
DISUBSTITUTED PYRAZOLOBENZODIAZEPINES USEFUL AS
INHIBITORS FOR CDK2 AND ANGIOGESIS, AND FOR THE
TREATMENT OF BREAST, COLON, LUNG AND PROSTATE CANCER
The present invention is directed to disubstituted
pyrazolobenzodiazepines that inhibit angiogenesis
and/or kinase activity. These compounds are useful in
the treatment of cancerous tumors, especially breast,
colon, lung, and prostate cancer. Angiogenesis is the
generation of new blood vessels in a tissue or organ.
Under 5 normal physiological conditions, humans and
animals undergo angiogenesis only in very specific,
restricted situations. For example, angiogenesis is
normally observed in wound healing, fetal and
embryonal development, and formation of the corpus
luteum, endometrium and placenta. Capillary blood
vessels are composed of endothelial cells and
pericytes, 10 surrounded by a basement membrane.
Angiogenesis begins with the erosion of the basement
membrane by enzymes released from endothelial cells
and leukocytes. Endothelial cells, lining the lumen of
blood vessels, then protrude through the basement
membrane. Angiogenic stimulants induce the endothelial
cells to migrate through the eroded basement membrane.
The migrating cells form a "sprout" off the parent
blood 15 vessel where the endothelial cells undergo
mitosis and proliferate. The endothelial sprouts merge
with each other to form capillary loops, creating a
new blood vessel. Uncontrolled angiogenesis is a
hallmark of cancer. In 1971, Dr. Judah Folkman
proposed that tumor growth is dependent upon
angiogenesis. See, e.g., Folkman, New England Journal
of Medicine, 285: 1182-86 (1971). According to Dr.
Folkman, a tumor 20 can only grow to a certain size
without the growth of additional blood vessels to
nourish the tumor. In its simplest terms, this
proposition states: that "once tumor 'take' has
occurred, every increase in tumor cell population must
be preceded by an increase in new capillaries
converging on the tumor." Tumor 'take' is currently
understood to indicate a prevascular phase of tumor
growth in which a population of tumor cells occupying
a few 25 cubic millimeters volume, and not exceeding a
few million cells, can survive on existing host
microvessels. Expansion of tumor volume beyond this
phase requires the induction of new capillary blood
vessels. For example, pulmonary micro-metastasis in
the early JB 7/25/2005prevascular phase in mice would
be undetectable except by high power microscopy on
histological sections. 



As early as 1945, Algire, et al., J. Nat. Cancer
Inst., 6:73-85 (1945), showed that the growth rate of
tumors implanted in subcutaneous transparent chambers
in mice is slow and linear before neovascularization,
and rapid and nearly exponential after
neovascularization. In 1966, Dr. Folkman reported that
tumors grown in isolated perfused organs where blood
vessels do not proliferate are limited to 1-2 mm3 but
expand rapidly to >1000 times this volume when they
are transplanted in mice and become neovascularized.
See, e.g., Folkman, et al, Anals of Surgery,
164:491-502 (1966). Tumor growth in avascular cornea
proceeds slowly and at a linear rate, but switches to
exponential growth after neovascularization. See, eg.,
Gimbrone, Jr., et al., J. Nat. Cancer Inst, 52:421-27
(1974)). Tumors suspended in the aqueous fluid of the
anterior chamber of the rabbit eye remain viable,
avascular, and limited in size to <1 mm3. Once they
are implanted on the iris vascular bed, they become
neovascularized and grow rapidly, reaching 16,000
times their original volume within two weeks. See,
eg., Gimbrone, Jr. et al., / . Exp. Med., 136:261-76.
When tumors are implanted on the chick embryo
chorioallantoic membrane, they grow slowly during an
avascular phase of >72 hours, but do not exceed a mean
diameter of 0.93 + 0.29 mm. Rapid tumor expansion
occurs within 24 hours after the onset of
neovascularization, and by day 7 the vascularized
tumors reach a mean diameter of 8.0 + 2.5 mm. See,
eg., Knighton, British, J. Cancer, 35:347-56 (1977)).
Vascular casts of metastasis in the rabbit liver
reveal heterogeneity in size of the metastasis, but
show a relatively uniform cut-off point for the size
at which vascularization is present. Tumors are
generally avascular up to 1mm in diameter, but are
neovascularized beyond that diameter. See, eg., Lien,
et al., Surgery, 68:334-40 (1970). In transgenic mice
which develop carcinomas in the beta cells of the
pancreatic eyelets, pre-vascular hyperplastic eyelets
are limited in size to < 1 mm. At 6-7 weeks of age,
4-10% of the eyelets become neovascularized, and from
these eyelets arrive large vascularized tumors of more
than 1,000 times the volume of the pre-vascular
eyelets. See, eg., Folkman, et al., Nature, 339:58-61
(1989).It has been shown that tumors can be treated by
inhibiting angiogenesis rather than inhibiting
proliferation of the tumor cells themselves. For
example, Kim et al., Nature, 362:841044 (1993), show
that a specific antibody against VEGF (vascular 



endothelial growth factor) reduces micro-vessel
density and causes "significant or dramatic"
inhibition of growth of three human tumors which rely
on VEGF as their sole mediator of angiogenesis (in
nude mice). The antibody does not inhibit growth of
the tumor cells in vtiro. Further, Hori, et al.,
Cancer, Resp. 51:6180-84 (1991), shows that anti-bFGF
monoclonal antibody causes 70% inhibition of growth of
a mouse tumor which is dependent upon secretion of
bFGF as its only mediator of angiogenesis. The
antibody does not inhibit growth of the tumor cells in
vitro. Intraperitoneal injection of bFGF has also been
shown to enhance growth of a primary tumor and its
metastasis by stimulating growth of capillary
endothelial cells in the tumor. The tumor cells
themselves lack receptors for bFGF and bFGF is not a
mitogen for the tumor cells in vitro. See, e.g.,
Gross, et al., Proc. Am. Assoc. Cancer Res., 31:79
(1990). A specific angiogenesis inhibitor (AGM-1470)
inhibits tumor growth and metastasis in vivo, but is
much less active in inhibiting tumor cell
proliferation in vitro. It inhibits vascular
endothelial cell proliferation half-maximally at 4
logs lower concentration than it inhibits tumor cell
proliferation. See, eg., Ingber, et al., Nature,
48:555-57 (1990). There is also indirect clinical
evidence that tumor growth is angiogenesis dependent.
For example, human retinoblastomas that are metastatic
to the vitreous develop into avascular spiroids which
are restricted to <1 mm3 despite the fact that they
are viable and incorporate 3H-Thymidine (when removed
from an enucleated eye and analyzed in vitro).
Carcinoma of the ovary metastasizes to the peritoneal
membrane as tiny avascular white seeds (1-3 mm3).
These implants rarely grow larger until one or more of
them become neovascularized. Intensity of
neovascularization in breast cancer (see, e.g.,
Weidner, et al., New Eng. J. of Med., 324:1-8 (1991);
Weidner, et al., J. Nat. Cancer Inst, 84:1875-87
(1992)) and in prostate cancer (Weidner, et al., Am.
J. Pathol, 143 (2):401-09 (1993)) correlates highly
with risk of future metastasis. Metastasis from human
cutaneous melanoma is rare prior to
neovascularization. The onset of neovascularization
leads to increased thickness of the lesion and an
increased risk of metastasis. See, eg., Srivastava, et
al., Am. J. Pathol., 133:419-23 (1988)). In bladder
cancer, the urinary level of an angiogenic protein,
bFGF is a more sensitive indicator of status and
extensive disease than is cytology. See, e.g., Nguyen,
et al., J. Nat. Cancer, Inst., 85:241-42
(1993).Angiogenesis has been associated with a number
of different types of cancer, 



including solid tumors and blood-borne tumors. Solid
tumors with which angiogenesis has been associated
include, but are not limited to, rhabdomyosarcomas,
retinoblastoma, Ewing's sarcoma, neuroblastoma, and
osteosarcoma. Angiogenesis also has been linked with
breast cancer, prostate cancer, lung cancer, and colon
cancer. Angiogenesis is also associated with
blood-borne tumors, such as leukemias, lymphomas,
multiple myelomas, and any of various acute or chronic
neoplastic diseases of the bone marrow in which
unrestrained proliferation of white blood cells
occurs, usually accompanied by anemia, impaired blood
clotting, and enlargement of the lymph nodes, liver
and spleen. It is believed too that angiogenesis plays
a role in the abnormalities in the bone marrow that
give rise to leukemia and lymphoma tumors and multiple
myeloma diseases. One of the most frequent angiogenic
diseases of childhood is the hemangioma. A hemangioma
is a tumor composed of newly-formed blood vessels. In
most cases the tumors are benign and regress without
intervention. In more severe cases, the tumors
progress to large cavernous and infiltrated forms and
create clinical complications. Systemic forms of
hemangiomas, hemangiomatoses, which have a high
mortality rate. Therapy-resistant hemangiomas exist
that can not be treated with therapies currently in
use. Thus, it is clear that angiogenesis plays a major
role in the metastasis of cancer. If this angiogenic
activity could be repressed or eliminated, then the
tumor, although present, would not grow. In the
disease state, prevention of angiogenesis could overt
the damage caused by the invasion of the new micro
vascular system. Therapies directed at control of
angiogenic processes could lead to the abrogation or
mitigation of these diseases. Several classes of
compounds that inhibit angiogenesis are being
investigated as therapeutic agents. These are, for
example, thalidomide and thalidomide analogs (USP
6,235,756 (The Children's Medical Center Corporation);
6,420,414 (The Children's Medical Center Corporation);
6,476,052 (Celgene Corporation)); quinolinones (USP
6,774,237 (Chiron Corporation)); serine proteases and
kallikreins (USP 6,544,947 (EntreMed Inc.)); VEGF
analogs and antagonists (USP 6,783,953 (Janssen
Pharmaceutica N.V.); 6,777,534 (Children's Medical
Center Corporation)); peptides and proteins that bind
Angiostatin(tm) or Endostatin(tm) (USP 6,201 ,104
(EntreMed Inc.));cathepsin V-like polypeptides (USP
6,783,969 (Nuvelo Inc.)); other antiangiogenic 



peptides (USP 6,774,211 (Abbott Laboratories);
4-anilino-quinazolines (WO 2002/092578, WO
2002/092577, WO 2002/016352, WO 2001/032651, WO
2000/047212 (Astrazeneca)); phthalazines (WO
2004/033042 (Novartis), WO 2003/022282 (Novartis),WO
2002/012227 (Astrazeneca), WO 2001/010859 (Bayer), WO
98/35958 (Novartis)); isothiazoles (WO 99/62890
(Pfizer)); and indolinones (WO 2001/037820, WO
2000/008202, WO 98/50356, WO 96/40116 (Sugen Inc.))-
Several review articles report the use of angiogenesis
inhibitors as therapeutic agents. These articles
include Mazitschek et al. Current Opinion in Chemical
Biology, 8(4): 432-441 (2004); Underiner, et al.,
Current Medicinal Chemistry, 11(6): 731-745 (2004);
Manley, et al., Biochimica et Biophysica Acta,
1697(1-2): 17-27 (2004); Alessi, et al., Biochimica et
Biophysica Acta, 1654(1): 39-49 (2004); Tortora, et
al., Current Pharmaceutical Design, 10(1): 11-26
(2004). Uncontrolled cell proliferation is another
hallmark of cancer. Cancerous tumor cells typically
have some form of damage to the genes that directly or
indirectly regulate the cell-division cycle.
Cyclin-dependent kinases (CDKs) are enzymes which are
critical to cell cycle control. See, e.g., Coleman et
al., Annual Reports in Medicinal Chemistry, 32:
171-179 (1997). These enzymes regulate the transitions
between the different phases of the cell cycle, such
as the progression from the Gi phase to the S phase
(the period of active DNA synthesis), or the
progression from the G phase to the M phase, in which
active mitosis and cell-division occurs. See, e.g.,
the articles on this subject appearing in Science,
274: 1643-1677 (6 December 1996). 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 (CDKl, CDK
2). The different kinase/cyclin pairs regulate
progression through specific stages of the cell cycle.
See, e.g., Colernan, supra. Aberrations in the cell
cycle control system have been implicated in the
uncontrolled growth of cancerous cells. See, e.g.,
Kamb, Trends in Genetics, 11: 136- 140 (1995); and
Coleman, supra. In addition, changes in the expression
of or in thegenes encoding CDK' s or their regulators
have been observed in a number of tumors. See, e.g.,
Webster, Exp. Opin. Invest. Drugs, 7: 865-887 (1998),
and references cited 



therein. Thus, there is an extensive body of
literature validating the use of compounds inhibiting
CDKs as antiproliferative therapeutic agents. See,
e.g. U.S. Patent No. 5,621,082; EP 0 666 270 A2; WO
97/16447; and the references cited in Coleman, supra,
in particular reference no. 10. Thus, it is desirable
to identify chemical inhibitors of CDK kinase
activity. It is particularly desirable to identify
small molecule compounds that may be readily
synthesized and are effective in inhibiting one or
more CDKs or CDK/cyclin complexes, for treating one or
more types of tumors. Several classes of compounds
that inhibit cyclin-dependent kinases have been and
are being investigated as therapeutic agents. These
are, for example, analogs of Flavopiridol (USP
5,733,920 (Mitotix); WO 98/1344 (Bristol-Myers
Squibb); WO 97/42949 (Bristol-Meyers Squibb)); purine
derivatives (WO 98/05335 (CV Therapeutics); WO
97/20842 (CNRS)); acridones and benzothiadiazines (WO
98/49 146 A2 (US Dept. of Health and Human Services));
and antisense (USP 5,821,234 (Stanford University)).
Furthermore, certain N,N-substituted
dihydropyrazolobenzodiazepines have been disclosed in
an article discussing CNS-acting compounds. See, M. A.
Berghot, Arch. Pharm. 325:285-289 (1992). There
continues to be a need for easily synthesized, small
molecule compounds for the treatment of one or more
types of tumors, in particular through regulation of
angiogenesis and/or CDKs. The present invention is
directed to novel 7,8-disubstituted
pyrazolobenzodiazepines and pharmaceutically
acceptable salts of these compounds. The compounds of
the invention are inhibitors of angiogenesis and/or
kinases, such as cyclin-dependent kinases (CDKs), in
particular CDK2. These compounds and their
pharmaceutically acceptable salts, and esters 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 and/or
prevention of cancer, particularly in the treatment or
control of solid tumors. The compounds of the
invention are especially useful in the treatment or
control of breast, colon, lung and prostate tumors.
Theinvention is also directed to novel intermediates
useful in the preparation of the 7,8- disubstituted
pyrazolobenzodiazepines, such as those of formula IV
described below. 



In particular, the present invention provides
compounds of formula IV wherein R1 is alkyl, alkoxy,
halogen, COOH, COOAlkyl, CN, C(O)N(R6)2, or
(OCH2CH2)nOCH3; R2 is alkyl, halogen, alkyl
substituted by halogen, OH, alkoxy, alkoxy substituted
by halogen, phenyl, N(R6)2, (OCH2CH2 OCH3,
O(CH2)mNR7R8, or 2 n ; C N - is a 6-membered
heterocycle optionally substituted by alkyl or
C(O)OR6; or R1 and R2 together form a 5-membered
heterocyclic ring; R3 is hydrogen or alkyl; R4 is
hydrogen, halogen, CN, NO2, alkyl, or alkoxy; each R6
is independently hydrogen or alkyl; R7 and R8 are each
independently hydrogen, alkyl, or alkoxyalkyl, or R7
and R8 taken together with the nitrogen atom to which
they are attached form a 6-membered heterocycle which
is optionally substituted by alkyl; each n is
independently 1, 2, or 3; and m is 2, 3, or 4; or a
pharmaceutically acceptable salt thereof. The present
invention is further directed to pharmaceutical
compositions containing any one or more of the
above-described compounds, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically
acceptable carrier. Methods for preparing such
compositions are also part of the invention.The
present invention also is directed to methods of using
the compounds of the invention. Compounds of the
invention are inhibitors of angiogenesis and/or
kinases. Thus the invention is directed to a method of
inhibiting angiogenesis. The invention also is
directed to a method of inhibiting kinases. Further,
the invention is directed to a method for the
treatment of cancer, especially breast, colon, lung,
and prostate cancers by administering to a patient
having cancer, a therapeutically effective amount of a
compound of formula V or a pharmaceutically acceptable
salt thereof. In one aspect, the present invention
provides 7,8-disubstituted-5-(2-
chlorophenyl)-l,2-dihydro-3-methyl-pyrazolo[3,4-b][l,4
]benzodiazepmes and pharmaceutical compositions
containing them. In a second aspect, the present
invention 



provides methods for synthesis of the compounds of the
present invention and valuable intermediates for use
in such synthesis. Compounds of the present invention
are inhibitors of angiogenesis. Thus, in a third
aspect, the present invention provides a method of
inhibiting angiogenesis which comprises administering
a therapeutically effective amount of a compound of
the invention. Compounds of the present invention also
are inhibitors of kinases, such as CDK2. Therefore, in
a fourth aspect, the invention provides a method of
inhibiting kinase activity which comprises
administering a therapeutically effective amount of a
compound of the invention. In a fifth aspect, the
present invention provides a method for the treatment
or control of cancer which comprises administering a
therapeutically effective amount of a compound of the
invention. In particular, the invention provides
methods for the treatment of breast, prostate, colon,
and lung cancer. As used herein, the following terms
shall have the following definitions. The following
definitions used herein apply irrespective of whether
the terms in question appear alone or in combination.
It must be noted that, as used in the specification
and the appended claims, the singular forms "a", "an,"
and "the" include plural forms unless the context
clearly dictates otherwise. "Alkyl" means a
straight-chain or branched, substituted or
unsubstituted, saturated aliphatic hydrocarbon having
1 to 6, preferably 1 to 4, carbon atoms. Typical alkyl
groups include methyl, ethyl, propyl, isopropyl,
butyl, t-butyl, 2-butyl, pentyl, hexyl and the
like."Alkoxy" means a straight or branched chain
hydrocarbonoxy group wherein the "alkyl" portion is a
alkyl group as defined above, and the group is
attached to the molecule via an oxygen atom. Typical
alkoxy groups include methoxy, ethoxy, propyloxy,
i-propyloxy, n-butyloxy, 2-butyloxy, tert-butyloxy,
n-pentyloxy, n-hexyloxy and the like. "Halogen" means
fluorine, chlorine, bromine or iodine. Preferred
halogens are fluorine and chlorine. "Hetero atom"
means an atom selected from N, O and S. "6-membered
Heterocycle" means a 6-membered non-aromatic,
partially or completely saturated hydrocarbon group,
which contains one to three heteroatoms at least one
of which is nitrogen. Examples of 6-membered
heterocycles include piperidine, 



piperazine, morpholine, thiomorpholine, and the like.
"5-membered or 6-membered heterocyclic ring" means a
5- or 6-membered ring containing from one to three
heteroatoms. Examples of carbocyclic rings include
pentyl and hexyl and the like. Examples of
heterocyclic rings include dioxanes, dioxolanes,
pyrrolidines, imidazolidines and the like. "IC50"
refers to the concentration of a particular
pyrazolobenzodiazepine required to inhibit 50% of a
specific measured activity. [IC50 can be measured,
inter alia, as is described in Example A, infra.]
"IC9Q" refers to the concentration of a particular
pyrazolobenzodiazepine required to inhibit 90% of a
specific measured activity. "Pharmaceutically
acceptable," such as pharmaceutically acceptable
carrier, excipient, etc., means pharmacologically
acceptable and substantially non-toxic to the subject
to which the particular compound is administered.
"Pharmaceutically acceptable salt" refers to
conventional acid-addition salts or base-addition
salts which retain the biological effectiveness and
properties of the compounds of formula IV and are
formed from suitable non-toxic organic or inorganic
acids or organic or inorganic bases. Sample
acid-addition salts include those derived from
inorganic acids such as hydrochloric acid, hydrobromic
acid, hydroiodic acid, sulfuric acid, sulfamic acid,
phosphoric acid and nitric acid, and those derived
fromorganic acids such as p-toluenesulfonic acid,
salicylic acid, methanesulfonic acid, oxalic acid,
succinic acid, citric acid, malic acid, lactic acid,
fumaric acid, and the like. Sample base-addition salts
include those derived from ammonium, potassium, sodium
and, quaternary ammonium hydroxides, such as for
example, tetramethylammonium hydroxide. "Phenyl" means
a functional group that is a benzene ring having one
hydrogen removed. Phenyl groups of the present
invention may be unsubstituted or substituted, for
example, with alkyl, alkoxy, halogen, CN, N(R6)2, NO2,
etc. "Substituted," as in substituted alkyl, means
that the substitution can occur at one or more
positions and, unless otherwise indicated, that the
substituents at each substitution site are
independently selected from the specified options.
"Therapeutically Effective Amount" means an amount of
at least one compound of Formula IV, or a
pharmaceutically acceptable salt, ester, or metabolite
thereof, that 



significantly inhibits proliferation of a tumor cell,
including human tumor cell lines or that significantly
inhibits angiogenesis of blood vessels supplying the
tumor or its metastasis. The present invention
provides compounds of formula TV wherein R1 is alkyl,
alkoxy, halogen, COOOH, COOAlkyl, CN, C(O)N(R 6)2, or
(OCH2CHa)nOCH3; R2 is alkyl, halogen, alkyl
substituted by halogen, OH, alkoxy, alkoxy substituted
by 0(CH 2) - C N halogen, phenyl, N(R )2,
(OCH2CH2)nOCH3, O(CH2)mNR7/r R>8, orC N is a
6-membered heterocycle optionally substituted by alkyl
or C(O)OR6; or R1 and R2 together form a 5-membered
heterocyclic ring; R3 is hydrogen or alkyl R4 is
hydrogen, halogen, CN, NO2, alkyl, or alkoxy; each R6
is independently hydrogen or alkyl; R7 and R8 are each
independently hydrogen, alkyl, or alkoxyalkyl, or R7
and R8 taken together with the nitrogen atom to which
they are attached form a 6-membered heterocycle which
is optionally substituted by alkyl; each n is
independently 1, 2, or 3; and m is 2, 3, or 4; or a
pharmaceutically acceptable salt thereof. In one
embodiment, the invention provides compounds of
formula IV in which OCH2- C N R2 is - . Within this
embodiment, preferred compounds include those in which
R1 is halogen or cyano. In another embodiment, the
invention provides compounds of formula IV in which R2
is O(CH2)mNR7R8. In such compounds, R7 and R8 can each
independently be hydrogen, alkyl, or alkoxyalkyl or R7
and R8 can together with the nitrogen atom to which
they are attached form a 6-membered heterocycle. For
example, NR7R8 can form a morpholine or piperazine
ring. Within this embodiment, preferred compounds are 



those in which R7 and R8 together with the nitrogen to
which they are attached form a 6- membered heterocycle
and R1 is halogen or cyano. Examples of such compounds
include
5-(2-chlorophenyl)-l,2-dihydro-7-fluoro-8-(3-(4-morpho
linyl)propoxy))-3-methylpyrazolo [3,4-b]
[1,4]benzodiazepine;
7-bromo-5-(2-chlorophenyl)-l,2-dihydro-8-(3-(4-morphol
inyl)propoxy))-3-methylpyrazolo[ 3 ,4-b]
[1,4]benzodiazepine;
5-(2-chlorophenyl)-7-cyano-l,2-dihydro-8-(3-(4-morphol
inyl)propoxy))-3-methylpyrazolo[ 3,4-b]
[1,4]benzodiazepine ; and 5-(2-chlorophenyl)-7-cyano-
1,2-dihydro-8-(2-(4-methyl-
1-piperazinyl)ethoxy)-3-methylpyrazolo[
3,4-b][l,4]benzodiazepine.Also preferred are compounds
in which R7 and R8 are each independently hydrogen,
alkyl, or alkoxyalkyl and R1 is halogen or cyano. An
example of such a compound is
5-(2-chlorophenyl)-7-cyano-l,2-dihydro-8-(2-(2-methoxy
ethyl)methylamino)-ethoxy)-3- methyl-pyrazolo[3 ,4-b]
[1,4]benzodiazepine. In another embodiment, the
invention provides compounds of formula IV in which R2
is N(R6)2 where each R6 is independently hydrogen or
alkyl. Within this embodiment, compounds in which R1
is either a halogen or cyano group are preferred, for
example, the compound
5-(2-chlorophenyl)-l,2-dihydro-7-fluoro-8-N,Ndimethyla
mino- 3-methyl-pyrazolo[3,4-b]benzodiazepine. In
another embodiment, the invention provides compounds
of formula IV in which R2 is halogen, alkyl, or alkyl
substituted by halogen. Within this embodiment,
preferred compounds are those in which R1 is halogen,
alkyl or alkoxy. Examples of such compounds include
5-(2-chlorophenyl)-l,2-dihydro-3,7,8-trimethyl
-pyrazolo[3,4-b][l,4]benzodiazepine;
8-chloro-5-(2-chlorophenyl)-l,2-dihydro-7-methoxy-3-me
thyl-pyrazolo[3,4- b][1,4]benzodiazepine;
5-(2-chlorophenyl)-l,2-dihydro-8-fluoro-7-methoxy-3-me
thyl-pyrazolo[3,4- b][1,4]benzodiazepine;
5-(2-chlorophenyl)-l,2-dihydro-7-methoxy-3-methyl-8-tr
ifluoromethyl-pyrazolo[3,4- b][l,4]benzodiazepine; and



8-chloro-5-(2-chlorophenyl)-l,2-dihydro-3,7-dimethyl-p
yrazolo[3,4- b][1,4]benzodiazepine. In another
embodiment, the invention provides compounds of
formula IV in which R2 is hydroxy, alkoxy, or alkoxy
substituted by halogen. Preferred compounds within
this embodiment are those in which R1 is alkyl, cyano,
NH2C(O), or 0(CHa)nOCH3. Example of such compounds
include
5-(2-chlorophenyl)-l,2-dihydro-8-methoxy-7-methoxyetho
xy-3-methyl-pyrazolo[3,4- bj[l,4]benzodiazepine;
5-(2-chlorophenyl)-7-cyano-l,2-dihydro-8-methoxy-3-met
hyl-pyrazolo[3,4- b][l,4]benzodiazepine; and
5-(2-chlorophenyl)-l,2-dihydro-3,7-dimethyl-8-methoxy-
pyrazolo[3,4- b][l,4]benzodiazepine.Other preferred
compounds within this group are those in which R1 is
halogen. Examples of such compounds include
7-chloro-5-(2-chlorophenyl)-l,2-dihydro-8-methoxy-3-me
thyl-pyrazolo[3,4- b][l,4]benzodiazepine;
7-bromo-5-(2-chlorophenyl)-l,2-dihydro-8-methoxy-3-met
hyl-pyrazolo[3,4- b] [l,4]benzodiazepine;
5-(2-chlorophenyl)-l,2-dihydro-7-fluoro-8-methoxy-3-me
thyl-pyrazolo[3,4- b][l,4]benzodiazepine;
5-(2-chlorophenyl)-l,2-dihydro-7-fluoro-8-ethoxy-3-met
hyl-pyrazolo[3,4- b][l,4]benzodiazepine; and
5-(2-chlorophenyl)-l,2-dihydro-7-fluoro-8-(l-methyleth
oxy)-3-methyl-pyrazolo[3,4- b][1,4]benzodiazepine.
Further preferred compounds within this group are
those in which R1 is alkoxy. Examples of such
compounds include
5-(2-chlorophenyl)-l,2-dihydro-7,8-dimethoxy-3-methyl-
pyrazolo[3,4- b][1,4]benzodiazepine ;
l,2-dihydro-3,7-dimethyl-8-methoxy-5-phenyl-pyrazolo[3
,4-b][l,4]benzodiazepine;
l,2-dihydro-7,8-dimethoxy-5-(2-methoxyphenyl)-3-methyl
-pyrazolo[3,4- b] [1,4]benzodiazepine;
5-(2-chlorophenyl)-l,2-dihydro-7-methoxy-8-(l-methylet
hoxy)-3-methyl-pyrazolo[3,4- 



b][l,4]benzodiazepine; and
5-(2-chlorophenyl)-l,2-dihydro-8-methoxy-7-(l-methylet
hoxy)-3-methyl-pyrazolo[3,4- b] [1,4]benzodiazepine.
In another embodiment, the invention provides
compounds of formula IV in which R2 is phenyl.
Preferred compounds include those in which R1 is
alkoxy, for example, the compound
5-(2-chlorophenyl)-l,2-dihydro-7-methoxy-3-methyl-8-ph
enylpyrazolo[ 3,4-b][l,4]benzodiazepine. In another
embodiment, the invention provides compounds of
formula IV wherein R2 is (OCH2CH2)UOCH3. Preferred
compounds within this embodiment are those in which R1
is halogen, alkoxy, or cyano. Examples of such
compounds include
5-(2-chlorophenyl)-l,2-dihydro-7-methoxy-8-methoxyetho
xy-3-methyl-pyrazolo[3,4- b][l,4]benzodiazepine;
5-(2-chlorophenyl)-l,2-dihydro-7-fluoro-8-methoxyethox
y-3-methyl-pyrazolo[3,4-b] [1,4]benzodiazepine;
5-(2-chlorophenyl)-
7-cyano4,2-dihydro-8-memoxyemoxy-3-memyl-pyrazolo[3,4-
b] [1,4]benzodiazepine ; and
5-(2-chlorophenyl)-7-cyano-l,2-dihydro-8-(2-(2-methoxy
ethoxy)ethoxy)-3-methylpyrazolo[
3,4-b][l,4]benzodiazepine. In another embodiment, the
invention provides compounds of formula IV wherein R1
and R2 together form an dioxolane ring. An example of
such a compound is
5-(2-chlorophenyl)-8,10-dihydro-7-methyl-l,3-dioxolo[4
,5-h]pyrazolo[3,4- b] [1,4]benzodiazepine. In another
embodiment, the invention provides compounds of
formula IV in which R1 is halogen. Within this
embodiment, preferred compounds are those in which R2
is halogen; hydroxy; N(R6)2; O(CH 2)mNR7R8, e.g.,
where NR7R8 forms a morpholine 0(CH 2) - C N ring;
alkoxy, e.g., methoxy or ethoxy; or , where n is 1 or
2. In another embodiment, the invention provides
compounds of formula IV in which R1 is (OCH CH ) OCHs.
Within this embodiment, preferred compounds are those
in which R2 is alkoxy. In another embodiment, the
invention provides compounds of formula IV in which R1
is NH2C(O). Within this embodiment, preferred
compounds are those in which 



R2 is alkoxy. In another embodiment, the invention
provides compounds of formula IV in which R1 is alkyl.
Within this embodiment, preferred compounds are those
in which R2 is alkoxy, halogen, alkyl, or alkyl
substituted by halogen. In another embodiment, the
invention provides compounds of formula IV in which R3
is alkoxy. Within this embodiment, preferred compounds
are those in which R2 is alkoxy; halogen, e.g.,
chloro; phenyl; or (OCH2CH2X1OCH3, where n is 1 or 2.
In another embodiment, the invention provides
compounds of formula IV in which R1 is cyano. Within
this embodiment, preferred compounds are those in
which R2 is hydroxy; alkoxy; O(CH2)mNR7R8, in
particular where NR7R8 forms a morpholine ring;
(OCH2CH2)nOCH3; or , where n is 1 or 2, and m is 2.In
another embodiment, the invention provides compounds
of formula TV wherein R3 is hydrogen, i.e. compounds
of formula XXII. Examples of such compounds include
5-(2-chlorophenyl)-l,2-dihydro-7-fluoro-8-methoxy-pyra
zolo[3,4-b][l,4]benzodia2epine;
5-(2-chlorophenyl)-l,2-dihydro-8-methoxy-7-methyl-pyra
zolo[3,4- b][l,4]benzodiazepine; and
5-(2-chlorophenyl)-l,2-dihydro-7-cyano-8-methoxy-
pyrazolo[3,4- b][1,4]benzodiazepine. In yet another
embodiment, the present invention provides a compound
of formula IV as defined herein before, wherein R4 is
ortho-chloro; and R1, R2 and R3 have the meanings
given above. In still another embodiment, the present
invention provides a compound of formula IV as defined
herein before, wherein R3 is methyl; R4 is
ortho-chloro; and R1 and R2 have the meanings given
above. In still another embodiment, the present
invention provides a compound of formula IV as defined
herein before, wherein R1 is halogen or -CN R3 is
methyl; 



R4 is ortho-chloro; and R2 has the meaning given
above. The present invention provides methods for the
synthesis of disubstituted pyrazolobenzodiazepines.
Suitable processes for synthesizing compounds of the
invention are provided in the examples. Generally, the
compound of the invention can be prepared according to
the synthesis schemes provided below.The following
synthetic schemes provide two general methods for
preparation of compounds of the invention, i.e.,
compounds of formula IV. In method A, illustrated in
schemes 1 and 2, a benzodiazepine of formula I is
converted to a compound of formula IV. III IV scheme 1
In the method of scheme 1, the lactam I is converted
to the corresponding thiolactam II according to
procedures known in the art (WO 2000/064900; Scheibye,
S., et al., Bulletin des Societes Chimiques Beiges,
87: 229-38 (1978); Jesberger, M., et al., Synthesis,
1929-1958 (2003)). Thiolactam II is reacted with the
dimethyl acetal of N,Ndimethyl acetamide, preferably
at an elevated temperature, for example, 60 to 13O0C,
to form intermediate III, which on reaction with
hydrazine forms the pyrazole derivative IV.Vl IV
scheme 2 In the method of scheme 2, which is a
variation of scheme 1, the lactam I is converted to
the O-methyl ether V, either by methods known in the
art (Walser, A.; et al., Chemistry of Heterocyclic
Compounds, Chichester, United Kingdom, Vol. 50:
431-543 (1991); Walser, A.; et al., Chemistry of
Heterocyclic Compounds, Chichester, United Kingdom,
vol. 50: 545-629 (1991); Walser, A.; et al., Chemistry
of Heterocyclic Compounds, Chichester, United Kingdom,
vol 50: 631-848 (1991); Walser, A.; et al., Chemistry
of Heterocyclic Compounds, Chichester, United Kingdom,
vol 50: 849-946 (1991); Archer, G. A.; et al.,
Chemical Reviews, 68: 747-84 (1968); Sternbach, L. H.,
et al., Journal of Organic Chemistry, 27: 3788-96
(1962); U.S. Patent No. 3,681,341) or by reaction with
phosphorous oxychloride followed by reaction with
sodium methoxide. Reaction of ether V with the
dimethyl acetal of N,N-dimethyl acetamide forms
intermediate VI which on reaction with hydrazine forms
the pyrazole derivative IV. 



Methods for preparing compounds of formula I are well
known in the benzodiazepine literature (Walser, A.; et
al., Chemistry of Heterocyclic Compounds, Chichester,
United Kingdom, vol. 50: 431-543 (1991); Walser, A.;
et al., Chemistry of Heterocyclic Compounds,
Chichester, United Kingdom, vol. 50: 545-629 (1991);
Walser, A.; et al., Chemistry of Heterocyclic
Compounds, Chichester, United Kingdom, vol 50: 631-848
(1991); Walser, A.; et al., Chemistry of Heterocyclic
Compounds, Chichester, United Kingdom, vol 50: 849-946
(1991); Archer, G. A.; et al., Chemical Reviews,
68:747-84 (1968); Sternbach, L. H., et al., Journal of
Organic Chemistry, 27: 3788-96 (1962)). scheme 3 For
examples of compounds of formula I where the
substitution pattern has not been described
previously, the preparation follows the method
outlined in scheme 3, where the condensation of an
aniline derivative VII with an aldehyde VIII in the
presence of a Lewis acid according to the method
described in Toyoda, T., et al., TetrahedronLetters,
21: 173-6 (1980), generates an aminoalcohol IX.
Compounds of formula VIII are commercially available.
Compounds of formula VIII are commercially available,
or are known compounds prepared from commercially
available materials by procedures known in the art.
Compounds of formula VII, with the exception of Vllgg,
Vllkk, VIBi, and VIIjj , are commercially available.
Compounds of formula VIIgg and VIIkk can be prepared,
for example, by the method of FR1573745. Compounds
VIIii and VIIjj can be prepared by the
followingmethod, which is described in terms of Vllii.
A mixture of 7.34g (0.0347 mol) of 1-
methoxy-4-nitro-2-isopropoxybenzene and 15 g of
Raney-Nickel in 80 mL of tetrahydrofuran-ethanol (1:1)
was shaken vigorously under a 50 psi atmosphere of
hydrogen for 4 hours. The mixture was then filtered
through Celite and concentrated under reducted
pressure to giver 4.57 g of
3-methoxy-4-isopropoxyaniline, which was used directly
for the next step. VIIjj can be prepared in a similar
manner from 2- methoxy-4-nitro-l-isopropoxybenzene
which can be prepared from commercially available
materials using the procedure of Castello et al.,
Tetrahedron Letters, 26: 2489- 92 (1985). Oxidation of
IX to the corresponding amino ketone X can be
accomplished by methods known in the art (see, e.g.,
the Walser references described above; Sugasawa, T.;
et al., Journal of Heterocyclic Chemistry, 16(3):
445-8 (1979); and Leroux, F., et al., 



Journal of Organic Chemistry, 68: 4693-4699 (2003)).
Derivatization of X with a glycine equivalent is
accomplished by reaction of X with bromoacetyl bromide
followed by reaction either with ammonia to provide
XII or by reaction with sodium azide followed by azide
to amine reduction to provide XII, which then
undergoes cyclization to lactam I (see, e.g., Walser
references described above). XIII XIV IV scheme
4Altematively, the pyrazole derivatives of formula IV
may be formed by method B outlined in scheme 4.
Intermediate X is reacted with amino-chloro-pyrazole
derivative XIII to form intermediate XIV. Removal of
the allyl group from XIV is accomplished by the
general method described in Taniguchi, T., et al.,
Tetrahedron Letters, 39: 4679- 4682 (1998), wherein
intermediate XIV is reacted in the presence of
diisobutylaluminum hydride and a nickel catalyst to
generate the pyrazole derivative IV. The
amino-chloro-pyrazole derivative XIII is prepared by
the methods outlined in scheme 5 and scheme 6. XV XVl
XVII XVIII XIH scheme 5scheme 6 In scheme 5,
ethyl-2-cyano-3-ethoxy-2-butenoate is reacted with
2-propenylhydrazine to form pyrazole intermediate XV.
Ethyl-2-cyano-3-ethoxy-2-butenoate can be prepared
from commercially available materials via the method
described in U.S. Patent No. 2,824,121. The amino
ester XV is converted to the corresponding chloro
derivative XVI by diazotization and reaction with
chloride in the presence of copper salts. Hydrolysis
of the ester under basic conditions provides the
pyrazole acid intermediate XVII. The acid XVII is
reacted with methyl chloroformate followed by azide to
form the intermediate carbonyl azide pyrazole XVIII,
which on heating, followed by workup provides the
amino-chloro-pyrazole derivative XIII. Alternatively,
amino-chloro-pyrazole derivative XIII may be prepared
by allylation of nitropyrazole XIX (forming XX),
followed by reduction of the nitro group to amino
(scheme 6). Additional substitutions for R1 and R2 can
be obtained when either R1 or R2 is a 



functional group that can undergo further
transformation. For example in cases where R1 and R2
are fluorine, monosubstitution is possible by reaction
with an alcohol or amine in the presence of a base.
These reactions are illustrated in schemes 7, 8 and 9.
scheme 7 This reaction can be used to convert
compounds such as (2-amino-4,5-
difluorophenyl)-(2-chlorophenyl)-methanone (Xmm) to
compounds such as
(2-amino-5-fluoro-4-methoxyphenyl)-(2-chlorophenyl)-me
thanone (Xa) and (2-arnino-5-fluoro-4-(3-
(4-morpholinyl)propoxy)phenyl)-(2-chlorophenyl)-methan
one (Xi) . scheme 8 This reaction can be used to
convert compounds such as 5-(2-chlorophenyl)-7,8-
difluoro-l,3-dihydro-2H-l,4-benzodiazepin-2-one (Imm)
to compounds such as 5-(2-
chlorophenyl)-l,3-dihydro-7-fluoro-8-methoxy-
2H-l,4-benzodiazepin-2-one (Ia) and 5-
(2-chlorophenyl)-7-cyano-l,3-dihydro-8-methoxy-
2H-l,4-benzodiazepin-2-one (Ib). scheme 9 This
reaction can be used to convert compounds such as
5-(2-chlorophenyl)-l,3-
dihydro-7,8-difluoro-2H-l,4-benzodiazepin-2-thione
(Ilmm) to compounds such as 5-(2- chlorophenyl)-
1,3-dihydro-7-fluoro-8-methoxy-2H-
1,4-benzodiazepin-2-thione (la), 5-
(2-chlorophenyl)-l,3-dihydro-7-fluoro-8-methoxyethoxy-
2H-l,4-benzodiazepin-2-thione (TLf),
5-(2-chlorophenyl)-l,3-dihydro-8-ethoxy-7-fluoro-2H-l,
4-benzodiazepin-2-thione (Hg), and
5-(2-chlorophenyl)-l,3-dihydro-7-fluoro-8-(l-methyleth
oxy)-2H-l,4- benzodiazepin-2-thione (Eh). In examples
where R2 is a methoxy group, the intermediate can be
demethylated to the corresponding hydroxy derivative,
which can then be further alkylated. This is outlined
in scheme 10.scheme 10 This reaction can be used, for
example, to convert compounds such as 7-bromo-
5-(2-chlorophenyl)-l,3-dihydro-8-methoxy-
2H-l,4-benzodiazepin-2-one (Id) to compounds such as
7-bromo-5-(2-chlorophenyl)-l,3-dihydro-8-(3-(4-
morpholinyl)propoxy))- 2H-l,4-benzodiazepin-2-one
(Ij), 7-bromo-5-(2-chlorophenyl)-
l,3-dihydro-8-methoxyethoxy-
2H-l,4-benzodiazepin-2-one (Inn), 7-bromo-5-(2-
chlorophenyl)-
1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-1
,4-benzodiazepin-2- one (loo), and
7-bromo-5-(2-chlorophenyl)-l,3-dihydro-8-hydroxy-2H-l,
4- benzodiazepin-2-one (Ipp). This reaction also can
be used to convert a compound of 



formula
5-(2-chlorophenyl)-7-cyano-l,3-dihydro-8-methoxy-
2H-l,4-benzodiazepin-2- one (Ib) to compounds such as
5-(2-chlorophenyl)-7-cyano-l,3-dihydro-8-(3-(4-
morpholinyl)propoxy))- 2H-l,4-benzodiazepin-2-one
(Ik), 5-(2-chlorophenyl)-7-cyanol,
3-dihydro-8-(2-((2-methoxyethyl)methylamino)-ethoxy)-2
H-l,4-benzodiaze rin-2-one (Iv),
5-(2-chlorophenyl)-7-cyano-l ,3-dihydro-8-hydroxy-2H-l
,4-benzodiazepin-2-one (Iqq),
5-(2-chlorophenyl)-7-cyano-l,3-dihydro-8-(l-t-butoxyca
rbonyl-4-
piperidinyl)methoxy-2H-l,4-benzodiazepin-2-one (Irr)
and 8-(2-chloroethoxy)-5-(2- chlorophenyl)-7-cyano-
1,3-dihydro-2H- 1,4-benzodiazepin-2-one (Iss).
Compounds of formula IV in which R1 are CN or
C(O)N(R6) can be converted to compounds in which R1 is
COOH or COOAlkyl via methods known in the art, for
example, those described in U.S. Patent 6,440,959. For
those compounds of formula IV where R3 is H (Compounds
of formula XXII), the compounds can be prepared
according to the general method outlined in Scheme
11.Il XXl XXII scheme 11 This process has been
previously described for examples where R2 is H in
commonly owned U.S. Patent No. 6,440,959. Thiolactam
II is reacted with dimethylformamide diethyl acetal to
produce intermediate XXI, which is then treated with
hydrazine to yield the pyrazolobenzodiazepine XXII.
Specific examples of this reaction can be found in
Examples 90 to 92, below. SUBSTITUTION TABLENOVEL
AZAINDOLE THIAZOLINONES AS ANTI-CANCER AGENTS The
field of this invention relates to azaindole
thiazolinone derivatives which demonstrates CDK1 and
CDK2 antiproliferative activity and are useful as
anti-cancer agents. Cyclin-dependent kinases (CDKs)
are serine-threonine protein kinases that play
critical roles in regulating the transitions between
different phases of the cell-cycle, such as the
progression from a quiescent stage in Gi (the gap
between mitosis and the onset of DNA replication for a
new round of cell division) to S (the period of active
DNA synthesis), or the progression from G2 to M phase,
in which active mitosis and cell-division occurs.
(See, e.g., the articles compiled 



in Science, 274: 1643-1 677 ( 1996); and Ann. Rev.
Cell Dev. Biol., 13:261 -291 (1997)). CDK complexes
are formed through association of a regulatory cyclin
subunit (e.g., cyclin A, B 1, B2, D 1, D2, D3 and E)
and a catalytic kinase subunit (e.g., CDK1 , CDK2,
CDK4, CDK5 and CDK6). As the name implies, the CDKs
display an absolute dependence on the cyclin subunit
in order to phosphorylate their target substrates, and
different kinase/cyclin pairs function to regulate
progression through specific phases of the cell-cycle.
As seen above, these protein kinases are a class of
proteins (enzymes) that regulate a variety of cellular
functions. This is accomplished by the phosphorylation
of specific amino acids on protein substrates
resulting in conformational alteration of the
substrate protein. The conformational change modulates
the activity of the substrate or its ability to
interact with other binding partners. The enzyme
activity of the protein kinase refers to the rate at
which the kinase adds phosphate groups to a substrate.
It can be measured, for example, by determining the
amount of a substrate that is converted to a product
as a function of time. Phosphorylation of a substrate
occurs at the active-site of a protein kinase.In view
of the above properties, these kinases play an
important part in the propagation of growth factor
signal transduction that leads to cellular
proliferation, differentiation and migration.
Fibroblast growth factor (FGF) and vascular
endothelial growth factor (VEGF) have been recognized
as important mediators of tumor promoted angiogenesis.
VEGF activates endothelial cells by signaling through
two high affinity receptors, one of which is the
kinase insert domain-containing receptor (KDR). (See,
Hennequin L. F. et. al., J. Med. Chem. 45(6): 1300
(2002). FGF activates endothelial cells by signaling
through the FGF receptor (FGFR). Solid tumors depend
upon the formation of new blood vessels (angiogenesis)
to grow. Accordingly, inhibitors of the receptors FGFR
and KDR that interfere with the growth signal
transduction, and thus slow down or prevent
angiogenesis, are useful agents in the prevention and
treatment of solid tumors. (See, Klohs W.E. et. al.,
Current Opinion in Biotechnology, 10:544 (1999).
Because CDKs such as CDK1 and CDK2 serve as general
activators of cell division, inhibitors of CDK1 and
CDK2 can be used as antiproliferative 



agents. These inhibitors can be used for developing
therapeutic intervention in suppressing deregulated
cell cycle progression. In accordance with this
invention, it has been discovered that the compound of
the formula I wherein Ri is selected from hydrogen,
lower alkyl, hydroxy-lower alkyl, cycloalkyl, lower
alkoxy-lower alkyl and R2 - (X) ; X is selected from
lower alkylene, hydroxy-lower alkylene, cycloalkylene,
lower alkoxy-lower alkylene and lower alkanoyloxylower
alkylene;is selected from an aryl ring; a 4 to 6
membered heterocycloalkyl ring containing from 3 to 5
carbon atoms and from 1 to 2 hetero atoms selected
from the group consisting of oxygen, nitrogen and
sulfur; and a 5 or 6 membered heteroaromatic ring
containing from 1 to 2 hetero atoms selected from the
group consisting of oxygen, sulfur and nitrogen; R5
and R6 are independently selected from the group
consisting of hydroxy, hydroxy-lower alkyl, hydrogen,
lower alkyl, halogen, perfluro lower alkyl and lower
alkoxy; and n is an integer from 0 to 1; or N-oxides
of compounds where R2 contains a nitrogen in the
heteroaromatic ring, sulfones where R2 contains a
sulfur in the heterocycloalkyl ring or heteroaromatic
ring; or pharmaceutically acceptable salts thereof,
inhibit the activity of CDKs, particularly, CDK1 and
CDK2. These inventive agents and pharmaceutical
compositions containing such agents are useful in
treating various diseases or disorder states
associated with uncontrolled or unwanted cellular
proliferation, such as cancer, autoimmune diseases,
viral diseases, fungal diseases, neurodegenerative
disorders and cardiovascular diseases.lnhibiting
and/or modulating the activity of CDKs, particularly
CDK1 and 



CDK2, makes these compounds of formula I and
compositions containing these compounds useful in
treating diseases medicated by kinase activity,
particularly as anti-tumor agents in treating cancers,
more particularly breast cancer, prostate cancer,
colon cancer and lung cancer. As pointed out herein,
the compounds of formula I are potential
antiproliferation agents and are useful for mediating
and/or inhibiting the activity of CDKs, particularly
CDK1 , thus providing anti-tumor agents for treatment
of cancer or other diseases associated with
uncontrolled or abnormal cell proliferation. Among the
preferred compounds of formula I are the compounds of
the formula: wherein R1' is hydrogen, lower alkyl,
hydroxy-lower alkyl, lower alkoxylower alkyl or
cycloalkyl; or pharmaceutically acceptable salts
thereof; and compounds of the formula: wherein R-I "
is R2 - (X)n, and R2,X and n are as above; orN-oxides
of compounds where R2 contains a nitrogen in the
heteroaromatic ring, sulfones where R2 contains a
sulfur in the heterocycloalkyl ring or heteroaromatic
ring; or pharmaceutically acceptable salts thereof. In
compounds I and I-B, where R2 and X are substituents
containing an aryl moiety, the preferred aryl moiety
is phenyl. In a preferred embodiment of the present
invention, there are provided the compounds of formula
I-A, wherein R1 1is hydrogen, hydroxy-(Ci-C 6)alkyl or
cyclopropyl. In another preferred embodiment of the
present invention, there are provided the compounds of
formula I-B, wherein n is 1, X is (C-i-C6)alkylene,
hydroxy-(C r C6)alkylene, (Cr C6)alkanoyloxy- (CrC
Jalkylene or cyclopropylene; R2 is thiophenyl,
pyrazinyl or phenyl; and 



R5 and R6 are independently selected from hydrogen,
halogen and (Ci-C 6)alkyl. As used herein the halogen
includes all four halogens such as chlorine, fluorine,
bromine and iodine. Fluorine and chlorine are
especially preferred. As used in the specification,
the term "lower alkyl", alone or in combination, means
a monovalent straight or branched-chain saturated
hydrocarbon group containing from 1 to 6 carbon atoms,
such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl and
the like. The term "cycloalkyl" means a cyclo-lower
alkyl substituent which is a monovalent unsubstituted
3- to 6-membered saturated carbocylic hydrocarbon
ring. Among the preferred cycloalkyl substituents are
cyclopropyl, cyclobutyl, cyclohexyl, etc. with
cyclopropyl being especially preferred.The term "lower
alkoxy" means a straight-or branched-chain alkoxy
group formed from lower alkyl containing form 1 to 6
carbon atoms, such as methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, tert-butoxy and the like. The
term "aryl" means a monovalent mono- or bicyclic
unsubstituted aromatic hydrocarbon ring, such as
phenyl or naphthyl, with phenyl being preferred. The
term "heterocycloalkyl" refers to a 4 to 6 membered
monocyclic saturated ring containing 3 to 5 carbon
atoms and one or two hetero atoms selected from the
group consisting of oxygen, nitrogen or sulfur. Among
the preferred heterocyclic alkyl groups are included
morpholinyl, thiopyranyl and tetrahydropyranyl. The
term "heteroaromatic ring" refers to a monovalent 5 or
6 membered monocyclic heteroaromatic ring containing
from 4 to 5 carbon atoms and from 1 to 2 hetero atoms
selected from the group consisting of oxygen, nitrogen
or sulfur. Among the preferred heteroaromatic groups
are included thiophenyl, thioazolyl pyridinyl,
furanyl, etc. The term "lower alkylene" designates a
divalent saturated straight or branch chain
hydrocarbon containing from one to six carbon atoms.
The term "lower alkanoyloxy" designates a monovalent
residue of a 



saturated aliphatic carboxylic acid contained from 2
to 6 carbon atoms where the hydrogen atom on the
carboxy (-COOH) moiety has been removed. Among the
preferred lower alkanoyloxy groups are include
acetyloxy, propanoyloxy and butyryloxy. The term
"cycloalkylene" designates a divalent cyclo-lower
alkylene which is a divalent unsubstituted 3 to 6
membered saturated carbocyclic hydrocarbon ring. Among
the preferred cycloalkylene substituents are divalent
cyclopropyl and divalent cyclobutyl. The term "lower
alkanoyloxy lower alkylene" designates a lower
alkylene substituent substituted, preferably
monosubstituted, with a lower alkanoyloxy group where
lower alkanoyloxy is defined as above.The term "lower
alkoxy-lower alkylene" denotes a lower alkylene
substituent, as designated hereinbefore, substituted,
preferably monosubstituted, with a lower alkoxy group,
where lower alkoxy is defined as above. The term
"hydroxy-lower alkylene" designates a lower alkylene
substituent substituted, preferably monosubstituted,
with a hydroxy group. The term "aryloxy" designates an
aryloxy substituent where aryl is as above. The
preferred aryl group is phenyl and the preferred
aryloxy is phenoxy. The term "perfluoro-lower alkyl"
means any lower alkyl group wherein all the hydrogens
of the lower alkyl group are substituted or replaced
by fluorine. Among the preferred perfluoro-lower alkyl
groups are trifluoromethyl, pentafluroethyl,
heptafluoropropyl, etc with trifluromethyl being
especially preferred. The term "pharmaceutically
acceptable salts" refers to conventional acidaddition
salts or base-addition salts that retain the
biological effectiveness and properties of the
compounds of formulae I, I-A and I-B are formed from
suitable non-toxic organic or inorganic acids, or
organic or inorganic bases. Sample acidaddition salts
include those derived from inorganic acids such as
hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulfuric acid, sulfamic acid, phosphoric acid and
nitric acid, and those derived from organic acids such
as ptoluenesulfonic acid, salicylic acid,
methanesulfonic acid, oxalic acid, succinic acid,
citric acid, malic acid, lactic acid, fumaric acid,
and the like. Sample baseaddition 



salts include those derived from ammonium, potassium,
sodium and, quaternary ammonium hydroxides, such as
for example, tetramethylammonium hydroxide. The
chemical modification of a pharmaceutical compound
(i.e., drug) into a salt is a technique well known to
pharmaceutical chemists to obtain improved physical
and chemical stability, hygroscopicity, flowability
and solubility of compounds. See, e.g., H. Ansel et
al., Pharmaceutical Dosage Forms and Drug Delivery
Systems (6th Ed. 1995) at pp. 196 and 1456-1457. In
accordance with this invention, the compounds of
formula I can be prepared from a compound of the
formula IlThe compound of formula Il is converted to
the compound of formula I via the following reaction
scheme 1, wherein Ri is as above. IV scheme 1 In
accordance with this invention, the compound of
formula Il is reacted with the compound of formula
IN-A [rhodanine (2-thio-4-thiazolin-4-one)] via a
Knoevenegel reaction to produce the compound of
formula IV. Any of the conditions conventional in
carrying out Knoevenegel reaction can be utilized in
carrying out this condensation. Generally, this
reaction is carried out at reflux temperature in the
presence of alkali metal acetate and acetic acid. In
the next step of this synthesis, the resulting
substituted thiazolidine of formula IV is treated with
a methylating agent to methylate the thio group on the
compound of formula IV to produce the compound of
formula V. The preferred methylating agent is
iodomethane. This reaction is carried out in an
organic amine base such as diisopropylethylamine
(DIEA). In carrying out this reaction, temperatureand
pressure are not critical and this reaction can be
carried out at room temperature and atmospheric
pressure. In fact in carrying out this reaction, any
of the conditions conventional in methylating a thio
group can be used. In the next step of this synthesis,
the compound of formula V is reacted with the compound
of formula Vl to produce the compound of formula I .
The compound of formula Vl is an amine and any means
conventionally used in amine substitution of
methylthio group can be used in carrying out this
reaction. In accordance with one embodiment this
substitution is carried out by reacting the compound
of formula Vl with the compound of formula V in the
presence of a 



conventional solvent such as acetonitrile. Generally,
this reaction is carried out in the presence of an
amine base such as diisopropylethylamine. On the other
hand, the compound of formula I can be prepared by
reacting the compound of formula Il with a compound of
the formula: wherein Ri is as above. The reaction of
the compound of formula VII with the compound of
formula Il to produce the compound of formula I, is
carried out in a high boiling organic solvent such as
benzene or toluene at high temperature of from 50 C to
2009C in a closed system. In this manner, this
reaction is carried out under high temperatures and
pressure. In addition, this reaction is ideally suited
to produce compound of Formula I where Ri is hydrogen.
The compound of formula VII can be directly formed by
direct replacement thorough reacting the compound of
the formula R1 NH2 wherein Ri is as above,with a
compound of the formula IM-A. The replacement reaction
is generally carried out in the presence of an
activator for the thienyl group in the thienyl
compound of formula IX and in the presence of an amine
base. Among the preferred activators is mercuric
chloride. This reaction is carried out in an inert
organic solvent. Any conventional inert organic
solvent such as acetonitrile, methylene chloride, etc.
can be utilized. In carrying out this reaction, an
amine base, such as diisoproprylethylamine, is used.
In carrying out this reaction, temperature and
pressure are not critical and this reaction can be
carried out at room temperature and atmospheric
pressure. In carrying out this reaction, any
conventional method of replacing a thienyl group with
an amine can be utilized. In the compound of formula
Vl where Ri is X, n is 1 and X is a hydroxy lower
alkylene, these compounds can be prepared from the
corresponding amino acids or amino acid esters by
reduction with an alkali metal borohydride. On the
other hand, these hydroxy lower alkylene compounds can
be prepared for the corresponding cyano carboxylic
acid esters by reduction with lithium aluminum
hydride. Reduction reduces the cyano group to an amino
group and the ester to a hydroxy group. This reduction
should take place before reacting 



the compound of formula Vl with the compound of
formula V. Where the ring is an N-oxide of a nitrogen
atom in a nitrogen containing ring which forms the
rings (E), these N-oxides can be formed from a
tertiary ring nitrogen atom by oxidation. Any
conventional method of oxidizing a tertiary nitrogen
atom to an N-oxide can be utilized. The preferred
oxidizing agent is metachloroperbenzoic acid (MCPBA).
The compound of formula I-A includes compounds wherein
R-T is hydrogen. Another class of compounds of the
compounds of formula I-A is those compounds where R1'
is cyclo lower alkyl, preferably cyclopropyl. Another
class of compounds of the compounds of formula 1A are
these compounds where R1' is hydroxy lower alkyl or
lower alkoxy lower alkyl with hydroxy lower alkyl
being especially preferred. In the compounds of
formula I-B, where R1" is R2 -(X) n, n can be 0 or 1.
Where n is 0 . a preferred class of compounds are
those compounds where (r) is phenyl. The preferred
class of compounds where n is 0 and R2 is phenyl
arethose compounds where R5 and R are either both
hydrogen or one of R5 and R6 is hydrogen and the other
is lower alkoxy or lower alkyl. On the other hand,
another preferred class of compounds of formula I-B
are those where Ri" is R2-(X) n and n is 1. Included
within this class of compounds are those compounds
where X is cyclo lower alkylene, preferably
cyclopropylene. With respect to this class of compound
wherein n is 1 and X is cyclo-lower alkylene, are
included those compounds where (r) is phenyl and are
R5 and Re are both hydrogen or one of R5 and R6 is
hydrogen and the other is lower alkyl. Another class
of the compounds of formula I-B where R2 is phenyl are
those compounds where R5 and R6 are hydrogen or
halogen with at least one of R5 and R6 being halogen .
Another class of compounds of formula I-B where n is 1
are those compounds where X is lower alkanoyloxy lower
alkylene. With respect to this class of compounds
where R-i" is R2-(X)n and n is 1 and X is lower
alkanoyloxy lower alkylene, are those compounds where
R2 is and (r) is phenyl, are these compounds where
both R5 and R6 are hydrogen or one of R5 and R6 is
hydrogen and the other is lower alkenyl or halogen. In
accordance with another embodiment of invention are
those preferred 



compounds of formula I-B where n is 1 and X is lower
alkenyl. Among the preferred embodiments of this class
of compounds are the compounds where R2 is (c)and the
is phenyl. With respect to this embodiment of the
invention, the preferred embodiments are those
compounds where R5 and R6 are both hydrogen, or R5 and
R6 are hydrogen or lower alkyl or halogen with at
least one of R5 and R6 being other than hydrogen.
Another class of compounds of formula I-B where n is 1
and X is lower alkylene are those compounds where
(c)is a heteroaromatic ring containing from 1 to 2
hetero atoms selected from the group consisting of
oxygen, nitrogen and sulfur. Among the preferred
compounds of the class of compounds where - - is a
hetroaromatic ring are those hetero aromatic rings
which contain 1 hetero atom preferably sulfur. In this
case, R5 and R6 can both be hydrogen or one of R5 and
R6 can be hydrogen and the other halogen or lower
alkyl.In another class of compounds of formula I-B
where n is 1 are those compounds where X is
hydroxy-lower alkylene. With respect to this class of
compounds where X is hydroxy-lower alkylene are those
compounds where is a phenyl ring. Included within this
preferred class of compounds are those compounds where
R5 and R6 are both hydrogen and those compounds where
R5 and R6 are hydrogen lower alkyl, lower alkoxy or
halogen with at least one of R5 and R6 being other
than hydrogen. Pharmaceutical compositions according
to the invention may, alternatively or in addition to
a compound of Formula I , comprise as an active
ingredient pharmaceutically acceptable prodrugs,
pharmaceutically active metabolites, and
pharmaceutically acceptable salts of such compounds
and metabolites. Such compounds, prodrugs, multimers,
salts, and metabolites are sometimes referred to
herein collectively as "active agents" or "agents." In
the case of agents that are solids, it is understood
by those skilled in the art that the inventive
compounds and salts may exist in different crystal or
polymorphic forms, all of which are intended to be
within the scope of the present invention and
specified formulas. Therapeutically effective amounts
of the active agents of the invention may be used to
treat diseases mediated by modulation or regulation of
the 



protein kinases CDK1 . An "effective amount" is
intended to mean that amount of an agent that
significantly inhibits proliferation and/or prevents
de-differentiation of a eukaryotic cell, e.g., a
mammalian, insect, plant or fungal cell, and is
effective for the indicated utility, e.g., specific
therapeutic treatment. The amount of a given agent
that will correspond to such an amount will vary
depending upon factors such as the particular
compound, disease condition and its severity, the
identity (e.g., weight) of the subject or host in need
of treatment, but can nevertheless be routinely
determined in a manner known in the art according to
the particular circumstances surrounding the case,
including, e.g., the specific agent being
administered, the route of administration,
thecondition being treated, and the subject or host
being treated. "Treating" is intended to mean at least
the mitigation of a disease condition in a subject
such as mammal (e.g., human), that is affected, at
least in part, by the activity of CDK1 protein kinase
includes: preventing the disease condition from
occurring in a mammal, particularly when the mammal is
found to be predisposed to having the disease
condition but has not yet been diagnosed as having it;
modulating and/or inhibiting the disease condition;
and/or alleviating the disease condition. The present
invention is further directed to methods of modulating
or inhibiting protein kinase CDK1 activity, for
example in mammalian tissue, by administering the
inventive agent. The activity of agents as
anti-proliferatives is easily measured by known
methods, for example by using whole cell cultures in
an MTT assay. The activity of the inventive agents as
modulators of CDK1 protein kinase activity may be
measured by any of the methods available to those
skilled in the art, including in vivo and/or in vitro
assays. Examples of suitable assays for activity
measurements include those described in International
Publication No. WO 99/21 845; Parast et al.,
Biochemistry, 37, 16788-1 6801 (1998); Connell-Crowley
and Harpes, Cell Cycle: Materials and Methods,
(Michele Pagano, ed. Springer, Berlin, Germany)(1995);
International Publication No. WO 97/34876; and
International Publication No. WO 96/14843. These
properties may be assessed, for example, by using one
or more of the biological testing procedures set out
in the examples below. The active agents of the
invention may be formulated into 



pharmaceutical compositions as described below.
Pharmaceutical compositions of this invention comprise
an effective modulating, regulating, or inhibiting
amount of a compound of formula I and an inert,
pharmaceutically acceptable carrier or diluent. In one
embodiment of the pharmaceutical compositions,
efficacious levels of the inventive agents are
provided so as to provide therapeutic benefits
involving anti-proliferative ability. By "efficacious
levels" is meant levels in which proliferation is
inhibited, or controlled. These compositions are
prepared in unit-dosage form appropriate for the mode
of administration, e.g., parenteral or oral
administration.An inventive agent can be administered
in conventional dosage form prepared by combining a
therapeutically effective amount of an agent (e.g., a
compound of formula I) as an active ingredient with
appropriate pharmaceutical carriers or diluents
according to conventional procedures. These procedures
may involve mixing, granulating and compressing or
dissolving the ingredients as appropriate to the
desired preparation. The pharmaceutical carrier
employed may be either a solid or liquid. Exemplary of
solid carriers are lactose, sucrose, talc, gelatin,
agar, pectin, acacia, magnesium stearate, stearic acid
and the like. Exemplary of liquid carriers are syrup,
peanut oil, olive oil, water and the like. Similarly,
the carrier or diluent may include time-delay or
time-release material known in the art, such as
glyceryl monostearate or glyceryl distearate alone or
with a wax, ethylcellulose,
hydroxypropylmethylcellulose, methyl methacrylate and
the like. A variety of pharmaceutical forms can be
employed. Thus, if a solid carrier is used, the
preparation can be tableted, placed in a hard gelatin
capsule in powder or pellet form or in the form of a
troche or lozenge. The amount of solid carrier may
vary. If a liquid carrier is used, the preparation
will be in the form of syrup, emulsion, soft gelatin
capsule, sterile injectable solution or suspension in
an ampoule or vial or non-aqueous liquid suspension.
To obtain a stable water-soluble dose form, a
pharmaceutically acceptable salt of an inventive agent
can be dissolved in an aqueous solution of an organic
or inorganic acid. If a soluble salt form is not
available, the agent may be dissolved in a suitable
cosolvent or combinations of cosolvents. 



It will be appreciated that the actual dosages of the
agents used in the compositions of this invention will
vary according to the particular complex being used,
the particular composition formulated, the mode of
administration and the particular site, host and
disease being treated. Optimal dosages for a given set
of conditions can be ascertained by those skilled in
the art using conventional dosage determination tests
in view of the experimental data for an agent.The
compositions of the invention may be manufactured in
manners generally known for preparing pharmaceutical
compositions, e.g., using conventional techniques such
as mixing, dissolving, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping or
lyophilizing. Pharmaceutical compositions may be
formulated in a conventional manner using one or more
physiologically acceptable carriers, which may be
selected from excipients and auxiliaries that
facilitate processing of the active compounds into
preparations which can be used pharmaceutically. For
oral administration, the compounds can be formulated
readily by combining the compounds with
pharmaceutically acceptable carriers known in the art.
Such carriers enable the compounds of the invention to
be formulated as tablets, pills, dragees, capsules,
liquids, gels, syrups, slurries, suspensions and the
like, for oral ingestion by a patient to be treated.
Pharmaceutical preparations for oral use can be
obtained using a solid excipient in admixture with the
active ingredient (agent), optionally grinding the
resulting mixture, and processing the mixture of
granules after adding suitable auxiliaries, if
desired, to obtain tablets or dragee cores. The
invention is now further illustrated by the following
examples, which do not mean to limit the scope of the
invention. Unless explicitly otherwise stated,
temperatures are indicated in Celsius degrees
(0C).Examples Example 1 5-M -(1
H-Pyrrolor2,3-b1pyridin-3-vn-meth-(Z)-ylicline1-2-r(th
iophen-2-yl methvHaminoi- thiazol-4-one a) Preparation
of 3-bromo-1 /-/-pyrrolo[2,3-b]pyridine. To a solution
of 7-azaindole (5 g, 42.2 mmol) in THF (400 ml_) were
added first the solid L/-bromosuccinimide (8 g , 45.0
mmol) then 20 drops of cone 



sulfuric acid at room temperature. While stirring some
suspension was formed during 2 days. The mixture was
diluted with saturated ammonium chloride solution and
the two layers were separated. The aqueous layer was
extracted with ethyl acetate (4X1 50 ml_). The
combined organic extracts were washed with brine
solution and dried over anhydrous magnesium sulfate.
Filtration of the drying agent and removal of the
solvent under the vacuum gave the crude yellow solid.
This solid was dissolved in ethyl acetate (-100 mL) at
hot condition and then stored in the refrigerator
overnight. The solids were collected by filtration and
washed with ethyl acetate. After drying in air, 6.2 g
(75% yield) of 3-bromo- 1H-pyrrolo[2,3-b]pyridine was
isolated as an yellow solid: EI-HRMS m/e calcd for
C7H5BrN2 (M+) 195.9636, found 195.9636.b) Preparation
of 1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde. To a
suspension of 3-bromo-1 H-pyrrolo[2,3-b]pyridine (9.85
g, 50.0 mmol) in THF (300 ml_) was added dropwise a
2.5M solution of n-butyllithium in hexanes (42 ml_,
105.0 mmol, 2.1 equiv.) at -7O0C. The temperature of
the reaction mixture was raised to -6O0C during the
addition and became a clear solution. The resulting
brick red color solution was slowly allowed to warm to
- 100C during a period of 1 h and then stirred for 4 h
at this temperature. Again, the mixture was cooled to
-7O0C and a solution of dimethylformamide (8.5 mL,
110.0 mmol) in THF (30 mL) was added dropwise. After
addition, the mixture was allowed to warm to room
temperature and stirred for 15 h. Then, the mixture
was diluted with saturated ammonium chloride solution
and the two layers were separated. The aqueous layer
was extracted with ethyl acetate (2X150 mL). The
combined organic extracts were washed with brine
solution and dried over anhydrous magnesium sulfate.
Filtration of the drying agent and removal of the
solvent under the vacuum gave the crude brown solid
which was dissolved in ethyl acetate (-70 mL) at hot
condition and then stored in the refrigerator
overnight. The solids were collected by filtration and
washed with ethyl acetate. After drying in air, 6.05 g
(83% yield) of
1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde was isolated
as an yellow solid: EI-HRMS m/e calcd for C8H6N2O (M+)
146.0480, found 146.0478. c) One step preparation of
1/-/-pyrrolo[2,3-b]pyridine-3-carbaldehyde.To a
suspension of 1/-/-pyrrolo[2,3-b]pyridine ( 1 1.80 g,
100 tnmol) in 



water containing 33% acetic acid (200 ml_) was added
hexamethylenetetramine (16.8 g, 120 mmol) at room
temperature. This solution was heated to 110-1200C
(oil bath temperature) and stirred for 15 h. Then, the
reaction mixture was cooled to room temperature and
during this period lot of solids were formed. This
suspension was poured into a beaker (2 L) containing
an ice and the flask has rinsed with water (50 mL).
This was then neutralized with saturated sodium
bicarbonate solution slowly. After neutralization, the
solids were collected by filtration and washed with
water. After drying in air, 9.5 g (65% yield) of
1Hpyrrolo[ 2,3-b]pyridine-3-carbaldehyde was isolated
as a white solid: EI-HRMS m/e calcd for C8H6N2O (M+)
146.0480, found 146.0478. d) Preparation of
2-[(thiophen-2-yl-methyl)-amino]-thiazol-4-one. To a
suspension of thiophen-2-yl-methylamine (22.63 g, 200
mmol) and Rhodanine (13.32 g , 100 mmol) in
acetonitrile (200 mL) was added diisopropylethylamine
(DIPEA) (34.8 mL, 45.0 mmol) at room temperature.
Then, within 2 min it gave a clear solution and this
solution was cooled to O0C. To this, mercuric chloride
(27.15 g, 100 mmol) was added in three portions within
a period of 15 min. After addition, the suspension was
allowed to warm to room temperature and stirred for 2
days. The resulting black solids were filtered through
a plug of celite and washed with dichloromethane (500
mL) and methanol ( 1 .0 L). The combined solvents were
removed under the vacuum and the crude residue was
diluted with water (250 mL) and ethyl acetate (250
mL). The two layers were separated and the aqueous
layer was extracted with dichloromethane (2X250 mL).
The two organic extracts were washed separately with
brine solution and dried over anhydrous magnesium
sulfate. Filtration of the drying agent and removal of
the solvent under the vacuum gave the crude solid.This
solid was dissolved in acetonitrile (-100 ml_) at hot
condition and then stored in the refrigerator
overnight. The solids were collected by filtration and
washed with cold acetonitrile. After drying in air,
12.32 g (58% yield) of 2- [(thiophen-2-yl
methyl)-amino]-thiazol-4-one was isolated as a white
amorphous solid: EI-HRMS m/e calcd for C8H8N2OS2 (M+)
212.0078, found 212.0083. e) Preparation of 5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-2-
[(thiophen-2-yl methyl)-amino]-thiazol-4-one. 



To a suspension of 2-[(thiophen-2-yl
methyl)-amino]-thiazol-4-one (225 mg, 1.06 mmol) and
1/-/-pyrrolo[2,3-b]pyridine-3-carbaldehyde (193.6 mg,
1.35 mmol) in toluene (2 mL) in a microwave tube was
added benzoic acid ( 13 mg, 0.1 1 mmol) and piperidine
( 1 1 uL, 0.1 1 mmol) at room temperature. The
microwave tube was sealed and heated to 15O0C in a
closed microwave for 1 h. Then, the mixture was cooled
to room temperature and diluted with toluene. The
solids were collected by filtration and washed with
toluene. After drying in air, 330 mg (91 .5% yield) of
5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-2-
[(thiophen-2-yl methyl)-amino]-thiazol-4-one was
isolated as a off-white solid: mp 243-2460C; HRES(+)
m/e calcd for Ci 6H12N4OS2 (M+H)+ 341 .0526, found 341
.0528.Example 2 5-p -d
H-Pyrrolof2.3-blpyridin-3-ylVmeth-(ZVylidinel-2-r(thio
phen-2-yl methylV aminol-thiazol-4-one hydrochloride
salt HCI To a suspension of 5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-
2-[(thiophen-2-yl methyl)-amino]-thiazol-4-one (50 mg,
0.15 mmol) in methanol (2 mL) was added dropwise
trimethylchlorosilane ( 19 uL, 0.15 mmol) at room
temperature. The mixture gave a clear solution after 1
h and stirred for another 2 h. Then, the mixture was
diluted with f-butyl methyl ether (10 mL). The
resulting solids were collected by filtration and
washed with f-butyl methyl ether. After drying in air,
40 mg (73% yield) of 5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-
ylidine]-2-[(thiophen-2-yl
methyl)-amino]-thiazol-4-one as hydrochloride salt was
isolated as an amorphous solid: HRES(+) m/e calcd for
Ci 6H12N4OS2 (M+H)+ 341 .0526, found 341 .0528.
Example 3 2-(2-Hvdroxy-1 -(R)-phenyl-ethylamino)-5-H
-(1 H-pyrrolof2,3-blpyridin-3-yl)-meth-
(Z)-ylidinel-thiazol-4-onea) Preparation of
2-(2-(R)-hydroxy-1 -phenyl-ethylamino)-thiazol-4-one.
To a suspension of (R)-(-)-2-phenylglycinol (15.34 g,
111.82 mmol) and Rhodanine (14.65 g, 110 mmol) in
acetonitrile (200 ml_) was added DIPEA (20.03 ml_, 115
mmol) at room temperature. Then, it gave a clear
solution within 2 min and this solution was cooled to
O0C. To this, mercuric chloride (31 .22 g, 



115 mmol) was added in three portions within a period
of 15 min. After addition, the suspension was allowed
to warm to room temperature and stirred for 2 days.
The resulting black solids were filtered through a
plug of celite and washed with dichloromethane (500
ml_) and methanol ( 1 .0 L). The combined solvents
were removed under the vacuum and the crude residue
was diluted with water (250 ml_) and ethyl acetate
(250 ml_). The two layers were separated and the
aqueous layer was extracted with dichloromethane
(2X250 ml_). The two organic extracts were washed
separately with brine solution and dried over
anhydrous magnesium sulfate. Filtration of the drying
agent and removal of the solvent under the vacuum gave
the crude yellow solid. This solid was dissolved in
acetonitrile (-100 ml_) at hot condition and then
stored in the refrigerator overnight. The solids were
collected by filtration and washed with cold
acetonitrile (20 mL). After drying in air, 12.99 g
(50% yield) of 2-(2-(R)-hydroxy-1 -
phenyl-ethylamino)-thiazol-4-one was isolated as a
white amorphous solid: El- HRMS m/e calcd for CnH
12N2O2S (M-H2O) 218.0514, found 218.051 1. b)
Preparation of 2-(2-hydroxy-1
-(R)-phenyl-ethylamino)-5-[1 -(1 H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one.To a
suspension of
2-(2-(R)-hydroxy-1-phenyl-ethylamino)-thiazol-4-one
(100 mg, 0.43 mmol) and
1/-/-pyrrolo[2,3-b]pyridine-3-carbaldehyde (77.3 mg,
0.53 mmol) in toluene (2 ml_) in a microwave tube was
added benzoic acid (5.2 mg, 0.043 mmol) and piperidine
(4.3 uL, 0.043 mmol) at room temperature. The
microwave tube was sealed and heated to 15O0C in a
closed microwave for 1 h. Then, the mixture was cooled
to room temperature and diluted with toluene. The
solids were collected by filtration and washed with
toluene. After drying in air, 135 mg (87.5% yield) of
2-(2-hydroxy-1-(R)-phenyl-ethylamino)-5-[1-(1
Hpyrrolo[
2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one
was isolated as an yellow solid: mp 317-3190C; HRES(+)
m/e calcd for C16H12N4OS2 (M+H)+ 365.1067, found
365.1070. Example 4
2-(3-Chloro-4-fluorobenzylaminoV5-f1-(1H-pyrrolof2.3-b
lpyridin-3-v -meth-(Z)- ylidineHhiazol-4 -one a)
Preparation of
2-(3-chloro-4-fluorobenzylamino)-thiazol-4-one.To a
suspension of 3-chloro-4-fluorobenzylamine (2.5 g,
15.66 mmol) 



and Rhodanine (2 g, 15 mmol) in acetonitrile (50 ml_)
was added DIPEA (5.57 ml_, 32 mmol) at room
temperature. Then, this solution was cooled to O0C and
mercuric chloride (4.34 g, 16 mmol) was added in two
portions within a period of 10 min. After addition,
the suspension was allowed to warm to room temperature
and stirred for 2 days. The resulting black solids
were filtered through a plug of celite and washed with
dichloromethane (200 ml_) and methanol (500 ml_). The
combined solvents were removed under the vacuum and
the crude residue was diluted with water (150 ml_) and
ethyl acetate (150 ml_). The two layers were separated
and the aqueous layer was extracted with ethyl acetate
(2X100 ml_). The combined organic extracts were washed
with brine solution and dried over anhydrous magnesium
sulfate. Filtration of the drying agent and removal of
the partial solvent under the vacuum gave lot of
solids. After cooling in the refrigerator, the solids
were collected by filtration and washed with cold
ethyl acetate. After drying in air, 2.5 g (64% yield)
of 2-(3-chloro-4-fluorobenzylamino)- thiazol-4-one was
isolated as a white amorphous solid: EI-HRMS m/e calcd
for CioH8CIFN2OS (M+) 258.0030, found 258.0029. b)
Preparation of 2-(3-chloro-4-fluorobenzylamino)-5-[1
-(1 H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one.To a
suspension of
2-(3-chloro-4-fluorobenzylamino)-thiazol-4-one (100
mg, 0.39 mmol) and
1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde (71 mg, 0.48
mmol) in toluene (2 ml_) in a microwave tube was added
benzoic acid (4.8 mg, 0.39 mmol) and piperidine (3.9
uL, 0.039 mmol) at room temperature. The microwave
tube was sealed and heated to 15O0C in a closed
microwave for 1 h. Then, the mixture was cooled to
room temperature and diluted with toluene. The solids
were collected by filtration and washed with toluene.
After drying in air, 145 mg (97% yield) of
2-(3-chloro-4-fluorobenzylamino)-5-[1-(1
H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one was
isolated as an yellow solid: mp 3 18-32O0C; HRES(+)
m/e calcd for Ci 6H12N4OS2 (M+H)+ 387.0477, found
387.0477. Example 5 2-((1
R,2S)-2-Phenyl-cvclopropylamino)-5-f 1-(1
H-pyrrolor2.3-blpyridin-3-yl)-meth-
(Z)-ylidinel-thiazol-4-one 



a) Preparation of 2-((1
R,2S)-2-phenyl-cyclopropylamino)-thiazol-4-one.To a
suspension of ( 1 R,2S)-2-phenyl-cyclopropylamine
hydrochloride (0.85 g, 5 mmol) and Rhodanine (0.68 g,
5 mmol) in acetonitrile (20 ml_) was added DIPEA (2.61
mL, 15 mmol) at room temperature. Then, this solution
was cooled to O0C and mercuric chloride ( 1 .35 g, 5
mmol) was added in two portions within a period of 10
min. After addition, the suspension was allowed to
warm to room temperature and stirred for 2 days. The
resulting black solids were filtered through a plug of
celite and washed with ethyl acetate (500 mL). The
solvent was removed under the vacuum and the crude
residue was diluted with water (100 mL) and ethyl
acetate (100 mL). The two layers were separated and
the aqueous layer was extracted with ethyl acetate
(2X1 00 mL). The combined organic extracts were washed
with brine solution and dried over anhydrous magnesium
sulfate. Filtration of the drying agent and removal of
the solvent under the vacuum gave the crude residue
which was purified by using a Biotage silica gel
column chromatography to obtain 0.474 g (42% yield) of
2-((1 R,2S)-2-phenylcyclopropylamino)- thiazol-4-one
was isolated as a white amorphous solid: El- HRMS m/e
calcd for C12H12N2OS (M+) 232.0670, found 232.0665. b)
Preparation of 2-((1
R,2S)-2-phenyl-cyclopropylamino)-5-[1-(1
H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one To a
suspension of 2-((1
R,2S)-2-phenyl-cyclopropylamino)-thiazol-4-one (225
mg, 1.06 mmol) and
1H-pyrrolo[2,3-bjpyridine-3-carbaldehyde ( 193.6 mg,
1.35 mmol) in toluene (2 mL) in a microwave tube was
added benzoic acid ( 13 mg, 0.1 1 mmol) and piperidine
( 11 uL, 0.1 1 mmol) at room temperature. The
microwave tube was sealed and heated to 15O0C in a
closed microwave for 1 h. Then, the mixture was cooled
to room temperature and diluted with toluene. The
solids were collected by filtration and washed with
toluene. After drying in air,330 mg (91 .5% yield) of
2-((1 R,2S)-2-phenyl-cyclopropylamino)-5-[1-(1
Hpyrrolo[
2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one
was isolated as a dark brown solid: mp 308-31 00C;
HRES(+) m/e calcd for C20Hi 6N4OS (M+H)+ 361 . 1 118,
found 361 . 1 122. Example 6 2-(1
-(R)-Hvdroxymethyl-2-methylpropylamino)-5-ri -(1
H-pyrrolor2,3-biPyridin-3-
yl)-meth-(Z)-ylidine1-thiazol-4-o ne 



a) Preparation of
2-(1-(R)-hydroxymethyl-2-methylpropylamino)-thiazol-4-
one. To a suspension of (R)-valinol ( 1 g , 9.69 mmol)
and Rhodanine ( 1 .3 g, 9.69 mmol) in acetonitrile (40
ml_) was added DIPEA (5.06 ml_, 29 mmol) at room
temperature. Then, this solution was cooled to O0C and
mercuric chloride (2.72 g, 10 mmol) was added in two
portions within a period of 10 min. After addition,
the suspension was allowed to warm to room temperature
and stirred for 2 days. The resulting black solids
were filtered through a plug of celite and washed with
ethyl acetate (500 ml_). The filtrate was removed
under the vacuum and the crude residue was diluted
with water ( 100 ml.) and ethyl acetate (100 ml_). The
two layers were separated and the aqueous layer was
extracted with ethyl acetate(2X50 mL). The combined
organic extracts were washed with brine solution and
dried over anhydrous magnesium sulfate. Filtration of
the drying agent and removal of the solvent under the
vacuum gave crude residue which was purified by using
a Biotage silica gel column chromatography to obtain
0.82 g (42% yield) of
2-(1-(R)-hydroxymethyl-2-methylpropylamino)-thiazol-4-
one was isolated as a white amorphous solid: EI-HRMS
m/e calcd for C8H14N2O2S (M+) 202.0776, found
202.0778. b) Preparation of 2-(1
-(R)-hydroxymethyl-2-methylpropylamino)-5-[1 -(1
Hpyrrolo[
2,3,b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one.
To a suspension of 2-(1
-(R)-hydroxymethyl-2-methylpropylamino)- thiazol-4-one
(70 mg, 0.35 mmol) and
1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde (63 mg, 0.43
mmol) in toluene (700 uL) in a microwave tube was
added benzoic acid (4.3 mg, 0.035 mmol) and piperidine
(3.5 uL, 0.035 mmol) at room temperature. The
microwave tube was sealed and heated to 15O0C in a
closed microwave for 1 h. Then, the mixture was cooled
to room temperature and diluted with toluene. The
solids were collected by filtration and washed with
toluene. The resulting solids were treated with
dichloromethane and methanol to remove some color and
other impurities. Filtration of the solids and drying
in air afforded 14 mg (36.7% yield) of 2-(1
-(R)-hydroxymethyl-2-methylpropylamino)-5- [1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazo
l-4-one as an yellow solid: mp 269-271 0C; HRES(+) m/e
calcd for C16H18N4O2S (M+) 331 .1223, found 331 .
1226.Example 7 



Acetic acid 2-r4-oxo-5-(1
H-pyrrolor2,3,bipyridine-3-ylmethylene)-4,5-dihydrothi
azol- 2-ylaminol-2-(R)-phenyl-ethyl ester a)
Preparation of. acetic acid
2-[4-oxo-4,5-dihydro-thiazol-2-ylamino]-2-(R)-
phenyl-ethyl ester. To a solution of
2-(2-(R)-hydroxy-1 -phenyl-ethylamino)-thiazol-4-one
(6.37 g, 26.9 mmol) in dichloromethane (200 mL) were
added triethylamine (7.52 mL, 54 mmol) and then,
acetyl chloride (2.3 mL, 32.28 mmol) at 50C. After
addition, the solution was allowed to warm to room
temperature and stirred for 2 days. This solution was
transferred to a separatory funnel and washed with
brine solution and dried over anhydrous magnesium
sulfate. Filtration of the drying agent and removal of
the solvent under the vacuum gave the crude yellow oil
which was purified by using a Biotage (40 m) silica
gel column chromatography to afford 4.6 g (61 .5%
yield) of desired acetic acid
2-[4-oxo-4,5-dihydro-thiazol-2-
ylamino]-2-(R)-phenyl-ethyl ester as a white amorphous
solid: ES-LRMS m/e calcd for C13H14N2O3S (M+) 279.33,
found 279.1 .b) Preparation of acetic acid
2-[4-oxo-5-(1 H-pyrrolo[2,3,b]pyridine-3-
ylmethylene)-4,5-dihydro-thiazol-2-ylamino]-2-(R)-phen
yl-ethyl ester. To a suspension of acetic acid
2-[4-oxo-4,5-dihydro-thiazol-2-ylamino]-2-
(R)-phenyl-ethyl ester (400 mg, 1.43 mmol) and
1H-pyrrolo[2,3-b]pyridine-3- carbaldehyde (77.3 mg,
0.53 mmol) in toluene (5 ml_) in a microwave tube was
added benzoic acid (17.64 mg, 0.144 mmol) and
piperidine (14.5 uL, 0.144 mmol) at room temperature.
The microwave tube was sealed and heated to 15O0C in a
closed microwave for 1 h. Then, the mixture was cooled
to room temperature and diluted with toluene. The
solids were collected by filtration and washed with
toluene and dichloromethane. After drying in air, 313
mg (53.6% yield) of acetic acid 2-[4-oxo-5-(1
H-pyrrolo[2,3,b]pyridine-3-ylmethylene)-4,5-
dihydro-thiazol-2-ylamino]-2-(R)-phenyl-ethyl ester
was isolated as a white solid: mp 243.7-246.8 0C;
HRES(+) m/e calcd for C2IHi 8N4O3S (M+H)+ 407.1 173,
found 407.1 172. Example 8
2-(2-Chlorobenzylamino)-5-[1 -(1
H-pyrrolor2.3-blpyridin-3-yl)-meth-(Z)-ylidinelthiazol
- 4-onea) Preparation of
2-(2-chloro-benzylamino)-thiazol-4-one. 



To a suspension of 2-chlorobenzylamine (7.88 g, 55
mmol) and Rhodanine (6.65 g, 50 mmol) in acetonitrile
( 150 ml_) was added DIPEA ( 19.15 ml_, 110 mmol) at
room temperature. Then, this solution was cooled to
O0C and mercuric chloride (13.5 g, 50 mmol) was added
in three portions within a period of 15 min. After
addition, the suspension was allowed to warm to room
temperature and stirred for 3 days. The resulting
black solids were filtered through a plug of celite
and washed with dichloromethane ( 1 L) and methanol
(500 ml_). The combined solvents were removed under
the vacuum and the crude residue was diluted with
water (150 ml_) and ethyl acetate (150 ml_). After
shaking, lot of solids formed which was collected by
filtration to obtain 1.25 g of the desired product.
Then, the two layers were separated and the ethyl
acetate layer was washed with brine solution and dried
over anhydrous magnesium sulfate. After filtration,
the ethyl acetate solution was removed partially and
then it was stored in the refrigerator. The resulting
solids were collected by filtration to afford 2.67 g
of the desired product. Then, the aqueous layer was
extracted with dichloromethane (2X150 ml_). The
dichloromethane extracts were washed with brine
solution and dried over anhydrous magnesium sulfate.
Filtration of the drying agent and removal of the
solvent under the vacuum gave the crude residue which
was purified by using a Biotage (40 m) silica gel
column chromatography to obtain 4.2 g (total product
8.12 g, 67.5% yield) of 2-(2-
ch!orobenzylamino)-thiazol-4-one as a white amorphous
solid: EI-HRMS m/e calcd for CI 0H9CIN 2OS (M+) 240.01
24, found 240.01 22.b) Preparation of
2-(2-chlorobenzylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-
meth-(Z)-ylidine]-thiazol-4-one. To a suspension of
2-(2-chlorobenzylamino)-thiazol-4-one (120 mg, 0.5
mmol) and 1/-/-pyrrolo[2,3-b]pyridine-3-carbaldehyde
(88 mg, 0.6 mmol) in toluene (3 ml_) in a microwave
tube was added benzoic acid (7.5 mg, 0.06 mmol) and
piperidine (5.9 uL, 0.06 mmol) at room temperature.
The microwave tube was sealed and heated to 15O0C in a
closed microwave for 30 min. Then, the mixture was
cooled to room temperature and diluted with toluene.
The solids were collected by filtration and washed
with toluene. This was suspended in methanol (15 imL)
and heated with heat gun. It was not dissolved
completely, 



however it was cooled to room temperature and the
solids were collected by filtration and washed with
methanol. After drying in air, 175 mg (95% yield) of
2- (2-chlorobenzylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-
thiazol-4-one was isolated as an yellow solid. HRES(+)
m/e calcd for Ci 8H13CIN4OS (M+H) + 369.0572, found
369.0574. Example 9
2-(2-Chloro-6-methylbenzylamino)-5-f1-(1
H-pyrrolor2,3-blpyridin-3-yl)-meth-(Z)-
ylidine]-thiazol-4-onea) Preparation of
2-(2-chloro-6-methylbenzylamino)-thiazol-4-one. To a
solution of 2-chloro-6-methylbenzylamine (650 mg, 4.2
mmol) and Rhodanine (559 mg, 4.2 mmol) in acetonitrile
(25 ml_) was added DIPEA ( 1 .74 ml_, 10 mmol) at room
temperature. Then, this solution was cooled to O0C and
mercuric chloride ( 1 .22 g, 4.5 mmol) was added in
one portion. After addition, the suspension was
allowed to warm to room temperature and stirred for 3
days. The resulting black solids were filtered through
a plug of celite and washed with dichloromethane (500
ml_) and methanol (250 ml_). The combined solvents
were removed under the vacuum and the crude residue
was dissolved in ethyl acetate (25 ml_) at hot
condition and stored in the refrigerator overnight.
Then, the solids were collected by filtration and
washed with ethyl acetate. After drying in air, 305 mg
(28.5% yield) of
2-(2-chloro-6-methylbenzylamino)-thiazol-4-one was
isolated as a white amorphous solid: EI-HRMS m/e calcd
for Ci I H11CIN2OS (M+) 254.0281 , found 254.0282. b)
Preparation of
2-(2-chloro-6-methylbenzylamino)-5-[1-(1
H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one.To a
suspension of
2-(2-chloro-6-methylbenzylamino)-thiazol-4-one (63 mg,
0.25 mmol) and
1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde (44 mg, 0.3
mmol) in toluene (2 ml_) in a microwave tube was added
benzoic acid (3.8 mg, 0.03 mmol) and piperidine (3 uL,
0.03 mmol) at room temperature. The microwave tube was
sealed and heated to 15O0C in a closed microwave for
30 min. Then, the mixture was cooled to room
temperature and diluted with toluene. The solids were
collected by filtration and washed with toluene. These
solids were suspended in methanol (10 ml_) and heated
with heat gun. Although, it was not dissolved
completely, however, it was cooled to room temperature
and the solids 



were collected by filtration and washed with methanol.
After drying in air, 58 mg (61 % yield) of
2-(2-chloro-6-methylbenzylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-
yl)-meth-(Z)-ylidine]-thiazol-4-one was isolated as a
light green solid. HRES(+) m/e calcd for Ci 9H15CIN4OS
(M+H)+ 383.0730, found 383.0728. Example 10
2-r(3-Methyl-thiophen-2-ylmethv -amino)-5-ri-(1
H-pyrrolof2.3-blpyridin-3-yl)-
meth-(Z)-ylidinel-thiazol-4 -one a) Preparation of
2-[(3-methyl-thiophen-2-ylmethyl)-amino]-thiazol-4-one
.To a solution of 3-methyl-thiophen-2-ylmethylamine
(700 mg, 5.5 mmol) and Rhodanine (732 mg, 5.5 mmol) in
acetonitrile (30 ml_) was added DIPEA ( 1 .91 ml_, 11
mmol) at room temperature. Then, this solution was
cooled to O0C and mercuric chloride ( 1 .52 g, 5.6
mmol) was added in one portion. After addition, the
suspension was allowed to warm to room temperature and
stirred for 3 days. The resulting black solids were
filtered through a plug of celite and washed with
acetonitrile (200 ml_) and ethyl acetate (250 ml_).
The combined solvents were removed under the vacuum
and the crude residue was dissolved in dichloromethane
(150 ml_) and washed with water ( 100 ml_) and brine
solution. After drying over anhydrous magnesium
sulfate, the filtrate was removed under the vacuum and
the residue was dissolved in dichloromethane (10 ml_)
and diluted with hexanes (10 ml_). After cooling in
the refrigerator overnight, the solids were collected
by filtration and washed with dichloromethane. After
drying in air, 390 mg (31 .5% yield) of
2-[(3-methylthiophen- 2-ylmethyl)-amino]-thiazol-4-one
was isolated as a light yellow amorphous solid:
EI-HRMS m/e calcd for C9H10N2OS2 (M+) 226.0235, found
226.0232. b) Preparation of
2-[(3-methyl-thiophen-2-ylmethyl)-amino)-5-[1 -(1
H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one. To a
suspension of
2-[(3-methyl-thiophen-2-ylmethyl)-amino]-thiazol-4-
one (57 mg, 0.25 mmol) and
1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde (44 mg, 0.3
mmol) in toluene (2 ml_) in a microwave tube was added
benzoic acid (3.8 mg, 0.03 mmol) and piperidine (3 uL,
0.03 mmol) at room temperature. The microwave tube was
sealed and heated to 15O0C in a closed microwave for
30 



min. Then, the mixture was cooled to room temperature
and diluted with toluene (2 mL) and acetonitrile (2
ml_) and the mixture was heated with heat gun.
Aftercooling to room temperature, the solids were
collected by filtration and washed with toluene. These
solids were suspended in methanol ( 10 ml_) and heated
with heat gun. After cooling to room temperature, the
solids were collected by filtration and washed with
methanol. After drying in air, 35 mg (39.5% yield) of
2-[(3- methyl-thiophen-2-ylmethyl)-amino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-
ylidine]-thiazol-4-one was isolated as an amorphous
yellow solid. HRES(+) m/e calcd for C17HuN4OS (M+H)+
355.0682, found 355.0686. Example 11
2-(2-Chloro-4-fluoro-benzylamino)-5-ri -(1
H-pyrrolor2,3-bipyridin-3-v p-meth-(Z)-
ylidinel-thiazol-4-one a) Preparation of
2-(2-chloro-4-fluoro-benzylamino)-thiazol-4-one. To a
solution of 2-chloro-4-fluoro-benzylamine (4.5 g,
28.19 mmol) and Rhodanine (3.75 g, 28.2 mmol) in
acetonitrile (170 ml_) was added DIPEA (9.82 mL, 56.4
mmol) at room temperature. Then, this solution was
cooled to O0C and mercuric chloride (8.42 g, 3 1.02
mmol) was added in two portions within 10 min. After
addition, the suspension was allowed to warm to room
temperature and stirred for 3 days. The resulting
black solids were filtered through a plug of celite
and washed with acetonitrile ( 1 .0 L) and ethyl
acetate (500 mL). The combined solvents were removed
under the vacuum and the crude residue was dissolvedin
ethyl acetate ( 150 ml_) and washed with water (100
ml_) and brine solution (100 ml_). After drying over
magnesium sulfate, the filtrate was removed under the
vacuum and the residue was dissolved in ethyl acetate
(50 ml_). After cooling in the refrigerator overnight,
the solids were collected by filtration and washed
with hexanes. After drying in air, 1.2 g ( 16.5%
yield) of 2-(2-chloro-4-
fluoro-benzylamino)-thiazol-4-one was isolated as a
white amorphous solid: El- HRMS m/e calcd for
C10H8FN2OS2 (M+) 258.0030, found 258.0027. b)
Preparation of 2-(2-chloro-4-fluoro-benzylamino)-5-[1
-(1 H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one. To a
suspension of
2-(2-chloro-4-fluoro-benzylamino)-thiazol-4-one (130
mg, 0.5 mmol) and
1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde (88 mg, 0.6
mmol) in toluene (4 mL) in a microwave tube was added
benzoic acid (7.5 mg, 0.06 



mmol) and piperidine (6 uL, 0.06 mmol) at room
temperature. The microwave tube was sealed and heated
to 15O0C in a closed microwave for 30 min. Then, the
mixture was cooled to room temperature and diluted
with toluene (2 mL) and acetonitrile (2 mL) and the
mixture was heated with heat gun. After cooling to
room temperature, the solids were collected by
filtration and washed with toluene. These solids were
dissolved in DMSO (5 mL) at hot condition and diluted
with acetonitrile (25 mL). After cooling in the
refrigerator overnight, the solids were collected by
filtration and washed with acetonitrile. After drying
in air, 69 mg (36 % yield) of
2-(2-chloro-4-fluoro-benzylamino)-5-[1 -(1
H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one was
isolated as an amorphous green solid. HRES(+) m/e
calcd for Ci 8H12CIFN4OS (M+H)+ 387.0477, found
387.0476.Example 12 2-l
(5-Methyl-Pyrazin-2-ylmethvn-aminol-5-[1 -(1
H-pyrrolof2.3-bipyridin-3-ylVmeth-
(ZVylidinel-thiazol-4-o ne a) Preparation of
2-[(5-methyl-pyrazin-2-ylmethyl)-amino)-thiazol-4-one.
To a solution of 2-(aminomethyl)-5-methyl-pyrazine
(3.69 g, 30 mmol) and Rhodanine (3.59 g, 27 mmol) in
acetonitrile (100 ml_) was added DIPEA (10.45 ml_, 60
mmol) at room temperature. Then, this solution was
cooled to O0C and mercuric chloride (8.1 5 g, 30 mmol)
was added in two portions within 10 min. After
addition, the suspension was allowed to warm to room
temperature and stirred for 3 days. The resulting
black solids were filtered through a plug of celite
and washed with acetonitrile ( 1 .0 L) and ethyl
acetate (500 ml_). The combined solvents were removed
under the vacuum and the crude residue was dissolved
in acetonitrile (25 ml_) at hot condition. After
cooling in the refrigerator overnight, the solids were
collected by filtration and washed with acetonitrile.
After drying in air, 1.5 g (25% yield) of
2-[(5-methyl-pyrazin-2-ylmethyl)-amino)-thiazol-4-one
was isolated as a white solid: HRES(+) m/e calcd for
C9H10N4OS (M+H)+ 223.0648, found 223.0648.b)
Preparation of
2-[(5-methyl-pyrazin-2-ylmethyl)-amino]-5-[1 -(1
H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one. To a
suspension of
2-[(5-methyl-pyrazin-2-ylmethyl)-amino)-thiazol-4-one
( 112 mg, 0.5 mmol) and
1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde (88 mg, 0.6 



mmol) in toluene (4 ml_) in a microwave tube was added
benzoic acid (7.5 mg, 0.06 mmol) and piperidine (6 uL,
0.06 mmol) at room temperature. The microwave tube was
sealed and heated to 15O0C in a closed microwave for
30 min. Then, the mixture was cooled to room
temperature and diluted with toluene (2 ml_) and
acetonitrile (2 ml_) and the mixture was heated with
heat gun. After cooling to room temperature, the
solids were collected by filtration and washed with
toluene. After drying in air, 80 mg (45.7 % yield) of
2-[(5-methyl-pyrazin-2- ylmethyl)-amino]-5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazo
l-4- one was isolated as an amorphous green solid.
HRES(+) m/e calcd for Ci 7H14N6OS (M+H)+ 351 .1023,
found 351 .1021 . Example 13
2-r2-(3-Fluoro-phenyl)-ethylaminol-5-ri-(1
H-pyrrolor2.3-blpyridin-3-yl)-meth-(Z)-
ylidinel-thiazol-4-onea) Preparation of
2-[2-(3-fluorophenyl)-ethylamino]-thiazol-4-one. To a
solution of 3-fluoro phenethylamine (3.06 g, 22 mmol)
and Rhodanine (2.66 g, 20 mmol) in acetonitrile (70
ml_) was added DIPEA (7.66 mL, 44 mmol) at room
temperature. Then, this solution was cooled to O0C and
mercuric chloride (5.97 g, 22 mmol) was added in two
portions within 10 min. After addition, the suspension
was allowed to warm to room temperature and stirred
for 2 days. The resulting black solids were filtered
through a plug of celite and washed with acetonitrile
( 1 .0 L) and ethyl acetate (500 mL). The combined
solvents were removed under the vacuum and the crude
residue was dissolved in ethyl acetate ( 100 mL) and
water ( 100 mL). The two layers were separated and the
aqueous layer was extracted with ethyl acetate (2X100
mL). The combined extracts were washed with brine
solution and dried over anhydrous magnesium sulfate.
After filtration of the drying agent, the filtrate was
removed under the vacuum and the crude residue was
dissolved in acetonitrile (25 mL) at hot condition.
After cooling in the refrigerator overnight, the
solids were collected by filtration and washed with
acetonitrile. After drying in air, 3.65 g (76.6%
yield) of
2-[2-(3-fluoro-phenyl)-ethylamino]-thiazol-4-one was
isolated as a white solid: HRES(+) m/e calcd for C1
1HnFN 2OS (M+H)+ 239.0649, found 239.0647.b)
Preparation of 2-[2-(3-fluoro-phenyl)-ethylamino]-5-[1
-(1 H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazol-4-one. 



To a suspension of
2-[2-(3-fluoro-phenyl)-ethylamino]-thiazol-4-one (120
mg, 0.5 mmol) and
1/-/-pyrrolo[2,3-b]pyridine-3-carbaldehyde (88 mg, 0.6
mmol) in toluene (4 ml_) in a microwave tube was added
benzoic acid (7.5 mg, 0.06 mmol) and piperidine (6 uL,
0.06 mmol) at room temperature. The microwave tube was
sealed and heated to 15O0C in a closed microwave for
30 min. Then, the mixture was cooled to room
temperature and diluted with toluene (2 ml_) and
acetonitrile (2 ml_) and the mixture was heated with
heat gun. After cooling to room temperature, the
solids were collected by filtration and washed with
acetonitrile. After drying in air, 170 mg (93 % yield)
of 2-[2-(3-fluoro-phenyl)- ethylamino]-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-thiazo
l-4-one was isolated as an yellow solid. HRES(+) m/e
calcd for Ci 9Hi 5FN4OS (M+H)+ 367.1 024, found
367.1021 . Example 14 2-Cvclopropylamino-5-ri -(1
H-pyrrolor2,3-b1pyridin-3-v -meth-(Z)-ylideneHhiazol-
4-onea) Preparation of 2-methylsulfanyl-5-(1
H-pyrrolo[2,3-b]pyridin-3-ylmethylene)- thiazol-4-one
The suspension of
1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde (example 1b,
1.2 g, 8.22 mmol), rhodanine ( 1 .09 g, 8.22 mmol) and
sodium acetate (2.69 g, 32.8 mmol) in acetic acid (12
ml_) was stirred under reflux for 12 h. After cooling
to room temperature, water (150 ml_) was added. The
solid was collected by filtration, washed with water
and dried to obtain 5-(1 H-pyrrolo[2,3-b]pyridin-3-
ylmethylene)-2-thioxo-thiazolidin-4-one (2.2 g, 100%)
as a brawn solid. LC-MS m/e 262 (MH+) . The suspension
of 5-(1
H-pyrrolo[2,3-b]pyridin-3-ylmethylene)-2-thioxothiazol
idin- 4-one (2.2 g, 8.22 mmol), iodomethane ( 1 .05
ml_, 16.8 mmol) and DIEA (3.0 ml_, 16.8 mmol) in
anhydrous ethanol ( 1 10 ml_) was stirred at 1000C for
2 h. After adding water (200 ml_), the solid was
collected by filtration, washed with water and dried
to obtain 2-methylsulfanyl-5-(1
H-pyrrolo[2,3-b]pyridin-3- ylmethylene)-thiazol-4-one
( 1 .48 g, 60.8 %) as a grey solid. LC-MS m/e 276
(MH+) . b) Preparation of 2-methylsulfanyl-5-(1
H-pyrrolo[2,3-b]pyridin-3-ylmethylene)- 



thiazol-4-one The suspension of 2-methylsulfanyl-5-(1
H-pyrrolo[2,3-b]pyridin-3- ylmethylene)-thiazol-4-one
(55 mg, 02 mmol, example 14a), cyclopropylamine (23
mg, 0.4 mmol) and diisopropyiethylamine (DIEA) (70 uL,
0.4 mmol) in acetonitrile ( 1 .0 mL) was stirred under
at 8O0C for 12 h. After cooling to roomtemperature,
the solid was collected by filtration, washed with a
little bit of acetonitrile and dried. Flash
chromatography (Merck Silica gel 60, 230-400 mesh,
0%-10% methanol in methylene chloride in 30 min)
afforded 2- cyclopropylamino-5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidene]-thiazo
l-4- one (40 mg, 7 1%) as a light yellow solid. LC-MS
m/e 285 (MH+). Example 15 2-Amino-5- p -(1
H-pyrrolor2,3-bipyridin-3-v
-meth-(Z)-ylidenel-thiazol-4- one The suspension of
1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde (example 1b,
200 mg, 1.4 mmol), pseudothiohydantoin ( 159 mg, 1.4
mmol), and sodium acetate (459 mg, 5.6 mmol) in acetic
acid (2 ml_) was stirred under reflux for 12 h. After
cooling to room temperature, water was added. The
solid was collected by filtration, washed with water
and dried to obtain 2-amino-5-[1 -(1 H-pyrrolo[2,3-
b]pyridin-3-yl)-meth-(Z)-ylidene]-thiazol-4-one (280
mg, 82%) as a slight yellow solid. LC-MS m/e 245 (MH+)
.Example 16 2-((R)-1
-Hvdroxymethyl-3-methyl-butylaminoV5-r 1-d
H-pyrrolor2.3-blPyridin-3-vnmeth-(
Z)-ylidenel-thiazol-4-one Similar procedure as
described in Example 14b was used, starting from
2-methylsulfanyl-5-(1
H-pyrrolo[2,3-b]pyridin-3-ylmethylene)-thiazol-4-one
(Example 14a), 2-((R)-1
-Hydroxymethyl-3-methyl-butylamine and DIEA to give 2-
((R)-I -hydroxymethyl-3-methyl-butylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyhdin-3-yl)-
meth-(Z)-ylidene]-thiazol-4-one. LC-MS m/e 345 (MH+) .
Example 17 2-f(R)-1
-(4-Fluoro-phenvD-2-hvdroxy-ethylamino1-5-H -(1
H-pyrrolor2,3-bipyridin-
3-yl)-meth-(Z)-ylidenel-thiazol-4-one a) Preparation
of
(R)-2-(4-fluoro-phenyl)-1-hydroxymethyl-ethylamineTo
the solution of sodium borohydride (0.54 g, 14.2 mmol)
in THF (10 ml_) was added D-4-Fluorophenylglycine ( 1
.Og, 5.9 mmol). After cooling to O0C, the solution of
iodine ( 1 .5 g, 5.9 mmol) in THF ( 10 ml_) was added
dropwisely. 



The mixture was stirred at reflux for 18 h. after
cooling to the room temperature, methanol (7 ml_) was
added to stop the reaction. After removal of solvent,
20% potassium hydroxide (50 ml_) was added. The
mixture was stirred for 4h and extracted with
methylene chloride (3 x 50 ml_). The combined organic
layers were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 70-230 mesh, 0%-1 0% methanol in 0%-5%
methanol in methylene chloride in 30 min afforded
(R)-2-(4-fluoro-phenyl)-1- hydroxymethyl-ethylamine
(0.63 g, 69%). b) Preparation of 2-[(R)-1
-(4-fluoro-phenyl)-2-hydroxy-ethylamino]-5-[1 -(1
Hpyrrolo[
2,3-b]pyridin-3-yl)-meth-(Z)-ylidene]-thiazol-4-one
Then similar procedure as described in example 14b was
used, starting from 2-methylsulfanyl-5-(1
H-pyrrolo[2,3-b]pyridin-3-ylmethylene)-thiazol-4-one
(example 14a),
2-[(R)-1-(4-fluoro-phenyl)-2-hydroxy-ethylamine and
DIEA to give 2-[(R)-1 -(4-f
luoro-phenyl)-2-hydroxy-ethylamino]-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-
yl)-meth-(Z)-ylidene]-thiazol-4-one. LC-MS m/e 383
(MH+) . Example 18 2-(2-Methoxy-phenylamino)-5-f1 -(1
H-pyrrolor2.3-blpyridin-3-vn-meth-(Z)-
ylidenel-thiazol- 4-oneSimilar procedure as described
in example 14b was used, starting from
2-methylsulfanyl-5-(1
H-pyrrolo[2,3-b]pyridin-3-ylmethylene)-thiazol-4-one
(example 14a), 2-(2-methoxy-phenylamine and DIEA to
give 2-(2-methoxyphenylamino)- 5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidene]-thiazo
l-4-one. LC-MS m/e 351 (MH+) . Example 19
Pharmacological Assays The pharmacological properties
of the compounds of this invention may be confirmed by
a number of pharmacological assays. The exemplified
pharmacological assays which follow have been carried
out with the compounds according to the invention and
their salts. The compounds of the invention exhibited
CDK1/Cyclin B and CDK2/Cyclin E activity with Ki
values of less than 5.0 mM. This demonstrates that all
of these compounds were active to inhibit CDK1/Cyclin
B and CDK2/Cyclin E. 



To determine inhibition of CDK1 activity, either
FlashPlate(tm) (NEN(tm)-Life Science Products) assay
or HTRF assay was performed. Both types of kinase
assays were carried out using recombinant human
CDK1/Cyclin B complex. GST-cyclinB (GST-cycB) and CDK1
cDNA clones in baculovirus vectors were provided by
Dr. W. Harper at the Baylor College of Medicine,
Houston, TX. Proteins were co-expressed in High
Five(tm) insect cells and the complex was purified on
glutathione Sepharose resin (Pharmacia, Piscataway,
NJ) as previously described (Harper, J.W. et al. Cell
1993, 75, 805-816). A 6x-Histidine tagged truncated
form of retinoblastoma (Rb) protein (amino acid
386-928) was used as the substrate for the CDK1/Cyclin
B assay (the expression plasmid was provided by Dr.
Veronica Sullivan, Department of Molecular Virology,
Roche Research Centre, Welwyn Garden City, United
Kingdom). The Rb protein is a natural substrate for
phosphorylation by CDK1 (see Herwig and Strauss Eur.
J. Biochem. Vol. 246 (1997) pp. 581-601 and the
references cited therein). The expression of the 62Kd
protein was under the control of an IPTG inducible
promoter in an M 15 E. coli strain. Cells were lysed
by sonication and purification was carried out by
binding lysates at pH 8.0 to a Ni-chelated agarose
column pretreated with 1 mM imidazole. The resin was
then washed several times withincrementally decreasing
pH buffers to pH 6.0, and eluted with 500 mM
imidazole. Eluted protein was dialyzed against 20 mM
HEPES pH 7.5, 30% glycerol, 200 mM NaCI, and 1 mM DTT.
Purified Rb fusion protein stocks were quantitated for
protein concentration, aliquoted, and stored at -700C.
For the FlashPlate kinase assay, 96-well FlashPlates
were coated with Rb protein at 10 mg/ml, using 100 ml
per well. Plates were incubated at 4C overnight or at
room temperature for 3 hours on a shaker. To control
for nonspecific phosphorylation, one row of wells was
coated with 100 ml/well coating buffer (20 mM HEPES,
0.2 M NaCI). Plates were then washed twice with wash
buffer (0.01 % Tween 20 in phosphate-buffered saline).
Compounds to be tested ("test compounds") were added
to the wells at 5x final concentration. Reactions were
initiated by immediate addition of 40 ml reaction mix
(25 mM HEPES, 20 mM MgCI2, 0.002% Tween 20, 2mM DTT, 1
mM ATP, 4 nM 33PATP) and a sufficient amount of enzyme
to give counts that were at least 10-fold 



above background. Plates were incubated at room
temperature on a shaker for 30 minutes. Plates were
washed four times with the wash buffer, sealed, and
counted on the TopCount scintillation counter (Packard
Instrument Co., Downers Grove, IL]. The percent
inhibition of Rb phosphorylation, which is a measure
of the inhibition of CDK activity, was determined
according to the following formula: 100 x 1 - test
compound - 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 CDK1/Cyclin B ,
etc., was added, and "total" refers to the average
counts per minute when no compound was added. The IC50
value is the concentration of test compound that
reduces by 50% the protein-kinase induced
incorporation of the radiolabel under the test
conditions described. The value of the inhibitor
constant Ki is calculated by the following: Ki =
IC50/(1 + [S]/Km), where [S] is the ATP concentration
and Km is Michaelis constant. The Homogeneous Time
Resolved Fluorescence (HTRF) kinase assay was carried
out in 96-well polypropylene plates (BD Biosciences,
Bedford, MA).Test compounds were first dissolved in
DMSO, and then diluted in kinase assay buffer 1 (25 mM
HEPES, pH7.0, 8 mM MgCI2, 1.5 mM DTT, and 162 mM ATP)
with DMSO concentration at 15%. The CDK1/Cyclin B
enzyme was diluted in kinase assay buffer 2 (25 mM
HEPES, pH 7.0, 8 mM MgCI2, 0.003% Tween 20, 0.045 %
BSA, 1.5 mM DTT, and 0.675 mM Rb protein). To initiate
the kinase reaction, 20 ml_ of compound solution was
mixed with 40 ml_ of CDK1/Cyclin B solution in assay
plates with final concentration of CDK1/Cyclin B and
Rb at 0.1 mg/mL and 0.225 mM, respectively, and
incubated at 37 C for 30 min. 15 mL of anti-phospho-Rb
(Ser 780) antibody (Cell Signaling Technology,
Beverly, MA1) was added with a 1:7692 dilution of the
antibody. Incubation was continued at 37QC for 25 min,
after which LANCE Eu-WI 024 labeled anti-rabbit IgG (
1 nM, PerkinElmer, Wellesley, MA) and anti-His
antibody conjugated to SureLight- Allophucocyanin (20
nM, PerkinElmer, Wellesley, MA) were added to the
wells. Incubation was continued at 37QC for another 40
min. At the completion of the incubation, 35 mL of
reaction mixture was transferred to fresh 384-well
black 



polystyrene plates (Corning Incorporated, Corning, NY)
and read on a fluorescent plate reader at excitation
wavelength of 340 nm and emission wavelength of
665/615 nm. To determine the inhibition of CDK2
activity, similar procedure as described above in
CDK1/Cyclin B assay was used for CDK2/Cyclin E
activity except that CDK2/Cyclin E complex was used in
the assay. Ki values showing CDK1/Cyclin B and
CDK2/Cyclin E activities that applied to compounds of
the subject matter of this invention ranges from about
0.001 mM to about 5.000 mM. Specific data for some
examples are as follows:Claims 1. A compound of the
formula: wherein R1 is selected from hydrogen, lower
alkyl, hydroxylower alkyl, cycloalkyl, lower
alkoxy-lower alkyl and R2 - (X)n; X is selected from
lower alkylene, hydroxy-lower alkylene, cycloalkylene,
lower alkoxy-lower alkylene and lower
alkanoyloxy-lower alkylene; R2 is is selected from an
aryl ring, a 4 to 6 membered heterocycloalkyl ring
containing from 3 to 5 carbon atoms and from 1 to 2
hetero atoms selected from the group consisting of
oxygen, nitrogen and sulfur; anda 5 or 6 membered
heteroaromatic ring containing from 1 to 2 hetero
atoms selected from the group consisting of oxygen,
sulfur and nitrogen; R5 and R6 are independently
selected from the group consisting of hydroxy,
hydroxy-lower alkyl, hydrogen, lower alkyl, halogen,
perfluro lower alkyl and lower alkoxy; and n is an
integer from 0 to 1; or 



N-oxides of compounds where R2 contains a nitrogen in
the heteroaromatic ring, sulfones where R contains a
sulfur in the heterocycloalkyl ring or heteroaromatic
ring; or pharmaceutically acceptable salts thereof. 2.
The compound of claim 1, wherein said compound has the
formula I-A wherein R1' is selected from hydrogen,
lower alkyl, hydroxy lower alkyl, lower alkoxy-lower
alkyl and cycloalkyl; or pharmaceutically acceptable
salts thereof. 3 . The compound of claim 2 wherein R-T
is hydrogen or lower alkyl.4. The compound of claim 3
wherein said compound is 2-amino-5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidene]-thiazo
l-4-one. 5. The compound of claim 3 wherein FV is
cycloalkyl. 6. The compound of claim 5 wherein said
compound is 2-cyclopropylamino-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidene]-thiazo
l- 4-one. 7. The compound of claim 2 wherein R1' is
hydroxy-lower alkyl or lower alkoxy lower alkyl. 8.
The compound of claim 7 wherein said compound is
2-((R)-1 -hydroxymethyl-3-methyl-butylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-
meth-(Z)-ylidene]-thiazol-4-one. 9. The compound of
claim 7 wherein said compound is 2-(1
-(R)-hydroxymethyl-2-methylpropylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-
yl)-meth-(Z)-ylidine]-thiazol-4-one 10. The compound
of claim 1, wherein said compound has the formula I-B
wherein R1" is R2 - (X)n-; and R2, n and X are as
defined in claim 1; or pharmaceutically acceptable
salts thereof.11. The compound of claim 10, wherein
aryl is phenyl. 12. The compound of claim 11, wherein
n is 1. 13 . The compound of claim 12, wherein X is
cycloalkylene. 



14. The compound of claim 13, wherein said
cycloalkylene is cyclopropylene. 15. The compound of
claim 14, wherein is phenyl; and R5 and R6 have the
meanings given in claim 1. 16. The compound of claim
15, wherein said compound is 2-((1
R,2S)-2-phenyl-cyclopropylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-
(Z)-ylidine]-thiazol-4-one. 17. The compound of claim
12, wherein X is lower alkanoyloxy-lower alkylene. 18.
The compound of claim 17, wherein is phenyl; and R5
and R6 have the meanings given in claim 1.19. The
compound of claim 18, wherein said compound is acetic
acid 2-[4-oxo-5-(1
H-pyrrolo[2,3,b]pyridine-3-ylmethylene)-4,5-dihydrothi
azol- 2-ylamino]-2-(R)-phenyl-ethyl ester. 20. The
compound of claim 12 wherein X is lower alkylene. 2 1.
The compound of claim 20, wherein is phenyl; and R5
and R6 have the meanings given in claim 1. 22. The
compound of claim 2 1, wherein R5 and R are hydrogen
23. The compound of claim 2 1, wherein R5 is
independently halogen, trifluoromethyl, or lower
alkyl; and R6 is hydrogen halogen, trifluoromethyl or
lower alkyl. 24. The compound of claim 23, wherein
said compound is 2-(2-chlorobenzylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-
thiazol-4-one. 25. The compound of claim 23, wherein
said compound is
2-(2-chloro-6-methylbenzylamino)-5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-
ylidine]-thiazol-4-one. 26. The compound of claim 23,
wherein said compound is
2-(3-chloro-4-fluorobenzylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)- 



ylidine]-thiazol-4-one.27. The compound of claim 23,
wherein said compound is
2-(2-chloro-4-fluoro-benzylamino)-5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-
ylidine]-thiazol-4-one. 28. The compound of claim 23,
wherein said compound is 2-[2-(3-f
luoro-phenyl)-ethylamino]-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-
ylidine]-thiazol-4-one. 29. The compound of claim 20,
wherein ( P_ is a heteroaromatic ring containing from
1 to 2 hetero atoms selected from the group consisting
of oxygen, nitrogen and sulfur; and R5 and R6 have the
meanings given in claim 1. 30. The compound of claim
29, wherein said heteroaromatic ring contains 1 hetero
atom. 3 1. The compound of claim 30, wherein said
heteroatom is sulfur. 32. The compound of claim 30,
wherein R5 and R6 are hydrogen or lower alkyl. 33. The
compound of claim 32, wherein said compound is 5-[1
-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-ylidine]-2-[(th
iophen-2-yl-methyl)- amino]-thiazol-4-one. 34. The
compound of claim 32, wherein said compound is
2-[(3-methyl-thiophen-2-ylmethyl)-amino)-5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-
meth-(Z)-ylidine]-thiazol-4-one.35. The compound of
claim 29, wherein said heteroaromatic ring contains
two hetero atoms. 36. The compound of claim 34,
wherein both of said hetero atoms are nitrogen. 37.
The compound of claim 36, wherein R5 and R6 are
individually selected from the group consisting of
hydrogen and lower alkyl. 38. The compound of claim
37, wherein said compound is
2-[(5-methyl-pyrazin-2-ylmethyl)-amino]-5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-
(Z)-ylidine]-thiazol-4-one. 



39. The compound of claim 12, wherein X is
hydroxy-lower alkylene. 40. The compound of claim 39,
wherein is phenyl; and R5 and R6 have the meanings
given in claim 1. 4 1 . The compound of claim 40,
wherein R5 and R6 are individually selected from
halogen, trifluorometyl, hydrogen and lower alkyl. 42.
The compound of claim 4 1, wherein said compound is
2-(2-hydroxy-1 -(R)-phenyl-ethylamino)-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-
(Z)-ylidine]-thiazol-4-one. 43. The compound of claim
4 1, wherein said compound is2-[(R)-1
-(4-fluoro-phenyl)-2-hydroxy-ethylamino]-5-[1 -(1
H-pyrrolo[2,3-b]pyridin-3-
yl)-meth-(Z)-ylidene]-thiazol-4-one. 44. The compound
of claim 11, wherein n is 0; and is phenyl; and R5 and
R6 have the meanings given in claim 1. 45. The
compound of claim 44, wherein R5 and R6 are
individually selected from hydrogen, lower alkyl and
lower alkoxy. 46. The compound of claim 45, wherein
said compound is 2-(2-methoxy-phenylamino)-5-[1-(1
H-pyrrolo[2,3-b]pyridin-3-yl)-meth-(Z)-
ylidene]-thiazol-4-one. 47. The process for the
manufacture of a compound of formula I according to
claim 1, wherein a) a compound of formula Il is
reacted in the presence of a compound of formula MI-A
IM-A,to give a compound of formula IV b) said compound
of formula IV is further reacted in the presence of a
methylating agent to give the compound of formula V c)
said compound of formula V is further reacted in the
presence of an amine of formula Vl R1-NH2 



Vl, wherein R1 has the meaning given in claim 1, to
give the respective compound of formula I; and d) said
compound of formula I is isolated from the reaction
mixture and, if desired, turned into a
pharmaceutically acceptable salt. 48. The process
according to claim 47, wherein the methylating agent
of reaction step b) is iodomethane.49. A compound of
formula I according to claim 1 for the treatment of
cancer, in particular breast cancer, prostate cancer,
colon cancer and lung cancer. 50. The use of a
compound of formula I according to claim 1 for the
manufacture of medicaments for the treatment of
cancer, in particular breast cancer, prostate cancer,
colon cancer and lung cancer. 5 1. A pharmaceutical
composition comprising a compound of formula I
according to claim 1 together with pharmaceutically
acceptable adjuvants. 52. The pharmaceutical
composition according to claim 5 1 for the treatment
of cancer, in particular breast cancer, prostate
cancer, colon cancer and lung cancer. 53. A compound
of formula I according to claim 1 whenever prepared by
a process according to claim 47. 54. The novel
compounds, compositions, processes and uses
substantially as described herein before. 




