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. AGENTS
ARY[.METHYL—CARBON’YLMINO-THIAZOLE DERIVATIVES AND THEIR USE AS ANTITUMOR

BACKGROUND QF THE INVENTION
Field of the Invention
The present invention relates to arylmethyl-carbonylaminothiazole derivatives and,
more specifically relates to 2-(arylmethy)-carbonylamino)-1,3-thiazole derivatives, to a
process for their preparation, to pharmaceutical compositions containing them, and to their
use as therapeutic agents, particularly in the ireatment of cancer and cell proliferative

disorders.

Background of the Invention

Several cytotoxic drugs such as, e.g. fluorouracil (5-FU), doxorubicin and
camplothecins, cause damage DNA or affect cellular metabolic pathways and thus cause, in
many cases, an indirect block of the cell cycle. Therefore, by producing an ireversible
damage to both normal and tumor cells, these agents result in a significant toxicity and side-
effects.

In this respect, compounds capable of being highly specific antitumor agents by
selectively leading to tumor cell arvest and apoptosis, with comparable cfficacy but reduced
toxicity than the currently available drugs, are desirable.

It is well known that progression through the cell cycle is governed by a series of
checkpoint controls, otherwise referred to as restriction points, which are regulated by a
family of enzymes known as the cyclin-dependent kinases (cdk).

In their turn, the cdks themselves are regulated at many fevels such as, for instance,
binding to cyclins.

The coordinated activation and inactivation of different eyclin/cdk complexes is
necessary for normal progression through the cell cycle. Both the critical G1-S and G2-M
transitions are controlled by the activation of different cyclinfedk activities. In G1, both
cyclin D/edk4 and cyclin E/cdk? are thought to mediate the onset of S-phase. Progression
through S-phase requircs the activity of cyclin A/cdk2 whereas the activation of cyclin

_1-
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Adede? (cdkl) and cyclin B/edc? are required for the onset of metaphases. For a general
reference to cyclins and cyclin-dependent kinases see, for example, Kevin R. Webster et al. in
Exp. Opin. Invest. Drugs, 1998, Vol. 7(6), 865-837.

Checkpoint controls are defective in tumor cells due, in part, to disregulation of cdk
activity. For example, altered expression of cyclin E and cdk's has been observed in tumor
cells, and deletion of the cdk inhibitor p27 KIP gene in mice has been shown to result in a
higher incidence of cancer.

Increasing evidence supports the idea that the cdks are rate-limiting enzymes in cell
cycle progression and, as such, represent molecular targets for therapeutic intervention. In
particular, the direct inhibition of cdk/cyclin kinase activity should be helpful in restricting

the unregulated proliferation of a tumor cell.

SUMMARY QF THE INVENTION

It is an object of the invention to provide compounds which are useful in treating cell
proliferative disorders associated with an altered cell dependent kinase activity. It is another
object to provide compounds which have cdk/cyclin kinase inhibitory activity.

1t is another object of the invention to provide compounds which are useful in therapy
as antitumor agents but lack, in terms of both toxicity and side effects, the drawbacks
associated with currently available antitumor drugs discussed above.

The present inventors have now discovered that 2-amino-1,3-thiazole derivatives are
endowed with cdk/cyclin kinase inhibitory activity and are thus useful in therapy as antitumor
agents and lack, in terms of both toxicity and side effects, the aforementioned drawbacks
associated with currently available antitumor drugs.

More specifically, the compounds of this invention are useful in the treatment of a
varicty of cancers including, but not limited to: carcinoma such as bladder, breast, colon,
kidney, liver, lung, including small cell lung cancer, esophagus, gall-bladder, ovary, pancreas,
stomach, cervix, thyroid, prostate, and skin, including squamous cell carcinoma,
hematopoietic tumors of lymphoid lineage, including leukemia, acute lymphocytic leukemia,
acute lymphobtastic leukemia, B-cell lymphoma, T-cetl-lymphoma, Hodgkin's lymphoma,
non-Hodgkin's lymphoma, hairy cell lymphoma and Burkett's lymphoma; hematopoietic
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tumors of myeloid lineage, including acute and chronic myelogenous leukemias,
myelodysplastic syndrome and promyelocytic leukemia; tumors of mesenchymal origin,
including fibrosarcoma and rhabdomyosarcoma; tumors of the central and peripheral nervous
system, including astrocytoma, neuroblastoma, glioma and schwannomas; other tumors,
including melanoma, seminoma, teratocarcinoma, osteosarcoma, xenoderoma pigmentosum,
keratoctanthoma, thyroid follicular cancer and Kaposi's sarcoma.

Due to the key tole of cdks in the regulation of cellular proliferation, the 2-amino-1,3-
thiazole derivatives are also useful in the treatment of a variety of cell proliferative disorders
such as, for instance, benign prostate hyperplasia, familial adenomatosis polyposis, neuro-
fibromatosis, psoriasis, vascular smooth cell proliferation associated with atherosclcrosis,
pulmonary fibrosis, arthritis glomerulonephritis and post-surgical stenosis and restenosis.

The compounds of the invention can be useful in the treatment of Alzheimer's disease,
as suggested by the fact that cdkS5 is involved in the phosphorylation of tau protcin (J.
Biochem., 117, 741749, 1995).

The compounds of this invention, as modulators of apoptosis, could be useful in the
treatment of cancer, viral infections, prevention of AIDS development in HIV-infected
individuals, autoimmune diseases and neurodegenerative disorder.

The compounds of this invention may also be useful in inhibiting tumor angiogenesis
and metastasis.

The compounds of this invention may also act as inhibitors of other protein kinases,
e.g. protein kinase C, her2, rafl, MEK1, MAP kinase, EGF receptor, PDGF receptor, IGF
receptor, PI3 kinase, weel kinase, Src, Abl and thus be effective in the treatment of diseases
associated with other protein kinases.

Accordingly, the present invention provides a method for the treatment of cell
proliferative disorders associated with an altered cell dependent kinase activity, by
administering to a mammal in need thereof an effective amount of a 2-amino-1,3-thiazole

represented by formula (I) or (II):

3.
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0 0 0
—N N
/N L 7N L
R'/\S/\\N oy R/\S)\NJ\/ \N/U\R4
H ) H | H
R, R, R

n (n

1

where

L is a phenyl group or a 5 or 6 membered aromatic heterocycle with one or more
heteroatoms selected from the group consisting of nitrogen, oxygen and sulfur;

Ris (i) a halogen atom, a nitro group, or it is selected from the group consisting of
pyrrolidino, morpholino, piperazino, N-alkyl piperazino, N-aryl-pipcrazino, N-arylalkyl-
piperazino, piperidino and azabicyclo[3.2.2]nonane; or

(i) an amino group optionally further substituted with one or more groups,
which may be the same or different, selected from the group consisting of alkyl, aryl,
arylalkyl, alkylsulphonyl, arylsulphonyl, arylalkylsulphonyl, alkyicarbonyl, arylcarbonyl, and
arylalkylcarbonyl, wherein the alkyl moieties therein are optionatly further substituted with
one or more hydroxy or amino groups; or

(iii) a C,-C, cycloalkyl optionally substituted with a straight or branched C,-C,,
alkyl group; or

(iv) a straight or branched C,-C, alkyl group or an arylalkyl group which is
optionally substituted with one or more substituents selected from the group consisting of
halogen, cyano, carboxy, hydroxy, nitro, atkylthio, alkoxy, straight or branched C-C, alkyl,
arylthio, aryloxy, amino, alkylamino, dialkylamino, arylamino, arylalkylamino,
hydroxyaminocarbonyl, alkoxyaminocarbonyl, C,-C, alkenyl, C,-C, alkynyl, C,-C
cycloalkyl, alkyl-C,-C, cycloalkyl, alkylcarbonyl, arylcarbonyl, arylalkylcarbonyi,
alkylsulphonyl, arylsulphonyl, arylaikylsulphonyl, aminosulphonyl, alkylaminosulphonyl,
dialkylaminosulphonyl, alkylcarbonylamino, arylalkylcarbonylamine, arylaminosulphonyl,
arylalkylaminosulphonyl, arylcarbonylamino, alkylsulphonylamino, aryisulphonylamino,
arylalkylsulphonylamino, alkoxycarbonyl, aryloxycarbonyl, aminocarbonyl,

alkylaminocarbonyl, arylaminocarbonyl, dialkylaminocarbonyl, arylalkylaminocarbonyl,
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pyrrolidino, morpholino, piperazino, N-alkylpiperazino, N-aryl-piperazino, N-arylalkyl-
piperazino, piperidino, and azabicyclo[3.2.2jnonane; or
(v) an aryl group which is optionally substitated with onc or more substituent 5

5 selected from the group consisting of halogen, cyano, carboxy, hydroxy, nitro, alkylthio,

alkoxy, straight or branched C,-C; alkyl, arylthio, aryloxy, amino, alkylmnino, dialkylamino,

arylamino, arylalkylamino, hydroxyaminocarbonyl, alkoxyaminocarbonyl, C,-C, alkenyl, C,~

C, alkynyl, C,-C; cycloalkyl, alkyl-C,-C; cycloalkyl, alkylcarbonyl, arylcarbonyl,

arylalkylcarbonyl, alkylsuiphonyl, arylsulphonyl, arylalkcylsulphonyl, aminosulphonyl,

10 alkylaminosulphonyl, dialkylaminosulphonyl, alkylcarbonylamino, arylalkylcarbonylamino,
arylaminosulphonyl, arylalicylaminosulphonyl, arylearbonylamino, alkylsulphonylamino,
arylsulphonylamino, arylalkylsulphonylamino, alkoxycarbonyl, aryloxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, arylaminocarbonyl, dialkylaminocarbonyl,

15 arylalkylaminocarbonyl, pyrrolidino, morpholixio, piperazino, N-alkylpiperazino, N-aryl-

pipetazino, N-arylalky!-piperazino, piperidino, and azabicyclo(3.2.2]nonane;
R, is a hydrogen atom or a straight or branched C,-C, atkyl group optionally
substituted with one or more hydroxy, alkoxy, amino, allylamino, or dialkylamino groups;
R, and R;, which may be the same or different, are a hydrogen atom, a cycloalkyl
20  group, a straight or branched C,-C, alky] group or an aryl group, which are each optionally
substituted as described above for R; or )

R, and R,, together with the nitrogen atorn (o which they are bonded, form a 4-
morpholinyl, 1-piperazinyl, N-alkyl-piperazinyl, N-ryl-piperazinyl, N-arylalkyl-piperazinyl,
piperidinyl, pyrrolidinyl, 2-oxo-1 -pyrrolidinyl, imidazalyl or 3-azabicyclo[3.2.2)nonyl ring;

R, is carboxy, a perfluorinated allyl group, a C,-C, alkyny] group, 2-oxo-pyrrolidinyl,
piperidinyl or a straight or branched C\-C atkyl group or an aryl group, which is optiopally
substituted as described above for R;

25

or a pharmaceutically acceptable salt thereof,

30  with the proviso that the following compounds are specifically excluded:
2-[4-(dimethylamino)-phcnyl] -N-(5-isobutyl-| ,3-thiazol-2-yl)acctamide;
N-(S-bcnzyl-l,S—tlliazol-2-yl)—2-[4-(dimethylamino)phcny lJacetamide;

2-(4 —aminophenyl}N-(S-isopropyl-l ,3-thiazol-2-ylacetamide;
2-(2-amino-1 ,3-thiazol-4-yl)—N-(5-isoptopyl—l,B-miazol-Z-yl)acetamide;

35 N-(5-isopropyl-1 ,3-thiaznI-2-yI}2{4—dfmethylammophenyl)acetamide;
2-chloro-N-(4- {2-[(5-isopropyl-] ,3-thiazol-2:yl)amino)-2-oxoethyl}-1,3 -thiazol-2-
yl)acetamide; and

Hi\jolyiX\Yeep\Spact\74100-00. dac 22/01/200%
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-5a-
N-(5-isopropyl-1,3-thiazol-2-y1)-2-[5-(1-pyrrolidiny])}-2H-1,2,3,4-tetraazol-2-
ylJacetamide. '

The present invention further provides use of an effective amount of a 2-amino-1,3-
thiazole derivative represented by formula (T) or (1) as defined above in the treatment of

5  cell proliferative disorders associated with an altered cell dependent kinase activity.

The present invention still further provides use of an effectivc amount of a 2-
amino-1,3-thiazole derivative represented by formula (I) or (IT) as defined above in the
manufacture of a medicament for the treatment of cell proliferative disorders associated
with an altered cell dependent kinase activity.

10 In a preferred embodiment of the invention, the cell proliferative disorder is selected
from the group consisting of cancer, Alzheimer’s discases, viral infections, auto-immune

diseases or neurodegenerative disorders.

At\jolelkikeep\spaci\14400-0C .doc 22/07/200%
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Specific types of cancer that may be treated include carcinoma, squamous cell
carcinoma, hematopoietic tumors of myeloid or lympheid lineage, tumors of mesenchymal
origin, tumors of the central and peripheral nervous system, melanoma, seminoma,
teratocarcinoma, osteosarcoma, xenoderoma pigmentosum, keratoctanthoma, thyroid
follicular cancer and Kaposi's sarcoma.

In another preferred embodiment of the method described above, the cell proliferative
disorder is selected from the group consisting of benign prostate hyperplasia, familial
adenomatosis polyposis, neuro-fibromatosis, psoriasis, vascular smooth cell proliferation
associated with atherosclerosis, pulmonary fibrosis, arthritis glomerulonephritis, and post-
surgical stenosis and restenosis.

In addition, the inventive method may provide for tumor angiogenesis and metastasis
inhibition. The inventive method may also provide for cell cycle inhibition or cdk/cyclin
dependent inhibition.

The present invention also provides a 2-amino-1,3-thiazole represented by formula (I)
or (I):

//—N cl) /,—N o C|)
2\ (-
R/’/\S ‘EJ\W/L\?I/RZ R/Qs)\H/LLT/L\}':‘{/\R4
R, R, R,
) ()
where

L is a phenyl group or a 5 or 6 membered aromatic heterocycle with one or more
heteroatoms selected from the group consisting of nitrogen, oxygen and sulfur,

Ris (i) ahalogen atom, a nitro group, or it is selected from the group consisting of
pyrrolidino, morpholino, piperazino, N-alkyl, piperazino, N-aryl-piperazino, N-arylaikyl-
piperazino, piperidino, and azabicyclo[3.2.2]nonane; or

(i) an amino group optionally further substituted with one or more groups,
which are the same or different, selected from the group consisting of alkyl, aryl, arylalkyl,
alkylsulphonyl, arylsulphonyl, arylalkylsulphonyl, alkylcarbonyl, arylcarbonyl, and

-9-
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arylalkylcarbonyl, wherein the alkyl moiety therein is optionally further substituted with one
or more hydroxy or amino groups; or

(iii) a C3-C6 cycloalkyl optionally substituted with a straight or branched C,-
C, alkyl group; or

(iv) a straight or branched C,-C; alkyl group or an arylalkyl group, which is
optionally substituted with one or more halogen, cyano, carboxy, hydroxy, nitre, atkylthio,
alkoxy, straight or branched C,-Cj alkyl, arylthio, aryloxy, amino, alkylamino, dialkylamino,
arylamino, arylalkylamino, hydroxyaminocarbonyl, alkoxyaminocarbonyl, C,-C, alkenyl, C,-
C, alkynyl, C;-C, cycloalkyl, alkyl-C,-C, cycloalkyl, alkylcarbonyl, arylcarbonyl,
arylalkylcarbonyl, alkylsulphonyl, arylsulphonyl, arylalkylsulphonyl, amincsulphonyl,
alkylaminosuiphonyl, arylaminosulphonyl, dialkylaminosulphonyl, alkylcarbonylamino,
arylalkylaminosulphonyl, arylcarbonylamino, arylalkylcarbonylamino, alkylsulphonylamino,
arylsulphonylamino, arylalkylsulphonylamino, alkoxycarbonyl, aryloxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, arylaminocarbony!,
arylalkylaminocarbonyl, pyrrolidino, morpholino, piperazino, N-alkylpiperazino, N-aryl-
piperazino, N-arylalkyl-piperazino, piperidino or azabicyclo[3.2.2Jnonane substituents; or

(v) an ary! group optionally substituted with one or more substituets selected
from the group consisting of halogen, cyano, carboxy, hydroxy, nitro, alkylthio, alkoxy,
straight or branched C,-C; alkyl, arylthio, aryloxy, amino, alkylamino, dialkylamino,
arylamino, arylalkylamino, hydroxyaminocarbonyl, alkoxyaminocarbonyl, C,-C, alkenyl, C,-
C, alkynyl, C,-C, cycloalkyl, alkyl-C;-C, cycloalkyl, alkylcarbonyl, arylcarbonyl,
arylalkylcarbonyl, alkylsulphonyl, arylsulphonyl, arylatkylsulphonyl, aminosulphonyl,
alkylaminosulphonyl, arylaminosulphonyl, dialkylaminosuiphonyl, alkylcarbonylamino,
arylalkylaminosulphonyl, arylcarbonylamino, arylalkylcarbonylamino, alkylsulphonylamino,
arylsulphonylamino, arylalkylsulphonylamino, alkoxycarbonyl, aryloxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, arylaminocarbonyl,
arylalkylaminocarbonyl, pyrrolidino, morpholino, piperazino, N-alkylpiperazino, N-aryl-
piperazino, N-arylalkyl-piperazino, piperidine and azabicyclof3.2.2]nonane;

R, is a hydrogen atom or a straight or branched C,-C, alkyl group optionally

substituted with one or more hydroxy, alkoxy, amino, alkylamino, or dialkylamino group;

KA
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R; and R;, which may be the same or different, are a hydrogen atom, a cycloalkyl
group, a straight or branched C,-Cy alkyl group or an ary! group, which are each optionally
substituted as described above for R; or

R; and R, together with the pitrogen atorn to which they are bonded, form a 4-
morpholinyl, 1-piperazinyl, N-alkyl-piperazinyl, N-ary l-piperazinyl, N-arylalkyl-piperazinyl,
piperidinyl, pyrrolidinyl, 2-oxo-1-pyrrolidinyl, imidazolyl or 3-azabicyclo [3.2.2] nony] ring;

R, is carboxy, a perflucrinated alkyl group, a C,-C, alkenyl group, a C;-C, alkynyl
group, 2-oxo-pyrrolidinyl, piperidiny} or a straight or branched C;-Cy alkyl group or an aryl
group, which is optionally substituted as described above for R;

or & pharmaceuticaily acceptable salt thereof;
with the proviso that the following compounds are specifically cxcluded:

2-{4«(dimethylamino)-pheny!}-N-(5-isobuty!-1,3-thiazol-2-yl)acetamide;

N-(5-benzyl-1,3-thiazol-2-y1)-2-[4-(dimethylamino)phenyl]acetamide;

2-(4-aminophenyl)-N-(5-isopropyl-1,3-thiazol-2-yl)acetamide;

2-(2-amino-1,3-thiazol-4-y!)-N-(5-isopropyl-1,3-thiazol-2-yl)acetamide;

N-(5-isopropyl-1,3-thiazol-2-y1)-2-(4-dimethylaminophenylacetamide;

2-chloro-N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} -1,3-thiazol-2-

yhacetamide; and

N-(5-isopropyl-1,3-thiazol-2-y1)-2-[5-(1-pyrrolidinyl)-2H-1,2,3 4-tetraazol-2-

yl)acetamide.

The present invention also provides a process for preparing the 2-amino-1,3-thiazole

derivative described above, or a pharmaceutically acceptable salt thereof, by:

reacting a compound represented by formula (10):

SN

R 87w,
am
with a compound represented by formula (IV):
o]
Rz
R
z Ra
Ry aw)

where
R, L, Ry, R; and R; are as defined above, and

Z is hydroxy or a suitable leaving group,

R:\jel21X\keep\Speci\74400-00.doc 22/07/2005
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.

sone
.

-Ba-

to produce a 2-amino-1,3-thiazole deﬁvative ropresented by formula (D), where R, L, R, R; and
Rs are &3 defined above,

The present invention also provides a process for preparing the 2-amino-1,3-thiazole
derivative described above, or a pharmaceutically acceptable salt thereof, by:

reacling a compound represented by formula (I):

A:\Jolzik\koop\Spaci\74400-00.doe 22/07/2005

COMS 1D No: SBMI-01370426  Received by 1P Australia: Time (H:m) 12:30 Date (Y-M-d) 2005-07-22
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L3
R S)\HJH/ L—NH, 0
R1

with a compound represented by formula (V):
Rj-COX (V)
where

R,R,, L and R, are as defined above, and

X is hydroxy or a suitable leaving group, such as chlorine or bromine,
to produce a 2-amino-1,3-thiazole derivative represented by formula (iI), where R, L, R, and
R, are as defined above.

The present invention also provides a process for preparing the 2-amino-1,3-thiazole
derivative described above, or a pharmaceutically acceptable salt thereof, by:

reacting a 2-amino-1,3-thiazole derivative represented by formula (), where both or at
least one of R, and R, is a hydrogen atom, with a compound represented by formula (VI):
RY (V1)
where

R' has the meanings of R, or R, but is other than hydrogen, and

Y is a suitable leaving group,
to produce a 2-amino-1,3-thiazole derivative of formula (I) where both or at Icast one of R,
and R, is other than hydrogen; and, optionally, converting a 2-amino-1,3-thiazole derivative
represented by formula (I) or (11) into another 2-amino-1,3-thiazole derivative represented by
formula (I) or (I1), and/or into a salt thereof.

The present invention also provides a pharmaceutical composition, containing the 2-
amino-1,3-thiazole derivative described above and at least one pharmaceutically acceptable
carrier and/or diluent.

A more complete appreciation of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes better understood by reference to the

following detailed description.

13-
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DETAILED DESCRIPTION OF THE INVENTION

Several 2-amino-1,3-thiazoles are known as herbicides, synthetic intermediates or
even as therapeutic agents. Among them are, as an example, 2-benzamido-1,3-thiazoles
known as antiallergic agents (EP-A-261503, Valeas S.P.A.); 5-alkyl-2-
phenylalkylcarbonylamino-1,3-thiazoles known as protein kinase C inhibitors (WO
98/04536, Otsuka Pharmaceutical Co.); 5-arylthio-2-acylamino-1,3-thiazoles known as
antitumor agents (EP-A-412404, Fujisawa Pharm. Co.); 4-amino-2-carbonylamino-1,3-
thiazols known as cyclin-dependent kinases inhibitors (WO 99/21845, Agouron
Pharmaceuticals Inc.).

As used herein, unless otherwise specified, the term halogen atom refers to a fluorine,
chlorine, bromine or iodine atorn.

As used herein and unless otherwise indicated, the terms alkyl and alkoxy include C,-
C, alkyl and C1-C6 alkoxy groups. The term straight or branched includes a C,-C, alkyl or
C,-C, alkoxy group selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-
butyl, tertbutyl, n-pentyl, n-hexyl, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy and the
like.

Likewise, the term N-alkyl-piperazinyl, alkylsulphonyl, alkylcarbonyl, alkylthio,
dialkylamino, alkoxyamino, arylalkyl, alkylamino, alkyl-cycloalkyl, alkoxycarbonyl,
alkoxycarbonylamino and the like, includes the aforementioned groups where the alkyl and
alkoxy moieties have, for example, C,-C, alkyl or alkoxy groups.

Unless otherwise specified, the term cycloalkyl refers to a C,-C, cycloalkyl group,
such as cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl as well as cycloalkyl and
bridged cycloalkyl groups with up to 10 carbon atems such as, for instance, adamantane
group.

The term aryl includes mono-, bi- or poly- carbocyclic or heterocyclic hydrocarbons
with from 1 to 4 ring moieties, wherein at least one of the rings is aromatic, cither fused or
linked to each ather by single bonds. Thus, these groups may have from 5 to 20 carbon

atoms, preferably from 6 to 20 carbon atoms.
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The term heterocycle, hence encompassing heteroaromatic rings, includes a 5 or 6
membered saturated or unsaturated carbocycles wherein one or more carbon atoms are
replaced by one or more atoms selected from nitrogen, oxygen and sulphur.

Example of preferred aryl groups are phenyl, 1-naphthyl, 2-naphthyl, indanyl,
indenyl, biphenyl, benzocycloalkyl, e.g. bicyclo[4.2.0]octa-1,3,5,-triene, benzoheterocyclyl,
e.g. benzodioxolyl, quinoxalyl, indoly!, optionally benzocondensed pyrrolyl, furyl, thienyl,
imidazolyl, pyrazolyl, thiazolyl, oxazolyl, isoxazolyl, telrazolyl, pyridyl, pyrazinyl, pyrimidyl
and the like.

The term C,-C, alkenyl or alkynyl includes a group selected from vinyl, allyl, 1-
propenyl, isopropenyl, 1-butanol, 2-butenyl, 3-butenyl, ethynyl, propynyl, butynyl and the
like.

The term perfluorinated alkyl and alkoxy group refers to a C,-C, alkyl or alkoxy
group further substituted by more than one fluorine atom such as, for instance,
trifluoromethyl, 2,2,2-trifluoroethyl, 1,1,2,2,2-pentafluoroethyl, trifluoromethoxy and the
like.

Pharmaceutically acceptable salts of the compounds of formula (I) or (I} include the
acid addition salts with inorganic or organic, e.g. nitric, hydrochloric, hydrobromic,
sulphuric, perchloric, phosphoric, acetic, trifluoroacetic, propionic, glycolic, lactic, oxalic,
malonic, malic, maleic, tartaric, citric, benzoic, cinnamic, mandelic, methanesulphonic,
isethionic and salicylic acid, as well as the salts with inorganic or organic bases, e.g. alkali or
alkaline-earth metals, especially sodium, potassium, calcium or magnesium hydroxides,
carbonates or bicarbonates, acyclic or cyclic amines, preferably methylamine, ethylamine,
diethylamine, triethylamine or piperidine.

The compounds of formula (I) or (II) may have asymmetric carbon atoms and may
therefore exist either as racemic admixtures or as individual optical isomers.

Accordingly, the use as an antitumor agent of all the possible isomers and their
admixtures and of both the metabolites and the pharmaceutically acceptable bioprecursors
(otherwise referred to as pro-drugs) of the compounds of formula (1) or (I) are also within the
scope of the present invention.

A1-
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Preferred compounds of the invention of formula (I) or (IT) are those in which L is
phenyl, thiazole, imidazole, oxazole, pyrazole, isoxazole, thiophene, pyridine or pyrimidine;
R is (i) a halogen atom, (ii) a group selected from arylamino, alkylamino or dialkylamino
wherein the alkyl moiety can be further substituted with one or more hydroxy or amino
groups, (iii) a C;-C, cycloalkyl group optionally substituted by an alky] group, (iv) a straight
or branched C,-C, alky] or arylalkyl group, each optionally substituted as above indicated, (v)
an optionally substituted aryl group; R, is hydrogen or a C,-C, alky! group optionally
substituted with hydroxy or amino.

Still more preferred compounds, within this class, are the compounds of formula (I) or
(1) where L is phenyl or thiazole; R is selected from the group consisting of atkylamino or
dialkylamino, wherein the alkyl moiety can be further substituted with one or more hydroxy
or amino groups, C,-C, cycloalkyl, straight or branched C,-C, alkyl optionally substituted
with one or more hydroxy, amine, alkylamino, dialkylamino, pyrrolidino, morpholino, N-
alkylpiperazino, azabicyclo{3.2.2}nonane; R, is hydrogen; R, and R, are, the same or
different, hydrogen, adamantyl, straight or branched C,-C; alkyl optionally substituted with
one or more hydroxy, alkoxy, amino, alkylamino, dialkylamino, pyrrolidino, morpholino, N-
alkyl-piperazino, imidazole, 3-azabicyclo[3.2.2]nonane, aminocarbonyl,
dialkylaminocarbonyl; or, taken together with the nitrogen atom to which they are linked, R,
and R, form a 4-morpholinyl, N-alkyl-piperaziny], pyrrolidinyl, 2-oxo-1-pyrrolidinyt,
imidazolyl or 3- azabicyclo[3.2.2]nonyl ring; and R, is carboxy, perfluorinated alkyl, C,-C,-
alkenyl, C,-C,-alkynyl, 2-oxopyrrolidinyl, piperidinyl, aryl optionally substituted with
halogen, dialkylamino, aminosulfenyl, aminocarbonyl, alkoxy, hydroxy, alkylcarbonylamino,
amino, pyrrolidino, N-alkyl-piperazino, morpholino; or R, is a straight or branched C,-C,
alkyl group optionally substituted with halogen, hydroxy, alkoxy, alkylthio, arylthio, C;-C,
cycloalkyl, cyano, carboxy, amino, alkylamino, dialkylamino, pyrrolidine, morpholino, N-
alkylpiperazino, azabicyclof3.2.2]Jnonane, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, aryl optionally substituted with halogen, dialkylamino, aminosulfonyl,
aminocarbonyl, alkoxy, hydroxy, alkylcarbonylamine, amino, alkylamino, pyrrolidino, N-

alkyl-piperazino or morpholino.

-16-



WO 01/14353 PCT/1B00/01423

Examples of preferred compounds of formula (I) or (IT) of the invention, which may
be in the form of pharmaceutically acceptable salts, e.g., hydrobromide or hydrochloride,
include the following:

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-
yl)acrylamide;

N-(4-{2-{(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-yl)-2-
methylpropanamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino}-2-oxoethyl}-1,3-thiazol-2-yl)-2-
naphthamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino}-2-oxoethyl}-1,3-thiazol-2-
yl)benzamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} - 1,3-thiazol-2-yl)-2-
phenylacetamide;

N-(4-{2-{(5-isopropyl-1,3-thiazol-2-yl)amino}-2-oxoethyl} -1,3-thiazol-2-y1)-2-(3-
pyridinyl)acetamide;

2,2,3,3,3-pentafluoro-N-(4- {2-[(5-isopropyl- 1 3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-
thiazol-2-yl)propanamide,

2-[(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} - 1,3-thiazol-2-yl)amino] -
2-oxoacetic acid,

2-fluoro-N-(4- {2-[(5-isopropyl- 1 ,3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-
yl)acetamide;

2-chloro-N-(4-[2-[(5-isopropyi-1,3-thiazol-2-yl)amino}-2-oxoethyl} - 1,3-thiazol-2-
yl)acetamide;

2-cyano-N-(4-{2-((5-isopropyl-1,3-thiazol-2-ylJamino}-2-oxoethyl} -1,3-thiazol-2-
yl)acetamide;

N-(4-{2.[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-yl)-3-0xo-
beta-alanine;

N'1'-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl }-1,3-thiazol-2-

yl)malonamide;
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4-[(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} -1,3-thiazol-2-yl)-4-oxo-
butanoic acid;

2-[2-(glycoloylamino)-1,3-thiazol-4-yl]-N-(5-isopropyl-1,3-thiazol-2-yl)acetamide;

3-hydroxy-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} -1,3-thiazol-2-
yl)propanamide;

3-amino-N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} -1,3-thiazol-2-
yDpropanamide;

2-amino-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl }-1,3-thiazol-2-
yDacetamide;

4-hydroxy-N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} -1,3-thiazol -2-
yl)butanamide;

4-amino-N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} -1,3-thiazol-2-
yl)butanamide;

N-(4- {2-[(5-isopropyl-1,3-thiazo]-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-yl)-2-(4-
methyl-1-piperazinyl)acetamide;

2-(4-benzyl-1-piperazinyl)-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-
oxoethyl}-1 ,3—thiazol-2—yljacetamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-yl)-2-(}-
piperidinyl)acetamide;

N-(5-isopropyl-1,3-thiazol-2-y1)-2-{2-(2-0x0-1-pyrrolidinyl)-1,3-thiazol-4-
ylJacetamide;

2-[4-(dimethylamino)phenyl)-N-(4- {2-{(5-isopropyl-1,3-thiazol-2-yl)amino]-2-
oxoethyl}-1,3-thiazol-2-yl)acetamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino}-2-oxoethyi}-1,3-thiazol-2-yl)-2-(1H-
1,2,3 4-tetraazol-1-yl)acetamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino}-2-oxocthyl}-1,3-thiazol-2-yl)-5-0ox0-2-
pyrrolidinecarboxamide;

N'1'-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-

yl}succinamide;
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3-(1H-benzimidazol-2-y1)-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} -
1,3-thiazol-2-yl)propanamide;

1-acetyl-N-(4- {2-{(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} - 1,3-thiazol-2-yl)-
4-piperidinecarboxamide;

2-[2-(acetylamino)-1,3-thiazol-4-y1]-N-(5-isopropyl-1,3-thiazol-2-yl)acetamide;
4-chloro-N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-
yDbutanamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-y!)amino}-2-oxoethyl}- 1,3-thiazol-2-yl)-2-
methoxyacetamide;

3,3,3-trifluoro-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} -1,3-thiazol-
2-yl)propanamide

2-(dimethylamino)-N-(4-{2-[(5-isopropy!-1,3-thiazol-2-yl)amino]-2-oxoethyl} -1,3-
thiazol-2-yl)acetamide

N-(5-isopropyl-1,3-thiazol-2-yl)-2-(2-{[2-(4-methyl-1-pipcrazinyl)ethylJamino}-1,3-
thiazol-4-yl)acetamide

N-(5-isopropyl-1,3-thiazol-2-y1)-2-(2-{methy]{2-(4-methy]-1-
piperazinyl)ethylJamino}-1,3-thiazol-4-yl)acetamide;

N-(5-isopropyl-1,3-thiazol-2-y1)-2-(2-{[2-(4-morpholinyl)ethyl]Jamino}-1,3-thiazol-4-

yhacetamide,

N-(5-isopropyl-1,3-thiazol-2-yl)-2-(2- {methy}{2-(4-morpholinyl)ethy|Jamino}-1,3-
thiazol-4-yl)acetamide;

2-{2-{(2,3-dihydroxypropyl)amino]-1,3-thiazol-4-yl}-N-(5-isopropyl-1,3-thiazol-2-
yl)acetamide;

2-{2-[(2,3-dihydroxypropyl)(methyl)amino]- 1,3-thiazol-4-yl}-N-(5-isopropyl-1,3-
thiazol-2-yl)acetamide;

2-(2-{[3-(dimethylamino)-2-hydroxypropyl]amino} - 1,3-thiazol-4-yl)-N-(5-isopropyl-
1,3-thiazol-2-yl)acetamide;

2-{2-[(2-amino-2-oxoethyl)amino]-1,3-thiazol-4-yl}-N-(5-isopropyl-1,3-thiazol-2-

yl)acetamide;
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2-(2-{[2-(dimethylamino)-2-oxoethylJamino} - 1,3-thiazol-4-y1)-N-(S-isopropyl-1,3-
thiazol-2-yl)acetamide;
2-[2-(adamantylamino)-1,3-thiazol-4-yl]-N-(5-isopropyl-1,3-thiazol-2-yhacetamide;
2-[4-(dimethylamino)phenyl]-N-(5-isopropyl-1,3-thiazol-2-yl}acetamide;
N-(5-isopropyl-1,3-thiazol-2-yl)-2-[4-{4-methyl-1-piperazinyl)phenyljacetamide;
N-(5-isopropyl-1,3-thiazol-2-yl)-2-[4-(4-morpholinyl)pheny Jacetamide;
N-(5-isopropyl-1,3-thiazol-2-yl)-2-[4-(1-pyrrolidinyl)phenyljacetamide;
N-(5-isopropyl-1,3-thiazol-2-yl)-2-(4- {[2-(4-methyl-1-
piperazinyl)ethyl]amino } phenyl)acetamide;
N-(5-isopropyl-1,3-thiazol-2-yl)-2-(4-{methyl[2-(4-methyl-1-
piperazinyl)ethyljamino}phenyl)acetamide;
N-(5-isopropyl-1,3-thiazol-2-yl)-2-(4-{[2-(4-
morpholinyl)ethyl jamino} phenyl)acetamide;
N-(5-isopropyl-1,3-thiazol-2-y1}-2-(4- {methyl{2-(4-
morpholinyl)ethyl]amino } phenyl)acetamide;
2-{4-[(2,3-dihydroxypropyl)amino]phenyl}-N-(5-isopropyl-1,3-thiazol-2-
ylyacetamide;
2-{4-[(2,3-dihydroxypropyl)(methyl)amine]phenyl}-N-(5-isopropyl- 1,3-thiazol-2-
yl)acetamide;
2-(4-{[3-(dimethylamino)-2-hydroxypropylJamino} phenyl)-N-(5-isopropyl-1,3-
thi azo]—2¥yl)acetamide;
2-[4-(1-adamantylamino)phenyl)}-N-(5-isopropyl-1,3-thiazol-2-yl)acctamide;
2-{4-{(2-amino-2-oxoethyl)aminoJphenyl}-N-(5-isopropyl-1,3-thiazol-2-
ybDacetamide;
2-(4- {[2-(dimethylamino)-2-oxoethyljamino}phenyl)-N-(5-isopropyl-1,3-thiazol-2-
ylacetamide;
2-[4-(acetylamino)phenyl]-N-(5-isopropyl-1,3-thiazol-2-yl)acetamide;
N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} phenyl)nicotinamide;
N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} phenyl)-5-methyl-2-

thiophenecarboxamide;
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N-{4-{2-{(5-isopropyl- 1,3-thiazol-2-yl)amino]-2-oxoethyl} phenyl)-5-methyl-2-
pyrazinecarboxamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-y))amino]-2-oxoethyl} phenyl)-5-methyl-4-
isoxazolecarboxamide;

N-(4-{2-[(5-isopropyl- 1,3-thiazol-2-yl)amino)-2-oxoethyl} phenyl)-3,5-dimethyl-4-
isoxazolecarboxamidc;

(dimethylamino)-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino}-2-
oxoethyl}phenyl)benzamide;

4-(acetylamino)-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino}-2-
oxoethyl}phenyl)benzamide;

4-(dimethylamino)-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-
oxoethyl}phenyl)benzamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} phenyl)-1,3-benzodioxole-
S-carboxamide;

4-(aminosulfonyl)-N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-
oxoethy!} phenyl)benzamide;

2-chloro-2,2-difluoro-N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-
oxoethyl}phenyl)acetamide;

2-cyano-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino)-2-oxoethyl} phenyl)acetamide;

1-acetyl-N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino}-2-oxoethyl} phenyl)-4-
piperidinecarboxamide;

N't'-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxocthyl} phenyl)succinamide;

N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} phenyl)-2-
methoxyacetamide;

3,3,3-trifluoro-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-
oxoethyl} phenyl)propanamide;

N-(4-{2-[(5-isopropyl-1,3-thiazo)-2-yl)amino)-2-oxcethyl }phenyl)-2-
phenylacetamide;
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N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} phenyl)-2-methoxy-2-
phenylacetamide;

2-{4-(dimethylamino)phenyl]-N-(4- {2-[(5-isopropy]-1,3-thiazol-2-yl)amino]-2-
oxoethyl}phenyl)acetamide

N-(4-{2-[(5-isopropy!-1,3-thiazol-2-yl)amino]-2-oxoethyl} phenyl)-2-(3-
pyridinyl)acetamide;

N-(4- {2-{(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethy!} phenyl)-2-(3-
thienyl)acetamide;

N-(4- {2-[(5-1sopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} phenyl)-2-[5-(1-
pyrrolidinyl)-2H-1,2,3,4-tetraazol-2-ylJacetamide;

2-cyclopropyl-N-(4-{2-{(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxocthyl} - 1,3-thiazol-
2-yl)acetamide;

N-(4- {2-[(5-isopropyl- 1,3-thiazol-2-yl)amino)-2-oxoethyl}-1,3-thiazol-2-yl)-5-
methyl-2-pyrazinecarboxamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} - 1,3-thiazol-2-y1)-2-
propynarnide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino)-2-oxoethyl}-1,3-thiazol-2-y1)-5-
methyl-1,3-oxazole-4-carboxamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino)-2-oxoethyl }-1,3-thiazol-2-yl)-3,3-
dimethylbutanamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl} -1,3-thiazol-2-y1)-3-
methyl-2-butenamide;

3-cyclopentyl-N-(4-{2-[(5-isopropyl-1,3-thiazol-2-ylJamino}-2-oxoethyl} - 1,3-thiazol-
2-yl)propanamide;

N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-yl)-2-(3-
thienyl)acetamide;

N-(4- {2-[(5-isopropyl-1 ,3-thiazol—2-yl)amino]—2-‘oxoethyl }-1,3-thiazol-2-yl)-2-(3-
pyridinyl)acetamide;

2,2,2-trifluoro-N-(4- {2-[(5-isopropyl-1,3-thiazol-2-yl)amino}]-2-oxoethyl}-1,3-thiazo]-
2-ylacetamide;

18-
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N-(4-{2-[(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxocthyl}-1,3-thiazol-2-yl)-3-(2-
thienyl)propanamide;

N-(4-{2-{(5-isopropyl-1,3-thiazol-2-yl)amino]-2-oxoethyl}-1,3-thiazol-2-y1)-2-(4-
pyridinylsulfanyl)acetamide;

N-(4-{2-{(5-isopropyl-1,3-thiazol-2-yl)amino}-2-oxcethyl }-1,3-thiazol-2-y1}-2-(3-
pyridinyl)-1,3-thiazole-4-carboxamide;

2-[2-(acetylamino)-1,3-thiazol-4-y1}-N-(5-cyclopropyl-1,3-thiazol-2-yl)acetamide;

2-[2-(acetylamino)-1,3-thiazol-4-yl}-N-{5-[(3-hydroxypropyl)(methyl)amino]-1,3-
thiazol-2-yl}acetamide;

2.[2-(acetylamino)-1,3-thiazol-4-y1}-N-{5-[(2-hydroxycthyl)(methyl)amino]-1,3-
thiazol-2-yl}acetamide;

2-[4-(dimethylamino)phenyl]-N- {5-[(2-hydroxyethyl)}(methyl)amino]-1,3-thiazol-2-
yl}acetamide;

2-[4-(dimethylamino)phenyl]-N- {5-[(3-hydroxypropyl)}{methyi)amino]-1,3-thiazol-2-
yl}acetamide; and
N-(5-cyclopropyl-1,3-thiazol-2-y1)-2-[4-(dimethylamino)phenyl]acetamide.

The compounds of formula (I) or (IT), and the salts thereof, may be obtained, for
example, by a process comprising:

(a) reacting a compound of formula (III):

—N

R/<s»\NH2 (nny

with a compound of formula (IV):

(o]
R
L— N\

2 R, (V)

RI
where R, L, R, R, and R, are as above defined, and Z is hydroxy or a suitable leaving group,
50 as to obtain a compound of formula (I) wherein R, L, R, R, and R, are as defined above;
or

(b) reacting a compound of formula (T):
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N O
[\ L—NH
R S)\N 2
H
R1

m
with a compound of formula (V):
R—COX (\))]
where R, R,, L and R, are as defined above, and X is hydroxy or a suitable leaving group
such as chlorine or bromine, thus obtaining a compound of formula (I1), where R, L, R, and
R, are as defined above; or

(c) reacting a compound of the above formula (I), where both or at least one of R, and

R, is a hydrogen atom, with a compound of formula (VI):

RY v

where R' has the meanings of R, or R, but is other than hydrogen, and Y is a suitable leaving
group such as bromine, chiorine, mesyl, tosyl, hydroxy, or formyl (CHO), thus obtaining a
compound of formula (I) wherein both or at least one of R, and R, is other than hydrogen;
and, optionally, converting a compound of formula (I) or (II) into another compound of
formula (I} or (II), and/or into a salt thereof.

As will be rcadily appreciated by one skilled in the art, if the compound of formula (1)
or (II), prepared according to the above process is obtained as an admixture of isomers, their
separation into the single isomers of formula (I) or (II) according to conventional techniques
is within the scope of the present invention. Likewise, the conversion into the free compound
(1) or (II) of a corresponding salt thereof, according to well-known procedures in the art, is
within the scope of the invention.

The above (a), (b), (c) processes are analogy processes which can be carried out
according to well-known methods in the art.

The reaction between a compound of formula (III) with a compound of formula (IV)
where Z is a hydroxy group, according to pracess (a), or between a compound of formula (I)
wherein both R, and R, represent hydrogen atomns with a carboxylic acid of formula (V)

wherein X is a hydroxy group, according to process (b), can be carried out in the presence of
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a coupling agent such as, for instance, carbodiimide, i.e., 1,3-dicyclohexylcarbodiimide,
1,3diisopropylearbodiimide, or 1-(3-dimethylaminopropyl)-3ethylcarbodiimide, or using a
polymer supported carbodiimide, such as N-cyclohexylcarbodiimide, N' -methyl polystyrene,
in a suitable solvent such as, for instance, dichloromethane, chloroform, tetrahydrofuran,
diethyl ether, 1,4-dioxane, acetonitrile, toluene, or N,N-dimethylformamide at a temperature
ranging from about -10 C to reflux for a suitable time, i.e., from about 30 min. to about §
days.

The reaction between a compound of formula (IT) and a compound of formula (IV)
wherein Z is hydroxy, or between 2 compound of formula (I) wherein R, and R, are hydrogen
atoms with a compound of formula (V) wherein X is hydroxy, can be also carried out, for
example, by a mixed anhydride method, using an alkyl chloroformate, such as ethyl, iso-
butyl, or iso-propyl chloroformate, in the presence of a tertiary base, such as triethylamine,
N,N-diisopropylethylamine or pyridine, in a suitable solvent, as, for instance, toluene,
dichloromethane, chlaroform, tetrahydrofuran, acetonitrile, diethyl ether, 1,4-dioxane, or
N,N-dimethylformamide, at a temperature ranging from about -30 C to room temperature.

The reaction between a compound of formula (ITT) and a carboxylic acid derivative of
formula (IV) where Z is suitable leaving group, according to process (a), or between a
compound compound of formula (I) wherein both R, and R; are hydrogen atoms with a
carboxylic acid derivative of formula (V) wherein X is a suitable leaving group, according to
process (b), can be carried oul in the presence of a tertiary base, such as triethylamine, N,N-
diisopropylethylamine or pyridine, in a suitable solvent, such as toluene, dichloromethanc,
chloroform, diethy! ether, tetrahydrofuran, acetonitrile, or N,N-dimethylformamide, at a
temperature ranging from about -10 C to reflux.

The reaction between a compound of formula (I) and a compound of formula (VI)
wherein Y is a suitable leaving group, according to process (c), can be carried out in the
presence of a suitable base, such as potassium carbonate, triethylamine, N,N-
diisopropylethylamine or pyridine, in a suitable solvent, such as ethanol, acetonitrile, N,N-
dimethylformamide, 1,4-dioxane, or tetrahydrofuran, at a temperature ranging from room

temperature to reflux.
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The reaction between a compound of formula (1) and a compound of formula (V1)
whercin Y is hydroxy, according to process (c), can be carried out under Mitsunobu's
conditions, in the presence of triphenylphosphine and diethylazidodicarboxylate, in a suitable
solvent, such as tetrahydrofuran, at a temperature ranging from 0 C to room temperature.

The reaction between a compound of formula (I) and a compound of formula (VI)
wherein Y is CHO, according to process (c), can be carried out in the presence of
conventional reducing agents such as, for instance, sodium borohydride, sodium
cyanoborohydride or sodium triacetoxyborohydride, in a suitable solvent, for instance
methanol or ethanol, at a temperature ranging from about 0 C to reflux.

Also the optional conversion of a compound of formula (I} or (1) into another
compound of formula (I) or (II) can be carried out according to known methods.

As an example, process c) above may be regarded as a possible conversion of a
compound of the invention into another compound of the invention.

The optional salification of a compound of formula () or (II) or the conversion of a
sait into the free compound as well as the separation of a mixture of isomers into the single
isomers may be carried out by conventional methods.

The compounds of formula (1), (IV), (V) and (V1), according to the process object of
the present invention, are known compounds or can be obtained according to known methods.

A compound of formula (IV) or of formula (V) wherein Z or X are a leaving group as
defined above can be obtained according to conventional techniques from the corresponding
carboxylic acids of formula (IV) or (V) wherein Z or X is hydroxy.

A compound of formula (TI) wherein R is as defined above, can be obtained, for

example, by reacting a compound of formula (V1i):

vlv\

-~

R™ “CHo

where R is as defined above and W is bromine or chlorine, with thiourea, in a suitable
solvent, such as methanol, ethanal, tetrahydrofuran, 1,4-dioxane, or toluene, at a lemperature
varying between room tcmperature and reflux, for a suitable time, ranging from about 1 hour

to about 24 hours.
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The compounds of formula from (IV) to (VII) are, in some cases, commercially
available products, or may be prepared by methods well-known in the art.

When preparing the compounds of formula (I) according to the process object of the
present invention, optional functional groups within both the starting materials or the
intermediates thereof, which could give rise to unwanted side reactions, need to be properly
protected according to conventional techniques.

Likewise, the conversion of these latter into the free deprotected compounds may be

carried out according to known procedures.

colo:

The compounds of formula (1) or (1), are active as cdk/cyclin inhibitors as they gave
positive results when tested according to the following procedure.

The inhibiting activity of putative cdk/cyclin inhibitors and the potency of selected
compounds was determined through a method of assay based on the use of the MultiScreen-
PH 96 well plate (Millipore), in which a phosphocellulose filter paper was placed at each well
bottom allowing binding of positive charged substrate afier a washing/filtration step.

When a radioactivity labelled phosphate moiety was transferred by the ser/threo
kinase to the filter-bound histone, light emitted was measure