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Abstract

Aryl- and heteroaryl-substituted urea compounds useful in the treatment of diseases

and conditions related to DNA damage or lesions in DNA replication are disclosed.
Methods of making the compounds, and their use as therapeutic agents, for example,
in treating cancer and other diseases characterized by defects in DNA replication,

chromosome segregation, or cell division also are disclosed.
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ARYL AND HETEROARYL UREA CHKI INHIBITORS FOR USE
AS RADIOSENSITIZERS AND CHEMOSENSITIZERS

SCHNICAL FIELD OF THE INVENTION

—t

The present invention relates to compounds

useful for inhibiting enzymes that maintain and re-
pair the inteqgrity of genetic material. More par-
ticularly, the present invention relates to a series
of aryl- and heterocaryl-substituted urea compounds,

methods of making the compounds, and their use as
therapeutic agents, for example, in treating cancer
and other diseases characterized by defects in de-
oxyribonucleic acid (DNA) replication, chromosome
segregation, or cell division.

RGROUND OF g INVE

An important and significant goal in
healthcare is to discover and make available safer
and more effective drugs for the treatment of
cancer. Most chemotherapeutic agents act by dis-
rupting DNA metabolism, DNA synthesis, DNA tran-
scription, or microtubule spindle function, or by
perturbing chromosomal structural integrity by
introducing DNA lesions. These processes affect

both normal and tumor cells. The maintenance of DNA

integrity is essential to cell viability in normal
cells, therefore, anticancer drugs have the lowest
therapeutic index of any drug class.
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An individual cell creates an exact copy
of 1ts chromosomes, and then segregates each copy

into two cells by a process called mitosis. The

mitotic cycle can be divided into three major
events: DNA replication, chromosome segregation,
and cell division. Cells have sensing mechanismg to
maintain the order of these steps with respect to
one another and to ensure that each step is executed
with high fidelity. The sensing mechanisms for
these processes are referred to as "checkpoints" in
L.H. Hartwell et al., Science, Nov. 3, 1989,

246 (4930) :629-34.

Cell cycle checkpoints have been reported
to comprise at least three distinct classes of poly-
peptides. Each class of polypeptides acts sequen-
tially in response to cell cycle signals or defects
in chromosomal mechanisms (Carr, (1996) Science,
271:314-315). One family of proteins detects or
senses DNA damage or abnormalities in the cell
cycle. These sensors include Ataxia-Telangiectasia
Mutated (Atm) and Ataxia-Telangiectasia Rad-related
(Atr) (Keegan et al., (1996) Genes Dev., 10:2423-
2437) . Another class of polypeptides amplify and
transmit the signal detected by the detector and is
exemplified by Rads53 (Allen et al. (1994) Genes
Dev., 8:2416-2488) and Chkl. In addition, cell

L |

cycle effectors, such as p53, mediate a cellular

regponse, i1ncluding, for example, arrest of mitosis
and/or meiosis and apoptosis.

DNA damage can be induced by drugs, radi-
ation, or can be spontaneously generated during the
course of normal metabolism. DNA damage checkpoints
ensure that cells with unrepaired DNA lesions do not
progress into the DNA synthesis phase or mitosis

until chromosomal lesions have been removed. Cell

PCT/US02/064352
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cycle arrest can enhance the opportunity for DNA
repair and increase the fidelity of cell division.

DNA damage can be recognized throughout the cell

cycle. Checkpoints ensure that the growth of cells
18 arrested at multiple cell cycle phases. As a
result, multiple cell cycle signaling pathways may
result during sensitization of cells to DNA damaging
agents. |

Much of the current understanding-of the
function of cell cycle checkpoints has been derived

from the study of tumor-derived cell lines. 1In many

cases, tumor cells have lost key cell cycle check-
points (Hartwell et al., Science, Dec. 16, 1994;

266 (5192): 1821-8). It has been reported that a key
step in the evolution of cells to a neoplastic state

1s the acquisition of mutations that inactivate cell

- cycle checkpoint pathways, such as p53. (Weinberg,

R.A. (1995) Cell 81:323-330; Levine, A. J. (1997)
Cell 88: 3234-331). Loss of these cell cycle check-
points results in the inappropriate cycling of tumor
cells in response to DNA damaging agents. When
faced with cellular stresses, such as DNA damage,
and cell cycle events with decreased fidelity, tumor
cells have difficulty altering the kinetics of cell
cycle progression. Therefore, inhibition and dis-
ruption of additional DNA damage checkpoint pathways
may further sensitize tumor cells to anticancer

treatments, such as radiation and chemotherapy.

Noncancerous tissue, which has intact cell
cycle checkpoints, typically is insulated from
temporary disruption of a single checkpoint pathway.

Tumor cells, however, have defects in pathways con-

trolling cell cycle progression such that the per-

turbation of additional checkpoints, for example,

the DNA damage checkpoint, renders them particularly

PCT/US02/064352
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sensitive to DNA damaging agents. For example,
tumor cells that contain mutant p53 are defective
both in the G1 DNA damageycheckpoint and in the
ability to maintain the G2 DNA damage checkpoint.
(Bunz et al., Science, Nov. 20, 1998; 282 (5393):
1497-501; Levine). Checkpoint inhibitors that
target i1nitiation of the G2 checkpoint or the S
phase checkpoint are expected to further cripple the
ability of these tumor cells to repair DNA damage
and, therefore, selectively kill them over normal
cells. Therefore, checkpoint inhibitors are
expected to enhance the therapeutic index, which is
a measure of the probability of tumor control
relative to the probability of toxicity to normal
tissue, of both radiation and systemlc chemotherapy.

The ability of checkpoint inhibitors to
enhance the therapeutic index may be dependent upon
tumor type. Tumors with cell cycle defects comple-
mentary to the DNA damage checkpoint pathways may be
most sensitive to inhibitor drug treatment. In
contrast, DNA-PK inhibitors, another distinct class
of potential therapeutic agents, are expected to
sensitize tumors independently of cell type. A
systematic approach of’applying checkpoint inhibi-
Cors and DNA-PK inhibitors also may be effective in
the treatment of metastatic diseases that radiation
therapy cannot target.

The checkpoint proteins Atm and Atr are

hypothesized to initiate a signal transduction path-
way leading to cell cycle arrest in the presence of
DNA damage or any block to DNA replication. Atm has
been shown to play a role in a DNA damage checkpoint
in response to ionizing radiation (IR). Patients
lacking functional Atm develop the disease Ataxia-

Telangiectasia (A-T). Symptoms of A-T include ex-

PCT/US02/064352
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treme sensitivity to il1onizing radiation (IR), cer-
ebellar degeneration, oculotaneous telangiectasias,
gonadal deficiencies, immunodeficiencies and in-
creased risk of cancer (Shiloh, Eur. J. Hum. Genet
1995; 3(2):116-38). Fibroblasts derived from these
patients are thought to have defects in Gl1, S, and
G2 checkpoints and are defective in their response
to IR (Kastan et al., Cell, Nov. 13, 1992; 71(4):
587-97; Scott et al., Int. J. Radiat. Biol., Dec,
1994; 66(6 Suppl): S157-63; and Beamish et al., J.
Biol. Chem. Aug. 26, 1993; 271(34):20486-93).
Therefore, Atm may sense double-strand DNA damage
caused by IR and radiomimetic drugs, and signal the
cell cycle to arrest, such that damage can be re-
palred.

Atr 1s a checkpoint protein stimulated by
agents that cause double strand DNA breaks, single
strand DNA breaks, and agents that block DNA radi-
ation. Overexpression of Atr in muscle cells on
iso-chromosome 3g results in a block to differenti-
ation, abnormal centrosome numbers, chromosome in-
stability, and abolishes the Gl arrest in response
to IR (Smith et al., Nat. Genet., May 1998; 19(1):
39-46). Overexpression of a kinase inactive,
dominant negative mutant of Atr sensitizes cells to
IR, ultraviolet light (UV), MMS, and cisplatin
(Cliby et al., EMBO J. Jan. 2, 1998, 17(1):159-69
and Wright et al., Proc. Nat'l Acad. Sci. U.S.A.,
June 23, 1998; 95(13) :7445-50). Cells containing
overexpressed, mutant strain Atr also fail to arrest
1n G2 1in response to IR. In addition, Atr is
associated with chromosomes in meiotic cells where
DNA breaks and abnormal DNA structures persist as a
result of the process of meiotic recombination
(Keegan et al., Genes Dev. October 1, 1996; 10(19):

PCT/US02/064352
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433-37). Atr, like Atm, also senses DNA damage and
agents that block DNA replication, as well as
initiates a cell cycle arrest at G2 and S for DNA
repalir.

Chkl is hypothesized to lie downstream
from protein kinases Atm and/or Atr in the DNA
damage checkpoint signal transduction pathway.

(See, Sanchez et al., Science, 1997; 277:1497-1501;
U.S. Patent No. 6,218,109.) In mammalian cells,
Chkl 1s phosphorylated in response to agents that
cause DNA damage including IR, UV, and hydroxyurea
(Sanchez et al., 1997; Lui et al., Genes Dev. 2000;
14:1448-1459). The phosphorylation and activation
of Chkl in mammalian cells is dependent on Atm (Chen
et al., 1999) and Atr (Lui et al., 2000). In the
yeast S5. pombe, Chkl also appears to be involved in
the response to IR and blocks to replication (Boddy
et al., 1998; Walworth et al., 1993). Furthermore,
Chkl has been shown to phosphoryvlate both weel
(O'Connell et al., EMBO J. 1997; 16:545-554) and
Pdsl (Sanchez et al., Science 1999; 286:1166-1171)
gene products known to be important in cell cycle
control. These studies demonstrate Ehat mammalilan
Chkl plays a role in both the Atm-dependent DNA
damage checkpoint leading to arrest at S phase.

However, a role for Chkl in the S phase replication

checkpoint in mammalian cells has yet to be eluci-
dated. Interestingly, Chkl knockout mice are
embryonically lethal, thereby suggesting a role for
Chkl 1n a developing organism in addition to its
role in DNA damage checkpoints.

Chkl may invoke a G2 arrest by phosphor-
ylating and inactivating Cdc25C, the dual speci-

—

ates

ficity phosphatase that normally dephosphory
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cyclin B/cdc2 as cells progress into mitosis
(Fernery et al., Science, Sep. 5, 1997; 277(5331):
1495-7; Sanchez et al.; Matsuoka et al.; and Blasina
et al., Curr. Biol., Jan. 14, 1999; 9(1):1-10).

5 This mechanism of regulation of Cdc2 activity stim-
ulates cell cycle arrest to prevent cells from
entering mitosis in the presence of DNA damage or

unreplicated DNA.
10 SUMMARY OF THE INVENTION

The present invention is directed to
potent and selective chemosensitizing agents useful
in the treatment of diseases and conditions related

15 to DNA damage or lesions in DNA replication. The
present compounds are inhibitors of the checkpoint
kinase Chkl. 1In particular, aryl- and heteroaryl-
substituted urea compounds have demonstrated sig-
nificant activity for inhibiting Chkl.

20 In one aspect, the present invention is

directed to a method of inhibiting checkpoint kinase
Chkl comprising the step of administering a compound

of formula (I), or a composition containing the

same, to an individual. Compounds of fermula (I)
25 have a structural formula:
Xl X2
e ~
W 4
30
Y

35 wherein:
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X' is null, -0-, -S-, -CH,-, or -N(R')-;
X2 iS _O-I "S": or "N(Rl)“; :

Y is O or S; or =Y represents two hydrogen

atoms attached to a common carbon atom;

W is selected from the group consisting of
heteroaryl, aryl, heterocycloalkyl, cycloalkyl, and
C,; alkyl substituted with a heteroaryl or aryl
group; and

Z 1s selected from the group consisting of
hydro, aryl, and heteroaryl;

wherein said aryl groups of W and Z are
optionally substituted with one to four substituents
represented by R?, said heteroaryl groups of W and Z
are optionally substituted with one to four substit-

uents represented by R’, and said heterocycloalkyl

- and cycloalkyl groups of W are optionally substi-

tuted with one to two substituents represented by R®;
R* is selected from the group consisting of
hydrogen, C;_alkyl, C, alkenyl, C, alkynyl, and arvyl;
R* is selected from the group consisting of
halogen, C, .alkyl, C, .alkenvyl, OCFB, NO,, CN, NC,
N(R?),, OR?}, CO,R?}, C(O)N(R?),, C(O)R?}, N(R')COR?,
N (R') C(O)OR?, N(R®)C(O)OR3, N(R3}) C(0)-C,.,alkylene-
C(O)R’, N(R?)C(0O)-C, ;alkylene-C(0O)OR?®, N(R?)C(O) -
C,.;alkylene-0OR?, N(R?*)C(0O)-C, ;alkylene-NHC (0O) OR?,
N (R*’)C(0O) -C,_;alkylene-SO,NR?®, C, .,alkylene-OR?, and SR3;
R* is selected from the group consisting of
hydro, C, calkyl, C, alkenyl, cycloalkyl, aryl, heter-
oaryl, SO,R*, C, alkyl substituted with one or more
of halo, hydroxy, aryl, heterocaryl, heterocycloalk-
yl, N(R*),, and SO,R*, C,.,alkylenearyl, C,;alkylene-
heteroaryl, C,_;alkyleneC, ;heterocycloalkyl, C,_ ,alk-

yvleneSO,aryl, optionally substituted C,_,alkylene-
N(R*),, OCF,, C, ;alkyleneN (R*),*, C, sheterocycloalkyl,
and CH(C, ,alkyleneN(R*),),, or two R® groups are taken
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together to form an optionally substituted 3- to 6-
membered aliphatic ring;

R* is selected from the group éonsisting of
hydro, C, .alkyl, cycloalkyl, aryl, heterocaryl, C, .-
alkylenearyl, and S0,C, .alkyl, or two R* groups are

taken together to form an optionally substituted 3-
to 6-membered ring;

R° is selected from the group consisting of
C,.¢alkyl, aryl, N(R’),, OR?, halo, N,, CN, C,.alkyl-
enearyl, C,.,alkyleneN(R?),, C(O)R?*, and

O
Ci-3alkylene—N
O

R°® is selected from the group consisting of
halo and C,_.alkyl,

and pharmaceutically acceptable salts or
solvates thereof.

In another aspect, the present invention
18 directed to aryl- and heteroaryl-disubstituted

urea compounds having a structural formula (II)

R13

|
NH N
W'/ T \Z'
Y!

(IT)
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N
9t
NQN

., and
N
-
CXr
N

optionally substituted with from one to four sub-
stituents selected from the group consisting of
C,.salkyl, aryl, N(R’),, OR’, N,, CN, C(O)R’, C,.,alk-
vlienearyl, C; ,alkyleneN (R'?).,

Cl e alkyl ene —N

O

Z' 1s selected from the group consisting

of:

N
|, o= 2 O
M1§Ls/K' L'—K? '
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wherein:
Q' 1s selected from the group consisting
of hydrogen, OR’, SR’, and N(R’).;
J' is selected from the group consisting
5 of C-R°, N-R°, O, and S;
K' is selected from the group consisting
of C-R°, N-R’, O, and S;
L' is selected from the group consisting
of C-R'%, N-R', O, and S;
10 M' is selected from the group consisting
of C-R', N-RY, O, and S;

wherein:

'

R’, independently, is selected from the
group consisting of hydro, C, alkyl, C,..alkenvyl,
15 . cycloalkyl, aryl, heteroaryl, SO,R'?, C, .alkyl sub-

stituted with one or more of halo, hydroxy, arvl,
heterocaryl, heterocycloalkyl, N(R'@),, and SO,R'?,
C,salkylenearyl, (), alkyleneheterocaryl, C,;alkylene-
C; gheterocycloalkyl, C,.alkyleneSO,aryl, optionally

20 substituted C, ,alkyleneN(R'?),, OCF,, C,,alkylene-

N (R*),*, Ci_gheterocycloalkyl, and CH(C, ,alkylene-
N(R'“),),, or two R’ groups are taken together to form
an optionally substituted 3- to 6-membered aliphatic
ring;

25 R®, R’, and R' are each independently
selected from the group consisting of null, hydro, L
halo, optionally substituted C,_alkyl, C, alkenyl,
OCF,, NO,, CN, NC, N(R7),, OR?, CO,R’, C(O)N(R?).,
C(O)R’, N(R)COR’, N(R?)C(O)OR’, N(R’)C(0O)OR7,

30 N(R’)C(0)C, ;alkyleneC(0O)R7, N(R’)C(0)C, alkylene-
C(O)OR?, N(R’7)C(0)C, ;alkyleneOR’, N(R7)C(0)C, ,alkyl-
eneNHC (O) OR’, N(R’)C(0)C, ;alkyleneSO,NR’, CF,, C,.;-
alkyleneN (R'?) SO,aryl, C,,alkyleneN(R'?) SO, hetercaryl,
C, ;alkyleneOC, ;alkylenearyl, C,;.;alkyleneN(R'¥)C,_,-

35 alkylenearyl, C, .alkyleneN(R"?)C, ;alkyleneheteroaryl,
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C,..alkyleneN (R*?)C(O)R’, C,;alkyleneN(R*?)C(0)C,. ;-
alkyleneOR*, C, ;alkyleneN(R*)C(0)aryl, C,.,alkylene-
N (R*¥)C(0)C, ;alkyleneN (R*),, C,.,alkyleneN(R*)C(0)-

heteroaryl, C,.alkyleneOR’, and SR’, wherein R’ is as

defined above; |

R** 1s selected from the group consisting
of null, hydro, C, .alkyl, and halo;

R** is selected from the group consisting
of hydro, C,;.alkyl, cycloalkyl, aryl, and SO,C, .alk-
vl, or two R'” groups are taken together to form a 3-
to 6-membered ring; and

R is selected from the group consisting
of hydrogen, C, .alkyl, C, .alkenyl, C, alkynyl, and
arvl;

provided that when Q' is hydrogen oxr OCH,,
at least one of R®, R?, and R' is not selected from
hydrogen, CH,, OCH,, or halo,

and pharmaceutically acceptable salts or

solvates therxeof.

Another aspect of the present invention

relates to carbamidce-substituted heterocaryl groups

having the structural formula (III)

2

'Wl"

wherein W'" is selected from the group
consisting of heteroaryl, aryl, heterocycloalkyl,
cycloalkyl, and C,; alkyl substituted with a hetero-

aryl or aryl group;

PCT/US02/064352
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wherein said aryl groups are optionally
substituted with one to four substituents repre-
sented by R*, said heterocaryl groups are optionally
substituted with one to four substituents repre-
sented by R'®, and said heterocycloalkyl and cyclo-
alkyl groups are optionally substituted with one to
two substituents represented by R'’;

R'* is selected from the group consisting
of halo, C,(alkyl, C, alkenyl, OCF,, NO,, CN, NC,
N (R'),, OR®, CO.,RY, C(O)N(R!¥*),, C(O)R¥®, N(RS)COR,
N (R*?) C(O)OR*®, N(R'®)C(O)OR', N(R')C(0)C,.,alkylene-
C(O)R*™, N(R')C(0)C, ;alkyleneC{0O)OR'*®, N(R*)C(0)C, ;-
alkyleneOR'®, N(R'®)C(0)C, ,alkyleneNHC (O)OR?®,
N (R'*) C(0O) C,.;alkyleneSO,NR*®*, C, .,alkyleneOR'®, and SR'®;

R” is selected from the group consisting
of hydro, C, .alkyl, C, .alkenvl, C, alkynyl, and arvyl;

R* is selected from the group consisting

.. of hydro, C, .alkyl, C, .alkenyl, cycloalkyl, arvl,

heterocaryl, SO,R'’, C, alkyl substituted with one or
more of halo, hydroxy, aryl, heterocaryl, hetero-
cycloalkyl, N(R'7),, and SO,R!'", C,.,alkylenearvyl,
C,.;alkyleneheterocaryl, C, ;alkyleneC, heterocyclo-
alkyl, C,,alkyleneSO,aryl, optionally substituted
C,.;alkyleneN(R'),, OCF,, C,;alkyleneN(R'),*, C,_ghet-
erocycloalkyl, CH(C, ;alkyleneN(R'").,),;

or two R'® groups are taken together to
form an optionally substituted 3- to 6-membered
aliphatic ring.

R'” is selected from the group consisting
of hydro, C, alkyl, cycloalkyl, aryl, and SO,C; (-
alkyl, or two R'Y groups are taken together to form
an optionally substituted 3- to 6-membered ring;

R'® is selected from the group consisting
of C, alkyl, aryl, N(RY™),, OR', and halo; and
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R*” is selected from the group consisting
of halo and C,_.alkyl.

The present invention also 1s directed to

pharmaceutical compositions containing one or more

compounds of structural formula (II), to use of the
compounds and compositions containing the compounds
in therapeutic treatment of a disease or disorder,
and to methods of preparing the compounds and
intermediates involved in the synthesis of the

compounds of structural formula (II).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Radliation and most chemotherapeutic agents

are therapeutically beneficial because they take

advantage of inappropriate tumor cell proliferation.

Cellular processes, such as DNA damage repalr and

cell cycle checkpoints, protect tumor cells from the
toxic effects of physical and chemical agents.
Treatments that modulate the underlying molecular
mechanisms of cell cycle progression and resistance
to DNA damage can potentiate tumor cell killing and
enhance the therapeutic index of existing therapies.
Most chemotherapeutic agents act by dis-

rupting DNA metabolism. Because these processes are

shared by both normal and tumor cells, and because

the maintenance of DNA integrity is essential to
cell viability, anticancer drugs have the lowest
therapeutic index of any drug class. By identifying
and inhibiting cellular processes that tumor cells
rely upon, the effectiveness of radiation and chemo-
therapy treatment regimens can be enhanced.

The interruption of the DNA damage check-
point protein function provides a novel means of

killing tumor cells relative to normal cells. For
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example, Chkl ensures that cells with unrepaired DNA
lesions caused by certain drugs or radiation do not
progress through DNA synthesis phase or mitosis un-
il chromosomal lesions have been removed. Accord-
ingly, a tumor cell treated with a Chkl inhibitor in
combination with a DNA damaging agent can kill using

lower amounts of DNA damaging agent than tumor cells

treated with the DNA damaging agent alone.

Failure of cell cycle checkpoints in

normali cells predisposes an individual to, or di-
rectly causes, many disease states, such as cancer,
ataxia telangiectasia, embryo abnormalities, and
various i1mmunological defects associated with aber-

rant B and T cell development. The latter are

assoclated with the pathological states of lupus,
arthritis, and autoimmune diseases. Intense re-
search efforts, therefore, have focused on identi-
fying cell cycle checkpoints and the proteins

essential for the function of the checkpoints.

Noncancerous tissue having intact cell
checkpolints typically is insulated from temporary

disruption of a single checkpoint pathway, such as

the Chkl pathway. Tumor cells, however, have
multiple defects in pathways controlling cell cycle
progression such that perturbation of the DNA damage
checkpoint can render cells particularly sensitive
to DNA damaging agents. Therefore, checkpoint in-
hibitors are expected to enhance the therapeutic
index, which is a measure of the probability of
Ctumor control relative to the probability of tox-
icity to normal tissue to radiation and systemic
chemotherapy. In contrast, other classes of inhib-
itors may not be amenable to combination chemo-
therapy because both normal and tumor tissue may be

similarly sensitized.
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One aspect of the present invention is
directed to a method of inhibiting Chkl, comprising
the step of administering a therapeutically effec-
tive amount of a compound of formula (I), or a
composition containing the same, to an individual.

Compounds of formula (I) have a structural formula

Xl X2
S ~
W Z

Y

(I)
wherein X' is null, -0-, -S-, -CH,-, or -

N(Rl) =7

X? igs -0-, -8-, or -N(RY) -;

Y 1s O or S; or =Y represents two hydrogen
atoms attached to a common carbon atom;

W 1s selected from the group consisting of
heterocaryl, aryl, heterocycloalkyl, cycloalkyl, and
C,.; alkyl substituted with a heterocaryl or arvyl
group; and

Z 1s selected from the group consisting of
hydrogen, aryl, and heteroaryl;

wherein said aryl groups of W and Z are
optionally substituted with one to four substituents
represented by R°, said heterocaryl groups of W and Z
are optionally substituted with one to four substit-
uents represented by R°, and said heterocycloalkyl
and cycloalkyl groups of W are optionally substi-
tuted with one to two substituents represented by RS;

R' is selected from the group consisting of

hydrogen, C, .alkyl, C, .alkenyl, C, .alkynyl, and aryl;
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R? is selected from the group consisting of
halogen, C,..alkyl, C, .alkenyl, OCF,, NO,, CN, NC,
N(R*),, OR?, CO,R?®, C(O)N(R?®),, C(O)R?, N(R')COR?,

N (R!) C(0)OR?, N(R?)C(O)OR?, N(R3)C(0)C, ,alkyleneC (0)R?,
N (R’)C(0)C, ;alkylene-C(0O)0OR?, N(R?®)C(0)C,.;alkyleneOR?,
N (R*)C(0)C,;alkyleneNHC (O)OR?, N(R?®)C(0)C, ;alkylene-
SO,NR?, C,.;alkyleneOR?, and SR?;

R* is selected from the group consisting of

hydro, C,_alkyl, C, .alkenyl, cycloalkyl, aryl, heter-
oaryl, SO,R*, C, .alkyl substituted with one or more
of halo, hydroxy, aryl, heterocaryl, heterocyclo-
alkyl, N(R*),, and SO,R*, (,.,alkylenearyl, C, ,alkyl-
eneheterocaryl, C, . alkyleneC, ;heterocycloalkyl, C, ,-
alkyleneSO,aryl, optionally substituted C, ;alkylene-
N (R*),, OCF,, C,.,alkyleneN(R%),", C, gheterocycloalkyl,
and CH(C, ,alkyleneN(R*),),, or two R’ groups are taken

together to form an optionally substituted 3- to 6-
membered aliphatic ring;

R* is selected from the group consisting of
hydro, C,.calkyl, cycloalkyl, aryl, heterocarvl, C, ;-
alkylenearyl, and S0O,C, .alkyl, or two R* groups are
taken together to form an optionally substituted 3-
to 6-membered ring;

R° is selected from the group consisting of
C,.salkyl, aryl, N(R’),, OR?, halo, N,, CN, C,.,alkyl-
enearyl, C,,alkyleneN(R3),, C(O)R?, and

Ci-.3alkylene —N

O
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R® is selected from the group consisting of
halo and C,_alkyl,
and pharmaceutically acceptable salts or

solvates thereof.

Preferred compounds used in the method are
those wherein X! and X°* are -N(H) -;

Y is O or S;

W is heteroaryl containing at least two
heteroatoms selected from the group consisting of N,
O, and S, said ring is optionally substituted with
from one to four substituents selected from the
group consisting of C,. alikyl, aryl, N(R’),, OR?, and
halo, wherein R’ is as previously defined;

Z is selected from the group consisting

of:
PN
| = 2O
MQ%K/K I—K
wherein:

Q is selected from the group consisting of
hydrogen, OR?, SR3?}, and N(R?).;

J 1s selected from the group consisting of
CR*°, NR?°, O, and S;

K is selected from the gfoup consisting of
CR**, NR?!, 0, and S;

I, is selected from the group consisting of
CR??, NR??, O, and S;

M is selected from the group consisting of
CR%*, NR??), O, and S;

whereiln:
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R*®, R*, and R?? are each independently se-
lected from the group consisting of null, hydro,
halo, C,salkyl, C,.alkenyl, OCF,, NO,, CN, NC, N(R?®),,
OR?>, CO,R**, C(O)N(R?*®),, C(O)R?5, N(R?*)COR?5, N(R*) -
C(0) OR?®, N(R?®)C(0)OR2?5, N(R25)C(0)C, ,alkyleneC (0)R?5,
N (R**) C(0) C;_;alkyleneC (0) OR?*®*, N(R?*)C(0)C,.,alkylene-
OR?®, N (R?*)C(0)C,.;alkyleneNHC (0)OR?, N(R®)C(0)C,_,-
alkyleneSO,NR*®, CF,, C,_salkyleneN (R?*®)S0O.,aryl, C, ;-
alkyleneN (R*®) SO,heterocaryl, C, .alkyleneOC, .alkylene-

aryl, C,;alkyleneN(R*°)C, ;alkylenearyl, C, .alkylene-
N (R*°) C,_;alkyleneheterocaryl, C,_,alkyleneN (R?®)C (0O)R?,
C,.;alkyleneN (R*®) C(0)C, ;alkyleneOR?, C, .alkylene-
N (R*°) C(0)aryl, C,.,alkyleneN(R?%)C(0)C, ,alkylene-
N (R*?),, C,salkyleneN(R?%)C(0)heterocaryl, C,.,alkyl-
eneOR?*”, and SR?%°:

R** is selected from the group consisting
of null, hydro, C,.alkyl, and halo;

R** is selected from the group consisting

of hydro, C, .alkyl, C, . alkenyl, C,.alkynyl, and aryl;

R** is selected from the group consisting
of hydro, C, .alkyl, C, . ,alkenyl, cycloalkyl, arvl,
heterocaryl, SO,R*®*, and C,_.alkyl substituted with

halo, hydroxy, aryl, heteroaryl, heterocycloalkyl,
N (R%),, or SO.R®*; and |

R*® is selected from the group consisting
of hydro, C, .alkyl, cycloalkyl, aryl, and SO,C, .-
alkyl, or two R*® groups are taken together to form
an optionally substituted 3- to 6-membered ring.

More preferred compounds of the method are

those of structural formula (I) wherein W is se-
lected from the group consisting of pyridazinyl,
pyrimidinyl, pyrazinyl, and triazinyl, optionally
substituted with from one to four substituents

selected from the group consisting of C, .alkyl,

PCT/US02/064352
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aryl, N(R’),, OR?, N;, CN, C(O)R’, C,i;alkylenearyl,
C,.,alkyleneN(R*),

Cqi-3alkylene—N

O

and halo, wherein R®> , X', X%, Y, and Z are as
defined for formula (I).

Additional preferred compounds of formula
(I) are those wherein W is selected from the group
consisting of pyridazine, pyrimidine, pyrazine, and
triazine, optionally substituted with from one to
four substituents selected from the group consisting
of optionally substituted C, ;alkyl, aryl, N(R?),, OR?,
C,.s,alkylenearyl, C,;_;alkylenehetercaryl, C;_;alkylene-
C,_gheterocycloalkyl, C,.;alkyleneSO,aryl, optionally
substituted C, ;alkyleneN(R%),, OCF,, C,;alkvlene-
N(R*),", C,.sheterocycloalkyl, CH(C, ;alkyleneN(R*).).,
and halo; X' and X? are -N(H)-; Y is O or S; and Z is

selected from the group consisting of:

% 2
H and O/J :
M%L/K I —K

wherein R’, Q, J, K, L, and M are as previously
defined.

Compounds preferred for use 1n the method

also include those of formula (I) wherein J 1s se-
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lected from the group consisting of CR?*° and NR??,
wherein R?° is null, hydro, C, alkyl, and halo;

K 1s selected from the group consisting of
CR*! and NR?**;

L 1s selected from the group consisting of
CR?? and NR?%*:; and

one of R* and R** is hydro and the other is
a substituent selected from the group consisting of
CO,R*®, C(O)N(R?*®),, C(O)R**, N(R**)COR?*, N(R?**)C(0)OR?3,
N (R?°) C(O)OR*®>, N(R?**)C(0)C, ;alkyleneC(0)R?*®, N(R?) -
C(0)C, ;alkyleneC (0O)OR*, N(R*?)C(0)C, ;alkyleneOR?>,

N (R*°) C(0O) C,.;alkyleneNHC (O) OR**, N(R*?)C(0)C, ,alkyl-
eneSO,NR**, C, ,alkyleneOR?**, and SR?*’, wherein R?**, R?°,
W, X', X*, Y and M are as previously defined.

Compounds useful 1in the method also in-
clude structures of formula (I) wherein X' is null,
X* is -N(H)-, Y is O, Z is hydro, and W is as previ-
ously defined.

The method of inhibiting Chkl also can be
used to sensitize a tumor cell to a chemotherapeutic
agent. As such, the present invention also is
directed to a method of sensitizing a tumor cell to
a chemotherapeutic agent comprising administering a
compound of formula (I), or a salt, solvate, or
derivative thereof, or a composition comprising the
same, to an individual.

In another aspect, the present invention
1s directed to aryl- and heterocaryl-disubstituted

urea compounds having a structural formula (II)

PCT/US02/064352
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wherein Y' 1s O or S;

W' is selected from the group consisting

g
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optionally substituted with from one to four sub-

stituents selected from the group consisting of

C,_¢alkyl, aryl, N(R’),, OR’, N,, CN, C(O)R’,

ylenearyl, C,_;alkyleneN (R!?),,

C, ;alk-

and -
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O
C1_3alkylene —N
O
Z' 1s selected from the group consisting
of :
S
| = O,
M %L'/K' Rt f ’
wherein:

Q' 1s selected from the group conslisting
of hydrogen, OR’, SR’, and N(R7).,;

J' 1s selected from the group consisting
of C-R®, N-R®, O, and S;

K' 1is selected from the group consisting
of C-R’, N-R?, O, and S;

L' 1s selected from the group consisting
of C-R*, N-R!, O, and S;

M' 1s selected from the group consisting
of C-R*, N-R'Y, O, and S; '

wherein:

R’, independently, is selected from the
group consisting of hydro, C,_alkyl, C, .alkenvl,
cycloalkyl, aryl, heteroaryl, SO,R'Y%, C, .alkyl
substituted with one or more of halo, hydroxy, arvyl,
heteroaryl, heterocycloalkyl, N(R!?),, and SO,R'?,
Ci.salkylenearyl, C, ;alkylenehetercaryl, C,,alkylene-

PCT/US02/064352
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C,.gheterocycloalkyl, C,;alkyleneSO,aryl, optionally
substituted C,_j;alkyleneN(R'?),, OCF,, C,..alkylene-

N (R*),;*, Cj gheterocycloalkyl, and CH(C, .alkylene-

N (R*),),, or two R’ groups are taken together to form
an optionally substituted 3- to 6-membered aliphatic
ring;

R®, R?, and R' are each independently

selected from the group consisting of null, hvdro,
halo, optionally substituted C, .alkyl, C,._.alkenyl,
OCF,, NO,, CN, NC, N(R’),, OR’, CO,R7, C(O)N(R7).,
C(0)R7, N(R)COR’, N(R¥)C(0)OR’, N(R’)C(O)OR’,
N(R’)C(0O)C, ;alkyleneC(0O)R’, N(R7)C(0)C, ,alkylene-
C(O)OR’, N(R7)C(0O)C,;alkyleneOR’, N(R7)C(0)C, .alkyl-
eneNHC (O) OR’, N(R7)C(O)Cl_,BalkyleneS‘OzNRﬂ CF,, C,_;-
alkyleneN (R*?) SO,aryl, C,;alkyleneN (R'?)S0O,heteroaryl,
C,.;alkyleneOC, ;alkylenearyl, C,_j;alkyleneN(R*)C,_,-
alkylenearyl, C, j;alkyleneN(R')C, ;alkyleneheteroaryl,
C,.;alkyleneN (R**)C(O)R’, C;j;alkyleneN(R'?)C(0)C, alk-
vleneOR?, C,,alkyleneN(R?)C(0)aryl, C,.alkyleneN (R*?) -
C(0)C, ;alkyleneN (R*),, C,,alkyleneN(R*?)C(0)hetero-

~aryl, C,s;alkyleneOR’, and SR’, wherein R’ is as

defined above;

R'' is selected from the group consisting

of null, hydro, optionally substituted C, .alkyl, and
halo;

R'“ is selected from the group consisting
of hydro, C, s alkyl, cycloalkyl, aryl, heteroaryl,
C,.;alkylenearyl, and SO,C, .alkyl, or two R'? groups
are taken together to form an optionally substituted
3- to 6-membered ring; and

R*” is selected from the group consisting
of hydro, C, salkyl, C, alkenyl, C,  alkynyl, and aryl;
provided that when Q' is hydro or OCH,, at

least one of R*, R’, and R is different from hydro,
CH,, OCH,, and halo,

PCT/US02/06452
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