
B15 NO; Cl 1 2-pyrazolyl H
B16 NO, ' er? 3-pyrazoly! H
B17 NO, - ClI | CH(Me)CHaMe H
B18 MeQ Cl CHs H
B19 Cl H CHs H
B20 Cl Cl CHs H
B21 H ‘ F CHs H
B22 F H CHs H
B23 NO, Cl Ph H
B24 NO, Cl propyl H
B25 NO» Cl cyclopropy! H
B26 F F CHs H
B27 NO, H CHs H
B28 H H CHs H
B29 i F CHs H
B30 H Cl- - CHs H
B31 NOz o o F CH3 H
B32 Cl N e & CHs H




