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DIAMINOTHIAZOLES AND THEIR USE FOR INHIBITTING
PROTEIN KINASES

CROSS-REFERENCE TO RELATED APPLICATION

This gpplication claims the benefit of U.S. Provisional Patent Application No.

60/137,810, filed June 4, 1999.
EIELD OF THE INVENTION

This invention is directed to diaminothiazole compounds that modulate
and/or inhibit the activity of certain protein kinases, and to. pharmaceutical
compositions containing such compounds. The invention is also directed to the
therapeutic or prophylactic use of such compounds and compositions, and to
methods of treating cancer as well as other disease states associated with unwanted
angiogenesis and/or cellular pfoliferation, by administering effective amounts of

such compounds.

BACKGROUND OF THE INVENTION

Protein kinases are a family of enzymes that catalyze phosphqrylation of the
hydroxy group of specific tyrosine, sering, or threonine residues in proteins.
Typicillj, such phosphorylation dramatically perturbs the function of the protein,
and thus protein kinases are pivotal in the regulation of a wide variety of cellular
i)rocesses, including metabolisim, cell proliferation, cell differentiation, and cell
survival. Of the many different cellular functions in which the activity of protein
kinases is known to be required, some processes represent atiractive targets for
therapeutic intervention for certain disease states. Two examples are angiogenesis

and cell-cycle control, in which protein kinases play a pivotal role; these processes

are essential for the growth of solid tumors as well as for other diseases,
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Angiogenesis is the mechanism by which new capillaries are formed from
existing vessels. When required, the vascular system has the potential to generate
new capillary networks in order to maintain the pfoper functioning of tissues and
organs. In the adult, however, angtogenesis is fairly limited, occurring oni& in the
process of wound healing and neovasculaﬁzaﬁon of the endometrium during
menstruation. See Merenmies et al., Cell Growth & Differentiation, 8, 3-10
(1997). On the other band, unwanted angiogenesis is a hallmark of several
diseases, such as retinopathies, psoriasis, rheumatoid arthritis, age-related macular
degeneration (AMD), and cancer (solid tumors). Folkman, Nature Med., 1, 27-31
(1995). Protein kinases which have been shown to be involved in the angiogenic
process include three members of the growth factor receptor tyrosine kinase
family: VEGF-R2 (vascular endothelial growth factor receptor 2, also known as
KDR (kinase insert domain receptor) and as FLK-1); FGF-R (fibroblast growth
fz;ctor receptor); and TEK (also known as Tie-2).

VEGF—RZ, which is expressed only on endothelial cells, binds the potent

angiogenic growth factor VEGE and mediates the subsequent signal transduction

- through activation of its intracellular kinase activity. - Thus, it is expected that

direct inhibition of the kinase activity of VEGF-R2 will result in the reduction of
angiogenesis even in the presence of exoéenous VEGF (see Strawn et al., Cancer
Research, 56, 3540-3545 (1996)), as has been shown with mutants of VEGF-R2
which fail to mediate signal transduction. Millauer et al., Cancer Research, 56,
1615-1620 (1996). Furthermore, VEGE-R2 appears to have no function in the

adult beyond that of mediating the angiogenic activity of VEGF. Therefore, a
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selective inhibitor of the kinase activity of VEGF-R2 would be expected- to exhibit
little toxicity. |

Similarly, FGF-R binds tl-le angiogenic gro\wth factors aFGF and bEGF and
mediates subsequent intracellular signal transduction. Recently, it has been
suggested that growth factors such as bFGF may play a critical role in inducing
angiogenesis in solid tumors that have rcached a certain sizg. Yoshiji ot a}.,
Cancer Research, 57, 3924-3928 (1997). Unlike VEGF-R2, however, FGE-R is
expressed in a number of different cell types throughout the body and may or may |
not play important roles in other normal physiological processes in the adult,
Nonetheless, systemic administration of a small-molecule iﬁhibitor of the kinase
activity of FGF-R has been reported to block bFGF-induced angiogenesis in mice
without apparent toxicity. Mohammadi et al., EMBO Journal, 17, 5896-5904
(1998).

TEK (also known as Tie-2) is another receptor tyrosine kinase expressed
only on endbthelial cells which has been shown to play a role in angiogenesis. The

binding of the factor angiopoietin-1 resnits in autophosphorylation of the kinase

~ domain of TEK and results in a signal transduction process which appears to

mediate the interaction of endothelial cells with peri-endothelial support cells,
thereby facilitating the maturation of newly formed blood vessels. The factor
angiopoietin-2, on the other hand, appears to antagonize the action of
angiopoietin-1 on TEK and disrupts angiogenesis. Maisonpierre et al., Science,

277, 55-60 (1997).
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As a result of the above-described developments, it has been proposed to
treat angiogenesis by the use of compounds inhibiting the Kinase activity of
VEGF-R2, FGF-R, and/or TEK. For example, W_IE"O Iﬂtemaﬁonal Publication No.
WO 97/34876 discloses certain cinnoline derivatives that are inhibitors of ﬁGF—

5 R2, which may be used for the treatment of disease states associated with
abnormal angiogenesis and/or increased vascular permeability such as cancer,
diabetes, psoriasis, rheumatoid arthritis, Kaposi’s sarcoma, haemangioma, acute
and chronic nephropathies, atheroma, arterial restinosis, awtoimmune diseases,
acute inflammation and ocular diseases with retinal vessel proliferation.

10 In addition to its role in angiogenesis, protein kinases also play a crucial
role in cell-cycle control. Uncontrolied cell proliferation is the insignia of cancer.
Cell proliferation in responsé to various stimuli is manifested by a de-regulation of
the cell division cycle, the process by which cells multiply and divide. Tumor
ceils typically have damage to the genes that directly or indirectly regulate

15 progression through the cell division cycle.

Cyclin-dependent kinases (CDKs) are serine-threonine protein kinases that
play critical roles in regulating the transitions between different phases of the cell
cycle. See, e.g., the articles compiled in Science, 274,_1643-1677 (1996). CDK
complexes are fonned through association of a regulatory cyclin subunit (e.g.,

20 cyclin A, Bt, B2, D1, D2, D3, and E) and a catalytic kinase subunit (e.g., cde2
(CDK1), CDK2, CDK4, CDKS5, and CDKG). As the name implies, the CDKs

display an absolute dependence on the cyclin subunit in order to phosphorylate
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progression through specific phases of the cell cycle.
It is CDK4 complexed to- the D cyclins that ‘plays a critical part in initiating

the cell-division cycle from a resting or quieécent stage to one in which cellg

>  become committed to cell division. This progression is subject to a variety of
growth regulatory mechanisms, both negative and positive. Aberrations in this
control system, particularly those that affect the function of CDK4, have been
implicated in the advancement of cells to the highly proliferative state
characteristic of malignancies, particularly familial melanomas, esophageal

10 carcinomas, and pancreatic cancers. See, e.g., Kamb, Trends in Genetics, 11, 136-
140 (1995); Kamb et al., Science, 264, 436-440 (1994).

The use of compounds as anti-proliferative therapeutic agents that inhibit
CDK:s is the subject of several patent publications. For example, U.S. Patent No.
5,621 ;082 to Xiong et al. discloses nucleic acid encoding an inhibitor of CDKS,

15 and Europeah Patent Publication No. 0 666 270 A2 describes peptides and peptide
mimetics that act as inhibitors of CDK1 and CDK2. WIPO International
Publication No. WO 97/16447 discloses certain analogs of chromdnes that are
inhibitors of cyclin-dependent kinases, in particular of CDK/cyclin complexes
such as CDK4/cyclin D1, which may be used for inhibiting excessive or abnormal

20 cell proliferation, and therefore for treating cancer. WIPO International
Publication No. WO 99/21845 describes 4-aminothiazole derivatives that are

useful as CDK inhibitors.
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There is still a need, however, for small-molecule compounds that may be
readily synthesized and are effective in inhibiting one or more CDKs or
CDK/cyclin complexes. Because CDK4 may serve as a general activator of cell
division in most cells, and comple)_ces of CDK4 and D-type cyclins govern the

5 early Gy phase of the cell cycle, there is a need for effective inhibitors of CDKA4,
and D-type cyclin compleﬁes thereof, for treating one or more types of tumors.
Also, the pivotal roles of cyclin E/CDK?2 and cyclin B/CDKI kinases in the G,/S
phase gnd G,/M transitions, respectively, offer additional targets fo; therapeutic
intervention in suppressing deregulatéd cell-cycle progression in cancer.

10 Another protein kinase, CHK1, plays an important role as a checkpoint in
cell-cycle progression. Checkpoints are control systems that coordinate cell-cycle
progression by influencing the formation, activation and subsequent inactivation
of the cyclin-dependent kinases. Checkpoints prevent cell-cycle progression at

' inépprop:iate times, maintain the metabolic balance of cells while the cell is

15  arrested, and in some instances can induce apoptosis (programmed cell death)
when the requirements of the checkpoint have not been met. Seg, e.g., O’Connor,
Cancer Surveys, 29, 151-182 (1997); Nurse, Cell, 91, 865-867 (1997); Hartwell et
al., Science, 266, 1821-1828 (1994); Hartwell et al., Science, 246, 629-634
(1989).

20 _ One series of checkpoints monitors the integrity of the genome and, upon
sgnsing DNA damage, these “DNA damage checkpoints™ block cell-cycie
progression in G, and G, phases, and slow progression through S phase.

O’Connor, Cancer Surveys, 29, 151-182 (1997); Hartwell et al., Science, 266,
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1821-1828 (1994). This action enables DNA repair processes to complete their
tasks before replication of the genome and subsequent separation of this genetic
material into new daughter cells takes place. Impo;'tantly, the most commoniy
mutated gene in human cancer, the p53 tumor-suppressor gene, produces a.DNA
5 damage checkpoint protein that blocks cell-cycle progression in G, phase and/or
induces apoptosis (programmed cell death) following DNA damage. Hartwell et
al,, Science, 266, 1821-1828 (1994). The p53 tumor suppressor has also been
shown to strengthen the action of a DNA damage checkpoint in Gg phase of the
celi cycle. See, e.g., Bunz et al., Science, 282, 1497-1501 (1998); Winters et al.,
10 Oncogene, 17, 673-684 (1998); Thompson, Oncogene, 15, 3025-3035 (1997).
Given the pivotal nature of the p53 tumor suppressor pathway in human
cancer, therapeutic interventions that exploit vulnerabilities in p53-defective

- cancer have been actively sought. One emerging vulnerability lies in the operation
o% the G, checkpoint ir p53 defective cancer cells. Cancer cells, because they lack

I5 G checkpoiht control, are particularly vulnerable to abrogation of the last
remaining barrier protecting them from the cancer-killing effects of DNA-

“ damaging agents: the G, checkpoint. The G, cheékpoint is regulated by a control
system that has been conserved from yeast to humans. Important in this conserved
system is a kinase, CHK1, which transduces signals from the DNA-damage

20  sensory complex to inhibit activation of the cyclin B/Cdc2 kinase, which promotes
mitotic entry. See, e.g., Peng et al., Science, 277, 1501-1505 (1997); Sanchez et
al,, Science, 277, 1497-1501 (1997). Inactivation of CHK]1 has been shown o

both abrogate G, arrest induced by DNA damage inflicted by either anticancer
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agents or endogenous DNA damage, as well as result in preferenti;al killing of the
resulting checkpoint defective éells. See, e.g., Nurse, Cell, 91, 865-867 (1997);
Weinert, Science, 277, 1450-1451 (1997); Walwor;h et al., Nature, 363, 368-371
(1993); and Al-Khodairy et al., Molec. Biol. Cell, 5, 147-160 (1994).

Selective manipulation of checkpoint control in cancer cells could afford
broad utilization in cancer chemotherapeutic and radiotherapy regimens and may,
in addition, offer a common hallmark of human cancer “genﬁmic instability” to be
exploited as the selective basis for the destruction of cancer cells. A number of
factors place CHKi as a pivotal target in DNA-damage checkpoint control. Thé
elucidation of inhibitors of this and functionally related kinases such as
Cds1/CHK2, a kinase recently discovered to cooperate with CHK1 in regulating S
phase progression (see Zeng et al., Nature, 395, 507-510 (1998); Matsuoka,
Science, 282, 1893-1897 (1998)), could provide valuable new therapeutic entities
fo; the treatment of cancer.

Integﬁn receptor binding to ECM initiates intracellular signals mediated by
FAK (Focal Adhesion Kinase) that are involved in cell motility, cellular
proliferation, and survival. In human cancers, FAK overexpression is implicated
in tumorigenesis and metastatic potential through its role in integrin mediated
signaling pathways. | _ ,

Tyrosine kinases can be of the receptor type (h;avin,:; extracellular,
transmembrane and intracellular domains) or the non-receptor type (being wholly

intracellular).
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At leasf one of the non-receptor protein tyrosine kinases, namely, LCK, is believed
to mediate the transduction in T-cells of a signal from the interaction of a cell-
surface protein (Cd4) with a cross-linked anti—Cd4lantibody. A more detailed
discussion of non-receptor tyrosine kinases is provided in Bolen, Oncogené, 8,
2025-2031 (1993), which is incorporated herein by reference

In addition to the protein kinases identified above, many other protein
kinases have been considered to be therapeutic targets, and ﬁumerous publicatibns
disclose inhibitors of kinase activity, as reviewed in the following: McMahon et al,
Oncologist, 5, 3-10 (2000); Holash et al., Oncogene, 18, 5356-62 (1999); Thomas
etal,, J. Biol. Chem., 274, 36684-92 (1999); Cohen, Curr. Op. Chem. Biol., 3,
459-65 (1999); Klohs et al., Curr. Op. Chem. Biol., 10, 544-49 (1999); McMahon
et al., Current Opinion in Drug Discovery & Development, 1, 131-146 (1998);
Strawn et al., Exp. Opin. Invest. Drugs, 7, 553-573 (1998). WIPO International
Pllelication WO 00/18761 discloses certain substituted 3-cyanoquinolines as
protein kinﬁse inhibitors. As is understood by those skilled in the art, it is desirable

for kinase inhibitors to possess both high affinity for the target kinase as well as

“high selectivity versus other protein kinases.

SUMMARY OF THE INVENTION

The present invention relates to compounds falling within formula I below
which modulate and/or inhibit the activity éf protein kinases, as well as to
pharmaceﬁtically acceptable prodrugs, phéxmaceulically active metabolites, and
pharmaceutically acceptable salts thereof (such compounds, prodrugs, metabolites

and salts are collectively referred to as “agents™). The invention is also directed to



10 therapeutic or prophylactic use of such conpounds and c&nRp&imbtcsP03 and
to nethods ofyd£RlpNg cancer as well as other disease states associ ated
wi th unwant ed angi ogenesis and/or cellular proliferation, bYCHUONS8E eri ng

effective amounts of such conpounds.

pharmaceutical compositions containing such agents and their therapeutic use in
treating diseases mediated by kinase activity, such as cancer, as well as other
disease states associated with unwanted angiogeneéis and/or cellular proliferation,
such as diabetic retinopathy, neovascular glaucoma, rheumatoid arthritis and

5 psoriasis. Further; the invention is related to lpethods of modulating and/or
inhibiting the kinase activity associated with VEGF-R, FGF-R, CDK complexes,
TEK, CHK1, LCK, and FAK. o

In one general aspect, the invention relates to protein kinase inhibitors of

' NH,
<X
n‘/ , i

10 . I Q
wherein:

the Formula I:

Rlis hydrogcn, a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloatkyl, aryl, or heteroaryl, or a group of the formula R%-CO or R5-CS
‘where RS is substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl,
15 alkenyl, aryl, heteroaryl, alkoxy, or N-R’R® where R7R® are each independently
hydrogen or substituted or unsubstituted alkyl, aryl, or heteroaryl;
R?is hydroxy, halo, cyano, or nitro, or substituted or unsubstituted alkyl,
alkenyl, cycloatkyl, heterocycloalkyl, aryl, or heteroaryl, or

a group of the formula (A)

10
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O
I

/C\R
a

(A)

where R, is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, or
a group of the formula (B) E
(0]

/C\o _PRa B

where R, is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, or

a group of the formula (C)

o

C

SN ©

R

10 where R, and R, are independently hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,

or heteroaryl, or
a group of the formula (D)
e Ra
N
I ©)
AN
R,
11
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functions in which the activity of protein kinases is known to be
required, some processes represent attractive targets for

where Ry is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, hydroxy,
alkoxy, amino, atkylamino, dialkylamino, or acylamino, and R, is hydrogen, alkyl,
cycloalkyl, heterocycloalky), aryl, heteroaryl, amitllo, alkylamino, or dialkylamino, or
a group of the formula (E) |

0O

S R (E)

|

5 O

where Ry is alkyl, cycldalkyl, heterocycloalkyl, aryl, or heteroaryl, or
a group of the formula (F)

O
" ,,/Fh
—— S —N (F)

where R, and Ry, are each independently hydrogen, alkyl, cycloalkyl, heterocycloalkyl,
10 aryl,or hetetoaryl, or

a group of the formula (G)

No- @

where R,; is alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, or a group of formula
15 (A), formula (B), formula (C), formula (H), or formula (D) as defined herein, or

a group of the formula (H)

12
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where R; is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, hydroxy,
alkoxy, amino, or a group of formula (A), formula (B), formula (C) or formula (D) as
defined herein, and Ry is hydrbgen, alkyl, cycloalkyl, heteropycloalkyl, aryl,
5  heteroaryl, or a group of formula (A), formula (B), formula (C), formula (D}, formuia
(E), or formula (F) as defined herein, or
a group of the formula (I)
N
where R, is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, or a group
10  of formula (C) as defined herein,
ot R? is a substituted or unsubstituted cycloalkyl, heterocycloalkyl, or aryl that is fused
10 Q;
XisCorN; and
Q s a divalent radical having 2 or 3 ring atoms (in the ring formed by Q
15 together with X, C* and N* in Formula I) each independently selected from C, N, O,
S, C-R® and N-R’, where R’is alkyl, aryl, heteroaryl, alkoxy, hydroxy, halo, cyano, or
amino, which together with C* and N* (in Formula I) form a five- or six-membered
arornatic or nonaroratic ring.
l- The invention is also directed to pharmaceutically acceptable prodrugs,

20 pharmaceuucally active metabolites, and pharmaceutically acceptable salts of the

compounds of Formula I.

13
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In a preferred geperal embodiment, the invention relates to compounds

having the Formula II:
i
N /N N,
, : l N 2
Vi

’ I

wherein:

5 - R'is substituted or unsubstituted aryl or heteroaryl, or a group of the

formula R®-CO or R°-CS where R is substitated or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl alkenyl, aryl, heteroaryl, alkoxy, or N-R'R® whefe
R'R® are each indépendcntly hydrogen or a substituted or unsubstituted alkyi, aryl,
or heteroaryl; |
10 R?is as defined above;
XisCorN; and
Y and Z are each independentiy C, hi, S, 0, C.-R5 or N-R® where Rf is as
defined above; |
and pharmaceutically acceptable prodrugs, pharmaceutically active
15 metabolites, and pharmaceutically acceptable salts thereof. Advantageous
methods of making"the compounds of the Formula 11 are also described.
i More preferably, the invention is directed to compounds of Formula IT
wherein: R' is substituted or unsubstituted aryl or heteroaryl, or R®-CO or RGCS

where R® is substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl,

14



existing vessels. Wen required, the vascular system has tHeSp&s?¥P to

generate new.g (?9”5115?” netvvorks in order to nmaintain the proper
functioning of tissues and organs. In the adult, however, aPGl/O%ENESES iS
fairly limted, occurring only in the 5 process of wound heal i ng and

neovascul ari zati on of the endonetrium during

alkenyl, aryl, heteroaryl, atkoxy, or N-R'R*where R'R® are each independently
hydrogen or substituted or unsubstituted alkyl, aryl, or heteroaryl; R? is
substituted or unsubstituted aryl or heteroaryl; X a|nd Y are each independently C
orN; and Zis S or O. In another preferred embodiment of cornpounds of t.he
S5 FormulaIl, R' and R® are each independently substituted aryl, X is C, Y is C or N,

~and Z is S or O. More preferably, R' is a substituted or unsubstituted alkyl, R is

a substituted aryl, X:s C,YisCorN,and Zis S or O.
In another preferred general embodiment, the invention relates o

compounds of Formula IIT:

e A,

10 | m
wherein:

R' is substituted or unsubstituted aryl or heteroaryl, or R®-CO or RS-CS
where RS is a substituted or unsubstituted alkyl, atkenyl, aryl, heteroaryl, alkoxy,
or N-R'R* where R'R® are each independendy hydrogen, alkyl, aryl, or heteroaryl;

15 . R? is substituted or unsubstituted alkyl, cycloalkyl, hetérocycloalkyl, aryl,
heteroaryl, alkoxy, aryloxy, or N-R'R® where R’R® are each independently

- hydrogen, alkyl, aryl, or heteroaryl;

15



menstruation. See Merennlies et al., Cell Gowth & DifferehtPRiaher 2¢03 3|— 10
(1997) . On thegyghhsdprand, unwant ed angi ogenesis is a hallmark of severa

di seases, such as re%l nopat hi es, psoriasis, rheumatoid arthrPETAIS00/15188
age-rel ated nmacul ar degeneratlon (AMD), and cancer (solid tunors).

Fol kman, Nature Med., 1, 27-31

R* is hydrogen, hydroxy, lower alkyl, halo, lower alkoxy, amino, nitro, or
triflaoromethyl; and
Y and Z are each independently C, N, S, O, C-R® or N-R® where R’ is
unsubstituted or substituted alkyl or a'ryl; |
5  as well as pharmaceutically acceptable prodrugs, phannéceutically acceptable
metabolites, and pharmaceutically acceptable salts thereof.

Especially preferred are compounds of Formula IV:.

34(3)

N-- .
H Rétb)
=
\ /lk

IV
wherein:
10 R' is substituted or unsubstituted aryl or heteroaryl, or R®-CO where R®is a
substituted 6r unsubstituted alkyl, alkenyl, aryl, heteroaryl, alkoxy, cycloalkyi,
‘heterocycloalkyl, or N-R'R® where R’R® are each independently hydrogen, alkyl,
‘aryl, or heteroaryl;
R?is substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl, aryl,
15 heteroaryl, alkoxy, aryloxy, or N-R'R® where R'R® are each independendy
hydrogen, alkyl, aryl, or heteroaryl;
R"_ is independently selected from hydrogen, hydroxy, lower alkyl, halo,
lower alkoxy, amino, nitro, and triflucromethyl; |

YisCorN; and
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10 (1995). Protein kinases whi ch have been shown to be i nv Scetpmbsr 2008

' ' | h factor receptor
angi ogeni c pr, clude three nenbers of the growt
ty?osigne Ki nasvgaﬁﬁzsrlrﬂ]y: VEGF- R2 (vascul ar endot hel i al gr owmt FCTHB¥0p/d7188

receptor 2, also known as KDR (kinase insert domain receptor) and as
FLK-1); FG-R (fibroblast growth

ZisSor0O; .
as well as pharmaceutically acceptable prodrugs, pharmaceutically acceptable
metabolites, and pharmaceutically acceptable salts thereof.

More preferably, the invention is directed to cormpounds of Fonnuia v,

5  wherein:
R'is substituted or unsubstituted aryl or heteroaryl, or R°-CO where R® is N-R'R*
where R'R" are each independently hydrogen, alkyl, aryl, or heteroaryl; R’ is
substituted or unsubstituted alkyl, aryl, heteroaryl, or alkoxy; R*® and R*® are
independently hydrogen, lower alkyl, or halo; Y is C or N;andZis S or O. Even
10 more preferred are compounds of Formula IV, wherein: R' is substituted or

‘unsubstituted aryl or heteroaryl, or R®-CO where RS is N-R'R*where R'R® are each
independently hydrogen, alkyl, aryi, or heteroaryl; R’ is substituted or
unsubstituted aryl, heteroaryl, or alkoxy; R*® is chioro, fluoro, or methyl; R*® is
fluoro; Y is N; and Z is O, |

15 The invention also relates to a metlw;)d of modulating and/or inhibiting the
kinase activity of VEGF-R, FGF-R, TEK, 2 CDK complex, CHK1, TEK, LCK,

- and/or FAK by administering a compound of the formulaIora pharmaceutically
acceptable prodrug, pharmaceutically active metabolites, or pharmaceutically
acceptable salt thereof. There is also provided compounds of the present invention

20  that have selective kinase activity—i.e., they possess significant acti-vity against
one specific kinase while possessing less or minimal activity against a differént
kinase. In one preferred embodiment of the invention, compounds of the pre_seﬁt

. invention are those of Formula I possessing substantially higher potency against

17



factor receptor); and TEK (al so known as Tie-2). 15 VEGF- R Sepffimisr 2403

. . : : W h
expressed .onl othelial cells, binds the potent angiogenic gro
fagt or VEGF aﬁ(éﬂéggﬁgt es the subsequent signal transducti on POIHiSO0tf188

activation of its intracellular kinase acti vity. Thus, it is expected
t hat -

VEGF receptor tyrosinekinase than against FGF-R1 receptor tyrosine kinase. The
invention is also directed to methods of modulating VEGF receptor tyrosine kinase
activity without sigxﬁﬁcanﬂy modulating FGF recei:tor tyrosine kinase activity.
The invention also relates to pharmaceutical compositions each
5 comprising: an effective amount of an agent selected from compounds of

Formula I and pharmaceutically acceptable salts, pharmaceutically active
metabolites, and pharmaceutically acceptable prodrugs theréof; and a
pharmaceutically acceptable carrier or vehicle for such agent. The invention
further provides methods of treating cancer as well as other disease states

10 associated with unwanted angiogenesis and/or cellular proliferation, comprising
administering effective amounts of such agents to a patient in need of such
treatment.
DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED
EMBODIMENTS

15 The ihvenn've compounds of the Formula I, I, I, and IV are useful for
mediating the activity of protein kinases. More particularly, the compounds are
‘useful as anti-angiogenesis agents and as agents for modulating and/or inhibiting
the activity of protein kinases, thus providing treatments for cancer or other
diseases associated with cellular proliferation mediated by protein kinases.

20 The term “alkyl” as used herein refers to strai ght- and branched-chain alkyl
groups having one to twelve carbon atoms. Exemplary alkyl groups include methyl
(Me), ethyl, n-propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl (t-Bu), pentyl,

isopentyl, tert-pentyl, hexyl, isohexyl, and the like. The term “lower alkyl” designates

18



direct inhibition of the kinase activity of VEGF-R2 will réstaptenther 248

' | ' ' VEG- (see
reducti on of nesi s even in the presence of exogenous S
Strawn et al. @ﬁ@%ﬁ 20 Research, 56, 3540-3545. (1996)), RCHBYWHEEH

shown with nmutants of VEGF-R2 which fail to nediate signal transduction.
M Il auer et al., Cancer Research; 56, : ,

an alkyl having from 1 to 8 carbon atoms (a C 1-s-alkyl). Suitable substituted alkyls
include fluoromethyl, difluoromethyl, triftuoromethyl, 2-fluorcethyl, 3-fluoropropyl,
hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl, ;alnd the like.

The term “alkenyl” refers to straight- and branched-chain alkenyl gr?mps

5  having from two to twelve carbon atoms. Hlustrative atkenyl groups include prop-2-
enyl, but-2-enyl, but-3-enyl, 2-methylprop-2-enyl, hex-2-enyl, and the like.

The term “cycloalkyl” refers to partially saturated or.unsaturated carbocycles
having from three to twelve carbon atoms, including bicyclic and tricyclic cycloalkyl
structures. Suitable cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl,

10 cyciohexyl, cycioheptyl, and the like.
| A “heterocycloalkyl” is intended to mean a partially saturated or unsaturated
moﬁocycﬁc radical containing carbon atoms, preferably 4 or 5 ring carbon atoms, and
at least one heteroatom selected from nitrogen, oxygen and sulfur.
| The terms “aryl” (Ar) and “heteroaryl” refer to monocyclic and polycyclic
15  unsaturated 6r aromatic ring structures, with “aryl” referring to those that are
carbocycles and “heteroaryl” referring to those that are heterocycles. Examples of
aromatic ring structures include phenyl, naphthyl, 1,2,3.4-tetrahydronaphthyl, furyl,
thienyl, pyrrolyl, pyridyl, pyridinyl, pyrazolyl, imidazolyl, pyrazinyl, pyridazinyl,
1,2,3-mriazinyl, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1-H-tetrazol-5-yl, indolyl,
20  quinolinyl, benzofuranyl, benzothiopheny (thianaphthenyl), and the like. Such
moieties may be optionally substituted by one or more suitable substituents, for
example, a substituent selected from a halogen (F, Cl, Br or I); lower alkyl; OH; NOy;

CN; CO,H; O-lower alkyl; aryl; aryl-lower alkyl; CO,CHj; CONH,; OCH,CONH;
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1615- 1620 (1996). Furthernore, VEGF-R2 appears to have no FArfetamisr 2003t he

. : . e fore
adult beyond f mediating the angi ogenic activity of VEGF. Thqre ,
a2 22 Septen%?ntmf%@% PCT/US00/15188

NH;; SO,NH,; OCHF,;.CF;; OCF;; and the like. Such moieties may also be
optionally substituted by a fused-ring structure or bridge, for example OCH,-O.
The term “alkoxy” is intended to mean the ;'adical —O-alkyl. musu:;{ive
examples include methoxy, ethoxy, propoxy, and the like. The term “lower alkoxy”
5  designates an alkoxy having from 1 to 8 carbon atoms
The term “aryloxy” represents —O—aryl, where aryl is defined above.
The term “halogen” represents chlorine, fiuorine, br&mine or jiodine. The term
“halo” represents chloro, fluoro, bromo or iodo.
In general, the various moieties or- functional groups for variables in the
10 formulae may be optionally substituted by one or more suitable substituents.
Exempiary substituents include a halogen (F, Cl, Br, or ), lower alkyl, -OH, -NO,, -
CN, -CO.H, -O-lower akkyl,
-aryl, -aryl-lower alkyl, -CO,CH;, -CONH,, -OCH,CONH,, -NH,, -SO,NH,, haloalkyl
| eg., |
15 -CFs, -CH,CFy), -O-haloalkyl (e.g., -OCF;, -OCHF;), and the like,
The terms “comprising” and “including” are used in an open, non-limiting
sense,
Compounds of the invention are encompassed by Formula 1. Although
Formula I depicts a double bond between C* and N*, the artisan will understand that
20  when Q together with C* and N* form a five- or §ix—membered aromatic ring, the
presence of the double bond is not necessarily between C* and N*, as other canonical
forms of the aromatic ring exist. It is therefore understood that all possible canonical

forms of the aromatic ring formed by Q together with C* and N* are also intended to

20
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- be covered by Formula I. The compounds of the invention are preferably those of the

Formula II, more preferably those of the Formula I, and even more preferabiy—those
of the Formula IV.

Some of the inventive compounds may exist as single stereoisomersi(i.e.,
essentially free of other stereoisomers), racemates, and/or mixtures of enantiomers
and/or diastereomers. All such single stereoisomers, racemates and mixtures
thereof are intended to be within the scope of the present invention. Preferably,
the inventive compounds that are optically active are used in opﬁcally pure form.

As generally understood by those skilled in the art, an optically pure compound
having one chiral center (i.e., one asymmetric carbon atom) is one that consists
essentially of one of the two possible en;nﬁomers {i.e., is enantiomerically pure), and
an optically pure compound having more than one chiral center is one that is both
diastereomerically pure and enantiomerically pure. Preferably, the compounds of the
pr;asent invention are used in a form that is at least 90% optically pure, that is, a form
that contains' at least 90% of a single isomer (80% enantiomeric excess (“e.e’™ or
diastereomeric excess (“d.e.”)), more preferably at least 95% (90% e.e. or d.e.), even
more preferably at least 97.5% (95% e.e. or d.e.), and most preferably at least 99%
(98% e.e. ord.e.). |

Additionally, the formulas are intended to cover solvated as well as
unsolvated forms of the identified structures. For example, Formula I includes
compounds of the indicated structure in both hydrated and non-hydrated forms.
Other examples of solvates include thelstructures in combination with isopropanol,

ethanol, methanol, DMSO, ethyl acetate, acetic acid, or ethanolamine.
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Simlarly, FGF-R binds the angiogenic growth factors aFGF #neEpiRer M3
nmedi at es subs ent intracellular signal transduction. Recently, it has
been 5 suggest YiRLe grow h factors such as bFG- may pl ay cwitoebasaBs rol e
in inducing angiogenesis in solid tunors that have reached a certain size.

Yoshiji et al.,

In addition to compounds of the Fo:_'mula I, ILIII, and IV, the invention
includes pharmaceutically acceptable prodrugs, pharmaceutically active metabotites,
.and pharmaceutically acceptable salts of such combounds.

A “pharmaceutically acceptable prodrug” is a compound that may Be

3 converted under physiological conditions or by solvolysis to the specified compound
or to a pharmaceutically acceptable salt of such compound.

A "pharmaceutically active metabolite” is intended o mean a
pharmacologically active product produced through metabolisni in the body of a
specified compound or salt thereof. Metabolites of compound may be identified using

10 routine techniques known in the art and their activitiés determined using tests such as
those described herein.

A "pharmaceutically acceptable salt" is intended to mean a salt that retains the
biological effectiveness of the free acids and bases of the specified compound and
tﬂﬁt is not biologically or otherwise undesirabie. A compound of the invention may

15 possessa suﬁiciently acidic, a sufficiently basic, or both functional groups, and
accordingly reaét with any of a number of inorganic or organic bases, and inorganic
“and organic acids, to form a pharmaceutically aoceptablelsalt. Exemplary.
pharmaceutically acceptable salts include those salts prepared by reaction of the
compounds of thé present invention with a mineral or organic acid or an inorganic

20 base, such as salts including sulfates, pyrosulfates, bisulfates, sulfites, bisulfites,
phosphates, monohydrogenphosphates, dihydrogenphosphates, metaphosphates,
pyrophosphates, cﬁoﬂdw, bromides, iodides, acetates, propionates, decanoates,

. caprylates, acrylates, formates, isobutyrates, caproates, heptanoates, propiolates,
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Cancer Research, 57, 3924-3928 (1997). Unlike VEGF- R2, “howeptenper2d®3i s
expressed in a nunber of different cell types throughout the body and may
or may not plEYWWrtant roles in other normal physiol ogi cetT/psAeRses in
the adult. 10 Nonethel ess, system c admi nistration of a small-nolecul e

I nhi bitor of the kinase

oxalates, malonates, succinates, suberates, sebacates, fumarates, maleates, butyne-1,4-
dioates, hexyne-1,6-dioates, benzoates, chiorobenzoates, methylbenzoates,
dinitrobenzoates, hydroxybenzoates, methoxybenzoates, phthalates, sulfonates,
xylenesulfonates, phenylacetates, phenylpropionates, phenylbutyrates, citrates,

5 lactates, y-hydroxybutyrates, glycollates, tartrates, meﬁlané—sulfonates,
propanesulfonates, naphthalerie-l -sulfonates, naphmalene-g-sulfonates, and
mandé!ates.

- If the inventive compound is a base; the desired pharmaceutically
acceptable salt may be prepared by any suitable method available in the art, for
10 example, treatment of the free base with an inorganic acid, such as hydrochioric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, or
with an organic acid , such as acetic acid, maleic acid, succinic acid, mandelic
af:id, fumaric acid, malonic acid, pyrovic acid, oxalic acid, glycolic acid, salicylic
acid, a pyranosidyl acid, such as glucuronic acid or galacturonic acid, an alpha-
15 hydrozy acid, such as citric acid or tartaric acid, an amino acid, sucﬂ as aspartic
acid or glutamic acid, an aromatic acid, such as benzoic acid Or cinnamic acid, a
 sulfonic acid, such as p-toluenesulfonic acid or ethanésu]fonic acid, or the like,
If the inventive compound is an acid, the desired pharmaceutically
acceptable salt may be prepared by any suitable method, for example, treatment qf
20 the free acid with an inorganic or organic base, such as an amine (primary,
secondary or tertiary), an alkali metal hyqroxide or alkaline earth metal hydroxide,
or the like. Hlustrative examples of suita'l;le salts include organic salts derived

from amino acids, such as glycine and arginine, ammonia, primary, secondary,
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activity of FG--R has been reported to bl ock bFG--induced %ﬁpﬁﬁ@ﬁe%qoé in

mce W thout t toxicity. Mohammadi et al., EMBO Journal, 17,
5896- 5904 é@g?ﬁ}’%K (al so known as Tie-2) is anot her r ecePEBUSO0LIFI88 i ne

ki nase expressed

and tertiary amines, and cyclic amines, such as piperidine, morpholine and
piperazine, and inorganic salts derived from sodium, calcium, potassinm,
magnesium, manganese, iron, copper, zinc, alumh;um and lithium.

In the case of agents that are solids, it is understood by those skilled in the art

5  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 formuias, |

Therapeutically effective amounts of the agents of the invention may be used
to treat diseases mediated by modulation or regulation of protein kinases. An

10 . “effective amount” is intended to mean that amoent of an agent that, when
administered to a mammal in need of such treatment, is sufficient to effect reatment
for a disease mediated by the activity of one or more protein kinases, such as tryosine
kinases. Thus, e.g., a therapeutically effective amount of a compound of the Formula
I, salt, active metabolite or prodrug thereof is a quantity sufficient to modulate,
15 regulate, or inhibit the activity of one or more protein kinases such that a disease
condition which is mediated by that activity is reduced or alleviated. 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 seveﬁty, the identity (e.g.,
weight) of the mammal in need of treatment, but can nevertheless be routinely
20 determined by one skilled in the art. “Treating” is intended to mean at least the

mitigation of a disease condition in a ma:iuna], such as a human, that is affected, at
least in part, by the activity of one or more protein kinases, such as tyrosine kinases,

and includes: preventing the disease condition from occurring in a mammal,



15 only on endothelial cells which has been shown to play % Y®Begber2003
angi ogenesi s. /75 Inding of the factor angiopoietin-1 results in

aut ophosphoryWatlon of the kinase domain of TEK and resul t $CTAISE0/EENal
transducti on process which appears to nediate the interaction of

endot helial cells with peri-endothelial support cells,

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 inventive agents may be prepared using the reaction routes an&
5 synthesis schemes as described below, employing the techniques available in the
art using starting materials that are readily available. |
In one general synthetic process, compounds of Fonﬁula I are prepared

according to the following reaction scheme:



thereby facilitating the maturation of newy formed bl ood 22e¥eptamber 3003

' L et tagoni ze the
factor 20 an n-2, on the other hand, appears to an .
action of aﬁ%ﬁ@%ﬁal n-1 on TEK and di srupts angi ogenesi s. PREUSoMISI&S r e et

al ., Science, 277, 55-60 (1997).

. B u
. | . | H\N N /_N
R“N=C=S + H,N-CN — — + / _’<S
RT
\
o i
N
4
H1/ s/\CéN )

i \_a

V W

H N—</:I "~ VI
/ N
H! & \ |
o \_a
A solution of an isothiocyanate, e.g., R'-N=C=S and cyanamide is reacted
‘with 1.1 to 1.5 molar equivalents of 1,8-diazabicylclo[5.4.0Jundec-7-ene (“DBU™)
in a suitable solvent, such as acetonitrile, at an appropriate temberauue
5  (preferably room temperature) for approximately 40-80 minutes, generating
intermediate V. Without imlaﬁon, intermediate V is further allowed to react

with é compound of Formula VI, where LG is a suitable leaving group such as
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chloro, bromo, or mesyloxy, under the same conditions for an additional 0.5 to 24

hours (h) to yield a compound of Formula VIL.

In some instances, the compound of Fonnﬂla VILis not isolated, but is
directly
converted to the compound of Formula I by continued reaction at a temperature
between room temperature and 80 °C, preferably 50 °C, for 1 to 24 h.

Conventional work-up and purification yields final compound L Alternatively, a

compound of Formula VI is isolated and purified, and then is converted to a

compound of Formula I by treatment with a suitable base, such as potassium t-
butoxide, lithium hexamethyldisilazide, or lithium diisopropylamide, in an
appropriate Solvent, such as THF, for 0.5 to 24 h at a temperature between -78 °C
and room temperature. Various compounds of Formulé VI are commercially
available or known, for example, 2-(chloromethyl)benzimidazole, 2-
(c;h]oromemyl)quinoline, 2-picolyl chloride, 2-acetamido-4-
(clﬂoromemsrl)ﬂﬁazole, 6-(chloromethyl)-2-isopropylpyrimidin-4-ol, 4-

chioromethyl-2-(4-chlorophenyl)thiazole, 3-(chloromethyl)-1,2,4-oxadiazole, 3-

‘ (chloromethyl)—S-(3,5-dimethy]isoxazol-4—yl)—1,2,4—oxadiazole, 3-bromomethyl-

6,7-dimethoxy-1-methyl-2(1h)-quinoxalinone, 2-chloromethyl-5-methoxybenz-
imidazole, 5-(tert-butyl)-3-(chloromethyl)-I,2,4-oxadiazole, S-chloro-3-
(chloromethyl)-1,2,4-thiadiazole, 3-(chloromethyl)-5-(3-thienyl)-1,2,4-oxadiazole,
5_—[4{cMorqmethyl)-l,3-thiazol-2-yl]isoxazole, 3-(chloromethyl)-3-{3,5-

di(triﬂuoromethyl)styryl]-l,2,4-oxadiazole, 5-chloro4-(chloromethyl)-1,2,3-

thiadiazole, 5~(chloromethyl)-3-(4-chloropheny])-l ,2,4-0xadiazole, 3-chloro-2-
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As a result of the above-described devel opnents, it has be®Septeapssd3t o

' ' i nhibiting the kinase activity
treat angi oge s by the use of conpounds inhi . . .
of VEG-- ng F&?‘?b&’“ d/ or TEK. For exanple, WPO I nternati oredT/iRebhisgat i on

No. WO 97/34876 discloses certain cinnoline derivatives that are
i nhi bitors of VEG-- '

(chloromethyl)-5—(triﬂuoromethyl)pyridine, 5-(chloromethyl)-3-[(2-
pyridylsulfonyl)methyl}-1,2,4-oxadiazole, 3-(chloromethyl)-5-methylisoxazole, 2-
chloromethyl-4,6-dimethoxypyrimidine, 3-(chloromeﬂlyl)-5—(4~chlorophenyl)-4H-
1,2 4-triazole, 2-(ch1oromethyl)~5-(4—-chlorophenyl)-1,3,4-oxadiazole, 4-

5 chloromethyl-5-methyl-2-phenyl-oxazole, 3-(chloromethyl)-1-(3,5-
dichlorophenyl)-5-methyl-1h-pyrazole, and 3-(chloromethyl)-5-(1,2,3-thiadiazol-
4-y)-1,2,4-oxadiazole. Compounds of Formula VI may also be prepared by
methods known to those skilled in the art. See, e.g., Mylari et al., J. Med. Chem.,
35, 457-465 (1992); Baiocchi et al., Heterocyclic Chem., 16, 1469-1474 (1979),

10 which are incorporated by reference herein.

A compound of Formula VII may be prgpared by conventional acylation

of 3-aminobenzonitrile, followed by heating at 60-100 "C with hydroxylamine in a
suitable solvent, such as ethanol or isopropanol, for 1 to 24 hours. A compound of
Fﬁrmula Vi(a) may be prepared by treatment of a compound of Formula VIII with

'15 chloroacetyl .chloride and a suitable base, such as diispropylethylamine (“DIEA"),
in an appropriate solvent, such as dichloromethane. Conventional aqueous work-
up provides a crude intermediate, which is further heated at 100 °C in a suitable
solvent, such as dioxane, for 0.5 to 4 hours, to yield, after conventional isolation

and purification, a compound of Formula VI(a).
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5 R2, which may be used for the treatment of disease state® 2potiea2® with

'Qﬁg ' ' bility such as
abnor mal angi and/or increased vascul ar pernea |
cancer di gbe e&%{éori asis, rheumatoid arthritis, Kaposi' SPCIawStomnass

haemangi onma, acute and chroni c nephropathies, atherona, arteri al
restinosis, autoi mune di seases,

N
. - . 3
N NH,  OHy O\r"‘ c O—nN Oﬁ/
2 ‘ N
via Via)

Compounds of Formula II, where X is C and Y and Z are independently C,
N, or O, may also be prepared by the above described general procedure. To an
5  R'-isothiocyanate solution in acetonitrile is added cyanamide, followed by the
addition of DBU, while maintaining the internal temperature of the reaction at

approximately 15-30°C. After stirring 1-2 hours, a suitable reactant that allows

* for the cyclization and formation as described above of a compound of Formuia IT
is added in the presence of a catalytic amount of tetra-butylammonium iodide.
10  For example, the reaction of 3-chloromethyl-5-R*-[1,2,4]oxadiazole (VI(a)) with
compound VII for about two hours at approximately 50 °C provides after

purification the cyclized compound II(a).

NH,
T
R\ﬁ* /N>—Fi2

O—N

II(a)
Inventive compounds of Formulas I » HI, and IV may also be prepared by

15  other processes, inciuding the general procedure shown in the following reaction

scheme.
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acute inflammation and ocul ar diseases with retinal vessel2Ztpfsust 88%3on.

L : . . . . . I'so play a
10 In additio ts role in angiogenesis, protein kinases a . .
crucial rol eq’f%&dgf%o- cycle control. Uncontrolled cell proliferedopmsisss the

insignia of cancer. Cell proliferation in response to various stimuli is
mani f ested by a de-regul ati on of

NH,

@)
| A compound of Formula II, where X and Y are C and Z is S, may be

prepared by adding DBU to a solution of R'-isothiocyanato and cyanamide in a
suitable solvent at an approi)riate temperature, preferably acetonitrile at room

5 temperature for approximately 40-80 minutes. To this reaction mixture is added
bromo-acetonitrile and additional DBU, to yield, after conventional work-up and
purification, an intermediate 2-R'-amino-4-amino-thiazole-5-carbonjtrile
intermediate IX. The reaction of intermediate IX with diﬁydrogen sulﬁde; in
triethylamine/pyridine at about 0 °C provides intermediate X. Intermediate X is

10 converted to a compound II(b) by stirring a solution of compound X and 2-

bromo-1-R’-.ethanone in methanol overnight at room temperature. After removal
of the methanol, the crude compound H(b) is worked up using conventional

isolation techniques and purified using silica column chromatography.
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the cell division cycle, the process by which cells nulti pl3Seirmnber 3Qe.

: : el ly
Tunor cells ]y have damage to the genes that directly or indirect
regul ate 15 p%‘gb@%goon t hrough the cell division cycle. CycPCTURbepsusgient

ki nases (CDKs) are serine-threonine protein kinases that

Compounds of Formula II(c) may also be prepared directly from
compound X by reacting it with a o-bromo-acetic acid ester or a a-bromolactone

under the same conditions as described in the preparation of cémpounds TI(b).

I NH; N
NG N)\ I NHp * /]\l " ;
N S —--—;- H1\H l I R
§ _ | ]
' OH

X 1i(o)

5 By treating compound IX with a suitable 2-amino-alcohol and a catalytic
amount of ZﬁClb a compound of Formula I(d) is pmducgd after standard acid
work-up and purification by silica chromatography. Compounds of Formula [I(e)
may also be prepared from compounds IX by reﬂpxing in a suitable aprotic
solvent, such as toluene, a solution of IX, TMSN;, and a catalytic amount of

10 Bu;SnO. After refluxing, the solvent is removed and the residue is redissolved in
ethyl acetate, washed with a appropriate aqueous acid solution, and dried over a

suitable drying agent. After the removal of the solvent, the residue is triturated in

ethyl ether and compound Ii(€) is collected by filtration.
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play critical roles in regulating the transitions between 4 Sttt 2¢Hases
of the cell le. See, e.g., the articles conpiled in Science, 274,
1643-1677 (19 B conpl exes are fornmed through associ atR@HUSH/13188
regulatory cyclin subunit (e.g., 20 cyclin A Bl, B2, D, D2, D3, and E)
and a catal ytic kinase subunit (e.g., cdc2

) I

Compounds of Formula T may also be prepared directly from compound IKb) -
where R” is 3-nitropheny! by reducing the nitro group with a suitable reducing
5  agent to form the amino substitused phenyl (1I(f)). Preferably, a solution of
compound li(b) where R? is 3-nitrophenyl and stannous chloride is dissolved in
dimethylformamide (“DMF") under inert atmosphere conditions and stirred at
* between 40-60 °C until TK() is formed.
The intermediate II(f) may be reacted with a suitable acylating agent under

10 standard acylating conditions to form a compound of the Formula I(a). A
preferable acylating procedure involves dissolving compouﬁd () in DMF and
tetrahydrofuran (“THF") and adding pyridine and a suitable acid chloride or acyl

chloroformate at-30to 0 °C. The reaction is quenched with a proton source (e.g.,
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(CDKI ), CDK2, CDK4: CDK5, and CDK6). As the nane inplies, 42neptnksr 2dBspl ay
an absolute d qu%nce on the cyclin subunit in order to phosphorylate 4 22
Sept ember 2003‘9 0775120 PCT/US00/15188

methanol) and purified by preparative C-18 reverse phase HPLC to provide

compound II(a).

1i(b)

NHp

1K)

NH_
1 N)\ [
. R ~ A
| , - | N
5 If(a) \I
Other compounds of Formula I may be prepared in manners analogous to
the general procedures described above or the detailed procedures described in
the examples herein. The affinity of the compounds of the invention for a receptor
may be enhanced by providing multiple copies of the ligand in close proximity,
10.  preferably using a scaffolding provided by a carrier moiety. It has been shown that
* provision of such multiple valence compounds with optimal spacing between the

moieties dramatically improves binding to a receptor. See for example, Lee et al.,

Biochem, 23, 4255 (1984). The multivalency and spacing can be controlled by
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ki nase/ cyclin
phases of the
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airs function to regulate progression through specific
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selection of a suitable carrier moiety or linker units. Such moieties include
molecular supports which contain a multiplicity of functional groups that can be
reacted with functional groups associated with the compounds of the inveqtion.
Of course, a variety of carriers can be used, including proteins such as BSA or
HAS, a muliiplicity of peptides including, for example, pentapeptides,
deéapeptides, pentadecapeptides, and the like. The peptides or proteins can
contain the desired number of amino acid residues having free amino gfoups in
their side chains; however, other functional groups, such as sulfhydry? groups or
hydroxyl groups, can also be used to obtain stable linkages.

Compounds that potently regulate, modulate, or inhibit the protein kinase
activity associated with receptors, FGF, CDK complexes, TEK, CHK1, LCK, and
FAK, among others, and which inhibit angiogenesis and/or cellular profileration is
d;sirable and is one preferred embodiment of the present invention. The present
invention is further directed to methods of modulating or inhibiting protein kinase
activity, for example-in mammalian tissue, by adinjnistering an inventive agent.

The activity of the inventive compounds as modulators of protein kinase activity,

such as the activity of kinases, may be measured by any of the methods available

to those sllcilled in the art, including in vivo and/or in vitro assays. Examples of
suitable assays for activity measurements include those described in Parast C, et
al.,, BioChemistry, 37, 16788-16801 (1998); Jeffrey et al., Narure, 376, 313-320
(July 27, 1995); WIPO International Publication No. WO 97/34876; and WIPO

International Publication No. WO 96/14843. These properties may be assessed,
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. er- 2003
It is CDK4 conplexed to the D cyclins that plays a crltlpa%z%eQFefnhﬁ t
initiating t cell -division cycle froma resting or quiescent stage to
one in which 3’2??017511\9 become committed to cell division. Thimcypusagnsassi on |
is subject to a variety of growth regul atory nechani snms, both negative an

positive. Aberrations in this

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 cornpositions of this invention
5  comprise an effective modulating, regulating, or inhibiting amount of a compound
of Formula I, II, Il or IV 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 modulation of protein kinases. By “efficacious levels” is meant levels in
10 which the effects of protein kir'lases. are, at a minimum, regulated. These
compositions are prepared in unit-dosage form appropriate for the mode of
administration, e.g., parenteral or oral administration.
An inventive agent is administered in conventional dosage form prepared by
combining 2 therapeutically effective amount of an agent (e.g., a compound of
15  FormulaT) 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 pharhaceutical carrier employed may be either a solid or Liquid.
20 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 tirhe-release material known in the art, such as glyceryl monostearate or
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control system particularly those that affect the functi ot ¥Pteedrr2003ave

been inplicated in the advancenent of cell s to the hi ghly proliferative
state charact &Q&B00f naml i gnancies, particularly famlial weEleReMRSs
esophageal 10 carci nonmas, and pancreatic cancers. See, e.g., Kanb, Trends

in CGenetics,

10

15

20

11, 136-

glyceryl distearate alone or with a wax, ethylcellulose, hydroxypropylmethylcellulose,
methylmethacrylate ang the like.

A variety of bhaxmaceuﬁcal 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 sd!id carrier may
vary, but generally will be from about 25 mg to about 1 g. Ifa liquid carrier is used,

the preparation will be in the form of syrup, emulsion, soft gelatin capsule, sterile

- injectable solution or suspension ir an ampoule or vial or non-agueous liquid

suspension.

To obtain a stable water-soluble dose form, a pharmaceutically aéceptable salt
of an inventive agent is dissolved in an aqueous solution of an organic or inorganic
acid, such as 0.3M solution of succinic acid or citric acid. Ifa soiuble salt form is not
a\{ailable, the agent may be dissolved in a suitable cosolvent or combinations of
cosolvents. Examples of suitable cosolvents include, but are not limited to, alcohol,
propylene glycol, polyethylene glycol 300, polysorbate 80, gylcerin and the like in

concentrations ranging from 0-60% of the total volume. In an exemplary

‘embodiment, a compound of Formula I is dissolved in DMSO and diluted with water.

The composition may élso be in the form of a solution of a salt form of the active
ingredient in an appropriate aqueous vehicle such as water or isotonic saline or
dextrose solution.

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
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140 (1995); Kanb et al., Science, 264,436-440 (1994). The As¥eptsmbeod§fBunds
as anti-proliferative therapeutic agents that inhibit CDKs is the subject
of several pa®h0/i516lications. For exanple, U S. Patent NorpcTustRisi82 to
Xiong et al. discloses nucleic acid encoding an inhibitor of CDKG6,

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-
detenninétion tests in view of the experimental dat;a for an agent. For oral
administration, an exemplary daily dose generally employed is from about 0.001 to
5  about 1000 mg/kg of body weight, with courses of treatment repeated at appropﬁate
iﬁtervals. Administration of prodrugs are typically dosed at weight levels which are
chemically equivalent to the weight levels of the fully acﬁvé form. |
The compositions of the invention may be manufactured in manners generally
known for preparing pharmaceutical compositidns, e.8., using conventional
10 techniques such as mixing, dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping or lyophilizing. Pharmaceutical compositioﬁs
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
15  pharmaceutically.
Proper formulation is dependent upon the route of administration chosen; For
 injection, the agents of the invention may be foﬁnu]ased into aqueous solutions,
preferably in physiologically compatible buffers such as H;mks’s solution; Ringer’s
solution, or physiological saline buffer. For transmucosal administration, penetrants
20 appropriate to the barrier to be permeated are used in the formulation. Such
penetrants are generally known in the art. _
For oral administration, the compounds can be formulated readily by

combining the active compounds with pharmaceutically acceptable carriers known in
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15 and European Patent Publication No. 0 666 270 A2 descriBe¥PlEler #¥3 and
peptide mnetics that act as inhibitors of CDKI and CDK2. W PO

| nt er nati onal WeOIS¥ati on No. WO 97/ 16447 di scl oses certai npeiresondsisef
chronones that are inhibitors of cyclin-dependent kinases, in particular

of CDKIcyclin conpl exes

the art. Such carriers enable-the compounds of the invention to be formulated as
tablets, pills, dragees, capsules, liguids, 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),
5  optionally grinding the resulting mixture, and processing the mixture of granules after
adding suitable auxiliaries, if desired, to obtain tablets or d;agee cores. Suitable
excipients include: fillers such as sugars, including lactose, sucrose, mannitol, or
sorbitol; and cellulose preparations, for example, maize starch, wheat starch, rice
starch, potato starch, gelatin, gum, methyl cellulose, hydroxypropylmemyl-ceuulgse,
10 sodium carboxyme;ﬂxylceﬂu]ose, or polyvinylpyrrolidone (PVP). If desired,
disintegrating agents may be added, such as crosslinked polyvinyl pyrrolidone, agar,
or alginic acid or a salt thereof such as sodium alginate. |
Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used, which may optionally contain gum arabic,
15 polyvinyl pyrrolidone, Carbopol gel, potyethylene glycol, and/or titanium dioxide,
lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or
' pigments may be added to the tablets or dragee coatings for identification or to
characterize different combinations of active agents.
Pharmaceutical preparations which can be used orally include push-fit
20 capsules made of gelatin, as well as soft, sealed capsules madé of gelatin and a
plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the active
ingredients in admixture with fillers such as lactose, binders such as starches, and/or

lubricants such as talc or magnesium stearate, and, optionally, stabilizers. In soft
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such as CDK4lcyclin DI, which may be used for inhibiting e3ciptimper 03
abnormal 20 cell proliferation, and therefore for treating cancer. WPO
i nt er nati onal WY& i on No. WO 99/ 21845 descri bes 4-am not MITBEsNe5188
derivatives that are wuseful as CDK inhibitors.

10

15

20

capsules, the active agents may be dissolved or suspended in suitable liquids, such as

- fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers may

be added. All formulations for oral administration should be in dosages suitable for
such administration. For buccal administration, the compositions may take the form
of te;blets or lozenges forrnulated in conventional manner.

For administration intranasally or by inhalation, the compounds for use
according to the present invention are conveniently de]iveréd in the form of an aerosol
Spray presentation from pressurized packs‘or a nebuliser, with the use of a suitable
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane,
dichloroteu'aﬂuoroetl_tane, carbon dioxide or other suitable gas. In the case of a
pressurized aerosol the dosage unit may be determined by providing a valve to deliver
a metered amount. Capsules and cartridges of gelatin for use in an inhaler or
insuffiator and the like may be formulated containing a powder mix of the compound
a;ld a suitable powder base such as lactose or star;:h.

The compounds may be formulated for parenteral administration by injection,

. e.g., by bolus injection or continuous infusion. Formulations for injection may be
- presented in unit-dosage form, e.g., in ampoules or in multi-dose containers, with an

added preservative. The compositions may take such forms as suspensions, solutions

or emulsions in oily or aqueous vehicles, and may contain formulatory agents such as
suspending, stabilizing and/or dispersing agents.

‘. Pharmaceutical formulations for parenteral administration include aqueous
solutions of the active compounds in water-soluble form. Additionally, suspensions of |

the active agents may be prepared as appropriate oily injection suspensions. Snitable
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however, for mo}'ﬂsﬂ?l ecul e conpounds that may be
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lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty
acid esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection
suspensions may contain substances which increase the viscosity of the suspension,
such as sodium carboxymethy! cellulose, sorbitol, or dextran. Optionally, the
suspension may also contain suitable stabilizers or agents which incre..se the solubility
of the compounds to allow for the preparation of highly concentrated solutions.

For administration to the eye, a compound of the Formula LI I or IV is
delivered in a pharmaceutically acceptable ophthalmic vehicle such that the
compound is maintained in contact with the ocular surface for a sufficient time period
to allow the compound to penetrate the corneal and internal regions of the eye,
including, for example, the anterior chamber, posterior chamber, vitreous body,
aqueous humor, vitreous humor, comea, iris/cilary, lens, choroid/retina and selera.
The pharmaceutically acceptable ophthalmic vehicle may be an ointment, vegetable
oii, or an encapsulating material. A compound of the invention may also be injected
directly into ﬂ1e vitreous and agueous humor,

Alternatively, the active ingredient may be in powder form for constitution
‘with a suitable vehicle, e.g., sterile pyrogen-freé water, before use. The compounnds
may also be formulated in rectal compositions such as suppositories or retention
énemas, e.g, containing conventional suppository bases such as cocoa butter or other
glycerides.

In addition to the formulations described above, the compounds may also be
formulated as a depot preparation. Such long-acting formulations may be

administerec_l by implantation (for example, sﬁbcutaneously, intramuscularly, or



readily synthesized and are effective in inhibiting one orz%f%ﬁpée“@?)k%ooér
CDK/ cyclin-conpl exes. Because CDK4 nmay serve as a general activator of cell
division in md&®d&?Ps, and conpl exes of CDK4 and D-type cy®CrASOQBEs n t he
5 early d phase of the cell cycle, there is a need for effective

i nhi bitors of CDK4, ‘ .

intraocularly) or by intramuscular injection. Thus, for example, the compounds may
be formulated with suitable polymeric or hydrophobic materials (for example, as an
emulsion in an acceptable oil) or ion-exchange resi‘ns, or as sparingly soluble
derivatives, for example, as a sparingly soluble salt.

5 A pharmaceutical carrier fof hydrophobic compounds is a cosolvent system
comprising benzyl alcohol, a nonpolar surfactant, 2 water-miscible organic polymer,
and an aqueous phase. The cosolvent system may be a VPD co-solvent system. VPD
is a solution of 3% w/v Benzyl alcc;hol, 8% wilv of the nonpolar surfactant polysorbate
80, and 65% w/v polyethylene glycol 300, made up to volume in absolufe ethanol.

10 The VPD co-solvent system (VPD:5W) cotains VPD diluted 1:1 with a 5% dextrose in
water solution. This co-solvent system dissolves hydrophobic compounds well, and
itself produces low toxicity upon systemic administration, Naturalty, the proportions
of a co-solvent system may be varied considerably without destroying its solubility
at;d toxicity characteristics. Furthermore, the identity of the co-solvent components

15 maybe vaniéd: for example, other low-toxicity nonpolar surfactants may be used
instead of polysorbate 80; the fraction size of polyethylene glycol may be varied; other
‘biocompatible polymers may replace polyethylene glycol, e.g. polyvinyl pyrrolidone;
and other sugars or polysaccharides may be substituted for dextrose.

Alternatively, other defivery systems for hydrophobic pharmaceutical

20  compounds may be employed. Liposomes and emulsions are known examples of
d@ve;y vehicles or carriers for hydrophobic drugs. Certain organic solvents such as
dimethylsulfoxide also may be employed, although usually at the cost of greater

toxicity. Additionally, the compounds may be delivered using a sustained-release
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and D-type cyclin conplexes thereof, for treating one or nmIr¥PiEHREs2R
tunors. Also, the pivotal roles of cyclin F/CDK2 and cyclin B/ CDK1 ki nases

inthe GI/S BIf¥E5R8d /M transitions, respecti vely, of f ercardrd/isasel
targets for therapeutic intervention in suppressing deregulated cell-cycle

progression in cancer.

system, such as semipermeable matrices of solid hydrophobic polymers containing the
therapeutic agent. Various sustained-release materials have been established and are
known by those skilled in the art. Sustained-release capsules may, depending on their
chemical nature, release the compounds for a few weeks up to over 100 days.

5 Depending on the chemical nature and thg biological stability of the therapeutic
reagent, additional strategies for protein stabilization may be employed.

The pharmacentical compositions also may comprise suitable solid- or gel-
phase carriers or excipients. Examples of such carriers or excipients include calcium
carbonate, calcium phosphate, sugars, starches, cellulose derivatives, gelatin, and

10 polymers such as polyethylene glycols.

Some of the compounds of the invention may be provided as salts with
pharmaceutically compatible counter ions. Pharmacentically compatible salts may be
foFmed with many acifis, including hydrochloric, sulfuric, acetic, lactic, tartaric,
malic, succinic, etc. Saits tend to be more soluble in aqueous or other protonic

15 solvents than are the corresponding free-base forms.

The preparation of preferred compounds of the present invention is described
in detail in the following examples, but the srtisan will recognize that the chemical
reactions described may be readily adapted to prepare a number of other protein
kinase inhibitors of the invention. For example, the synthesis'of non-exemplified

20 compounds according to the invention may be successfully performed by
modifications apparent to those skilled in the art, e.g., by appropriately protecting
interfering groups, by changing to other suitable reagents known in the art, or by

making routine modifications of reaction conditions. Alternatively, other reactions
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10 Another protein kinase, CHKL, plays an inportant role &5 $PERbeKEEnt in
cell-cycle progressi on. Checkpoints are control systens that coordinate
cell-cycle pPOfEEHPon by influencing the formation, activRCTws0caSsHES
subsequent inactivation of the cyclin-dependent kinases. Checkpoints
prevent cell-cycle progression at

'disclosed herein or known in the art will be recognized as having applicability for
preparing other compounds of the invention.
EXAMPLES
In the examples described below, unless otherwise indicated all temperatures

5  are set forth in degrees Celsius and all parts and percentages are by weight. Reagents
wére purchased from commerciai suppliers such as Aldrich Chemicai Company or
Lancaster Synthesis Ltd. and were used without further puriﬁcation unless otherwise
indicated. Tetrahydrofuran (THF) and N, N-dimethylforamide (DMF) were purchased
from Aldrich in Sure seal bottles and used as received. All solvents were purified

10 using standard methods readily known to those skilled in the art, unless otherwise

indicated.

- The reactions set forth below were done generally under a positive pressure of
nitrogen or with a drying tube, at ambient temperature (unless otherwise stated), in
anhydrous solvents, and the reaction flasks were fitted with rubber septa for the

15 introduction -of substrates and reagents via syringe. Glassware was oven dried and/or
heat dried. Analytical thin layer chromatography (TLC) was performed -on glass-
‘backed silica gel 60 F 254 plates Analtech (0.25 mm) and eluted with the appropriate
solvent ratios (v/v), and are denoted where appropriate. The reactions were assayed by
TLC and terminated as judged by the consumption of starting material.

26 Visualization of the tip plates was done with a p-anisaldehyde spray reagent or
phosphomolybdic acid reagent (Aldrich Chemical 20 wt% in ethanol) and activated
with heat. Work-ups were typically done by doubling the reaction volume with the

reaction solvent or extraction solvent and then washing with the indicated aqueous
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Is 15 arreste | N sone instances can induce apoptosis (programred cell
deat h) when S?l%&?%wl renents of the checkpoint have not beePCTHE$00/188%,

e.g., O Connor, Cancer Surveys, 29, 151-182 (1997); Nurse, Cell, 91,
865-867 (1997); Hartwell et

solutions using 25% by .volume of the extraction volume ﬁnless otherwise indicated.
Product solutions were dried over anhydrous Na,SO; prior to filtration and
~ evaporation of the solvents under reduced pressure; on a rotary evaporator and noted as
solvents removed in vacuo. Flash column chromatography (Still et al., J. Org. Chem.,
5 43,2923 (1978)) was done using Baker grade flash silica gel (47-61 pum) and a silica
gel: crude material ratio of about 20:1 to 50:1 unless otherwise stated.
Hydrogenolysis was done at the pressure indicated in the ex.amples or at ambient
‘ pressure.
'H-NMR spectra were recorded on a Bruker instrument operating at 300 M Hz
10  and PC-NMR spectra were recorded operating at 75 MHz. NMR spectra were
obtained as CDCl; solutions (reported in ppm), using chloroform as the feference
standard (7.25 ppm and 77.00 ppm) or CD;0D (3.4 and 4.8 ppm and 49.3 ppm), or
internally tetramethylsilane (0.00 ppm) when appropriate. Other NMR solvents were
used as needed. When peak multiplicities are reported, the following abbreviations
15 areused: s fsmglet), d (doubleo), t (triplet), m (multiplet), br (broadened), dd (doublet
of doublets), dt (doublet of triplets). Coupling constants, when given, are report;ad in ‘
Hertz (Hz).
Infrared (IR) spectra were recorded on a Perkin-Elmer FT-IR Spectrometer as
neat oils, as KBr pellets, or as CDCIgV solutions, and when given are reported in wave
20 numbers (cm™). The mass spectra were obtained using LSIMS or electrospray. All
melting points (mp) are uncorrected.

EXAMPLE A1)
4-(4’-Amino-4~phenyl—[2,5’]bithiazolyl—Z’-ylanﬁno)-benzenesulfonamide



al ., Science, 266 1821- 1828 (1994); Hartwel | et al., Scietfceertembsr 2¢39- 634
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The starting material was prepared using Steps (i} and (ii) described below.
Step (i): To a solution of 4-(aminosulfonyl)phenylisothiocyanate (1.12 g 3590
5 mmol)and cyanamide (0.23 g, 5.5 mmol) in acetonitrile (50 ml) was added DBU
(0.83 g, 5.5 mmol), and the resulting mixture was stirred at room temperature for 60
minutes. To the reaction mixture was added bromo-acetonitrile (0.66 g, 5.5 mmol)
followed by DBU (0.83 g, 5.5 mmol) 30 minutes afterward. The reaction mixture
was stirred overnight at room temperature, the solvent was removed at the reduced

10 erssure, and the residue was dissolved in EtOAc (200 ml). The EtOAc solution was
washed with 0.1 N HC1 (150 mi x 3) and brine and dried with MgS0, and
éonwntrated. The residue was purified by silica gel chromatography (EtOAc) to
provide 0.73 g (48 %) of 2-(4-aminosulfonylphenyl)amino-4-amino—thiazole-5-
carbonitrile.

15 Step (ii): To a solution of 2-(4-aminosulfonylphenyl)amino-4-amino—
thiazole-5-carbonitrile (0.59 g, 2 mmol) in 20% triethylamine/pyridine (50 ml) was
bubbled HS gas at ice-water temperature for 30 minutes. Then the reaction solution
was sealed and stirred at room temperature overnight. Argon gas was bubbled
through the reaction solution for 60 minutes to replace the H,S, and then the solvents

20  were removed at reduced pressure. The residue was dissolved in EtOAc, and the
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EtOAc solution was then washed with 5% citric acid (50 ml x 3) followed by brine.
The soivent was removed in vacuo and the residue was triturated in Er,O. The
product 2—(4~aminosulfonylphenyl)an'aino-tl—anﬁno-thiazole—S-ca:botlﬁoam_ide was
collected by filtration (0.56 g, 95%).
To prepare the title compound, a solution of 2-(4-aminosulfonytphenyl)amino-4-
amino-thiazole-5-carbothioamide (164 mg, 0.5 mmol) and a-bromoacetophenone
(110 mg, 0.55 mmol) in MeOH (20 ml) was stirred at room temperature overnight.
The solvent was removed in vacuo and the residue was dissolved in EtOAc (50 mi).
The EtOAc solution was washed with saturated NaHCO, (10 ml), followed by brine.
Purification of the residue by silica gel chromatography provided 4-(4’-amino-4-
phenyl-[2,5’ bithiazolyl-2’-ylamino)-benzenesulfonamide. Mp 233.235°C
(decomp.). '"H NMR (CD,0OD): 87.96 (s, 1H), 7.82 (s, 4Hi 7.44-125 (m, 4H).
ESIMS (MH"): 430; (M-H): 428.

Anal. Caled for C H,N,0,S;: C, 50.33; H, 3.52; N, 16.30; S, 22.39. Found:
C, 50.62; H, 3.54; N, 16.03; S, 22.12.In a manner similar to that used to prepare

Example A(1), the following Examples A(2) through A(71) were prepared.

EXAMPLE A(2)

4—{4'-Amino—4—(4-meﬂmoxy-phenyl)-[2,5‘]bithiazolyl-Z’—yiamino}

. benzenesulfonamide

OCH,




WD 00/ 75120 PCT/ US00/ 15188 1821- 1828 (1994). This action eratPEObREPBepai r
processes to conﬂ ete their tasks before replication of the genone and
subsequent sewgrg-’?](}f’l of this genetic material into new daBghU&es/ S8 s
takes place. Inportantly, the nbst conmonly

mp 195-198 °C. 'H NMR (CD,0D): §7.78 (d, J = 8.80 Hz, 2H), 7".75 (s,4H), 7.13
(s, 1H), 6.88 (d, J = 8.86 Hz, 2H), 3.75 ( s, 3H). FABMS (MH"): 460.
Anal. Calcd for C,H )N,0,S,: C, 50.33; H, 3.52; N, 16.30; S, 22.39. Found: C,
50.62; H, 3.54; N, 16.03; 8, 22.12.

5 EXAMPLE A(3)
4-[4’-Amino-4—(2-methoxy_-phenyl)—[2,5 *]bithiazolyl-2’-ylamino]-

benzenesulfonamide

mp 231-235 °C (decomp). R,(75% EtOAc/Hex) = 0.56. 'H NMR (CD,0D): $8.10

10 (dd,J=7.79, 1.73 Hz, 1H), 7.79-7.70 (m, 4H), 7.57 (s, 1H), 7.25-7.19 (m, 1H), 7.03-
6.93 (m, 2H), 3.84 (s, 3H). FABMS (MH'): 460. |
EXAMPLE A(4)
4—{47_-Amino—4-(2,4—diﬂuoro-pheny1)~{2,5’]bithiazoly]—2‘-ylamino]-

benzenesulfonamide

15
mp 233-238 °C. '"HNMR (CD,0D): 5 8.26-8.21 (m, 1H), 7.88 (s, 4H), 7.47 (s,1H),

7.14-7.07 (m, 2H). ESIMS (MH"): 466; [M-H]: 464.
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mut ated gene in human cancer, the p53 tumor-suppressor gerfd,SeBiEBREEEY3a DNA
5 damage checkpoint protein that bl ocks cell-cycle progression in G phase
and/ or i nduc®¥® ¥WFsBPosi s (programed cell death) follow ng FtASteRagE.
Hartwel|l et -al., Science, 266, 1821-1828 (1994). The p53 tunor suppressor

has al so been

Anal. Caled for C,H,FN,0,8,-04H,0: C,45.73; H, 2.94; N, 14.82; §, 20.35.
Found: C,45.82; H,2.78; N, 14.77: S; 20.38.

EXAMPLE A(5)

4-14’-Amino-4-(4-flucro-phenyl)-[2,5’ ]bithiazolyl-2'-ylamino]-benzenesulfonamide

o 0

Hzst"\@ | NH, |
H”’LS A
E
mp 254-257°C. 'HNMR (CD,0D): §8.01-7.91 (m, 2H), 7.88-7.76 (m, 4H), 7.35 (s,
1H), 7.20-7.09 (m, 2H). |
Anal. Caled for C H,FN,O.S,: C,48.31; H,3.15; N, 15.65; §, 21.49. Found: C,

48.40; H, 3.26; N, 15.44; S, 21.68.

10 EXAMPLE A(6)
4[4 -Amino-4-(2,4-dichloro-phenyl)-[2,5 ']bithiazolyl-2’—ylamino]-

benzenesulfonamide

o, 0
LS

e

~ mp 173-175 °C (decomp). 'H NMR (CD,OD): §7.97-7.93 (m, 1H), 7.87-7.81 (m,
15 4H),7.67-7.59 (m, 1H), 7.57 (s, 1H), 7.45-7.39 (m, 1H). FABMS (MH"): 498.

Anal. Caled for C,H,CLN,0,S;: C,43.38; H, 2.63; N, 14.05; S, 19.30. Found: C,

43.32; H, 2.78; N, 13.84; S, 19.06%.



shown to strengthen the action of a DNA damage checkpoi nt Q'rzrﬁe@?n}]}ﬁ%\%@%f

the cell .cyckﬁ) Og,g%ﬁ e.g., Bunz et al., Science, 282, 1497-1501 (1998);
Wnters et al., qL cogene, 17, 673-684 (1998); Thonpson, {dHfeeL518815,
3025- 3035 (1997). Gven the pivotal nature of the p53 tunor suppressor

pat hway in human

EXAMPLE A(D) .
4-[4’-Amino-4-(3-chloro—5-ﬂuoro-d—methyl-phenyl)-[2,5’]bithiazolyl-2’-y]amino]-
benzenesulfonamide |

o .0

S

HN" \@\ | NH,
S
| H“’[\S M

Cl

F
5  mp208-212°C. 'HNMR (DMSO-d): 810.63 (s, NH), 7.95 (t, J = 8.42 Hz, 1H),
1.73 (q, 7 = 9.00 Hz, 4H), 7.55 (d, J = 2.32 Hz, 1H), 7.35 (d, J = 8.55 Hz, 1H), 7.17

(s, NH,), 6.96 (s, NH,), 2.28 (s, 3H). ESIMS (MH"): 496.
Anal. Calcd for C,H,CIFN,O,S;: C,46.01;H,3.05; N, 14.12; §, 19.12. Found: C,

45.93; H, 3.23; N, 13.86; S, 19.47.

10 EXAMPLE A(8)
4-[4 -Amind-4-(4—hydroxy-phenyl)—[2,5’]bithiazolyl-Z‘—ylamino]—

benzenesulfonamide

TOH
mp 168-170 °C (decomp). 'H NMR (CD,0D): §7.83 (s, 4H), 7.79-7.76 (d, J = 8.59

15 Hz, 2H), 7.16 (s.1H), 6.85-6.82 (d, J = 8.46 Hz, 2H). FABMS (MH"): 446,
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cancer, therapeutic interventions that exploit vul nerabil i%%s8tember 2003
p53-defective _ cancer have been actively sought. One energing vulnerability
lies in the oP&%PHR of the G2 checkpoint in p53 defectiveaamesigel | s.
Cancer cells, because they lack 15 @ checkpoint control, are particularly
vul nerabl e to abrogation of the |ast ‘

Anal. Caled for C,H,)N,0,S,-0.5H,0: C, 47.56; H, 3.55; N, 15.41; S, 21.16. Found:
C,47.87,H,3.59; N, 15.09; §, 21.11.

EXAMPLE A(9)
4—(2,4-Diﬂuoro-phcnyl)-N"-(B,4,5—uimethoxy-pheny.l)-[Z,S’]bitlu'azolyl—Z’,4’-diamine

OCH,

mp 180-183 °C (decomp). 'H NMR (CD,OD): &8.26-8.23 (m, 1H), 7.41 (d, J=2.2
Hz, 1H), 7.13-7.05 (m, 2H), 7.02 (s, 2H), 3.90 (s, 6H), 3.78 (s, 3H). FABMS (MH"):
476. |
Anal. Caled for C,H, EN,O,S;: C,52.93; H, 3.81; N, 11.76; S, 13.46. Found: C,

10 52.81;H,3.72; N, 11.58; S, 13.45.

EXAMPLE A(10)

4-[4‘-Amino-2’—(3,4,5-n'imethoxy-phenylamino)-[2,5’]bithiazolyl-4—yl}-phenol
OCH,
H,cn NH,
HC ﬂJ\S [ ° |
JOH
mp 129-133 °C (decomp). 'H NMR (CD,0D): §7.80(d,J = 8.09 Hz, 2H), 7.16 (s,

15 1H), 7.02 (s, 2H), 6.86 (d, J = 8.09 Hz, 2H), 3.90 (s, 6H), 3.78 (s, 3H). ESIMS
(MH+): 457, (M-H): 455.
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remai ning barrier protecting themfromthe cancer-killing %f3eptambep?00BNA-

damagi ng agen{.s: G2 checkpoint. The G checkpoint is regulated by a
control systgﬁqohgﬁohas been conserved fromyeast to human$CTAURMSI#Nt i n
this conserved systemis a kinase, CHKI, which transduces signals fromthe

DNA- danmage

Anal. Calcd for C, H,) N O,S,-1.0Et,O: C, 56.58; H, 5.70; N, 10.56; S, 12.08. Found:;
C, 56.27; H, 5.48; N, 10.69; S, 12.00.

EXAMPLE A(11)
4~[4’-A1nino-2’-(3,4,Setrimethoxy-phenylamino)-[Z,S’]biﬂﬁazolyl-#yl]-beﬁzoic acid

5 ethyl ester

OCH,
HC NH,
Nl_si( S
HC H 1 I
COOCH,

mp 240-245 °C (decomp). 'H lNMR (CD,OD): 88.18-8.16 (d, J = 8.46 Hz, 2H),
8.09-8.06 (d, J = 8.09 Hz, 2H), 7.06 (s, 1H), 4.38 (g, J = 7.35 Hz, 2H), 3.85 (s, 6H),
3.68 (s, 3H), 1.41-1.37 (t, J = 6.99 Hz, 3H). FABMS (MH"): 513.

10 Anal. Caled for C,H,N,0,S, -0.3Et,0: C, 56.59; H, 5.09; N, 10.48; S, 11.99. Found:
C,56.24; H, 4.83; N, 10.26; S, 11.86.

EXAMPLE A(12)
4-[4’-Amino-2’~(3,4,5-trimethoxy-phenylamino)-[2,5’ Jbithiazolyl-4-yl]-benzene-1,2-

diol
: OCH,
H,CQ NH,
g AT s
HSGO H I l
15 OH
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20 sensory conplex to inhibit activation of the cyclin B/ GldcErlembssd03whi ch
pronotes mtotic entry. See, e.g., Peng et al., Science, 277,1501-1505
(1997); Sanch¥P ®{’5128| = Scjence, 277, 1497-1501 (1997). | na@civsas/izsigs of
CHKI has been shown to both abrogate &G arrest induced by DNA damage
inflicted by either anticancer

mp 132-137 °C (decomp). 'H NMR (CD,0D): §7.42-7.41 (d, J = 2.20 Hz, 1H),
7.32-7.28 (dd, J = 7.65, 1.84 Hz, 1H), 7.11 (5, 1H), 7.07 (s, 2H), 6.85-6.82 (d, J =
8.45 Hz, 1H), 3.90 (s, 6H), 3.78 (s, 3H). FABMS (‘MH*): 473.
EXAMPLE A(13)

5 4-[4’-Amino—2’-(3,4,5-u'imethoxy-phenylamino)-[Z,S’]bitlﬁazolyl-4—y1]-2—methoxy-

phenol

OCH,
Hac?@\ NH,
A s
HC N ST Y | o
oo,
mp 202-203 °C. 'HNMR (CD,0D): §7.42 (s, 1H), 7.39 (d, J = 2.11 Hz, 1H), 5'.15
(s, 1H), 6.99 (s, 2H), 6.97 (d, J = 2.10 Hz, 1H), 3.91 (s, 3H), 3.88 (s, 6H), 3.76 (s,
10  3H). FABMS (MH'): 487.
Anal. Caled for C,H,)N,O,S: C,54.31; H, 4.56; N, 11.51; §, 13.18. Found: C,
54.52; H,4.70; N, 11.26; S, 13.32.

EXAMPLE A(14)
4-[4’-Amino-d—(4—ﬂuoro-phenyl)-5-meﬂ1yl-[2,5’]bittnazolyl-zhylamino]-
15 benzenesulfonamide

Q. .0

N

O
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mp 145-148 °C (decomp). 'H NMR (CD,0OD): & 7.90-7.82 (m, 4H), 7.76-7.70 (m,
2H), 7.22-7.17 (m, 2H), 2.56 (s, 3H). HRFABMS Calcd. for C H, FNSOZSJ (MH"):
461 0450. Found: 461.0466.

EXAMPLE A(15)

4-[4’-Amino-5-(4-fluoro-benzyl)-4-methyl-{2,5' bithiazolyl-2’-ylamino]-
benzenpsulfonamide

o

g

mp 130-135 °C (decomp). ‘H NMR (CD,0D): &7.76-7.68 (m, 4H), 7.17-1.12 (m,
2H), 6.97-6.90 (m, 2H), 3.97 (s, 2H), 2.23 (s, 3H).

Anal. Caled for C,H, FN,O,S,: C, 50.51; H, 3.81; N, 14.73; S, 20.23. F.ound: C,
50.40; H, 3.73; N, 14.64; S, 20.37.

EXAMPLE A(16)
4-[4’-Amino-4—{3~hydroxy-phenyl)-[2,5']bithiazolyl—2’-ylamino]-

_ benzenesulfonamide

o, O
Ve

mp 205-209 °C (decomp). 'H NMR (CD,0D): $7.94-7.81 (m, 4H), 7.43-7.39 (m,

2H), 7.33 (5,1H), 7.24 (t, J = 8.17 Hz, 1H), 6.80-6.75 (m, 1H). FABMS (MH"): 445.
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agents or endogenous DNA damage; as well as result in prefer¥pismier kP i ng

of the resul wd]gg@}ﬁckpoi nt defective cells. See, e.g., Nurse, Cell, 91,
865- 867 (1997); ert, Science, 277, 1450-1451 (1997); WHGE3Isotvizass al .,

Nat ure, 363, 368-371 (1993); and Al-Khodairy et al., Mlec. Biol. Cell, 5
147-160 (1994). -

Anal. Caled for C H N,OS;: C,48.53;H,3.39; N, 15.72; S, 21.59. Found: C,
48.74; H, 3.47; N, 15.44; S, 21.31. |
EXAMPLE A(17)
3-[4’-Amino-2'-(3,4,5-t1imemoxy-phenylamino)-[2,S’]biﬂﬁazolyl—tt—yl]-pﬁenol

OCH,

HLO Q NH,
|
H.CO l_l\rks

mp 226-230 °C. 'H NMR (CD,0D): §7.43-7.41 (m, 2H), 7.31 (s, 1H), 7.28-7.23 (m,

1H), 7.02 (s, 2H), 6.80-6.77 (m, 1H), 3.90 (s, 6H), 3.78 (s, 3H). FABMS (MH"):

456.

Anal. Caled for C,H,, N,0,S;: C, 55.25; H, 4.42; N, 12.27; S, 14.05. Found: C,
10 5539; H, 4.56; N, 12.07; S, 14.05. |

EXAMPLE A(18)
5-[4’-Amino-2’-(3 ,4,5-uimethoxy-phenylamino)-[2,5’]biﬂﬁazolyl—4—yl}-benzene-l,3-
diol

OCH,
H, N)LI"; l

OH
15 mp198-202°C. 'H NMR (CD,0D): 87.21 (s, 1H), 6.99 (s, 2H), 6.91 (d, J = 2.06

Hz, 2H), 6.27 (t, J = 2.03 Hz, 1H), 3.88 (s, 6H), 3.77 (s, 3H). FABMS (MH"): 473.
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5 Sel ective mani pul ati on of checkpoint control in cancer o Yeptesahgr 200 f or d

broad utili Z%’bg’ﬁ{"hg cancer chenot herapeutic and radi ot herapy regi nens and
may, in addi P8 ter a common hal | mark of human cancer PGEHHNGI15188
instability" to be exploited as the selective basis for the destruction of

cancer cells. A nunber of

Anal. Caled for C,H,N,0,S,-0.5H,0: C,52.38; H, 4.40; N, 11.63: S, 13.32. Found:
C,52.53; H, 444; N, 11.83; 8, 13.47.

EXAMPLE A(19)
3-[4’-Amjno-2’-(3,4,5'-uimethdxy-phenylamino)—[2,5‘]biﬂﬁazolyi—4—yl]-5-meﬂloxy-
5 phenol

|
S
ST
OCH,

mp 208-210 °C. 'H NMR (CD,0D): 87.14 (s, 1H), 6.89-6.86 (m, 2H_5, 6.85 (s, 2H),
6.23 (t, J = 2.06 Hz, 1H), 3.75 (s, 6H), 3.69 (s, 3H), 3.63 (s, 3H). FABMS (MH""):
486.

10 Anal. Caled for C,H,N,0,8,-0.5H0: C,54.20; H, 4.57; N, 11.49; S, 13.16. Found:
C.54.02; H, 471; N, 11.09; S, 13.56,
EXAMPLE A(20)
'4—[4'-Amino-4-{4-hydroxy-pheny‘l)-[2,5’]bithiazolyl—Z’-ylamino]-

benzenesulfonamide

15
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factors place CHK1 as a pivotal target in DNA-danage checkifoPsitentsnzfQs) .

The 10 el.uci %ﬂ? gf i nhibitors of this and functionally rel ated ki nases
such as Cdsl/ ) B nase recently discovered to cooper at @GHYSA0/GHBY | n

regulating S° phase progression (see Zeng et al., Nature, 395, 507-510
(1998); Matsuoka, '

mp 200-203°C (decoﬁzp). 'HNMR (CD,0D): §7.30 (s, 1H), 6.98 (s, 2H), 6.83 dJ
- =2.93 Hz, 1H), 6.56 (d, J = 2.93 Hz, 1H), 3.88 (s, 6H), 3.81 (s, 3H), 3.76 (s, 3H);
FABMS (MH"): 565/567. |
Anal. Caled for C,H, BrN,0,S,-0.5H,0: C, 46.00; H, 3.86; N, 9.75: S, 11.v16.
5 Found: C, 46.26; H, 3.69; N, 9.55; S, 11.09.
EXAMPLE A(21)
3—[4’-Amino-2’-(4»sulfamoyi-pheny]amino)-[Z,S’]bithiazolyl-tl—yl]-benzoic acid

o .0

LA

HNs\@\ l NH,

COOH

'"HNMR (DMSO-d,): §10.94 (s, OH), 8.46 (s, 1H), 8.18 (d, J = 7.80 Hz, 1H), 7.92
10 (d,J=7.80Hz, 1H), 7.78 (m, 4H), 7.56 (1, J = 7.80 Hz, 1H), 7.22 (brd, NH,), 7.04

(brd, NH.).

Anal. Caled for C,H,N,0,S,-0.3EtOAc: C,48.52; H, 3.51; N, 14.01; S, 19.24.

Found: C,48.37;H,3.67;N, 13.97; S, 19.24. | |

EXAMPLE A(22)
15 5-[4’—Amino~2’—(3,4,5-trimeﬂloxy-phenylamino)-[Z,S’]bidﬁazolyl-4-yl]-2-chloro-

OCH,
H300 I_hrl\s P

phenol

cl
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Sci ence, 282, 1893-1897 (1998)), coul d provide val uabl e neky REMRSEBC
entities for_the treatnent of cancer. 15 Integrin receptor binding to ECM
initiates i ntYQ8%8P ar signal s nediated by -FAK (Focal Adhesi/osoolsiase)

that are involved in cell notility, cellular

mp 235-238°C. 'HNMR (CD,0D): §7.61 (d,J =192 Hz, 1H), 7.47-7.39 (m, 2H),
1.37 (s, 1H), 7.05 (s, 2H), 3.94 (s, 6H), 3.82 (s, 3H). FABMS (MH'"): 490.
Anal. Caled for C, H,,CIN,0,S.: C, 51.37: H, 3.90; N, 11.41; S, 13.06. Found: C,

21719

51.38;H,3.95; N, 11.32; §, 12.72.
5 EXAMPLE A(23
2-[4'-Amino—2’-(3,4,5-u-imethbxy-phenylamjno)-[2,5’]bithiazolyl-4-y!]-phenol

OCH,
HC NH

mp 186-190°C (decomp). 'H NMR (CD,OD): 67.88 (dd, J =799, 1.61 Hz, 1H,),

7.62 (s, 1H), 7.27-7.20 (m, 1H), 7.04 (s, 2H), 6.98-6.91 (m, 2H), 3.92 (s, 6H), 3.80 (s,
10 3H). FABMS (MH"): 457. |

Anal. Caled for C,H,_N,0,S,: C, 55.25; H, 4.42; N, 12.27; §, 14.05. Found: C,

55.28; H, 4.62; N, 11.96; S, 13.72.

EXAMPLE A(24)

4-(4’-Amino-4-p-toly!—[2,5’]bithiazolyl—Z’-ylamiﬁo)-benzenesulfonanﬁde )

} ° '
QI
A
15 )

'HNMR (DMSO): 87.92-7.84 (m, 4H), 7.32 (m, 3H), 7.1 (s, 2H), 2.39 (s, 3H).
FABMS (M"): 443; (MNa'): 466. |
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proliferation, and survival. In human cancers, FAK over exprei@fasiper 2003

inmplicated in tunorigenesis and netastatic potential through its role in
integrin medi WOMTS¥P gnal i ng pat hways. 1 20 Tyrosine ki nasepceaobgsgf the

receptor type (hiving extracellul ar,

EXAMPLE A(25) .
2-(4’-Amino-2’ -(3,4,5-trimethoxy-phenylamino)-{2,5"Ibithiazolyl-4-yl]-benzene-1,4-
diol
/
8
0 NH,
Ive
J
/ HO® W _OH
HO

5 mp 208-212 °C (decomp).; 'H NMR (CD,0D): 37.56 (s, 1H), 7.31 (d, J = 2.80

Hz,1H), 7.00 (s, 2H), 6.77 (d, J = 8.69 Hz, 1H), 6.68 (dd, J = 8.72, 2.87 Hz, 1H), 3.89
(s, 6H), 3.77 (s, 3H).
ESIMS (MH"): 473.
Anal. Caled for CZ,HZ,,N,O,S,'-OASI-I,Q: C,52.47, H, 4.38; N, 11.66; S, 13.34.

10 Found: C,52.77; H, 448; N, 11.23; S, 12.98.
EXAMPLE A(26)
3-[4’-Amino-2’—(3,4,5-u-imethoxy-phenylarnino)-[2,5 Jbithiazolyl-4-y1]-4-bromo-

phenol
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: Septembe 3
transmenbrane and intracel | ul ar donmai ns) or the non-recept%?r eipyeﬁlg’ f%%q ng

, r 2003
whol Iy intraggyiylsyy - 8 22 Septenbe PCT/US00/15188

mp 214-216 °C. 'H NMR (CD,0D): §7.47 (d, J = 8.67 Hz, 1H), 7.38 (s, 1H), 7.26

(d, J=3.02, 1H), 7.07 (s, 2H), 6.72 (dd, J = 8.69, ;.07 Hz, 1H), 3.89 (s, 6H), 3.76 (s,

3H). FABMS (MH"): 535/537.

Anal. Calcd for C,H,BINOS,: C,47.11; H, 3.58; N, 10.46; S, 11.85. Found: C,
5 4731;H,3.65 N, 10.26; S, 11.85.

'EXAMPLE A(27) ‘

2-(4’-Amino-4—benzo[b]thiophen—3-yl-{2,5’]bitﬁiazo]yl—?-ylamino)—

benzenesulfonamide

10 mp 155-160 °C (decomp). 'H NMR (CD,OD): 68.39 (d, J=7.94 Hz, 1H), 8.01 (s,
1H), 7.96 (d, J = 7.72 Hz, 1H), 7.86 (s, 4H), 7.50;7.39 (m, 3H). FABMS (MH"):
48s.

EXAMPLE A(28) ‘
4-{ 4’-Amino-4—{4-(2,4—dichloro-phenyl)-ﬁ1ran—2-yl]-[2,5 "Jbithiazolyl-2’ —sflamino }-

15  benzenesuifonamide
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WO 00/ 75120 PCT/ US00/ 15188 At | east one of the non-recept02r2%ﬁ’ﬁ‘%’l‘”ﬁzo03
ly, LCK, is believed to nediate the transduction in

tyrosine kin S
T-cells of a giagdﬂ'gggﬁom the interacti'on of a cell- surface peratsei/5148Cd4)
with a cross-linked anti-C& antibody. A nore detailed

Lr® N,
ww\G\Nj—I ]
S
H \ o
|/

Cl

Cl
mp.225-230.°C (decomp). 'H NMR (CD,0D): & 8.00 (d, J = 8.62, 1H), 7.86 (s, 4H),
7.58(d, J =2.10, 1H), 7.45 (dd, J = 8.60, 2.12 Hz, 1H), 7.40 (s, 1H), 7.29 (d, J = 3.61
Hz, 1H), 6.97 (d, J = 3.59, 1H). FABMS (MH"): 564/566.

S EXAMPLE A(29)
3-(4-Amino-2"-propylamino-[2,5bithiazolyl-4-yl)-phenol

.

'HNMR (CD,COCD,): 8 8.43 (s, 1H), 7.50 (d, 1H), 7.43 (d, 1H), 7.30-7.20 (m, 3H),
6.55 (s, 2H), 3.40 (1, 2H), 1.69 (sextet, 2H), 0.97 (t, 3H). ESIMS (MH"): 333;

10  (MNa’): 355; (MH): 331. | |
EXAMPLE A(30)
3-(4'-Anﬁno-2’-meﬂ1ylamino-[2,5’]bitlﬁazolyl-c!—yl)-phenol

\ﬁm:% OH
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di scussi on of non-receptor tyrosine kinases is provided i nit2EspismberEBgene,
8, 5 2025-203*@;%&%%% which is incorporated herein by reference In
addition to t i n kinases identified above, nmany ot herPQIrsp&isnss

ki nases have been conS|dered to be therapeutic targets, and nunerous
publ i cations

'H NMR (CD,COCD,): .5 8.40 (s, 1H), 750 (d, 1H), 7.43 (d, 1H), 7.31-7.15 (m, 3H),
6.63 (s, 2H), 3.00 (4, 3H). ESIMS (MH"): 305; (M-H): 303.
EXAMPLE A(31) |

3-[4’-Amino-2’-(3,4,5‘-trimethoxy-pheny]amino)-[2,5’]biﬂﬁazolyl-d»—yl]-N-phenethyl-

5 benzamide_

P

lAnaI. Caled for C,H,N,0,S,;: C,61.31;H,4.97; N, 11.92; S, 10.91. Found: C,
61.02; H, 4.86; N, 11.72; S, 10.83.

10 EXAMPLE A(32)

(A Avninea A 473 A & snteoal .3
ol =

benzamide

QMe



di scl ose inhibitors of kinase activity, as reviewed in t heZr5Picarng03

McMahon et. al ’WO%z%Ol ogist, 5, 3-10 (2000); Hol ash et al., Oncogene, 18,
5356-62 (1999)] /s 10 et al., J. Biol. Chem, 274, 36684r20%0099133 ;

Cohen, Curr. Op. Chem Biol., 3, 459-65 (1999); Klohs et al., Curr. Op.
Chem Biol., 10, 544-49 (1999); MMahon

Me
MeQ NH»
By

ESMS (MH"): 560.

O

Anal. Caled for C,;H,)N,O,S,-0.8 H,O: C,5858; H,4.67;N, 12.20; S, 11.1.7 . Found:
C, 58.68; H, 4.49; N, 12.23; S, 11.33.

5 EXAMPLE A(34)
3-[4'-Amino-2'—(3,4,5-u'imeﬂloxy-phenylamino)-[2,5']bithiazolyl-4-yl]—N -(4-

isopropyl—3-methyl-phenyl)—bénzamide

. m |
] M:.ﬁ NH2
M S 8
. ‘w

N
H

ESMS (MH"): 616,

19 7 Anal. Calcd for CQH“NSO“S;OA H,0: C, 61.69; H, 5.47; N, 11.24; §, 10.29. Found:

C,61.76; H, 5.26; N, 11.08; S, 10.18.

EXAMPLE A(35)

3-[4'-Amino-2'—(3,4,5-trimethoxy—phenylamino)-[2,5‘]bithiazoly1—4—yl] -N-(2-methyl-

quinolin-6-yl)-benzamide
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et al., Current Opinion in Drug Discovery & Devel opment, 122 Septembes2Q08993) ;

Strawn et al chﬁ'@ 2gpi n. Invest. Drugs, 7, 553-573 (1998). WPO
| nt er nati onal P1%ati on WO 00/ 18761 di scl oses certain sutRSTVGSO/Edss

3-cyanoqui nol ines as 15 protein kinase inhibitors. As is understood by
those skilled in the art, it is desirable

ESMS (MH): 625.
Anal. Caled for C,H,N,0,S..0.2 H,0: C, 58.41; H, 4.36; N, 12.65; S, 9.66. Found:
C,58.40; H,4.31; N, 12.28; S, 9.54, |
5 EXAMPLE A(36)
[3~(4'-Amino-2'—p—tolylamino-[2,5‘]bithiazolyl—4~yl)-phenyl] -carbamic acid benzyl

€ster

0 NH,
i E (§ L0
I-er\ ’VIJ\G
NH
'H NMR (CD,COCD,): 68.85(s, 1H), 8.21 (s, 1H), 7.70-7.25 (m, 14H), 6.52 (s, 2H),

10 530 (s, 2H), 2.41 (s, 3H). ESIMS (MH"): 514; (MH): 512.

EXAMPLE A(37)
N—{3-[4'—Amiho-2'—(3-diethylamino-propylamino)-[Z,S']bithiazoly]—4-yl]-phenyl}-

benzamide
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for kinase inhi bitors to possess both high affinity for tHe ehicgber l0Wase

as well as rz]g}rﬁctlw ty versus other protein kinases. SUMWARY OF THE
| NVENTI ON The & invention relates to conpounds falli nPCGWYS¥I18%r nul a

L>§ﬁw?[r%ﬁ;©

'H NMR (DMSO-D,): §10.39 (s, 1H), 9.12 (s, 1H), 8.35 (s, 2H), 7.96 (m, 3H), 7.79
(m, 1H), 7.69-7.39 (m, 6H), 3.36 (m, 2H), 3.12 (m, 6H), 2.93 (m, 2H), 1.20 (m, 6H).
ESIMS (MH'): 507.

5 EXAMPLE A(38)
N-[3-(4-Amino-2"-phenethylamino-[2,5bithiazolyl-4-yl)-phenyl]-benzamide

@wr%(;;@

'HNMR (DMSO-D): 610.39 (s, 1H), 8.42-7.15 (m, 16H), 6.85 (s, 1H), 5.20 ( broad
s, 2H), 2.90 (m, 2H), 3.50 (m, 2H). ESIMS (MH"): 498,

10 EXAMPLE A(39)
3-[4- Annno-4»-(3-benzoylanunophenyl) [2, S’betlnazolyl 2’-y1ammo]-benz01c acid

methyl ester



20 which nodul ate and/or inhibit the activity of protein KiZptsmber200ie] |

as to phar ' | y acceptabl e prodrugs, pharmaceutically active
met abol i tes,rm‘gﬁz’%%ﬁgr maceutical |y acceptabl e salts thereof PCHYEH/15188

conpounds, prodrugs, netabolites and salts are collectively referred to as
"agents"). The invention is also directed to

'H NMR @MSd—D): & 10.39 (s, 1H), 10.38 (s, 1H), 8.37 (s, 1H), 8.16 (s, 1H), 8.18
(d, 1H), 7.98 (d, 2H), 7.84 (d, 1H), 7.70 (d, 1H), 7.65-7.39 (mn, 8H), 7.10 (broad s,
2H), 3.89 (s, 3H). ESIMS (MH’): 528; (MNa"): 550; (MH): 526.

EXAMPLE A(40)
5 3-[4’-Amino-4—(3-benzoylan1inophenyl)—[2,5’]bithiazolyl-2’—ylamino]-benzoic acid

R

‘H NMR (DMSO-D,): § 10.80 (s, 1H), 10.38 (s, 1H), 8.37 (s, 1H), 8.16 (s, 1H), 8.15

ethyl ester

(d, 2H), 8.00 (d, 2H), 7.88 (d, 1H), 7.75-7.40 (m, 8H), 7.10 (broad s, 1H), 4.38
10 (quartet, 2H), 1.39 (¢, 3H). EéIMS (MH"): 542; (MNa"): 564.

EXAMPLE A(41)
N-{ 3-[4’-Amin0—2'—(benzo[1,3]dioxol-5-ylamino)-{2,5'}bithiazolyl—4-yl]-phenyl }-

15 'HNMR (DMSO-D): 3 10.41 (m, 2H), 8.35 (s, 1H), 8.00-6.88 (m, 14H), 6.10 (s,
2H).
ESIMS (MH"): 514; (MH): 512.

benzamide
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EXAMPLE A(42) -
N-{3-[4-Amino-2(3,5 -dimethylphenylanﬁno)—[2,5']bithiazolyl—4-yl]-phenyl }-

5 'HNMR (CD,OD): & 8.36-6.79 (m, 16H), 6.68 (s, 1H) 2.28 (s, 6H). ESIMS (MH")*:

benzamide

993; (MNa")*: 1015.

- EXAMPLE A(43)
N-{ 3-[4’-Amin0-2'-(indan-S-ylamino)-[2,5']bithiazolyl—2’-y]amino]-phenyl}—

0

'HNMR (CD,OD): & 8.50-7.15 (m, 17H), 2.95 (m, 4H), 2.15 (m, 2H). ESIMS

benzamide

10

(MH'): 510; (MNa"): 532; (MH): 508.
EXAMPLE A(44)

[3-(4'-A1i1in0-2'em-tolylmnino-[2,5 "Ibithiazolyl-4-y1)-phenyl}-benzamide



pharmaceuti cal conpositions containing such agents and theprS"PF?é‘%bSbm?’i C
use in treating diseases nedi ated by kinase activity, such as cancer, as
vel | as ot herWOO¥&e:se states associated with unwant ed angi pgEUs®i1sisand/ or
cellular proliferation, such as diabetic retinopathy, neovascul ar

gl aucoma, rheumatoid arthritis and

0 30

'HNMR (CD,0OD): § 8.25-6.81 (m, 18H), 2.29 (s, 3H). ESIMS (MH"): 484;
(MN2"): 506. |
EXAMPLE A(45)

5 N-{'3-[4’—Amin0-2’-(2,3-dihydro-benzo[I,4]dioxin-6-ylamino)-[2,5’]bithiazolyl-4—y1]-

'HNMR (CD,0D): § 8.42-6.83 (m, 17H), 4.29 (m, 4H). ESIMS (MH"): 528;
(MN2a"): 550.
10 EXAMPLE A(46)

N-{3-[4-Amino-2"(3-methylsulfanyl-phenylamino)-[2,5 ’]biﬂliazolyl-tt-yl]'-phenyl }-

O

benzamide
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5 psoriasis. Further, the invention is related to nethods TfSepEERcaiitEy
and/ or inhi béﬁbg e kinase activity associated with VEGF-R, FG--R, CDK
conpl exes, TEK, , LCK, and FAK. |In one general aspect, p¢EUSOWISIEEI ON

relates to protein kinase inhibitors of

'H NMR (DMSO-D,): & 10.39 (s, 1H), 8.89 (d, 2H), 8.51-6.91 (m, 18H). ESIMS
(MH)*: 1029.

EXAMPLE A(47)

N-{ 3—.[4’-An1ino-2’-(3,4—dimethoxy-phenylamino)-[2,5 Jbithiazolyl-4-y1]-phenyl }-

‘“;@Mi@z@

'HNMR (CD,0D): § 8.32 (s, 1H), 7.98 (d, 2H), 7.78-6.91 (m, 14H), 3.88 (s, 3H),

5 benzamide

3.81 (s, 3H). ESIMS (MH"): 530; (MNa+): 552.

EXAMPLE A(48)
10 N,_-{3-[2’-(3-Acctylamino-4~methyl-phenylamino)-4‘—amino-[2,5’Jbithiazolyl-4—y1]—

phenyl}-benzamide

* %ﬂﬂr&g&;@

'HNMR (CD,0D): § 8.32 (s, 1H), 7.98 (d, 2H), 7.72-7.15 (m, 15H), 2.22 (s, 3H),
1.98 (s, 3H). ESIMS (MH"): 541; (MNa’): 563; (MK"): 579; (MH): 539.

15 EXAMPLE A(49)
N-{ 3-[4’-Amino-2’-(1,4~dioxo-l ,2,3,4-teu'ahydro-phthalazin—6-ylamino)-

[2,5bithiazolyl4-y1}-phenyl }-benzamide

68



the Formula h 10 wherein: R is hydrogen, a substituted of URSHRSE #40% ed

al kyl', cycl oal kvl e o, PCT/US00/15188
)
. NH,
BN NJ\" [
BN o
, I H | ]
HN.__O

'H NMR (DMSO-D,): § 11.11 (s, 1H), 10.39 (s, 1H), 8.35 -7.10 (m, 17H). ESIMS
(MNa*): 576; (MH): 552. | |

EXAMPLE A(50)
5 3-[4’-Amino~4~(3-benzoylanﬁno-phenyl)-[2,5’jbittﬁazolyl-Z‘-ylamino]—benzoic acid

NH,
il .HMI

'HNMR (DMSO-D,): & 10.79 (s, 1H), 10.39 (s, 1H), 8.35 (s, 1H), 8.18-7.34 (m,
16H). ESIMS (MH"): 514; (MNa"): 536; (MH): 512.

EXAMPLE A(51)
10 4—(4’-Amino~4-(3-benzamidopheny1)«[2,5’]bithiazolyl—Z’-yiamino)—ethylbenzoate

69



het er ocycl oal kyI aryl, or heteroaryl, or a group of the o ieaienbes2ded or
R6-CS where R6 | s subst Ituted or unsubstituted al kyl, cycloal kyl,

het er ocycl oaIW?I /T80 5| kenyl, aryl, heteroaryl, al koxy, or RERURB/Mis8r e
R7R8 are each |ndependently hydrogen or substituted or unsubstituted

al kyl, aryl, or heteroaryl;

H

H,N

"HNMR (d,-DMS0): 31.2(t, 3H), 4.3 (q, 2H), 7.4 (¢, 1H), 7.5-8.0 (m, 14H), 8.35 (s
br, 1H), 10.4 (s, 1H), 10.95 (s, 1H). ESIMS (MH"): 542; (M-H): 540.

EXAMPLE A(52)
5 4-(4’-Amino—4-(3-benzamjdopheny})-[2,5’]bithiazolyl-?.’-ylamino)-memoxyphenyl

H
<0 Ol
H,N
H

‘HNMR (CD,0OD): §2.6 (s, 3H), 7.2-7.8 (m, 11H), 8.35 (s br, 1H), 7.9 (d, 2H), 8.2 (s

br, 1H). ESIMS MH"): 500; (M+Na+): 522; (M+K4): 538.

EXAMPLE A(53)
10 3-(4’-Amino-d—(B—benzanﬁdophenyl)—[Z,S’]bithiazolyl-Z'-ylanﬁno)-pyﬁdine

70



R2 is hydroxy, halo, cyano, or nitro, or substituted or unBulsptanbgs dP3

al kyl, al kenyl, cycloal kyl, heterocycloal kyl, aryl, or heteroaryl, or a
group of the %’&W(%QO(A) 10 . PCT/US00/15188

. H
| EN
4 Y N N7
HZN '
H .

'H NMR (d-DMSO): 7.1 (s br, 1H), 7.4 (¢, 1H), 7.5-7.7 (m, 7H), 7.85 (m, 1H), 8.0
(m, 2H), 8.25-8.4 (m, 3H), 9.0 (d, iH), 10.4 (s, 1H), 10.95 (s, 1H). ESIMS (M+Na"):
493; (M-H): 469, |

5 EXAMPLE A(54)
2-(4’-Amino-4-(3-benzamidophenyl)—[2,5’]bithiazolyl—Z’-ylamino)-thiophene

carboxylic acid methyl ester

'HNMR (d,-DMSO): 53.8 (s, 3H), 7.0 (s br, 2H), 7.4 (t, 1H), 7.5-7.7 (m, 6H), 7.85
10 (m, 1H), 8.0 (m, 3H), 8.15 (d, 1H), 8.35 (m, 1H), 10.4 (m, 1H). ESIMS (MH"): 534;

(M+Na"): 556; (M-H): 532.

EXAMPLE A(55)

4-(4'-Amino-4-(3-benzamidophenyl)-[2,5"Jbithiazolyl-2 -ylamino)-

phenylsulfonylpiperidine
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22 Septenber 2003 WD 00/ 75120 PCT/ US00/ 15188 where Re is HZdatyawer 10y

cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl, or a group of the
formula (B) WO00/75120 PCT/US00/15188

'HNMR (d,-DMSO): & 12-16 (m, 6H), 3.1 (m, 4H), 7.3-8.5 (m, 14H), 8.9 (d, 1H),

10.4 (s, 1H), 10.5 (s, 1H), 11.2 (s, 1H). ESIMS (MH’): 617; (M-H): 615.

EXAMPLE A(56) i
5 4-(4’-Amino-d—-(3-benzamid0phenyl)-[2,5’]bithiazolyl-z’-ylamino)-nitrophenyl

"HNMR (d-DMSO): §7.2-7.9 (m, 13H), 8.2 (d, 2H), 8.3 (s, 1H), 10.3 (s, 1H), 11.2
(s, 1H). ESIMS (MH’): 515; (M-H): 513.

'EXAMPLE A(57)
10 4-(4’-Anﬁno-4—(3-benzanﬁdophenyi)-[2,5‘]bithiazo!yl~2’-ylamino)-trans-b,enzoyl-

DL-homoserine lactone
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(B) 5 where R is hydrogen, alkyl, cycloalkyl, heterocycl oeeptembar 103 or

the formula (C
heteroaryl, o, a group of (9 PCT/US00/15188
H
| y) |
N o)
H,N

NH,
NH '

(8]

'HNMR (d,DMSO): 525 (m, 1H), 2.7 (m, 1H), 435 (m, LH), 4.5 (m, 1H), 4.8 (m,
1H), 7.2 (i, 1H), 7.45 (m, 3H), 7.55 (m, 4H), 7.75 (m, SE, 7.85 (m, 3HD, 8.0 (m,
3H), 835 (m, 1H). ESIMS (MH'): 597: (M+Na): 619,

5 EXAMPLEA(SS)

4-(4 -Amino-4-(3-benzamidophenyl)-[2,5 ’]bithiazdlyl-Z’-ylamino)—acetophenone

[ 4 )

H,N

'HNMR (d,-DMSO): §2.5 (s, 3H), 7.1 (s br, 1H), 7.42 (t, 1H), 7.5-7.7 (m, 6H), 7.8
(m, 4H), 8.0 (m, 5H), 8.35 (t br, 1H). ESIMS (MH'}: 512: (M+Na): 534; M-H):

10 510.

EXAMPLE A(59
(4’-Amino-4—(3-benzamidophenyl)~[2,5’]bithiazolyl-2’-ylanﬁno)-cyclohexane

73



(C) | Rc 10 where Rb and Rc are independent!y hydrogen, a43fPtenbgeiOdl kyl
het er ocycl oal LW(S 00/7%5%' , PCTUSIO/ 5188

5

'HNMR (CDCL): §1.0-2.0 (m, 10H), 3.2 (m br, 1H), 5.2 (s, 2H), 7.0 (d, 1H), 7.4-
8.0 (m, 11H). ESIMS (MH'): 506; (M-H)": 504.

EXAMPLE A(60)
5 3-(4’-Amino-4—(3-benzamidophenyl)-[2,5’}bithia.zo!yLZ’—yla.mino)-methoxypropane

<0 )

-
H,N

oF

_ 'HNMR (CDCL): 81.5 (m, 1H), 1.8 (m, 1H), 2.0 (m, 2H), 3.1 (s, 3H), 3.3 (m, 2H),

5.0 (s, 2H), 7.2-7.4 (m, 12H). ESIMS (MH"): 496; (M-H): 494.

EXAMPLE A(61)
10 4-[4’-Anﬁn04~(3-benzyloxy-s-hydroxy-phenyl}[ii,Slbithiaquyl-Z’~ylamino]-

benzenesulfonamide
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or heteroaryl, or a group of the fornmula (D) (D 11 P

WO 00/75120 PCT/US00/15188

Qw,

O, &

mp 185-187 °C (decomp). 'H NMR (CD3OD): §7.88 (s, 4H), 7.56-7.32 (m, 6H),
7.10-7.03 (m, 2H), 6.45 (1, J = 2.23 Hz, 1H), 5.13 (s, 2H). ﬁsms (MH*): 552; (M-
H-):; 550.

5 Anal. Calced for CosH N504S3.-0.3Et0Ac: C, 54.43; H, 4.08; N, 12.12; S, 16.64.
Found: C, 54.54; H, 4.00; N, 12.06: S, 16.59.

EXAMPLE A(62)
4-[4-(3-Allyloxy-s-hydroxyphenyl)-4’ -amino-[2,5’ Jbithiazolyl-2’-ylamino]-

benzenesuifonamide

W owm ol
HN \©\ ]
ﬁ’gf‘b’@
] / 0

mp 200-202 °C. 1H NMR (CD30D): §11.12 (s, NH), 9.81 (s, NHp), 8.07-8.00 (m,

10

4H), 7.86 (s, NH,), 7.48 (s, 1H), 7.30-7.23 (m, 2H), 6.57 (s, 1H), 6.34-6.23 (m, 1H),
5.68-5.52 (m, 2H), 5.32-5.28 (m, 2H). ESIMS (MH+): 502; (M—I-I-): 501.
Anal. Caled for C21H19N504S3. C, 50.29; H, 3.82; N, 13.96; S, 19.18. Found: C,

15 50.31;H,3.93; N, 13.74; S, 19.05.
EXAMPLE A(63)
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22 Septenber 2003 5 WO 00/ 75120 PCT/ US00/ 15188 where Rd i Laigen2o0 iy |

hydr oxy,
cycloal kyl, hefgiggmygh 0al kyl, aryl, heteroaryl, hydroxy PCT/US00/15188

4-(4’-Amino-4-styryl-[2,5 Jbithiazolyl-2’-ylamino)-benzenesulfonamide

Qs®

NH,
cavus e
NJ\ /N /
H S /
: s

mp 140-143 *C (decomp). 'H NMR (CD30D): 3 7.80-7.72 (m, 4H), 7.50-7.46 (m,

1H), 7.38-7.06 ('m, 6H), 6.95 (s, IH). FABMS Calcd for C20H17N50283; 455.0544.
5  Found 455.0529.

EXAMPLE A(64)

4-{4’-Amino-4—[2-(4-—hydroxy-phenyl)-viny1]~[2,5’]bithiazo]yl-2’-ylamino}-

b_enzenesulfonamide

o

9‘,\" NH, OH
HN
n* N, /4
NP |
s

10 mp 138-140 °C (decomp). 'HNMR (CD3OD):  10.90 (s, NH), 7.73 (q, J = 15.32
Hz, 4H), 7.36 (d, J = 8.75 Hz, 2H), 7.22 (d, J = 15.80 Hz, 1H), 7.18 (s, NHy), 7.06 (s,
1H), 6.90 (d, J = 16.1 Hz, 1H), 6.84 (s, NHy), 6.70 (d, J = 8.62, 2H). FABMS Calcd

for CooH7N503S3. 471.0494. Found: 471.0502.

EXAMPLE A(65) .
15 4—{4’-Amino-4-[2~(3-hydroxy#memoxy-phenyl)-ethenyl]—[2,5’]bithiazolyl-z’-

¥lamino }-benzenesulfonamide
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al koxy, amino, al kyl anino, dialkylamno, or acyl anino, and2reepiesbeyiBgen,

al kyl, cycl qal k het erocycl oal kyl, aryl, heteroaryl, am no, alkylam no,
or dial kyl ampﬁBOX’lﬁn% group of the fornmula (E) Il PCT/US00/15188

N 7 NH2
HA A
A I N Y/
N AN OH

mp 190-193 °C (decomp). H NMR (CD30D): § 10.71 (s, NHy), 9.83 (s, NH2), 7.63
(g, J = 15.40, 41), 7.10_-7.03 (1}1, 2H), 6.98 (s, 1H), 6.86 (s, NHp), 6.83-6.72 (m, 3H,
NH3), 3.60 (s, 3H). ESIMS (MNa+): 524,

5  Anal. Caled for Cy1Hi9N50483.-0.4EtOAc: C, 50.56; H, 4.17; N, 13.05; S, 17.92,
Found: C, 50.50; H, 4.35; N, 12.75; S, 17.88. |
EXAMPLE A(66)
4-[4’-Amino-4-(4-phenyl-buta-1,3-dienyl)-[2,5 Ibithiazolyl-2’-ylamino}-
benzenesulfonamide

o, .0

N

10
mp 193-195 °C (decomp). 1H NMR (CD3OD): 8 10.92 (s, NH), 7.82 (q, J = 15.92,
4H), 7.53 (d, ] = 7.42, 2H), 7.36 (t, J = 7.41 Hz, 2H), 7.28-7.06 (m, 2H, 2NH,), 6.77
(m, 2H). ESIMS (MH+): 482.
EXAMPLE A(67)

15 4-(4’-Amino-4—benzoy1-[2,5’]bithiazolyl—Z'-ylanﬁno)-benzeneéulfonamide

Q:S"O NHz
eV
N

~H ° S
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0 (E) where Rf is alkyl, cycloalkyl, heterocycloal kyl, aryi2Segtembet&03ary!|

F
or a group of,fhg formla (F) PCT/US00/15188

mp 255-260 0C (decomp). 'H NMR (CD30D): & 10.99 (s, 1H), 8.12 (s, 1H), 8.04-
8.02 (m, 2H), 7.78 (q, J = 12.1 Hz, 4H), 7.72-7.66 (m, 1H), 7.60-7.55 (m, 2H), 7.26

(s, NHp), 7.05 (br, NH;). ESIMS (MNa+): '480; (M-H-): 456.

EXAMPLE A(68)
5 Ethyl 4’-amino-|2’-(4-su]famoyl-phenylanﬁno)—{z,s’]bithiazolyl-tkcarboxylate

TH NMR (DMSO-Dg): 511.0 (s, NH), 8.12 (s, H), 7.80 (m, 4H), 7.32 (s, NHz), 7.08
(br, NH2), 4.35 (q, /= 8.7 Hz, 2H), 1.30 (t, J =8.7 Hz, 3H). FABMS Calcd for
C15HsN50483(MH+): 426.0364. Found: 426.0356.

10 EXAMPLE A(69)
¢f4’-Amino-4~(4-chloro-3—hydroxy—phenyl)—[2,5’]bithiazolyl—z’-ylamino]-
benzenesulfdnamide )

o 0

- NH,
H,N O | OH
N
H/ks = Cl
| s/
HNMR (CD,0D): §7.97 (s, 4H), 7.63 (s, 1H), 7.58-7.46 (tm, 3H). FABMS (MEL):
15 480,

benzenesulfonamide
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O\\Qw&(ﬁ‘ O

'"H NMR (CD,OD): 5 8.09-8.00 (m, 1H), 7.88 (s, 4H), 7.72-7.63 (m, 3H), 7.51-7.40
(m, 3H), 7.38-7.29 (m, 1H). EIMS (M-H): 504.

Anal. Calcd for C,H,N,0,S: C,57.01; H, 3.79; N, 13.85; S, 19.02. Found: C,

-56.87; H, 3.81; N, 13.57; §, 19.16.

Example A(71): 4-(4’-Amino-4-benzoy}-[2,5"]bithiazolyt-2’-ylamino)-N-(2-

dimethylamino-ethyl)-benzenesulfonamide
\ O\\S,'O NH,
- NN N o
4 NA /N

'H NMR (CD,OD): §7.88 (s, IH),- 7.84-7.78 (m, 2H), 7.69-7.47 (m, 5H), 7.40-7.34

(m, 2H), 2.63 (t, J = 6.70 Hz, 2H), 2.06 (t, J = 6.60 Hz, 2H), 1.84 (s, 6H). FABMS

Caled for C,H,N,O,S,: 529.1150. Found: 529.1158.
Example A(72): 4-[4-Amino-4-(3-amino-benzoyl)-[2,5°)bithiazoyl-2’-ylaming]-
benzenesulfonamide. |

0\\ ,,0




Il Rh where R and Rh are each independently hydrogen, ald&SePtegiper PBky!

: |, or
het erocycl oal kyh ge7stf} aryl, or heteroaryl, PCT/US00/15188

‘HNMR (DMSO0): §10.91 (s, 1H), 7.99 (s, 1H), 7.86-7.84 (m, 4H), 7.27 (s, 2H),
7.23-7.06 (m, 5H), 6.8i-6.90 {(m, 1H), 5.38 (s, 2H). HRFABMS (M+Na’): Caled.:
495.0344. Found: 495.0330.

5 Example A(73): 4 -Amino-5-benzyl-2’ -(4-sulfamoyl-phenylamino)-
[2,5']bithiazolyl-4-

carboxylic acid ethyl ester

Oog® NH,

’ N
O
Q

OEt

10 'HNMR (CD30D): §7.76 (s 4H), 7.18 (m SH). 4.40 (s. 2H). 4.30 (q, J=7.8 Hz 2

1.26 (1, J=7.8 Hz, 3H).
EXAMPLE B(1)
(3-{ 5-[4-Amino-2-(trityl-amino)-thiazol—S—yl]-[1,2,4]oxadiazol-3-yl }-phenyl)-

carbamic acid zerz-butyl ester

m%(:r“ﬁfx ‘

The starting material for use in preparing the title compound was prepared

15

according to the following Steps (i) and (ii).
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a group of the formula (G where R is alkyl, cycloal kyl, Heteptasmbpel¥B kyl ,
aryl, heteroaryl  or a group of formula 15 (A), formula (B), formula (CQ),
formula (H, ¥ BRI a (1) as defined herein, or a group oPCTHEOfI§I8%ul a

Step (): To a solution of 3.15g (26.7mmol, 1.0 eq.) of 3-aminobenzonitrile in
10mL of CH,Cl, was added a solution of 6.4 g (29.4 mmol, 1.1 eq.) of di-terrbutyl
dicarbonate in 10 mL of CH,CL, followed by 320 l;xg (2.7 mmol, 0.1 eq.) of DMAP
and 8' mL (30.1 mmol, 3.0 eq.) of pyridine. CO, evolved and the reaction was

5  followed by TLC until completion. The solvent was pumped off, the residue was
taken up in EtOAc, and washed with 1IN HCI and brine. The organic layer was dried
over Na SO, and the solvent was removed. The crude prodﬁct was purified on SiO,
(2% Et,0-CH,CL, eluant) to yield 5.4 g of 3-(t-butoxycarbamoyl)benzonitrile (yield

93%). Rf=0.9(10% Et0-CH,CL). '"HNMR (CDCL): 81.5 (s, 9H), 6.6 (s br, 1H),
10 7.35 (m, 2H), 7.55 (m, 1H), 7.82 (m, 1H).

Step (ii): To a solution of 2 g (9.17mmol, 1.0 eq.) of 3-(t-
butoxycarbamoyl)benzonitrile in 25 mL of EtOH was édded 0.84 mL (13.76 mmol,
L.5 eq.) of 50% aqueous solution of NH,OH. The reaction was placed in an oil bath
at180 *C and heated to 85 °C for 4 h. The solvent was removed in vacuo, and

15  residual watér was removed by azeotroping the residue with THF-toluene. Without
purification, thé crude hydroxyamidine (R, = 0.1 in 10% Et,0-CH,Cl,) was dissolved
'in 45 mL of DMF and 2.1 mL (12 mmol, 1.3 eq.) of diisopropylethyl amine and 110
mg (0.92 mmo}, 0.1 eq.) of DMAP were added. The mixture was cooled to —50 °C,
and a solution of 0.88 mL (11 mmol, 1.2 eq.) of 'chloroac.etyl chloride in 15 mL of

20 CH)CL, (or DMF) was added dropwise, under argon. The reaction was stirred at ~50
C for 1 h, and then poured into EtQAc and washed with 1N HCI and brine. The
organic layer was dried over Na,SO, and the solvent was removed. The rcsﬁt_lue was

~ taken up in 50 mL of dioxane and placed in an oil bath at 110 *C for about 1 h. The
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solvent was removed and the residue was purified on SiO, (Et,0-hexane eluant) to
yield 2 g of 5-chloromethyl-3-(3-(t-butoxy-carbamoyl)phenyl)-[1,2,4]-oxadiazole asa
white solid (70% overall yield for three steps). R 0.9 (10% E¢,0- CI-LCI ). 'H
NMR (CDCL): 8 1.5 (s, 9H), 4.75 (s, 2H), 6.62 (s br, 1H), 7.45 (dd, 1H), 7 62 (d br,
1H), 7.75 (m, 1H), 8.05 (m, I‘H).

The title compound was prepared as follows. To a solution of
tritylisothiocyanate (5.0 mmol) and cyanamide (5.5 mmol).dissolvefd in anhydrous
TI-[F (10 xﬁL) was added 1,8-diazabicyclo [5 4.0lundec-7-ene (5._5 mmol). Afier
stirring for 2 hours, the reaction was diluted wi£h acetonitrile (15 mL) and then
treated with 5-chloromethyl-3-(3-(t-butoxy-carbamoyl)phenyl)-[1,2,4]-oxadiazole
(2.5 mmol) and 1,8-diazabicyclo [5.4.0Jundec-7-cne (2.75 mmol). The product was
isolated after 1 hou'r by concentrating the crude reaction in vacuo, and
chromatographing the resulting oil (gradient elution, 20% EtOAc/hexane to 40%
I:‘:tOAc!hexane), giving 1.30 g of product (84% yield). 'H NMR (CDCL): §7.79
(1H, s), 7.60 (2H, m), 7.24 (16H, m), 6.91 (1H, s), 6.48 (1H, 5), 5.77 (2H, ), 1.52
(3H, s), 1.46 (6H, 5). ESIMS (MH"): 617.

The following Examples B(2) through B(36) were prepared in a similar
fashion to Example B(1).

EXAMPLE B(2)
33 -tert-Butyloxycarboxy-aminophenyl)-5-[2-[(3,4,5-trimethoxyphenyl)amino]-4-

amino-5-thiazolyl]-1,2,4-oxadiazole
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| Rl (H where Rl is hydrogen, al kyl, cycl oal kyl, het er ocsrcieBismbgy 2003, y | |

het er oaryl ; h¥vdrox_l¥120

0 0o/ PCT/US00/15188

"H NMR (d.-acetone): §1.5 (s, 9H), 3.7 (s, 3H), 3.85 (s, 6H), 7.0 (s br, 2H), 7.05 (s,
2H), 7.4 (t, 1H), 7.75 (d, 2H), 8.35 (s, 1H), 8.6 (s br, 1H), 9.7 (s br, 1H). ESIMS
(MH"): 541: (M-H): 539.
5  Aral Caled for C,H,N,O,S: C,55.54; H, 5.22; N, 15.55; S, 5.93. Found:; C, 56.45;
H,567;N, 1485 5,558,
EXAMPLE B(3) |
5-[3-(4-ren-Buty1-phenyl)-[1,2,4]oxadiazol-5-y1] - N’-(3,4,5-u'imethoxy-phenyl)-

thiazole-2,4-diamine

H; .
H;C . NH:
|
HaC Nj‘\if/ )
H
O-N

MS (FAB) [m+}/z Calc’d: 481. Found 481.

10

Anal. Calc’d: C, 59.86; H, 5.65; N, 14.54; S, 6.66. Found: C, 58.36; H, 5.53; N,
13.95; §, 6.36.
EXAMPLE B(4)

15 5-[3-(3-Methoxymethoxy-phenyl)-{1,2,4]oxadiazol-5-yl]- N°-(3,4,5-trimethoxy-

phenyl)-thiazole-2,4-diamine
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al koxy, anino, or a group of formula (A), formula (B), forkscatembyr 03
formula (D) as__defined herein, and Rk is hydrogen, al kyl, cycloal kyl,
het er ocycl oal R’W?wé?’g?l, 5 beteroaryl, or a group of fornul a RAUSK/EmsaIl a
(B), formula (C, formula (D), formula (E), or formula (F) as defined

herein, or
| Me o/
M Ho é’
AN
O

O-N
'"HNMR (300 MHz, DMSO-d,): §3.41 (s, 3H), 3.64 (s, 3H), 3.81 (s, 6H), 5.29 (s,
2H), 7.01 (s, 2H), 7.22 (m, 1H), 7.34 (br s, 2H), 7.47 (m, 1H), 7.70 (m, 2H), 10.76 (s,
IH). |
5  Anal. Calcd for C,H,,N,O,S « H,O: C, 52.48; H, 5.00; N, 13.91. Found: C, 52.47:
H, 498; N, 13.75. | o
Example B(ﬁ): 3-(3-(tert-butyloxycarboxyamino)-6-fluoro-phenyl)-5-[2-[(3,4,5-

trimethoxyphenyl)amino]-4-amino-5-thiazolyl]-1,2,4-oxadiazole

¢ Aok
A< T 7 Wo

0‘-

0

\
O

7
e, N
10

‘H NMR (CDCL,): § 1.5 (s, 9H), 3.7 (s, 3H), 3.85 (s, 6H), 6.6 (s br, 2H), 6.7 (s br, 1H),
7.05 (t, 1H), 7.55 (m br, 1H), 7.85 (m, 1H). ESIMS [MH]": 559.

E?cample B(6): 3-(2-methyl-5 ~(tert-butyloxycarboxyamino)-phenyl)-5-[2-[(3,4,5

nimethoxyphcnyl)-mnino]-4~a.mino-5-thiazolyl]-1,2,4—oxadiazoie

15



' : : ber 2003
a group of the formula (1) S/R (1) where R2 is hydrogen,2&i9e{gmber

o oo et WO%ﬁﬁl oalkyl, aryl, heteroaryl, or a group P%?(l)‘m%gw;s%sw' 2
(O as defined herein |

| _
O '\I N /N T
N)\s o-N

~0 H
"H NMR (CDCL): § 1.5 (s, 9H), 2.55 (s, 3H), 3.85 (s, 3H), 3.87 (s, 6H), 6.65 (s br,
2H), 7.22 (d br, 1H), 7.28 (s, 1H), 7.55 (d br, 1H), 7.85 (m br, 1H). ESIMS [MH]":
555.

5  Example B(7): 3—[3-[(3-methoxybenzoyl)anﬁno]-6—methyl-phenyl]—5-[2-[4{N N-

dimethy]aminophenyl)amino]-4-amino-5—thiazolyl]-1,2,4-oxadiazole

'HNMR (d,-DMSO): 5 2.55 (s, 3H), 2.9 (s, 6H), 3.85 (s, 3H), 6.75 (m, 2H), 7.18 (m,
iO 3H), 7.35-7.6 (m, 6H), 7.95 (dd, 1H), 8.35 (d, 1H), 10.3 (s br, 1H), 10.4 (s br, 1H). |
ESIMS [MHJ": 542, [M+Na]': 564.
Anal. Calcd. for C28 H27 N7 63 S: C,58.22; H,5.41,N, 16.97: S, 5.55. Found: C,
- 58.01; H,5.54, N, 16.13; S, 5.22.
Example B(8): 3-[3-[(l—ethyl-3—meﬂ1y]-lH-Pyrazole—S-carboxy)—amino]—(i-memyl-

15 phenyl]-5-[2-(3-hydroxymeﬂlylphenyl)anﬁno]-4~amino-5-tlﬁazolyl]-l,2,4-oxadiazole

.- 85



or R is a substituted or unsubstituted cycloal kyl, heter d&yPEEIbREE0030r

aryl that is %f ?Hz? Q Xis Cor N, and Qis a divalent radical having 2
or 3ring ato [ﬁ’ Ahe ri ng formed by Q PCT/US00/15188

OH- wh, @ o
N -
j‘i\\’g—é’ | N N,
N S o-N H I /N
H .

'H NMR (MeOD): 8 1.4 (¢, 3H), 2.3 (s, 3H), 2.6 (s, 3H), 4.5 (q, 2H), 4.65 (s, 2H),
6.75 (s, 1H), 7.1 (d br, 1H), 7.35 (m, 2H), 7.55 (m, 1H), 7.65 (m br, 1H), 7.8 (dd, [H),
8.25 (d, 1H). ESIMS [MH]": 531. |

5  Example B(9): 3-[3-[(1-ethyl-3-methyl-1H-Pyrazole-5-carboxy)-amino}-6-methyl-
phenyl]-5-[2-(3-methylpyrrolidinephenyl)amino}-4-amino-5-thiazolyl]-1,2,4- -

oxadiazole

2 .

2 0
j[%—«” T : N N/‘/
H S o-N H | N

'H NMR (MeQOD): 8 1.4 (t, 3H), 1.8 (m br, 4H), 2.3 (s, 3H), 2.6 (s br, 7H), 3.7 (5, 2H),

4.5 (g, 2H), 6.75 (s, 1H), 7.18 (m, 3H), 7.35 (m, 2H), 7.55 (m br, 1H), 7.65 (s br, 1H),
10 7.8(dd, 1H), 8.28 (d, 1H). ESIMS [MH]": 584.

Example B(10): 3-[3-[(1-cthyl-3-methyl~1H-Pyrazoie—5-carboxy)—amino]-6-rnethyl-

phenyl]-5-[2-(4-meﬁ1ylpyrrolidinephenyl)amin0]4~amino—5-ﬂﬁuolyl]-1,2,4~

oxadiazole
15
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15 t oget her with X, C* and N* in Formula I) each independeiftieptesdreiidd

fromC, N, O, of C- R5 and NNR5, where R5 is alkyl, aryl, heteroaryl,
al koxy, hydro%g) O cyano, or amno, which together w trCCUsSevigids* (i n

Formula 1) forma flve- or six-menbered aromatic or nonaronmatic ring.

L) NH @ .
j{\\’%—e"'; Y N/./
N~ S o-N H [/N.
H .

"H NMR (d,-DMSO): §1.32 (g 3H), 1.7 (m br, 4H), 2.2 (s, 3H), 2.6 (s, 3H), 3.3 (m,
4H), 3.6 (s, 2H), 4.45 (q, 2H), 6.85 (s, 1H), 7.3 (m, 5H), 7.6-(d, 2H), 7.92 (dd, 1),
8.28 (d, 1H), 10.25 (s, 1H), 10.8 (s br, 1H). ESIMS [MH]": 584.

5  Anal. Calcd. for C30 H33N9 02 S: C, 61.73; H, 5.70, N, 21.60; S, 5.49. Found: C,
61.52; H, 561, N, 21.52; S, 5.46.
Example B(11): (R,S)-3-[3-{2-i1ydroxy-4—meﬂ1yl pentanoyl)amino]-6-methyl-

phenyl] -5-[2-(3-methylpynplidinephenyl)amino]-4-amino-5-thiazoly]]—l,2,4

oxadiazole
10
" [ Nm T
N
JLQ’S_« A HJYN/
N o OH

'HNMR (MeOD): § 1.0 (dd, 6H), 1.65 (m, 3H), 1.9 (m, 4H), 2.6 (s, 3H), 2.8 (m br,
4H), 3.85 (s, 2H), 4.2 (dd, 1H), 7.13 (d br, 1H), 7.35 (m, 3H), 7.56 (m br, 1H), 7.72

15 (mbr,2H), 8 28 (d, 1H).
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The invention is also directed to pharmaceutical |y accept 23pismbariigd, 20
ve netabolites, and pharmaceutically acceptable salts

phar maceuti c '
of the conp%hﬁg’%g% Formula 1. 13 PCT/US00/15188

Example B(12)N: (3-{5-[ 4—Amino-2-(3,4,5-uimethoxy-phenylamino)-thiazol—S-yl]-

[1,2,4]oxadiazoyl}-4-chloro-phenyl)-carbamic acid tert-butyl ester

| vy,

'H-NMR (ds-acetone): § 9.71 (s, 1H), 8.71 (s, IH), 8.20 (m, 1H), 7.78 (m, 1H), 7.52
5 (m, IH), 7.06 (s, 2H), 6.95 (s, 2H), 3.85 (s, 6H), 3.72 (s, 3H), 1.50 (s, 9H). ESIMS:
_ MH)*: 575(100%), 577(30%).
Example B(13): (5-{ 5~[4—Amin6-2-(3,4,S-uimeﬂloxy-phenylamino)-thiazol-S-yl]-

[l,2,4]0Xadiazol—3-yl}-2,4-diﬂuoro-phenyl)-carbamic acid tert-butyl ester

i Y
' ? ' g’Ls i N H
B o ¢ 1
. D h 0
'H-NMR (ds-acetone) § 9.71 (s, 1H), 8.68 (m, 1H), 8,24 (m, 1H), 7.28 (m,.lH), 7.04
(s, 2H), 6.99 (s, 2H), 3.85 (s, 6H), 3.72 (s, 3H), 1.51 (s, 9H). ESIMS (MH)*: 577.
 Example B(14): (5-{ 5-[4-Amino—2-(3,4,5-trimethoxy—phenylanﬁno)—thiazol-S—y]]—

[1,2,4] oxadiazol—B-yl}-4—-chloro-2-ﬂuoro~phenyl)~carbamic acid tert-buty] ester
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DL
I ':fg%.

1
H-NMR (dg-acetone): § 9.72 (s, 1H), 8.68 (m, TH), 7.49 (m, 1H), 7.07 (s, 2H), 6.97(s,

2H), 3.85 (s, 6H), 3.72 (s, 3H), 1.51 (s, 9H). ESIMS(MH)*: 593(100%), 595(30% )

Example B(15): (5-{ 5-[4-Amino-2-(3,4,5-trimethoxy—phenylamino)-thiazol-S-yl]—

5 [1,2,4)oxadiazol-3 -y1}-2,4-dichloro-pheny1)-carbamic acid tert-butyl ester

2l
N2

o)
c

‘H-NMR (d;acetone): 89.73 (s, 1H), 8.71 (s, 1H), 7.96 (s, IH), 7.72 (s, 1H), 7.07 (s, -
2H), 6.98 (s, 2H), 3.85 (s, 6H), 3.72 (s, 3H), 1.52 (s, 9H). ESIMS(MH)":
609(100%),611 (60%).

10 'Example B(16): N—(3~{5-[4-Amin0-2-(3,4,5-methylamino)-thiazol-s-yl]— '

[1,2,4]oxadiazol-3-yl}-4-methyl-phenyl }-carbamic acid terr-butyl
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having the Formula 1k H | H' N NCH
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'H-NMR (d,-acetone): § 8.48 (s, 1H), 8.20 (m, 1H), 7.69(m, 1H), 7.55 (m, 1H), 7.28
(m, 1H), 6.77 (s, 2H), 3.02 (d, 3H), 2.55 (s, 3H), 1.55 (s, 9H). ESIMS: (MH)": 403,
(MNa)": 425.

Example B(17): N—(S—{5-[4-Amino—2'—(3,4,5-methylamino)—thiazol-s-yl}-

[1,2,4Joxadiazol-3-yl] -4-methyl-phenyl }-3-methoxy-benzamide

__NH,
\NJ\S I O\P .
H H
N N\n):lo/
| I |
"H-NMR (ds-dmso): & 10.33 (s, 1H), 8.59 (m, 1H), 8.35 (m, 1H), 7.95 (m, 1H), 7.5
(1, 2H), 7.45 (m, 2H), 7.36 (m, 1H), 7.19 (m, 2H), 3:88 (s, 3H), 2.91 (m, 3H), 2.50
(s, 3H). ESIMS: (MH)":437, (MNa)*: 459.

_Example B(18): N~(5-{ 5-[4-Amino-2-(6-morpholin-4-y1—pyridin~3-ylamino)—ihiazol—S-

y]]-{l,2,4]oxadiazol-3-yl}-2,4—-diﬂuoro—phenyl)-3-meﬂaoxy—benzamide

’\
?\’Qﬂui:c*@ '

"H-NMR (d,-dmso): § 10.62 (s, 1H), 10.27 (s, 1H), 8.39 (m, 1H), 8.33 (m, 1H), 7.85

.(m, 1H), 7.63 (m, 3H), 7.48 (m, 1H), 7.30 (s, 2H), 7.20 (m, 1H), 6.88 (m, 1H), 3.85

(s, 3H), 3.70 (m, 4H), 3.42 (m, 4H ). ESIMS: (MH)": 607.
Example B(19): N-{5-[5-(4—Amino~2-isopropylamino—thiazol-s-yl)-[1,2,4]oxadiazol—

3-y1]-2,4-diﬂuoro-phenyl}-3-methoxy-benzamide
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N— NH,
I v
)\ﬁJ\SI O )
' 0
F
'H-NMR (d,-acetone): & 9.37 (s, 1H), 8.70 (m, 1H), 7.65-7.60 (m; 3H), 7.45 (m, 1H),
7.34 (m, 1H), 7.18 (m, 1H), 6.78 (s, 2H), 3.96 (m, 1H), 3.90 (s, 3H), 1.30 (d, 6H).
5  ESIMS: (MH)": 487.
Example B(20): N-(5-{ 5-[4—Amino-2-{pyﬁdin-3-ylamino)-thiazol-ﬁ-yl}-

[1,2,4Joxadiazol-3 ¥ }-2,4-difluoro-phenyl)-3-methoxy-benzamide-TFA salt

g f,((
™

‘H-NMR (d,-acetoneand d,-dmso): § 11.07 (s, iH), 9.94 (s, 1H), 8.98 (m, 1H), 8.54
10 (m, 1H), 8,3b (m, 2H), 7.64 (m, 3H), 7.48-7.36 (m, 4H), 7.18 (m, 2H), 3.89 (s, 3H).

ESIMS: (MH)": 522.

Example B(21): {5-[5-(4-Amino~2-isopropy1amino—tlﬁazol-5—y1)-[1,2,4]oxadiazol-3-

y11-2,4-difluoro-phenyl}-carbamic acid tert-butyl ester

/LﬁJLS‘JQEo\N o
Peat
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wherein: 5 R is substituted or unsubstituted aryl or het%r¥sRispber 034

group of the W@W EORG-CO or R6-CS where R6 is substituted or
unsubstituted a yls, cycl oal kyl, heterocycl oal kyl al kenyl , F&ITIS00/15188

het eroaryl, al koxy, or N-R7R8 where

'H-NMR (d,-acetone): 8-8.42 (s, 1H), 8.18 (m, 1H), 7.70 (m, 1H), 7.67 (m, 1H), 7.26
(m, 1H), 6.73 (s, 2H), 3.97 (m, 1H), 2.54 (s, 3H), 1.50 (s, 9H), 1.29 (d, 6H). ESIMS:
(MH)": 431,

Example B(22): N-{ 3-[5-(4-Amino—2-isopropylamino—ﬂliazol—s-yl)-[1,2,4]oxadiazol-

5 3-yl]-4-methyl-phenyl }-3-methoxy-benzamide

)\NJ\SI 0., 71/@\
H N| ] i
o/
DS R
"H-NMR (d-acetone): § 9.59 (s, 1H), 8.42 (m, 1H), 8.03 (m, 1H), 7.57(m, 2H), 7.43-
7.7.37 (m, 3H), 7.14 (m, 1H), 6.73 (5, 2H), 3.97 (m, 1H), 3.88 (s, 3H), 2.60 (s, 3H),
1.29 (d, 6H). ESIMS: (MH)': 465.

10  Example B(23): {3-[5-(4-Amino—2-phenyl-thiazol-5-yl)-[l,2,4]oxadiazol-3-yl]-4-

methyl-phenyl }-carbamic acid tert-butyl ester

Q.
oA

'H-NMR (d,-acetone): § 9.78 (s, 1H), 8.44 s, 1H), 7.72 (m, 3H), 7.42 (;n, 2H), 7.39

(m, 1H), 7.11 (m, 1H), 6.91 (s, 2H), 2.57 (s, 3H), 1.51 (s, SH). ESIMS: (MH)": 465.
~ 15 Example B(24): (3-{ 5-[4—Amino-2-(1H-benzoimidazol-s~yl)-thiazol-5—yl]-

[‘l.,2,4]oxadiazol—3-yl}-4—methyl-phenyl)-carbamic acid tert-butyl ester

Example B(25): (3-{5-[4-Amino-2—(3,4,S-mmet}loxy-phenyl)-ﬂﬁazol-S-yl]- _

[l,2,4]oxadiazol-3-yl}-4—methyl-phenyl)—¢nrbamic acid teft—butyl ester
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R7R8 are each independent'l y hydrogen or a substituted or sirBiember2 &g

| kyl |, [: 10 R2 i defi ned above; Xi sCorN: and
al kyl, aryl, wfgkppoary IS as PCTNUS00/15188

"H-NMR (d,-acetone): 5 9.62 (s, 1H), 8.23 (m, 1H), 8.09 (m, 1H), 7.15-7.05 (m, 2H),
7.39 (m, 3H), 6.82 (s, 2H), 6.91 (s, 2H), 4.07-3.85 (s, 9H), 3.76 (s, 3H), 1.49 (s, 9H).
ESIMS: (MH)": 571.

5  Example B(26): 2-Ethyl-5-methyl-2H-pyrazole-3-carboxylic acid {3-[5-(4-amino-

2-phenyl-thiazol-5-y1)-[1,2,4]oxadiazol-3-y1] -4-methyl-phenyl }-amide

'H-NMR (ds-acetone): & 10.75 (s, 1H), 9.42 (m, 1H), 8.38 (m, 1H), 7.99 (m, 1H), 7.20
10 (m, 2H), 7.45-7.35 (m, 3H), 7.12 (m, 1H), 6.90 (s, 2H), 6.74 (s, 1H), 4.55 (quartet,
-2H), 2.62 (s, 3H), 2.21 (s, 3H), 1.39 (t, 3H). ESIMS: (MH)": 500, (MNa)": 523.
Example B(27): 2-Eﬂlyl-S-methyl—2H-pymzole-3-c'arboxylic’ acid [3-(5-{ 4-1-amino~2-
[6-(4-methyl—piperazin-I-yl)-pyridin-S-yI]-thiazol—S—yl}-[1,2,4]oxadiazol-3-yl)-4-
methyl-phenyl]-amide

15
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Y and Z are each.independently C, N, S; 0, CR5 or N-R5 wer¥riembes2003

defi ned abovey armaceutical ly acceptabl e prodrugs, pharnmaceutically
active 15 nme éﬂ@ﬁ?ﬁgs, and pharmaceutical |y acceptabl e sal t(FET{USEH/E53%8

Advant ageous

"H-NMR (CD,OD): § 8.37 (m, 1H), 8.25 (m, 1H), 7.89 (m, lH); 7.77 (m, 1H), 7.34
(m, 1H), 6.87 (m, 1H), 6.73 (Jﬁ, 1H), 4.51 (quartet, 2H), 3.58 (m, 4H), 2.72 (m, 4H),
2.58 (s, 3H), 2.46 (s, 3H), 2.28 (s, 3H), 1.42 (t, 3H). ESIMS: (MH)": 600.

S5 Example B(28): N-[5-(5-{ 4-Amino-2-[6-(4-methyl-piperazin-1-yl)-pyridin-3-yl]-
thiazol-5-y1}-{1,2,4joxadiazol-3-yl)-2-chioro-4-methyl-phenyl]-3 -methoxy-

benzamide

\N()Nﬁ ,1 NH,
T
e aes HYQ/

10 | 'H-NMR (ds-acetone and ds~dmso):  10.51 (s, 1H), 9.89 (s, 1H), 8.47 (m, 2H),
7.91 (m, 1H), 7.70-7.51 (m, 3H), 7.45 (m, 1H), 7.20-7.14 (m, 3H), 6.89 (in, 1H},
3.91 (s, 3H), 3.58 (m, 4H), 2.67 (s, 3H), 2.58 (m, 4H), 2.36 (s, 3H). ESIMS:
(MH)": 632.
Example B(29): 2-Hydroxy-4-methyl-pentanoic acid [3-(5-{4-amino-2-[6-(4-methyl-
15 p'iperazin—l-yl)-pyﬁdin—S-yl]-thiazol—S-yl}-{l,2,4]oxadiazol-3-yl)-4—methyl-phenyl]-

amide
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met hods of neking the conpounds of the Fornula Il are al sZfEstembsed003nbr e

preferably, t%dggﬁgtlon Is directed to conpounds of Fornula Il wherein:
R is substitlted unsubstituted aryl or heteroaryl, or RECTUSHYISRS- CS

where R6 is substituted or unsubstituted al kyl, cycl oal kyl,
het er ocycl oal kyl

O e
Na I HJ\S O‘N : 9y
N'-JIlej\/l\

‘H-NMR (CD,OD): & 8.47 (m, 1H), 8.28 (m, 1H), 8.01 (m, 1H}, 7.68 (m, 1H), 7.32

(m, 1H), 7.00 (m, 1H), 4.20 (m, 1H), 3.41-3.31 (m, 7h), 2.99 (m, 4H), 2.59 (s, 3H),
1.93 (lh, 1H), 1.65 (m, 2H), 1.10 (d, 6H). ESIMS: (MH)": 578.
5  Example B(30): 2-Eﬂ1yl-5-methyl-2H-pyrazole-3-carboxylic acid (3-{5-[4-amino-

2-(4-hydroxy-phenyl)-thiazol-5-y1]-[1,2,4]oxadiazol-3-yl }-4-methyl-phenyl)-

H
NH,
oL
YL

"H-NMR (d,-acetone): 5 9.77 (s, 1H), 9.43 (s, 1H), 8.36 (m, 1H), 7.98 (m, 1H), 7.66

amide

10 (m, 2H), 7.41-7.36 (m, 3H), 6.90 (s, 2H), 6.75 (s, 1H), 4.64 (m, 2H), 4.54 (quartet,
| 2H), 4.14 (m, 1H), 2.61 (s, 3H), 2.20 (s, 3H), 1.39 (t, 3H). ESIMS: (MH)": 531.
Example B(31): (Z)-2-Methyl-but-2-enoic acid [3-(5-{4-amino-2-[4-(4-methyl-

piperazin-1-yl)-phenylj-thiazol-5-y1}-{1,2,4]oxadiazol-3 -y1)-4-methyl-phenyl]-amide

0




- 22 September 2003
14 22 Septenber 2003 WO 00/ 75120 PCT/ US00/ 15188 P

WO 00/75120 PCT/US006/15188

"H-NMR (d,-acetone): §-10.55 (s, 1H), 9.92 (s, 1H), 8.60 (m, 1H), 8.24 (m, 1H), 7.81
(m, 2H), 7..31 (m, 1H), 7.2."2 (s, 2H), 6.87 (m, IH)‘, 5.61 (m, 1H), 3.45 (m, 4H), 2.50
(s, 3H), 2.40 (m, 4H), 2.22 (s, 3H), 1.92 (s, 3H), 1.72 (d, 3H). ESIMS: (MH)": 546.
Example B(32): (Z)-2-Methyl-but-2-enoic acid (3-{5-[4-amino-2-(3-pyrrolidin-1-

5 ylmethyl—phenyl)~tlﬁazol—5-yl]-[1,2,4]oxadiazol-3—yl}-4-methyl-phenyl)-amide

()

N

' " NH,
NJI\S _O\N . '
0 LA
N RN
G

'H-NMR (CD,OD): 5 8.31 (m, 1H), 7.80 (m, 2H), 7.68 (m, iPD, 7.50 (m, 2H), 7.32
(m, 1H), 5.70 (m, 1H), 4.33 (s, 2H), 2.59 (s, 3H), 2.16 (s, 3H), 2.16 (m, 4H), 1.99 (m,
4H), 1.80 (m, 3H). ESIMS: (MH)': 530. |

10 Example B($3): (3-{5-[4-Amino-2—(3-pyrro]jdin-1-ylmethyl-phenyl)-thiazol—S-—yl]-

[1,2,4]oxadiazol-3-yl }-4-methyl-phenyl)-carbamic acid tert-butyl ester

()

N
NH
N 2
L I o
nu*si o
N NTO%
'}
'H-NMR (d,-acetone): 8 10.48 (s, 1H), 8.61 (m, 1H), 8.47 (m, 1H), 8.23 (m, 1H), 7.74

(m, 1H), 7.63 (m, 1H), 7.38-7.28 (m, 5H), 4.33 (s, 2H), 3.47 (m, 4H), 2.80 (m, 4H),
15 2.58(s,3H), 1.51 (s, 9H), ESIMS: (MH)"; 548.
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al kenyl , aryl, heteroaryL al koxy, or NR R where R R are %aydhtember 2003

| ndependent |y, Otaé/gglgﬁen or substituted or unsubstituted al kyl, aryl, or
het er oaryl ; RY9; bstituted or unsubstituted aryl or het @co@sglisisX and Y

are each independently Cor N, and Zis Sor O In another preferred
enbodi nent of conpounds of the

Example B(34): (3-{5-[4—Amino-2-(3-pyrro]idin-l-ylmethyl-phenyl)—thiazoI-S-yI]-

(1,2,4]oxadiazol-3-y1}-4-methyl-phenyl)-carbamic acid isobutyl ester

'H-NMR (de-acc_atone): 8 10.46 (s, 1H), 8.75_(m, 1H), 8.52 (m, 1H), 8.26 (m, 1H), 7.74

5 (m, 1H), 7.63 (m, 1H), 7.36-7.27 (m, 3H), 7.22 (s, 2H), 4.29 (s, 2H), 3.92 (d, 2H),
3.22 (m, 4H), 3.09 (m, 4H), 2.57 (s, 3H), 1.98 (m, iH), 0.97 (d, 6H), ESIMS:
.(MH)*':548.

¢ '
"m”’glﬁﬁo‘f‘ (o
oA

10 | 'H-NMR (ds-acetone): § 9.79 (s, 1H), 8.45 (s, 1H), 8.11-8.15 (m, 2H), 7.71 (m, 1H),
7.64 (m, TH), 7.39 (m, 1H), 7.29 (m, 1H), 6.79 (s, 2H), 2.57 (s, 3H), 1.51 (s, 9H).
ESIMS: (MH)*: 505.

Example B(35): 3-[3-[(3-meﬂ10xybenzoyl)amino]-6-methyl-phenyl]—5-(2—
phenyiamino)—d-amino-s-ﬂliazolyl]-1,2,4-oxadiazole |

15
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5 Formula IL R and R are each independent!|y substituted Zr3fptempe;200¢ v

is Cor N, %0%7%1%8 or O Mirre preferably, R is a substituted or
unsubstituted alkyl, R2 is a substituted aryl, Xis C, Y isPETHSIOSI8Nd Z

is Sor O In another preferred general enbodinent, the invention rel ates
to '

4 N\’D\ L |
j‘L\ @ N o
N S O"N H :

H

'H NMR (dG-DMSO): 82.55 (s, 3H), 3.85 (s, 3H), 7.1 (m, 1H), 7.18 (m, 1H), 7.2 (s

br, 2H), 7.4 (m, 2H), 7.45 (m, 2H), 7.55 (m, 2H), 7.7 (dd, 2H), 7.95 (dd, 1H), 8.35(d,
5 1H), 10.35(s br, 1H), 10.85 (s br, 1H). ESIMS [MH]": 499.

Anal. Caled. for C26 H22 N6 03 S: C, 62.54; H, 445, N, 16.86; S, 6.43. Found: C,
‘_ 6241, H, 454, N, 16.72; §, 6.30.

(4-morpholinyl)-pyridinyl]-4-amino-5 ~-thiazolyl}-1,2,4-oxadiazole

Naw N S O"N H
H

"HNMR (d,-DMSO): §2.55 (s, 3H), 3.4 (m, 4H), 3.7 (m, 4H), 3.85 (s, 3H), 6.9 (d,

AT Iy

A

ample B(36): 3-{3-{3-methoxybenzoylamino}-6-methyl-phenyl]-5-[2-[3-amino-6-

10

1H), 7.15 (m, 1H), 7.22 (s br, 1H), 7.35 (d, 1H), 7.45 (m, 1H), 7.55 (m, 2H), 7.55 (dd,
1H), 7.95 (dd, 1H), 8.4 (dd, 2H), 9.75 (s br, 1H), 10.35 (s br, 1H), 10.7 (s br, 1H).

15 ESIMS [MH]": 585.
Example B(37): 5-{3-[3-(5-Methyl-2H-[1 »2,4]triazot-3-yl)-phenyl}-[1,2,4-

oxadiazol-S-yl}-N2-{3,4,5-uimethoxy-phenyl)—thiazole-2,4-diamine
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cormpounds of Formula I11: HN RL 22 September 2003

WO 00/75120 PCT/US00/15188

) _ N -
NP
OD{ s Y N - "f_T{
: N
™0
(A) To1(6.0g, 37.5 mmol) in 120mL EtOH was added hydrazine

(6.24mL, 200mmol, 5.3 eq.) dropwise. The resulting solution was placed in a 90
°C oil bath. The reaction was aliowed to stir until 1 disappeared by TLC (~2h).

5  The reaction was allowed 0 cool, the solvent was reduced to ~50mL by rotary
evaporation, and 2 precipitated as a white solid. The solid was collected by
filtration. The volume of the filtrate was further reduced to ~20mL and diluted
with ether (10mL) allowing a second crop of 2 to be collected. The two crops
were combined after 'H NMR showed them to be equally pure (vield: 5.07g, 83%).

10  Rf1=0.8 (25%CH,CL-EtOAc), Rf 2= 0.2 (25 %CH,Cl-EtQAc).
2: 'H-NMR (d,-dmso): 5 9.98 (s, 1H), 8.21 (m, 1H), 8.14 (m, 1H), 8.00 (m, 1H),

7.71 (m, 1H), 4.60 (s, 2H).

E©OH - NH
+ HNN, BOH - N
S ™~ wiax NH,
N . 2

(B) To asolution of acetamidine HCI (2.3g, 24.6 mmol, 1eq) in 20mL
15  anhydrous ethanol was added NaOEt (24.6mL, 1M in EtOH, lreq) under a;'go'n. After
30 min. the cloudy solution was filtered tﬁrough a fritted funnel packed with celite.
To the resulting clear solution was added 2. Upon addition of 2 the reaction. turns

yellow and cloudy. The solution clears after ~5 min. of stirring and then a heavy



10 Mwherein: R is substituted or unsubstituted aryl or Heteteghey 003,
R6- CO or R6- Cwo ewrmsizo PCT/US00/15188

precipitate forms. The-reaction is allowed to stir until 2 disappears by TLC (3h). Rf
2= 0.75 (30%EtOH: 30%CHCI3: 40%EtOAc), Rf of uncyclized intermediate = 0.2
(30%EtOH: 30%CHC13: 40%Et0Ac). The reaction was stirred on ice foi'_ 30 min.
and then filtered to yield a white solid (2.125 g, 85%). 2.07g of this intermediate was
5  dissolved in 10mL xylenes and 0.52mL 1-octanol and placed in a 150 °C oil bath.
After ~15h full conversion to 3 was observed by TLC and white crystals had
precipitated. The reaction was placed in an ice-MeOH bath for 15 min. and then
filtered. The crystals were washed with cold xylenes and then dried to yield 1.636g 3
(83%). Rf 3 = 0.6 (30%EtOH: 30%CHCI3: 40%EtOAc). 3: 'H-NMR (d,~-dmso): &

10 13.89 (s, 1H), 8.27 (m, 2H), 7.86 (m, 1H), 7.67 (m, 1H), 2.43 (s, 3H).

\*CT :
NH, 4+ /E —LEQLEOA
N/OY NH, - 2, xytenes, 1 y /@W___
2 s) 3 N—y

Compound 3 was further reacted in a similar manner according to the
procedure of B(1) to form Example B(37). 'H-NMR (ds acetone): § 8.85 (m, 1H),
15 8.26 (m, 1H), 8.15 (m, 1H), 7.63(m, 1H), 7.09 (s, 2H), 7.01 (s, 2H), 3.86 (s, 6H), 3.72
(s, 3H), 2.49 (s, 3H). ESIMS: (MH)*: 507. |
Examples B(38) and B(39) are formed in a similar manner to the procedure described
in B(37).
Example B(38): 5-{3-[3-(5-isopropyl-2H-[1 ;2,4]triazol-3-yl)-phenyl}-[1,2,4

20 jbxadiazol-S-yl}-N2—(3.4,5-uimeﬂloxy-phenyl)-miazole-z,4~diamine
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where R6 i's a substituted or unsubstituted al kyl, al keny

| 122a$eyFe1mber 2003

heteroaryl, akk®udfrs1200r N R7R8 where R7R8 are each independently hydrogen,

al kyl ,

cycl oal kyl, heterocycl oal kyl, aryl, heteroaryl, al koxy, aryloxy, or
where R7R8 are each independently

'H-NMR (d.-acetone); & 13.79 (s, II;I), 10.78 (s, 1H), 8.63 (m, 1H), 8.15 (m, 2H),
7.63 (m, 1H), 7.36 (s, 2H), 7.02 (s, 2H), 3.81 (s, 6H), 3.72 (s, 3H), 3.13 (septet, 1H),
1.33

5  (d, 6H). ESIMS: (MH)": 535.
Example B(39): 5-(3-{5-{5-Isobutyl-2fl-[l,2,4] triazol-3-yl)-phenyl-[1,2,4]oxadiazol-

5-yi) —N2-(3,4,5-lrimcﬂ10xy-phenyl)—thiazole—2,4~diamine

\
peline
—0 ﬁ'\s O N——"/Y |

'H-NMR (d,-acetone): § 12.75 (s, 1H), 9.68 (s, 1H), 8.81 (m, 1H), 8.23 (m, 1H), 8.11
10 (m, 1H),7.58 (m, 1H), 7.02 (s, 2H), 6.93 (s, 2H), 3.77 (s, 6H), 3.67 (s, 3H), 2.51 (d,

2H), 2.01 (m, 1H), 0.98 (d, 6H). ESIMS: (MH)": 549.
EXAMPLE B(40)

101

aryl, or heteroaryl; 15 R3 is substituted or unsubstBATHSE1HBKY|

N- R7R8



hydrogen, alkyl, aryl, or heteroaryl; 15 22 September 20032\RePEEPILA0Y

WO 00/75120 PCT/US00/15188

EXAMPLE B(41)
o o

SOy T

5 EXAMPLE B(42)

7 |
TN < 0
N
EXAMPLEB§4-3!'-

NN N

4-(3-Aminophenyl)-N"~(3,4,5-wimethoxyphenyl)-[2,5’ Jbithiazolyl-2’,4’-diamine

10 EXAMPLE C(1)

-

™~ N/&SI||

NH
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PCT/ US00/ 15188 R4 i s hydrogen,

anm no, nitro,
S, 0, &GR5 or

10

15

2 b,
hydroxy, lower alkyl, hal o,2%%REmbsT 1%y,

| fluoronmethyl; and .Y and Z are each independently C,
%&Hg éﬁ bre R5 i's PCT/US00/15188

A solution of (3-nitrophenyl)-N"—tdmethoxyphenyl-[2,5 Tbithiazolyl-2" 4~
diamine (1 mmo}), prepared as in Example A(1), and stannous chioride (3 mmol) in
DMF (3 mL), under an argon atmosphere, was stirred at 50 °C (internal temperature)
for 25h. The resulting dark-brown solution was diluted with ethy?! acetate (10mL)
and NaHCO, (10 mL), causing formation of a precipitate, which was removed by
ﬁltratmn and rinsed with 50% DMF/ethyl acetate (20 mL) until the filtrate was nearly
colorless. The filtrate was then washed with NaHCO, (30 mL), brine (30 mL), dried
over MgSO,, filtered, stripped of solvent, and purified by flash chromatography
(gradient elution, 10% acetone/CH,CY, 0 40% acetone/CH,CL) to give 4-(3-
aminophenyl)-N"-(B,4,5-ttimethoxyphenyl)-[2 5’]bithiazolyl-2’,4’ —dlamme Mp 205-
210°C (decomp). 'H NMR (DMSO-d‘) 810.35 (br d, NH,), 741 (s, 1H), 7.18 (s,
1H), 7.07 (d, 1H, J = 4.82 Hz, 1H), 7.00 (s, 2H), 6.95 (s, 1H), 6.57-6.52 (m, 1H), 5.13 -
(br d, NH,), 3.80 (s, 6H), 3.65 (s, 3H) FABMS (MH"): 456.

Anal. Caled for C.H,NOS;: C,5537;H, 4.65; N, 15.37; S, 14.08. Found: C,
55.59; H, 4.72; N, 15.11; 8, 13.92.

EXAMPLE C(2)

3-[3-Aminopheny1)-5-[2-{(3 +4,5-trimethoxyphenyl)amino}-4-amino-5 ~thiazolyl]-
1,2,4-oxadiazole

103
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unsubstituted or substituted alkyl or aryl; 5 as well as pgl%aﬁeﬁifg@ﬁ’f%o@ally

accept abl e pr har maceutical |y acceptable netabolites, and
phar ﬁaceut i cafﬁg%gﬁ?égt able salts thereof. Especially prefer PEUSp04s188

conpounds of Fornula IV:

/'\\ 7 | NH2
S oN

A solution of 267 mg (0.49 mmol) of 3-(3-t-butyloxycarboxy-aminophenyl)-
5-[2-[(3,4,5- tnmethoxyphenyl)annno]-4—anuno S-thiazolyl]-1,2 4-oxad1azole
(prepared according to Example B(2)) in 3 mL of 50% triﬂuoroacetic acid in

5 dlchloromethane was stirred for 60 minutes at ambient temperature and then poured
onto ice. 3N NaOH was added dropwise until the solution was basw and the mixture
was extracted with EtOAc. The orgaric layer was washed with NaHCO, and brine,
and dried over Na,SO,. The solvent was removed to yield 204 mg (95% yield) of the
tide compound as 2 light yeliow solid.

10 . "HNMR (d,-acetone): 3.6 (s, 3H), 3.75 (s, 6H), 4.8 (s br, 2H), 6.75 (m, 1H), 6.85 (s
br, 2H), 6.95 (s, 2H), 7.1 (, 1H), 7.25 (m, 1H), 7.35 (m, 1H), 9.6 (s br, IH) ESIMS
(MH"): 441; (M-H): 439.

Anal. Caled for C,H,)N,O,S: C, 54.53; H, 4.58; N, 19.08; S, 7.28. Found: C, 54.79;
H, 4.59; N, 18.81; S, 7.09.

15 EXAMPLE C(3)
4-[4'-Amino-4-(3-anﬁno-ﬁhenyl)-[bittﬁazolyl—?-ylamino]-benzenesulfonamide
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WO 00/75120 PCT/USG0/15188

NH,,

=
s/

In a similar manner to that described above for Examples C(1) and C(2), the
title compound was prepared. |
'HNMR (CD,0D): §7.88 (s, 4H), 7.42 (s, 1H), 7.40-7.29 (m, 2H), 7.25-7.18 (m,

5 1H), 6.80-6.72 (m, 1H). FABMS (MH'); 445,
Example C(4): 3-[3-an1iuo-6-ﬂuorophenyl];5—[2-[(3,4,5-trimethoxyphenyl)amino}-4—

amino-5-thiazolyl]-1,2,4-oxadiazole

F _
O/ NH,
\ N N
(o) )I\\ 4 Il\l “NH,
H

~o
‘H NMR (CDCL,-MeOD 10:1): 8 3.85 (s, 3H), 3.95 (s, 6H), 6.75 (m, 2H), 7.1 (m, 2H),
10 7.7 (s br, 1H). ESIMS [MH]": 459.
Example C(5): 3-[2-ﬂuoro-4—methoxy-5-aminophenyl]-S-[2-[(3,4,5-

trimethoxyphenyl)amino]-4-amino-5-thiazol y1}-1,2,4-0xadiazole

| |
F
‘ o~ NH, ﬁo
N
o )Nﬁg-—(f T NH,
N~ 8 o-N
H |

~0
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wherein: 10 R is substituted or unsubstituted aryl or hePet Brmprr 209
R6- CO wher e d Rpsubstituted or unsubstituted al kyl, alkenyl, aryl,
heteroaryl, alkoxy, cycloalkyl, fieterocycloallryl, or N RPREURPEISER7RS

are each independently hydrogen, alKkyl,

'H NMR (d,-DMSO0): §3.6 (s, 3H), 3.8 (s, 6H), 4.0 (s, 3H), 6.95 (s br, 2H), 7.2 (m,
3H), 8.65 (d, 1H), 9.05 (s br, 1H). ESIMS [MH]}': 489.
Example C(6): 3-(3-amino-6-methyl-phenyl)-5-[2-[(3.4,5 trimethoxyphenyl)-amino]-

4-amino-3-thiazolyl]-1,2,4-oxadiazole

\ o NH, WD\
N
O. )Né_( ; NH,

~
5 0]

'H NMR (CDCL): 82.05 (s, 3H), 3.8 (s, 9H), 6.2 (s br, 2H), 6.6 (s br, 2H), 6.8 (m br,
1H), 7.05 (m br, 1H), 7.45 (s br, 1H). ESIMS [MH]": 455.
Example C(7): 5-[3-(5-Amino-2-chloro-phenyl)-[1,2,4]oxadiazol-5-y1]-N2-(3,4,5-

trimethoxy-phenyl)-thiazole-2,4-diamine

;o . | N
;Jé‘.ni_sj\(o“n
10 \ N;b’“

"H-NMR (d,-acetone): § 9.58 (s, 1H), 7.13 (m, 2H), 6.92 (s, 2H), 6.78 (s, 2H), 6.70
(m, 1H), 491 (s, 2H), 3.78 (s, 6H), 3.58 (s, 3H). ESIMS:(MH)": 475 (100%),477
(30%.)

15  Example C(S):5-[3-(5—Anﬁno—2,4,-diﬂuoro-phenyl)-{I,2,4]oxadiazol-5-yl]-N2-(3,4,5-

trimethoxy-phenyl)-thiazole-2,4-diamine
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aryl, or heteroaryl; R3 is substituted or unsubstituted alddfeptesper 2MBky|

het er ocycl oal %?/(#I @ﬁl 15 heteroaryl, al koxy, aryloxy, or N R7R8where
R7R8 are each ?1%73 dently hydrogen, alkyl, aryl, or heterRSaig300/15188

ﬁ%

'H-NMR (d-acetone): § 9.72 (s, 1H), 7.63 (m, 1H), 7.09 (m, 1H), 7.05 (s, 2H), 6.94
(s, 2H), 4.83 (s, 2H), 3.85 (s, 6H), 3.72 (s, 3H). ESIMS (ME)": 477.
Example C(9): 5-[3-(5-Amino-2-chloro-4—ﬂuoro-phenyl)~[I,2,4] oxadiazol-5-y1]-N-

5 (3,4,5-trimethoxy-phenyl)-thiazole-2,4-diamine

By
A O
N S 1

? - N
F

'H-NMR (ds-dmso) & 10.76 (s, IH), 7.36 (m, 2H), 7.18 (s, 2H), 6.93 (s, 2H), 5.60 (s,

- 2H), 3.86 (s, 6H), 3.73 (s, 3H). ESDMS (MHD)* 493(100%),495(30%).

EXAMPLE D(1
10 N-{3~[4’-Am'ino-2'-(3,4,5-u-imethoxy-phenylanﬁno)-[2,5’]bithiazolyl-4-yl]-phenyl}

acetamide

OCH,

e
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R4 is independently selected from hydrogen, hydroxy, | ower?2aisRipmbenZ(03,

: : i | : YisCorN and 16
L over al koxy, wagidMageni tro, and trifluoronethyl; PCT/US00/15188

Acetic anhydride (21.3 pL, 0.2250 mmol) was added to a solution of 4-(3-
aminophenyl)-N"-(3,4,5-trimethoxyphenyl)-[2,5 ’1bithiaz01y1-2’,4’-diam_ine (50.0 mg,
0.1125 mmot), prepared as described in Example C(1), dissolved inlpyridi_ne (28.5
ML, 0.352 mmol), DMF (70 pL), and THF (700 uL) at -15 °C (bath temperature).

5  After 30 minutes, the reaction was 'quenched with MeOH (0.5 mL), concentrated, and
purified by preparative C-18 i‘everse—phase HPLC (gradien; elution, 95% H,0/0.1%
TFA/CH,CN to 5% H,0/0.1% TFA/CH,CN), giving 46 mg (82% yield) of N-{3-[4'-
amino-2'-(3,4,5-trimethoxy-phenylamino)-[2,5')bithiazolyl-4-yl}-phenyl }acetamide. -
"H NMR (CDCL): §7.97 (s, 1H), 7.56 (d, J = 7.7 Hz, 1H), 7.44 (d, J = 7.8 Hz, 1H),

10.  7.30(t,J=7.6 Hz, 1H), 7.27 (s, 1H), 7.19 (s, 1H), 6.55 (s, 2H), 5.90-6.10 (bs, 1H),
3.82 (s, 6H), 3.78 (s, 3H), 2.14 (s, 3H). ESIMS (MH’) 498. |
Anal. Caled. for C,;H,,N,0,S,-(0.5 H,0, 0.5 acetone): C, 54.93; H, 5.08; N, 13.08; S,
11.97. Found: C, 54.73; H, 4.80; N, 13.21; S, 11.98.
In a manner analogous to thét described for Example D(1}, the following
15  Examples D(2) through D(57) were prepared.

EXAMPLE IX{2)

N-{3-[4-Amino-2'(3,4,5-trimethoxy-phenylamino)-{2,5 "Jbithiazolyl-4-y1])-phenyl } -

C-phenyl-methanesulfonamide

OCH,
HC P |
H,CO ; “ﬁ .
~
"j\g p {0\.©
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22 Septenber 2003 WO 00/ 75120 PCT/US00/ 15188 ZisSor0; as Ateioptegber 2003
pharmaceuti cakyyogePt abl € prodrugs, pharmaceutically acceptable

10

15

'HNMR (CDCL): §7.61 (s, 1H), 7.55(d, J = 7.9 Hz, 1H),7.32(d, /= 7.9 Hz, 1H),
7.26-7.16 (m, 5H), 7.03 (s, 1H), 7.00 (s, 2H), 6.51 (s, 2H), 6.42 (s, 1H), 5.90-6.00 (bs,

2H), 4.26 (s, 2H), 3.78 (s, 6H), 3.74 (s, 3H). ESIMS (MH" ): 610.

* Anal. Calcd. for C,H, N,0,S,-0.3 H,O: C, 54.67; H, 4.52; N, 11.39. Found: C,

54.70; H, 4.52; N, 11.04.

EXAMPLE D(3)
N—{3-[4'-Amino~2‘-(3,4,5-uimethoxy-phenylanﬁno)-[Z,S'] bithiazolyl-4-y1]-phenyl}-

methanesulfonamide

HC

'"HNMR (CDCL): §7.81 (s, 1H), 7.69 (d, J = 7.8 Hz, 1H), 745 (t, J = 7.9 Hz, 1H),
7.26 (s, 1H), 7.24 (s, 1H), 6.73 (bs, 1H), 6.70 (s, 2H), 3.92 (s, 6H), 3.89 (s, 3H), 3.12
(s, 3H). ESIMS (MH"): 534.

Anal. Caled. for C,H,N,O;S,-0.9 TFA: C,44.92;H,3.79; N, 11.01: S, 15.12.
Found: C,44.94; H,3.87; N, 11.12. '
EXAMPLE D(4)
{3—[4'-Amino—2'-(3,4,5-n'imethoxy-phenylamino)-[2,5']bithiazolyl—tl—yl]-pheuyl}-

carbamic acid pheny! ester
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nmet abolites, and pharmaceutically acceptabl e sal és tpelr:eofzzlsF?BlFe{é;‘ber25003
r ef er abl t tionis directed to conmpounds o ornmul a ,
y y %t@éﬁgt uted or unsubstituted aryl or heter oaHT/US§#/13R88 CO

wher ei n: iS'S
OCH,
Hsc I NH,
|
H,C0 {*}A ; e
kL“,o
P

where R6 | s NRR
'HNMR (CDC1,): 68.04 (s, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.46-7.38 (m, 5H), 7.28-
7.18 (m, 4H), 7.14 (s, 1H), 7.05 (5, 1H), 6.64 (s, 2H), 6.09 (bs, 1H), 3.91 (s, 6H), 3.87
(s, 3H). ESIMS (MH'): 576. |

5 Anal. Caled. for C,,H,N,0,5,0.3 DMF: C, 58.08: H, 4.57; N, 12.42; S, 10.73.

Found: C, 58.33; H, 4.39; N, 11.53; S, 10.68.
EXAMPLE D(5) |
N-{ 3-[4'-Amino-2'-(3,4,5-tﬁmethoxy—phenylamino)-[2,5']bithiazolyl—4—yl]-phenyl }-2-

phenyl-acetamide

OCH,
Hacoﬁ\ NH,
4 T
oS Q\@n

'HNMR (CDCL): 87.89 (s, 1H), 7.64 (d, J = 7.4 Hz, 1H), 7.47-7.32 (m, TH), 7.14
(s, 1H), 7.10 (s, 1H), 6.64 (s, 2H), 6.06 (bs, 2H), 3.91 (s, 6H), 3.87 (s, 3H), 3.79 (s,
2H). ESIMS (MH"): 574.

Anal. Caled. for C,H,N,0,S: C,60.71; H, 4.74; N, 12.21; §, 11.18. Found: C,

15  60.88;H,4.78; N, 12.00: S, 11.14,
EXAMPLE D(6)
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where R R are each independently hydrogen, alkyl, aryl, of*3felamssfd®; r3

IS substitut eqﬁ% .}g&ﬁubst Ituted al kyl, aryl, heteroaryl, or al koxy; R4a)
and R4 are independently hydrogen, |ower alkyl, or halo; YHE/USIys18¢ and

Zis Sor O Even 10 nore preferred are conpounds of Fornmula IV, wherein:
R is substituted or ‘

{3—[4’-Amino—2’-(3,4,5~trimethoxy-phenylamino)—[2,5’]bithiazolyl-eiwyl]-phcnyl}-
carbamic acid methy] ester

OCH,
HLC NH

LI

'H NMR (CDCL)): 58.14 (s, 1H), 7.82 (d, J = 6.9 Hz, 1H), 7.59 (m, 3H), 7.34 (s,

HTO\
. o)

5 1H),6.90 (s, 1H), 6.85 (s, 2H), 6.40-6.20 (bs, 1H), 4.12 (s, 6H), 3.78 (s, 3H), 2.14 (s,
3H). ESIMS (MH"): 514,
Anal. Calcd. for C,H,N,0,S,-0.35H,0: C, 53.13; H, 4.60; N, 13.47; S, 12.34.
Found: C, 53.10; H,4.58; N, 13.34; §, 12.11.
EXAMPLE D(7)
10 1§ 3—[4'—Amino-2'-(3,4,5-trimethoxy-pheny]amino)- [2,5Tbithiazolyl-4-y1]-phenyl }-3-

methyl-urea

H

Dﬁl«iﬂi{%w\ :

'HNMR (CDCL): 58.63 (bs, 1H), 7.90 (s, 1H), 7.61 (s, 1H),7.49 (d, 7= 8.0 Hz,

1H), 7.39 (d, / = 8.2 Hz, 1H), 7.31 (s, 1H), 7.07 (s, 1H), 6.75 (s, 2H), 6.00-6.10 (bs,
15 lI-I), 3.35 (bs, 1H), 3.87 (s, 6H), 3.81 (s, 3H), 2.80 (ﬁ, J=4.3 Hz, 3H). ESIMS

(MH"): 513. |
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unsubstituted aryl or heteroaryl, or R6-CO where R6 is N RZPigRbeeiPRr

are each i n%@gﬂggz%tly hydr ogen, alkyl, aryl, or heteroaryl; R is
substituted or unsubstituted aryl, heteroaryl, or al koxy, RGT/U¥04H8®r o,

fluoro, or nmethyl; le(b) is fluoro; Yis N and Zis O

Anal. Caled. for C,H,N.O,S.-0.4 HO: C,53.14; H, 4.81; N, 16.17; S, 12.34. Found:
C,53.15; H,4.75; N, 16.12; S, 12.46.

EXAMPLE D(8)

N-{ 3—[4'-Amino«2'—(3,4,5-t1imethoxy-phenylamino)-[2,5'] bit}ﬁazolyl-tl-yl]-pheny] }-

5  propionamide

OCH,
HC NH, :
,«@}'
. HCO H . I H
N\l(')/\
'HNMR (CDCL): §8.27 (s, 1H), 7.85 (d, J = 7.5 Hz, 1H), 7.74 (d, ] = 8.0 Hz, 1H),
7.59 (t. J=17.9 Hz, 1H), 7.41 (s, 1H), 7.33 (s, 1H), 6.84 (s, 2H), 6.20-6.35 (bs, 1H),
4.11 (s, 6H), 4.07 (s, 3H), 2.64 (q, J = 7.6 Hz, 2H), 1.50 (t, = 7.5 Hz, 3H). ESIMS
10  (MH"): 512.
Anal. Caled. for C,H,N,OS,: C,56.34; H,4.93; N, 13.69; S, 12.54. Found: C,

~ 56.22;H,5.01; N, 13.48; S, 12.73.

EXAMPLE D(9
N—{3-[4'-Amino-2'—(3,4,5-u-imethoxy-pheny_lamino)-[2,5']bithiazolyl-4—yi]-phenyl}-

OCH,
Hsco:©\ NH, | :
| T
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15 The invention also relates to a nethod of nodul ating arfd/IsPtember #H%Bi ng
the kinase agld gpifspe0f VEGE-R FG-R TEK, a CDK conpl ex, C'él'f‘rldsoJElfsa LCK,
and/ or FAK by adm nistering a conpound of the formula | or & :
pharmaceutically accept abI e prodrug, pharmaceutically active netabolites,

or pharmaceutically

'HNMR (CDCL): §9.16 (s, 1H), 8.54 (s, 1H), 8.06 ts, 1H), 7.57 (d, J = 8.1 Hz, 1H),
7.53(d,J =7.8 Hz, 1H), 7.27 (t, J=8.0 Hz, 1H), 7.03 (5, 1H), 6.77 (s, 2H), 6.00-6.20
(bs, 1H), 3.81 (s, 6H), 3.75 (s, 3H), 2.18 (m, 3H), 6.95 (d,J=6.3 Hz, 6H). ESIMS
(MH"): 540.

5 Anal. Caled. for C,H,N,O,S,-0.5 HO: C,56.91;H,5.51; N, 12.76; S, 11.69. Found:
C,57.33;H,5.57; N, 12.28; S, 11.64.
EXAMPLE D(10)
{3-[4'~Amino-2'-(3,4,5-l:rimethoxy-phenyla,mino)'-[2,5'}bithiazoly1_—4—y1]—phenyl}-

carbamic acid isopropyl ester

T ”'%U%*r

'HNMR (CDCL): §7.93 (s, 1H), 7.60 (d, J = 6.9 Hz, 1H), 7.40 (m, 3H), 7.13 (s,
1H), 6.65 (s, 2H), 6.62 (s, 1H), 6.08 (bs, 2H), 5.06 (m, J = 6.4 Hz, 1H), 3.92 (s, 6H),
3.87 (s, 3H), 1.33 (d, J = 6.4 Hz, 6H). ESIMS (MH"): 542.
Anal. Caled. for C,H,NOS,: C,55.44; H, 5.02; N, 12.93; S, 11.84. Found: C,

15 55.15;H,5.14; N, 12.46; S, 11.75.
EXAMPLE D(11)
4—C!ﬂoro—pyridine-2—carb9xylic acid {3-{4'-amino-2'-(3,4,5-trimethoxy-

phenylamino)-[2,5'Ibithiazolyl-4-yl]-phenyl }-amide
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acceptabl e salt thereof. There is al so provided conpounds %S?W@bﬁ?%@ént

i nvention.20 GhpdeARApye sel ective kinase activity-i.e., they possess
significant actl V|/ty agai nst one specific kinase while poss“pgggfsﬁ‘ﬁlﬁl%sss or

m nimal activity against a different kinase. In one preferred enbodi ment
of the invention, conmpounds of the present

e
M NH;
MeO Ni ‘
N S Y ]

HRFABMS: Calcd. for C,H,,CIN,0,S,(MH": 594.0911. Found: 594.0927.

nY"@L |
. Cl

o

Anal. Calcd for C,H,,CIN.O,S,: C, 54.94; H,3.90; N, 14.12; S, 10.78. Found: C,
34.43; H, 3.87; N, 14.01; S, 10.92.

5 EXAMPLE D(12)
{3—[4’-Amino-2’-(3,4,5-uimeﬁloxy-phenylanﬁno)-[Z,S']bithiazoly1~4—yl]—phenyl}-

carbamic acid benzy! ester

Hach :NH2 ‘
nee HN/I\S I m{(&/@
i 0 .
'H NMR (CDCL): 87.93 (s, 1H), 7.61 (d, J = 7.0 Hz, 1H), 7.40 (m, 7TH), 7.12 (s,
10 1H),6.76 (s, 1H), 6.64 (s, 2H), 6.07 (bs, 2H), 5.25 (s. 2H), 3.91 (s, 6H), 3.87 (s, 3H).
ESIMS (MH"): 590. |
Anal. Calcd. for C,H,N,0,S,: C, 59.07; H, 4.62; N, 11.88; 5, 10.88. Found: C,
58.84; H,4.64; N, 11.71; S, 11.07.
EXAMPLE D(13)

15 N-{3-[4’-Amino-2’-(3,4,5—trimetl‘noxy-phenylanﬁno)-[2,5’]bithiazolyl-4—yl]-phenyl}-

2,2,2-trifluoro-acetamide
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i nvention are those of Formula | possessing substantially R?§briempey286%y
agai nst 17 22 yxgpéapher 2003 WO 00/ 75120
PCT/US00/15188

- OCH

3
H cﬁ NH,
]
H,CO HN/L | F E
(o}
1
H NMR (CDCI,): 88.14 (s, 1H), 7.96 (bs, 1H),7.79d,J =64 Hz, 1H),7.48 (d,J =
8.0Hz, 1H),7.17 (s, 1H), 6.65 (s, 2H), 6.05 (bs, 2H), 3.92 (s, 6H), 3.87 (s, 3H).
ESIMS (MH"): 552.

>  HRMS (FAB), m/z Calcd. for C,H,F,N,0,S, (MH'): 552.0087. Found: 552.008].

EXAMPLE D(14)
N-{3-[4’-Amino-Z’—(3,4,5-trimethoxy—phenylamino)—[2,5 Ibithiazolyl-4-y1]-phenyl }-

2,2 difluoro-acetamide

OCH,
HC NH,
s
 HiCOo N R F
n\'(k':
o

10 'HNMR (CDCL): 58.15 (s, 1H), 7.98 (bs, 1H), 7.75 (4, J = 7.5 Hz, 1H),7.61 d, /=

8.1 Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.17 (s, 1H), 6.66 (s, 2H), 6.08 (bs, 2H), 3.93 (s,

6H), 3.89 (s, 3H), 3.52 (s, 1H). ESIMS (MH"): 534.

HRMS (FAB), m/z Calcd. for C,H,FN,0,5, (M+Cs'): 666.0057. Found: 666.0032.

EXAMPLE D(15)
1 N2 A% A v s o . -
5 N-{3-[4-Amino-2 -(3,4,S-mmethoxy-phenyiarmno)-[2,5']bitIﬁazolyl-4—-yI]-phenyl}-2-

phenoxy-acetamide

115



PCT/ US00/ 15188 VEGF receptor tyrosineki nase than agai nst F&September @p@%r
tyrosi ne ki na I nvention is also directed to nethods of nodul ati ng

VEGF receptor tyroSine kinase activity w thout significantl|ypcroshohsigs ng
FGF receptor tyrosine kinase activity.

OCH,
HC NH,
3 H | ] H c('@
TR
H NMR (CDCL): §8.27 (s, IH) 8.06 (s, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.51 (d, J =
8.0 Hz, 1H), 7.32 (m, 4H), 7.07 (s, 1H), 6.56 (s, 2H), 6.01 (bs, 2H), 4.58 (s, 2H), 3.82

(s, 6H), 3.78 (s, 3H). ESIMS (MH"): 590,

3 Anal. Calcd. for C,H,N,0,8,0.7 H,0, 02 EtOAc): C, 57.73; H, 4.88; N, 11.30: S,

15.74. Found: C, 57.97; H, 4.59; N, 11.08; S, 10.33,
EXAMPLE D(16) |

N-{ 3-[4'—Amino-2'-{3,4,5-uimeﬂloxy-phenylamino)-[z,S'] bithiazolyl-_fi—yl]-phenyl }-3-

phenyl-propionamide

e e | -

'H NMR (CDCL): 87.97 (s, IH), 7.63 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 7.9 Hz, 1H),

10

7.40 (m, 3H), 7.12 (s, 1H), 7.06 (s, 1H), 6.64 (s, 2H), 6.07 (bs, 1H), 3.91 (s, 6H), 3.87
(s, 3H),3.11 (t, /= 7.5 Hz, 2H), 2.72 (t, J=7.5 Hz, 2H). ESIMS (MH"): 588.
Anal. Calcd. for GH,NO,S,: C,61.31; H, 4.97; N, 11.92; 8, 10.91. Found: C,

15 60.67;H,5.09; N, 11.77; S, 10.69.
EXAMPLE D(17)
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The invention also relates to pharnmaceutical comnpositions &agtptanber 2003

I Si ng: ' | ected from conpounds of
conprising: a ive amount of an agent se . .
Fo?pnul a l and%?eigqf/%gioeut ically acceptabl e salts, pharnaceutiraliseoaass ve

net abolites, and pharnmaceutically acceptabl e prodrugs thereof; and a

{ 3-[4’—Amino-2’-(2,4—dimethoxy-phenylamino)-[2,5’]biﬂﬁaquyM—yI]—phenyl}-

carbamic acid benzyl ester

'HNMR (CDCl,): §7.65 (s, 1H), 7.48 (d, /= 9.4 Hz, 1H), 7.37 (d,/=7.3 Hz, 1H),
5 7.16(m, 7TH), 6.85 (s, 1H), 6.54 (s, 1H), 6.31.(m, 3H), 6.00-5.70 (bs, 2H), 5.00 (s,
2H), 3.65 (s, 3H), 3.60 (s, 3H). ESIMS (MH"): 560,
Anal. Caled. for C,H, N,0,S,-0.7 H,0: C, 59.14; H, 4.61; N, 12.32; S, 11.28. Found:
C,59.51; H, 441; N, 11.82; S, 10.90.
EXAMPLE D(18)
10 {3~[4'-Amino-2'-(2.S-dimemoxy-phenylamino)-[Z,S']bithiazolyl-4~yl]-phenyl}-

carbamic acid benzyl ester

OCH, - -
_NH, .
&
H I C‘\/g
OCH, I:L“, :
0
'H NMR (CDCL): 8791 (s, 1H), 7.65(d, J=9.4 Hz, 1H), 7.37(d,J =73 Hz, 1H),
7.16 (m, 7H), 6.85 (s, 1H), 6.54 (s, 1H), 6.31 (m, 3H), 6.00-5.70 (bs, 2H), 5.00 (s,
15 2H), 3.65 (s, 6H), 3.60 (s, 3H). ESIMS (MH"): 560.

Anal. Calcd. for C,H,N,0,S,: C, 60.09; H, 4.50; N, 12.51; S, 11.46. Found: C,
60.52; H, 4.64; N, 12.00; S, 10.96.
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pharmaceutical |y acceptable carrier or vehicle for such ag&hBepterpker 2003

I nvention . fur&,@g&mqioovi des nethods of treating cancer as well as other
di sease states asSoci ated with unwant ed angi ogenesi s and/ BET/Uslolimisar

proliferation, conprising admnistering effective anmounts of such agents

to a patient in need of such

EXAMPIED(9) -
{3-[4’-Amino-2’-(4~phenoxy~pheny]amino)-[2,5’]bitlﬁazolyl-4-yl]-phenyl}-carbamic

acid benzyl ester

oYL

5 'H NMR (CDCL): 87.90 (s, 1H), 7.61 (d, J=7.4Hz, 1H), 7.46 (m, 10H), 7.11 (m,
8H), 6.81 (s, 1H), 6.08 (bs, 2H), 5.25 (s, 2H). ESIMS (MH"): 592.
Anal. Caled. for C,H,N,0.S.: C, 64.96 H, 4.26; N, 11.84; §, 10.84. Found: C,

64.68; H, 4.36; N, 11.58; 8, 10.65.

EXAMPLE D(20)
10 [3-(4’-Amino-2’-pheuylamino-[2,5’}bithiazolyl-dwyl)-phenyl]-carbanﬁc acid benzyl

*HNMR (CDCL): §7.81 s, 1H), 7.55 (d, J = 7.3 Hz, 1H), 7.30 (m, 12H), 7.10 (m,

ester

1H), 7.02 (s, 1H), 6.68 (s, 1H), 6.10-5.90 (bs, 2H), 5.15 (s, 2H). ESIMS (MH"): 500.

15 HRMS (FAB), m/z Calcd. for C,H,\N,0,S, (MH'): 500.1215. Found: 500.1232.

EXAMPLE D(21
Benzofuran-2-carboxylic acid { 3-[4’-amino—2’-(3,4,5-trimethoxy—phenylamiho)—

[2,5 Tbithiazolyl-4-y1}-pheny! }-amide
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E | NVENTI ON AND PREFERRE®tenghvB2#i3VENTS
treat ment. DETAI LED DESCRI PTI ON OF TH AND PREFERFEDCHENBZIVENTS

. . | | y ’
15 The inventiyg campounds of the Fornula I, PCT/US00/15158

MeO

MeQO

ESMS (MH"): 600.
Anal. Calcd for ConuN,O,Sz-b.75 H0: C, 58.76; H, 4.36; N, 11.42; S, 10.46.
Found: C, 58.74; H, 4.08; N, 11.46; S, 10.41.
5 EXAMPLE D(22)
{ 3-[4'-Amin0-2'-(3,4,S-u'imethoxy-phenylamino)-[2,5']biﬂliazolyl-4-yl]-phenyl}-

carbamic acid naphthalen-1 -yl ester

ﬁ%@

ESMS (MH"): 626.

10 Anal. Calcd for C.H,N,0S,-0.7 HO: C,60.21; H, 4.48: N, 10.97; S, 10.05. Found:
C,60.24; H, 4.31; N, 10.72; S, 10.03.

EXAMPLE D(23)
{ 3-[4'-Aniino-2'—(3,4,5-uimethoxy-phenylmnino)-[Z,S'] bithiazolyl-4-yl]-phenyl }-

carbamic acid 1-R-phenyl-ethyi ester
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nmedi ating the activity of protein kinases. Mre particul ar 23/Septténaber @0Gfounds

are useful a@v(ﬂfﬁ}# gngl ogenesi s agents and as agents for nodul ati ng and/ or
inhibiting the activity of protein kinases, thus providi ng k¢EEMEsIEES fOr

cancer or other diseases aSSOCIated W th ceIIuIar proliferation nediated
by protein kinases.

ﬁl@ 2

ESMS (MH"): 604.
Anal. Caled for C,H,)N.O,S,-0.4 HO: C, 58.98; H, 4.92; N, 11.46; S, 10.50. Found:

C, 58.93; H, 4.90; N, 11.41; S, 10.27.

5 EXAMPLE D(24)
N-{ 3-[4'-Amino-2‘-(3,4,5~trimethoxy-phenylamino)-[2,5']bithiazoly1—4-yl}-phenyi }-

ESMS (MH"): 560.

benzamide

10 Anal. Caled for C,H,N,0,8,: C,60.09; H, 4.50; N, 12.51; §, 11.46. Found: C,
60.07; H, 4.54; N, 12.45; S, 11.42. |

EXAMPLE D(25)
{3~[4'-Amino-2'—(4-suIfatnoylfphenylamino)-[2,5 bithiazolyl-4-yIj-phenyl }-carbamic

acid benzyl ester
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20 The term "al kyl" as used herein refers to straight- andZbbeptehted20tai n

al kyl  groups Ra\whAsPne to twelve carbon atonms. Exenplary al kyl groups
i ncl ude net hyl (I\/@?, et hyl, n-propyl, isopropyl, butyl, i sobBtlys00/15188
sec-butyl, tert-butyl (t-Bu), pentyl, isopentyl, tert-pentyl, hexyl,

i sohexyl, and the like. The term | ower al kyl" designates

I
H 2N-ﬁ
0

NH,
{
S
N S '
Mo
O
_O
ESMS (MH"): 579.

EXAMPLE D(26)
4-{3-[4-Amino-2*(3,4,5-trimethoxy-phenylamino)-[2,5" bithiazolyl-4-yI]-

5  phenylcarbamoyloxymethyl }-benzoic acid methyl ester

Me
MeO.
MeQ -
ESMS (MH"): 648,

Anal. Caled for C, H,)N,0.S,: C,57.48,H,4.51; N, 10.81; S, 9.90. Found: C, 57.66:
H, 452; N, 10.64; S, 10.08.

10 EXAMPLE D(27)
N-{3-[4’-Amino-2’-(3,4,5-trimethoxy—phenylamino)-[2,5’]birhiazolyl-4—ylj-phenyl}-3-
isopropyl-benzamide

Me
MeO NH,

M l(j“YO\r

ESMS (MH"): 602.
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18 22 September 2003 WO 00/ 75120 PCT/ US00/ 15188 22 September 2003
WO 00/75120 PCT/US00/15188

Anal. Caled for C, H,N;O,S,: C, 61.88; H, 5.19; N, 11.64; S, 10.66. Found: C,

61.45; H, 5.38; N, 11.30; S, 10.38.

EXAMPLE D(28) '

N-{ 3-[4’-Amino—2’-(3,4,S-trimethoxy-phenylamino)- [2,5']bithiazolyl-4-yl]-phenyl}-4-
5  fluoro-benzamide

Me
MeO

MeO

ESMS (MH"): 578.
Anal. Caled for C,H,N,0,5,0.3 H,O: C, 57.68; H, 4.25; N, 12.01: S, 11.00. Found:
C,57.64; H, 4.32; N, 11.79; §, 10.97.

10  EXAMPLE D(29)
N-{3-[4'-Amino-2'-(3 ,4,5-u-imethoxy-pheny1amino)-[2,5']bithiazolyl-4—y1]-phenyl}-3-

bromo-benzamide

“TI@UHYO\
'ESMS (MH"): 638/640.

15 Anal. Caled for C,H,BrN,0,S,: C, 52.67; H,3.79; N, 10.97: S, 10.04. Found: C,
52.49; H, 3.99; N, 10.36; S, 9.71.

EXAMPLE D@30)
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an alkyl having from1 to 8 carbon atons (a G .s-alkyl). StA$epneber 2003
substituted akky &,?, Jonclude fluoromethyl, difluoronethyl, trifluoromethyl,
2-fluoroethyl, 3 Puor opropyl, hydroxynethyl, 2-hydroxyet hyiCI/US00/15188

3- hydroxypropyl, and the Iike. The term "al kenyl " refers to straight- and
branched- chai n al kenyl groups

N-{3-[4-Amino-2-(3,4,5-trimethoxy-phenylamino)-[2,5 Ibithiazolyl-4-y1J-phenyl }-4-

chloro-3-methyl-benzamide

ESMS (MH": 608/610.
5 Anal. Caied for C,H,, CIN,0,5,0.6 H,0: C, 56.27; H, 4.43; N, 11.32; S, 10.36.
Found: C,56.36; H, 4.38; N, 11.14: S, 10.14.

EXAMPLE D(31)
N-{ 3-[4'-Amino-2'~(3,4,5-uimethoxy-phenylamino)-[2,5‘]bithiazolyl-4—yl}-phenyl}—

3,4-dimethyl-benzamide
Me
M
MeO
| 10
ESMS (MH’): 588.
EXAMPLE D(32)

N-{3-{4'~Amino-2'—(3,4,5-trimethoxy-phenylamino)-[z,s']bithiazolyl-4~yl]—phenyl}-3-

methoxy-4-methyl-benzamide
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5 having fromtw to twelve carbon atoms. Illustrative al k&nSaprtegrhsnpe03

I ncl ude prop-2- enyl, byt:-2- |, but-3-enyl, 2-nethylprop-2-enyl,
hex-2-enyl; and the i kg&)@'ﬁgﬂyerm "cycloal kyl" refers to partially

saturated or unsaturated carbocycles having fromthree to twelve carbon
atons, including bicyclic and tricyclic cycl oal kyl

: - Me
MeO NHy
I .
H | H
. : o
O

Anal. Caled for C,H,N,0,8,0.6 H,0: C, 58.52; H, 5.07; N, 11.08; S, 10.14. F

ESMS (MH"): 604.

C, 58.48; H, 5.03; N, 10.75; S, 9.95.

5 EXAMPLE D(33)
2,4—Dimethyl—thiazole-5—carboxylic acid {3-[4"-amino-2'-(3,4,5-trimethoxy-~

phenylamino)-[2,5']bitiﬁazolyl—4~yl]-phenyl }-amide
Me
MeO r1 NHy
|
MeO J\Si,s N
N 1 [ >~

ESMS MH": 595.

2T

10  Anal. Calcd for C,HNOS,0.2 H,0: C,54.22; H, 4.77: N, 13.08; S, 14.97. Fc
C,54.59; H, 4.89; N, 12.61; S, 14.73. | |
EXAMPLE D(34)
5-Methyl-thiophene-2-carboxylic acid {3-[4'-amino-2'-(3.4,5 ~trimethoxy-

phenylanﬁno)—[Z,S']bithiazolyl-4—yl]-phenyl}-amide
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structures. Suitable cycloal kyls include cyclopropyl, cycl&b¥epjdmber 2003

' " | oal kyl
cycl opentyl, exyl, cycloheptyl, and the like. A "heterocyc
i g i nltoendgd t(])‘eonggflglghpart ially saturated or unsaturated ndifd&yRopiass

radi cal containing carbon atons, preferably 4 or 5 ring carbon atons, and

Me
MeD '1 NH»
,C'Erﬁ |
Meo N S ) H YD\ _
. N N g ] :
. O
ESMS (MH"): 580.

Anal. Caled for C,H,NO,S,: C, 55.94; H, 4.35: N, 12.08; 8, 16.59. Found: C,
55.78; H, 4.26; N, 11.80; S, 16.58.

5 EXAMPLE D(35)
5-Chloro-thiophene-2-carboxylic acid {3-[4-amino-2"-(3,4,5-timethoxy-

phenylamino)-[2,5’]bitl1iazoly1-4—yl]-phenyl }-amide

Me
MeO NHa
MeQ J\S T
N I H\HJO\CI
) O
ESMS (MH": 600/602.

10 Anal. Caled for CH,CIN,0,S;: C,52.03; H,3.69; N, 11.67; §, 16.03. Found: C,

51.61; H, 3.82; N, 11.46; S, 16.01.

EXAMPLE D(36)
5-Bromo-thiophene-2-carboxylic acid {3-[4’-amin0-2'-(3,4,5-trimethoxy-

phenylamino)-[2,5 Thithiazolyl-4-y1}-phenyl }-amide
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at | east one heteroatom sel ected from nitrogen, oxygen and?k®gptamber 3608
terms "aryl” (Qigeef 0" heteroaryl" refer to nonocyclic and polycyclic 15
unsaturated or aronatic ring stnrctures, with "aryl" referri REWVESOMRI8R
that are carbocycles and "heteroaryl” referring to those that are

het erocycl es. Exanpl es of -

Me
MeO. NH.
M ”/'\S S .
| ‘ I H
N

ESMS (MH"): 644/646.

R

S Br.

O

Anal. Caled for C,H,,BrN,0,S,-0.8 H,O: C,47.39; H, 3.61; N, 10.63; §, 14.60.
Found: C, 47.31; H, 3.51; N, 10.57; S, 14.70.

3 EXAMPLE D(37)
S-Bromd-furan-2-carboxylic acid {3-{4'-amino-2'-(3,4,5-triﬁ1ethoxy—phenylamino)—

[2,5Thithiazolyl-4-yl]-phenyl }-amide

MeO

Me .
NH,
1 S
MeD H’LS
[
N ﬁ ’ 3 Br
. : O
ESMS (MH"): 628/630.
10 Anal. Calcd for C,H,,BIN,O,S,-0.5 H,O: C,48.98; H, 3.64; N, 10.99; S, 10.06.
- Found: C, 48.98; H, 3.43; N, 10.79; S, 9.80. |
EXAMPLE D(38)
N-{3—[4'-Amino-2'-(3,4,5-n‘imethoxy-phenylamino)-[2,5’]bithiazolyl—4-yl]-phenyl}-3-

" methyl-benzamide
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aromatic ring structures i ncl ude phenyl, naphthyl, 22 September 2003
1,2,3,4-tetraky ﬂg?%rahth furyl, thienyl, pyrrolyl, pyridyl, pyridinyl,
pyrazol yl , imdazo yra2| nyl, pyridazinyl, 1,2, 3-triazi J500/15188

1, 2, 4- oxadi azol yl , 1, 3, 4- oxadi azol yl, 1-Htetrazol-5-yl, indolyl, 20

qui nol i nyl, benzofuranyl,'benzothiophenyl (thi anapht henyl ), and the I|ike.

ﬁlunﬁo o

ESMS (MH"): 574,
Anal. Caled for C,H,N,0,8,0.5 H,0-0.5 CHCL: C,56.67; H, 4.68; N, 11.20; 5,
10.26. Found: C, 56.76; H, 4.39; N, 11.04; S, 10.12.

5 EXAMPLE D(39)

N—{3—[4'-Amin0—2'-(3,4,5-uimethoxy—pheny]amino)-[2,5']bithiazolyl~4-yl]-phenyl}-3-

(3

ethyl-benzamide

MeO._ NHy

|
" ) S AY@\/
H

ESMS (MH'"): 588.
10 Anal Caled for C,H,N.O,S,-0.4 HO: C,60.56; H, 5.05;N, 11.77; S, 10.78. Found:
C, 6063; H, 4.87; N, 11.57; 8, 10.65.
EXAMPLE D(40)
N-{3-[4-Amino-2'-(3,4,5-trimethoxy-phenylamino)-[2,5'] bithiazolyl-4-y1]-phenyl}-3-

chloro-benzamide
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noi eti es may be optionall y substituted by one or nore sui t#obeptember 2003

substituents, npl e, a substinent selected froma halogen (F, d, Br
or 1); Iower ‘{(Q Fﬂﬁﬁi NOZ CN, CO2H, Odower al kyl; aryl; BEYUSWOGHSS

al kyl ; CO2CHS; CO\IHZ OCH2CONHZ; 19

Me
MeQ

MeQ'

ESMS (MH"): 594/596.
Anal. Calcd for C,,I-I“CINSOJ'S,-O.S H,0.03CH,Cl,: C,54.07; H,4.11; N, 11.14; S,
10.20. Found: C, 54.16; H, 3.88; N, 10._95; S, 10.10,

5 EXAMPLE D(41)
N—{3-{4‘-Amino-2'—(3,4,S-Qimetl:oxy-phenylamino)-[2,5']biﬂliazolyl-4—y1]—phenyl}-3-

methoxy-benzamide

ESMS (MH"): 590.
10 Anal. Caled for C,H,N,0S,- 0.85H,0: C,57.57; H,4.78; N, 11.58; S, 10.60.

Found: C,57.62; H, 4.58; N, 11.40; S, 10.53.

EXAMPLE D(42)
5-Methyl-thiazole—2-carboxylic acid {3—[4'-amino-2'-(3,4,5-uimeﬂloxy—

' phenylamino)~[2,5']bithiazotyl—4-yl}-phenyl}-amide
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22 September 2003 WO 00/ 75120 PCT/ US00/ 15188 NH2; SC2NH2;22CEmiember?d)3
OCF3; and theyld 1 uch noieties may also be optionally substituted by a
fused-ring struc‘tﬁu;se or bridge, for exanple OCH2-QO PCT/US00/15188

MeO

Me
NH,
G
M S
e y

ESMS (MH"): 581.

-

(o)

Anal. Calcd for C”HuNGO‘SJ:-C, 53.78; H, 4.17; N, 14.47; 8, 16.57. Found: C,
53.57;H, 4.24; N, 14.23; S, 16.47.

-5  EXAMPLE D(43)
{3-4-Amino-2'-(3,4,5-trimethoxy-phenylamino)-[2,5 ']bithiazolyl—#yl]-phenyl }-

carbamic acid rert-butyl ester

ESMS (MH"): 556.

10 Apal. Caled for C,H,N,0,5,0.4 HO: C, 55.48; H, 35.34; N, 12.44: S, 11.30,
Found: C,55.33; H, 5.28; N, 12.55; S, 11.12. ' |
EXAMPLE D(44)
3-[3-Benzyloxycarquy-anﬁnophenyl]-5-[2-[(3,4,5-uimethoxypheny1)anﬁno]-4—

amino-3-thiazolyl]-1,2,4-oxadiazole
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The term "al koxy" is intended to mean the radical -0-al kyl22 Sapfegsher 2003ve

exanpl es incl yde net hoxy, ethoxy, propoxy, and the like. The term"I| ower
al koxy" 5 de %?Pé"FEQ an al koxy having from1 to 8 carbon atetBUShasiser m
"aryl oxy" represents -0-aryl, where aryl is defined above.

N/L\ ‘2 l NH
. s N
H o o

'H NMR (d,-acetone): &3.7 (s, 3H), 3.85 (s, 6H), 5.2 (s, 2H), 6.95 (s br, 2H), 7.05 (s,
2H), 7.4 (m, 6H), 7.8 (d, 2H), 8.35 (s, 1H), 8.95 (s br, 1H), 9.7 (s br, 1H). ESIMS
(MH'): 575; (M-H): 573.

5 EXAMPLE D(45)

3-[3-Acetamidophenyl}-5-[2-[(3,4,5~trimethoxyphenyl)a.mino]-4—amino-5—thiazoly1]—

1,2,4-0xadiazole

H,

NH

N |
HNJ\S oN /go

N
'H NMR (d,-DMSO): 82.0 (s, 3H), 3.6 (s, 3H), 3.75 (s, 6H), 6.95 (s, 2H), 7.25 (s br,
10 ?H), 74 (t, 1H), 7.75 (m, 2H), 8.2 (s, I1H), 10.1 (s br, 1H), 10.7 (s br, 1H). ESIMS
(M+Na"): 505; (M-H): 481.
EXAMPLE D(46)

130



The term "hal ogen" represents chlorine, fluorine, bronine %rSdptratibee200Bhe

term "hal o" R@@&g&(ﬁgts chloro, fluoro, brono or iodo. In general, the
vari ous noieti unctional groups for variables in the RJIYH/rIs8e nay

be optionally substituted by one or nore suitable substituents.

3-[3-Benzamidopheny1;-5-[2-[(3,4,5-tn'methoxyphenyl)amino]-4-amino-5-thiazolyl]-

1,2,4-0xadiazole

H,

: N
HN_ S o o
| o B

"HNMR (d,-acetone): 33.7 (s, 3H), 3.85 (s, 6H), 7.0'(3 br, 2H), 7.05 (s, 2H), 7.6 (m,
S 4H),7.9 (m, 1H), 8.05 (m, 2}D, 8.1 (m, 1H), 8.6 (m br, 1H), 9.75 (s br, 1H). ESIMS

(MH'): 545; (M+Na): 567; (M-H): 543.

EXAMPLE D(47)

3-[3-(3-Methylbenzamido)phenyl]-S-[2-[(3,4,5-u-imethoxyphenyl)amino]-4~amino-5-

thiazolyl]-1,2,4-oxadiazole

H,

N 7 | NH -
S oN

HN/L o
% O’E‘? ‘

'H NMR (d-acetone): §2.2 (s, 3H), 3.5 (s, 3H), 3.65 (s, 6H), 6.75 (s br, 2H), 6.85 (s,

10

2H), 7.2 (d, 2H), 7.3 (t, 1H), 7.65 (m, 3H), 7.95 (d, 1H), 8.35 (s br, 1H), 9.5 (s br,
2H). ESIMS (MH'): 559; (M+Na"): 581; (M-H): 557.
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Exenpl ary substituents include a halogen (F, C, Br, or )22 $apigeabenl(03l
-OH, -NQ2, - %@%ﬁ -0-lower alkyl, -aryl, -aryl-lower alkyl, -CO2CH3,
- CONH2, - 2 , -NH2, -SO2NH2, hal oal kyl (e.g., PCT/US00/15188

Anal. Caled for C,H,N,O,S: C, 60.20; H, 4.69; N, 15.04; S, 5.74. Found: C, 60.34;

H, 4.82; N, 14.39; S, 5.50

EXAMPLE D{48)
3-[3-(3-Memoxybenzamido)phenyl]—5—[2-{(3,4,S-u'imethoxyphenyl)anﬁﬁo]-4—amino-

5  5-thiazolyl]-1,2,4-oxadiazole

H
7] NH

A
HN)\ S o-N o
N

"HNMR (d,-acetone): §3.7 (s, 3H), 3.85 (s, 6H), 3.9 (s, 3H), 7.0 (s br, 2H), 7.1 (s,

2

2H), 7.15 (m, IH), 7.45 (t, 1H), 7.55 (1, 1H), 7.65 (m, 2H), 7.9 (m, 1H), 8.15 (m, 1H),
8.6 (m, 1H), 9.7 (d br, 2H). ESIMS (MH"): 575; (M+Na®): 597, M-H): 573.
10 Anal. Caled for C,H,N,0,S: C, 58.53; H, 4.56; N, 14.63; S, 5.58. Found: C, 58.89;
H,4.78; N, 13.88; §, 5.35
- EXAMPLE D(49)
3-[3-(3-T1.-iﬂuoromethylbe;:zamido)phenyl]-ﬁ-[2-[(3,4,5-u'imethoxyphenyl)amino]-4—

amino-5-thiazolyl}-1,2,4-oxadiazole
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15 -CF3, -CH2CF3), -0-haloalkyl (e.g., -OCF3, -OCHF2), and$eptenibes2008he
ternms "conpri %‘(.@9/ and "including" are used in an open, non-limting sense.
Conmpounds of t ¥il#ntion are enconpassed by Formula |. Al tPELg$e0/15188

7 | NH
N

Jol o
R
_ O\? FFF

'"HNMR (d-DMSO): §3.65 (s, 3H), 3.85 (s, 6H), 7.0 (s, 2H), 7.25 (s br, 2H), 7.55 (¢,
1H), 7.8 (m, 2H), 8.0 (d, 1H), 8.1 (d, er), 8.32(d, 1H), 8.35 (d, 1H), 8.45 (s br, 1H),
10.7 (s, 1), 10.8 (s, 1H). ESIMS (MH"): 613; (M+Na"):; 635: (M-H): ;611.

5 Anal. Caled for C,H,FN,0,S: C,54.90; H, 3.78; F9.30; N, 13.72;'§, 5.23. Found:
C, 53.55, H,3.95; N, 12.24; §, 4.67.
EXAMPLE D(50)
3-[3-(3-Chlorobenzamido)phenyl]-5—[2~[(3,4,5-trimethoxyphenyl)a.mino]-4-amino-5-

thiazolyl]-1,2.4-oxadiazole

BN ? Cl
0 . N
'H NMR (d,-acetone): 83.6 (s, 3H), 3.75 (s, 6H), 6.85 (s br, 2H), 6.95 (s, 2H), 7.45

(m, 3H), 7.75 (d, 1H), 7.9 (d, 1H), 8.0 (m, 2H), 8.45 (s, 1H), 9.6 (s br, 1H), 9.7 (s br,
1H). ESIMS (MH"): 579/581; (M-H): 577/579.
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Formul a | depicts a doubl e bond between C* and Nt, the art3Z%aptepbier 2003

under st and th%(,%ﬁ l%'nen Qtogether with C- and N* forma five- or
si x-nenbered aromatic ring, the presence of the doubl e bondCresss1ss

necessarily between C* and N, as other canonical forns of the aronmatic
ring exist. It is therefore understood that all possible canonical

Anal. Caled for C,H,,GIN,O,S: C, 56.01; H, 4.00; C1, 6.12: N, 14.5 1; §, 5.54.
Found: C, 55.53; H, 4.23; Cl, 6.31; N, 14.00; S, 5.33.

EXAMPLE D(51) |
3-[3-(2-Carboxy—5—methylthiazolyl)—aminopheuyl]-5-[2-[(3,4,5-

5 uimethoxyphenyl)amino]-4»amino-5-thiazoiyl]-l,2,4—oxadiazole

"HNMR (d,-DMSO): 82.6 (s, 3H), 3.65 (s, 3H), 3.85 (s, 6H), 7.0 (s, 2H), 7.38 (s br,
2H), 7.55 (1, 1H), 7.85 (m, 2H), 8.05 (m, 1H), 8.65 (m, 1H), 10.75 (s, 1H), 10.95 (s,
1H). ESIMS (M+Na"): 588; (M-H): 564.

10 Anal. Calcd for C,H,N,0,S,: C,53.00; H, 4.10; N, 17.33; §, 11.34. Found: C,
50.46; H, 4.39; N, 16.10; S, 10.47.
EXAMPLE D(52)
3-[3-(3-Chlorobenzamido)phenyl]-5-[2»(3-aminopyridyl)-4—amino-5-thiazolyl]-1 ,2,4-

o e o
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forms of the aromatic ring formed by Q together with C ari? September 2050

i ntended to 2&0%%/7&%“ enber 2003 WO 00/ 75120 PCT/ USO0/ 15188

10

15

PCT/US00/15188

'H NMR (d,-DMSO): 3.7.42 (m, 3H), 7.57 (m, 2H), 7.7 (m, 1H), 7.85 (m, 1H), 7.98
(m, 1H), 8.07 (m, 2H), 8.2 (m, 1H), 8.3 (m, 1H), 8.48 (m, 1H), 8.88 (d br, 1H), 10.6 (s
br, 1H), 11.1 (s br, 1H). ESIMS (MH"): 490/492; ‘(M~H'): 577/579.

Anal. Caled for CH,,CIN,0,S: C, 56.38; H, 3.29; N, 20.01; S, 6.54. Found: C,

53.07; H, 3.41; N, 18.01; S, 5.90.

- EXAMPLE D(53)

2-Methyl-thiazole-5-carboxylic acid {3-[4’~arnino-2’~(3,4,5-u'imethoxy-
phenylamino)—[Z,S’]bithiazolyl-4—yl]—pheny1}-amide
Me .
M "f NHp
J\ _S
™y L~

S

ESMS (MH"): 581.

Anal. Calcd for CMH,‘N,;O‘SS-(S.S H,0: C,52.95;H,4.27; N, 14.25; S, 16.31. Found:
C,5299; H, 4;27; N, 14.21; §, 16.39.

EXAMPLE D(54)

6—Ch10ro-py:idine—2—carboxy]ic acid {3-[4"-amino-2'-(3 +4,5-rimethoxy-

phenylamino)-[2,5']bitlﬁazolyl-4—yl]-phenyl}—amide
. Me
1
MeaQ . ﬁ S S I
L N

ESMS (MH'): 595/597.

0
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be covered by Formula |. The conmpounds of the invention ar Papéngenddap

those of the wbepAdthst U. nore preferably those of the Fornula 111, and even
more preferably those of the Fornula |IV. Sone of the invenPCV@SesFmMsunds

may exist as single stereoisoners (i.e.,

Anal. Caled for C,,H,GIN,0,S,0.5 H,0, 0.5 CH,CL): C, 51.08; H, 3.90; N, 13.00:

§,9.92. Found: C, 51.04; H, 3.65; N, 12.54; S, 9.63.

EXAMPLE D(55)
N-{ 3-[4'-Amino—2‘-(3,4,S-trimethoxy-phenylamino)-[2,5'] bithiazolyl-4 y1]-phenyl}-2-

5  chloro-isonicotinamide
Me ~
M NHz
MeD le S
H o
N

HRFABMS: Caled. for C,H,,CIN,0,S,(MNa"): 617.0808. Found: 617.0832.

O

Anal. Caled for C,H,CIN,0,S,0.6 H,0: C, 53.52; H, 4.03; N, 13.87; 5, 10.58.

Found: C, 53.53; H, 3.85; N, 13.39; S, 10.42.

10 EXAMPLE D(56)
N-{3-{5«[4-Amino-2-(3,4,S-uimethoxy-phenylamino)—thiazol-S-yl] -[1,2,4]oxadiazol-

3-y1}-phenyl)-3,5-dimethyl-benzamide trifluoroacetate salt

'HNMR (CD,COCD,): 8 9.65 (s, 1H), 8.56 (s, 1H), 8.13 (d, IH), 7.88 (d, 1H), 7.67
15 (s,2H),7.53 (m, 1H), 7.24 (s, 1H), 7.07 (s, 3H), 3.86 (s, 6H), 3.75 (s, 3H), 2.39 (s,

6H). ESIMS: (MH"): 573; (MNz"): 595; MH): 571.

EXAMPLE D(57)
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5 essenti al | y free of other stereoisonmers), racemates, and2deptembet2(3 of

enantioners and/or diastereoners. Al such single stereoisoners, racenates
and m xtures WPHE7¥EY are intended to be within the scope opctgypkggent
i nvention. Preferably, the inventive conpounds that are optically active

are used in optically pure form
N-(3-{5-[4—Amin0~2-(3?4,5-uimethoxy-phenylamino)-tlﬁazol-s-y]]-[1,2,4]oxadiazol_

3- yl}-pheny1)-2-methyl-benzamide trifluoroacetate salt

St

'"HNMR (CD,COCD,): § 9.58 (s, 1H), 8.60 (s, 1H), 8.08 (d, 1H), 7.89 (d, 1H), 7.67
5. (s, 2H), 7.56 (m, 2H), 7.36 (m, 3H), 7.07 (s,3H), 3.86 (s,'GH); 3.73 (s, 3H), 2.49 (s,

3H) . ESIMS: (MH’): 559; (MNa"): 581; (MH): 557.

Example D(58): N-{ 3-[4_’-Amino-2’-(3 4.5 -trimethoxy-phenylamino)-[2,5 "hithiazolyl-

4-vy1] -phenyl}-4-hydroxy-3,5-dimethyl-benzamide

_ OMe
MeQ. NH2 '
oo A s
VI | | H
N
10 o

A solution of 4—(3-aminopheny1)¥N2'-(3,4,5-trimethoxypheny1)—
[2,5°]bithiazolyl-2’,4’-diamine (100mg, 0.2195 mmol) from example C(1), 4-
hydroxy-3,5-dimethylbenzoic acid (38.3 mg, 0.2305 mmol), triethylamine (64 pL,

15 0.4609mol), and DMF (1.0 mL) were treated with HATU (O-(7-azabenzotriazol-1-
yl)-N,N,N',N‘-tetramet]‘xyluroniym hexafluorophosphate) (87.6 mg, 0.2305 mmol), and

stirred for 30 minutes at room temperature. The crude product was purified by
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As general |y understood by those skilled in the art, an opid teatdmpep2is
A 'gi o ONne chiral center (i.e., one asymmetric carbon aton)

compound 1

one that consists
(i.e., is enantionerically pure),

essentially of one of the two possibl e eacamisconags

nore than one chiral center is one that is both

10

preparative C-18 reverse-phase HPLC (gradient elution, 95% H,0/0.1% TFA/CH;CN
to 5% H,0/0.1% TFA/CH;CN), giving 33 mg (25% yield) of title compound as a
yellow powder.

Anal. Ca]c_:d. for C3pHz6N5058,-0.5 H,0: C,58.81; H,4.94; N, 11.43; S, 14.36.
Found: C, 58.81; H, 4.87; N, 11.50; S, 10.50. ESIMS (MN2a"): 626

The following examples D(59) throngh D(61) were prepared in manner

analogous to D(58).

Example D(59): N-{ 3-[4'-Amino-'2'-(3,4,5-u*imeﬂzoxy-phenylamino)-—[Z,S'] bithiazolyl-

4-yl]-pheny1}-2-bicyclo[2.2.1]hept-2-yl-acetamidc

OMe -
M::ﬁ NH,
||
" NJ\SI s
H
"! | H\A/\Lb
_ 1]
Apal. Calcd. for C3H:3N50,S,-0.8 H,0: C,59.44; H,5.75; N, 11.55; S, 10.58.
Found: C, 59.43; H, 5.55; N, 11.40; S, 10.54. ESIMS (MH": 592 |

Example D(60): Quinoline-3-carboxylic acid { 3-[4'-amino-2'—(3,4,5-ttimethoxy—

phenylamino)—[2,5']bithiazolyl-4~yl]-phenyl}-amide
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di ast er eoreri cal | y pure and enantionerically pure. Preferald ygptaniter 2003
conpounds of y}? 1oresent I nvention are used in a formthat is at |east 90%
optically pur&Ptat20is, a form 15 that contains at |east 9@¥rafsodyssisngl e

I somer (80% enantiomeric excess ("e.e.") or diastereoneric excess
("d.e.")), nore preferably at least 95% (90%e.e. or d.e.), even

wel-oly

Anal. Calcd. for C31H26N604SQ'0.'3 H;0: C, 60.43; H, 4.35; N, 13.64; S, 10.41.

N
=
Y
o

Found: C, 60.49; H, 4.36; N, 13.77; S, 10.40. ESIMS (MH"): 611.
Example D(61): 5-Phenyl-oxazole-4-carboxylic acid {3-[4'-amino-2'-(3,4,5-

5 trimethoxy-phenylamino)-[2,5']bithiazolyl4-yl}-phenyl }-amide

OMe
MeQ . NH,

S
i Ne==
»‘%:j/ﬁ \_\0
O

ESIMS (MH"): 627. In a manner analogous to that described for Example D(1), the

-

10 following Examples D(62) through D(77) were prepared.
Example D(62): Hex-5-ynoic acid (3-{5-[4-amino-2-(3,4,5-u-imethoxy-phenylamino )-

thiazol-5-y1]-[1,2,4Joxadiazol-3-y1 } -phenyl)-amide
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more preferably at |east 97.5% (95%e.e. or d.e.), and nosi Sepeidbeal)0p at

| east 99% (98% e.e. or d.e.). Additionally, the fornmulas are intended to
cover sol vat S4O&Y7IR | as 20 unsol vated forns of the identi frcqesad syt Ures.

For exanple, Formula | includes

'H- NMR (dg-acetone): § 9.72 (s, 1H), 9.35 (s, 1H), 8.39 (m, 1H),7.92 (m, 1H), 7.82
. (m, 1H), 7.46 (m, 1H), 7.06 (s, 2H]}, 6.98 (s, 2H), 3‘.85 (s, 6H), 3.72 (s, 3H),2.57 (s,

2H), 2.33 (t, 2H), 1.93 (m, 3H). ESIMS-: (MH)": 535, (MH)" 533.

Exampie D(63): N-[3(5-{ 4-Amino-2-[3-(2H-tetrazol—5-yl)—phenylamino]-thiazol-

S S-yl]-[l,2,4]oxadiazol-3-y1)-phenyl}~3-chloro-benzamide
N ! N'S_ N o S
| | | o _

lI'I-I\Tl\/lR(d‘-dmso): 6 11.04 (s, 1H), 10.59(s, 1H), 8.46(s, 1H), 8.17 (m, 1H), 8.11 (m,
2H), 7.98 (m, 1H), 7.83 (m, 2H), 7.69 (m, 2H), 7.56 (m, 3H), 7.42 (m, 3H). ESIMS:
(MH)": 557(100% ), 559(30% ). B

- 10 Example D(64): N-(3-{ 5-[4-Amino-2-(3,4,5 -trimethoxy-phenylamino)-thiazol-5-yl]-

»2,4Joxadiazol-3-yl }-4-chloro-phenyl)-3-chioro-benzamide

1
H-NMR (dg-DMSO0): & 10.79 (s, 1H), 10.66 (s, 1H), 8.39 (m, 1H), 8.06 (m, 3H), 7.68
15 (m, 1H), 7.65 (m,2H), 7.33 (s, 2H), 7.02 (s, ZH), 3.81 (s, 6H), 3.65 (s, 3H). ESIMS:
(MH)": 613 (100%),615 (60%).
Example D(65): N-(3-{ S-[4~Amino-2-(3,4,5—n‘imethoxy-phenylamino)-ﬂxiazol-S-yl]-

| [1,2,4]oxadiazyl}-4-chloro-pheny1)—3-methoxy-benzamide
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conpounds of the indicated structure in both hydrated and 27oFeptephen®i
exangol es of solvates include the structures in conbination
731 hanol , methanol, DMSO, ethyl acetate, PCRUSw/A18@Ed,

forns. O her

with i sopropaf8ie¥

et hanol am ne.

10

15

21

1 \0 N

oY ud

o NS TN ON
o

'H-NMR (d,-DMSQ): 5 10.79 (s, 1H), 10.53 {s, 1H), 8.40 (m, 1H), 8.07 (m, 1H), 7.66
(m, 1H), 7.55 (m, 3H), 7.33 (s, 2H), 7.19 (m, 1H), 6.96 (s, 2H), 3.85 (s, 3H), 3.81 (s,
6H), 3.65 (s, 3H). ESIMS: (MH)": 609 (100%), 611 (30%).

Example D(66): N-(5-{ 5-[4—Amino-2-(3,4,5-uimethoxy-phenylamino )-thiazol-5-yl]-

[1,2,4]oxadiazol-3-y1}-2,4-diﬂu0ro-phenyl)—3 -chloro-benzamide

.

'H-NMR (d, acetone) 8 9.73 (s, 1H), 9.58 (s, 1H), 8.73 (m, 1H), 8.07 (m, 1H), 8.02
(m, 1H), 7.65 (m, 2H), 7.42 (m, 1H), 7.06 (s, 2H), 6.98 (s, 2H), 3.85 (s, 6H), 3.72 (s,
3H).

ESIMS: (MH)": 615(100%),617(30%).

Example D(67): N-(S-{5-[4—-Amino—2-(3,4,5-trimethoxy-phe;1y—l-amino)-thiazol-S-

y;l—[1,2,4]oxadiazo]-3 -yl}-2,4-diﬂuoro—phenyl)-3-methoxy—benzamide
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22 Septenmber 2003 WO 00/ 75120 PCT/ US00/ 15188 I n addition t23 Sptepdan2i3of
the Formula |, HIU, and IV, the invention includes pharnaceutically
accept abl e prwéraggsi2ophar naceutically active netabolites, PCT/US00/15158

| |
— .- 0. N NH,
N’“\sI O ‘
7 N“‘IEED:H' d
-
F

1
H-NMR (d;s acetone): § 9.71 {s, 1H), 9.41 (s,1H), 8.73 (m, 1H), 7.61 (m, 2H), 7.47
(m, 1H), 7.37 (m, 1H), 7.21 (m, 1H), 7.06 (s, 2H), 6.98 {s, 2H), 3.90 (s, 3H), 3.85 (s,
6H), 3. 72(s, 3H). ESIMS: (MH)": 611.

5 Example D(68): N-(3-{ 5-[4-Amino-2-(3,4,5#uimethoxy-phenylanﬁno)-thiazol-5~yl]-

f1, 2,4]oxadiazol-3-yl}-phenyl)-yl }-phenyl}-3-cyano-benzamide

N N
‘:‘@‘ Sy NYO\
S S et
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and pharmaceutical ly acceptable salts of such conpounds. A2 September 2003
"pharmaceutically acceptable prodrug” is a conpound that may be 5 converted
under physi ol W§i%4512%ondi ti ons or by solvolysis to the specktTestasmspound
or to a pharnaceutically acceptable salt of such conpound.

"H-NMR (ds-acetone): $ 9.91 (s, IH), 9.73 (s, H), 8.55 (m, IH), 8.45 (m, [H), 8.38 (m,
1H), 8.13 (m, 1H), 8.03 (m, IH), 7.92 (m, IH), 7.80 (m, IH), 7.56(m, 1H), 7.07 (s, 2H),
7.00 (s, 2H), 3.86 (s, 6H), 3.73 (s, 3H). ESIMS: (ﬁmﬂ 570.

Example D(69): N-(S-{5-[4—Amino-2-(3,4,5—trimethoxy-pheny1amjno)-thiazol-s—yI]-

5 [1,2,4]oxadiazol-3-yl}-4-chloro-2-fluoro-phenyl)-3-chloro-benzamide

S,

1.I-LNMR (ds-acetone}: §9.73 (s, 1H), 9.63 (s, 1H), 8.74 (m, 1H), 8.07 (m, 1H), 8.63
(m, 1H), 7.68 (m, 2H), 7.63 (m, 1H), 7.07 (s, 2H), 6.98 (s, 2H), 3.86(s, 6H), 3.73 (s,
3H). |

10 ESIMS: (MH)": 631(100%), 633(60%), 635(10%).
Example D(70): N-(S-{5-[4——A.m.ino—2—(3,4,5-u'imethoxy—phenylamino)-thiazol-5-
yl]-[l,2,4]oxadiazol-3-yl}-4—chloro-2-f_luoro-phenyl)-3-methoxy-benzamide Ti:A

salt

15 'H-NMR (d,-acetone): § 9.74 (s, 1H), 9.45 (s, 1H), 8.74 (m, 1H), 7.6! (m, 2H), 1.46

(m, 1H), 7.19 (m, 1H), 7.06 (s, 3H), 6.97 (s, 2H), 3.89 (s, 3H), 3.85 (s, 6H), 3.72 (s,
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A "pharnmaceutical ly active netabolite" is intended to nean?Z2aSeptember 2003
phar macol ogi cally active product produced through netabolismin the body of

a specified ®omMoosmd or salt thereof. Metabolites of conmpo
i dentified using 10 routine techni ques known in the art and 'kﬁé@x‘qgss

activities determ ned using tests such as

3H). =
ESIMS: (MH)": 627(100%), 629(30%).
Example D(71): N-(3-{ 5-[4—-Amino-2—(3,4,5-n'imethoxy-phenylan1ino )-thiazol-5-y1]-

[1,2,4]oxadiazol-3-yl-phenyl)-3-carboxyimido«benzanﬁde

o NENON |
N—bm{q{"
s o o
H-NMR (d¢-acetone): § 9.91 (s, 1H), 9.73 (s, 1H), 8.58 (m, 2H), 8.21 (m, 1H), 8.15
(m, 2H), 7.85 (m, 1H), 7.66 (m, 2H), 7.57 (m, 1H), 7.06 (s, 2H),7.00 (s, 2H), 3.85 (s,
6H), 3.72 (s, 3H). ESIMS: (MH)": 588.
Example D(72): Example: 3-[2-ﬂuoro-S-[(B-methoxybenzoyl)amino]-phgnyl]-s-[z-
10 [(3,4,5-uimethoxyphenyl)arrﬁno]-4-amino-5-thiazolyl]-1,2,4-oxadiazole

.9
)

~o0
1
H NMR (d,-DMSO): § 3.7 (s, 3H), 3.85 (s, 6H), 3.9 (s, 3H), 7.05 (s, 2H), 7.25 (m,
1H), 7.6 (m, 6H), 8.15 (m, 1H), 8.55 (m, 1H), 10.5 (s, 1H), 10.85(s, 1H). ESIMS
[MH]": 593,
15 Anal Caled: C,56.75; H, 4.25; F,3.21, N, 14.18; S, 5.41. Found: C, 56.55; H,
4.48,N, 13.20; §, 5.39.
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t hose described herein. A "pharmaceutical |y acceptabl e salZ%2'Septenibet 2003ed t o
nmean a salt that retains the biological effectiveness of the free acids
and bases of MhW/8BA8ci fi ed compound and that is not bi ol ogicraishys9ss

ot herw se undesirable. A conpound of the invention may

Example D(73): 3—[3-(3~chlorobenzoyl)amino)~6-ﬂuoro-phenyl]-5-[2-[(3,4,5-

trimethoxyphenyl)anﬁno]-4-amino-5-thiazolyl]-1 ,2,4-oxadiazole

\ o/ NH2
OQ /"{L\ /

N~ S O‘
"--..O H |

'HNMR (d,-DMSO0): 3 3.7 (s, 3H), 3.85 (s, 6H), 6.95 (s, 2H), 7.05 (s, 2H), 7.35 (1,
5 1H), 7.6 (m, 2H), 8.0 (m,2H), 8.15 (m, lH) 8.55 (m, 1H),9.7 (s br, 1H), 9.85(s br,
1H). ESIMS [MH]": 597, 599.
Example D(74): 3-[3-[(3-methoxybenzoyl)amino]-ﬁ-methyl—phenyl]-5-[2-[(3,4,5-
u'imemoxyphenyl)amino]#amino-S-thiazolyl]-I .2,4-oxadiazole
. / ’
\ O
O o)
T O’N b
O
10 'HNMR (MeOD): §2.6 (s, 3H), 3.75 (s, 3H), 3.85 (s, 6H), 3.9 (s, 3H), 7.0 (s, 2H),
7.15 (m, 1H), 7.35 (d, 1H), 7.45 (t, 1H), 7.55 (m, 2H), 7.8 (m, 1H), 8.35 (d, 1H).
ESIMS [MH]": 589.
Anil. Caled. for C29 H28 N6 06 S: C, 59.17; H, 4.79, N, 14.28; S, 5.45. Found: C,
60.07; H, 5.30, N, 13.69; S, 5.07.
15  Example D(75): 3-[3-{(3-ch]0robcnzoyl)amino]-6-methyl-pheny1]—5-[2—[(3,4,5-

uimeﬂloxyphenyl)amino]-4-amino-5-thiazolyl]-1,2,4—oxadiazole
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15 possess a sufficiently acidic, a sufficiently basic, oriZpypienfbenzitBonal
groups, and accordingly react wwth any of a nunber of inorganic or organic

bases, and i wogesizp and organic acids, to form a pharmcey}.l I
acceptabl e salt. Exenplary. pharmaceutically acceptable saﬁjjgﬁllg'sr?g%{?ae

those salts prepared by reaction of the

\ o~ NH, 5 |
° ”.’\S—eN | N cl
NAS o-N H _

'HNMR (MeOD): §2.6 (s, 3H), 3.75 (s, 3H), 3.85 (s, 6H), 7.0 (s, 2H), 7.35 (m, 1H),
7.57 (m, 2H), 7.8 (m, 1H), 7.9 (m, 1H), 8.0 (m, 1H), 8.35 (d, 1H). ESIMS [MH]":
593, 595. ' |

5  Anal. Calcd. for C28 H25 CIN6 05 S: C, 56.71; H, 4.25, N, 14.17; S, 5.41. Found:
C,56.66; H, 4.38, N, 13.54; S, 4.89.
Example D(76): 3-[3-{(4-morpholinylmethyl)benzoylJamino] phenyl]-5-[2-[(3 ,4,5-.

uimethoxyphenyl)amino]-4—amino—5-thiazolyl]-l,2,4-oxadiazole

10

o\
/
I=2

o
e

'"HNMR (d,-acetone): § 2.6 (m, 4H), 3.7 (s, 2H), 3.8 (m, 4H), 3.9 (s, 3H), 4.0 (s, 6H),
7.1 (s,‘ 2H), 7.2 (s, 2H), 7.65 (m, 3H), 8.0 (d br, 1H), 8.15 (d, 2H), 8.3 (d br, 1H), 9.8
15 (s br, 1H), 10.05 (s br, 1H). ESIMS {MHY": 644, |

146



‘conpounds of the present invention with a mineral or orgard2cSeatsimben2003n

i norgani ¢ 20 base, such as salts including sulfates, pyrosulfates,

bi sul fates, WQ¥HBER, bisulfites, phosphates, nonohydrogemroirasphsiss,

di hydr ogenphosphat es, netaphosphates, pyrophosphates, chlorides, brom des,
| odi des, acetates, propionates, decanoates, :

Example D(77): 3-[3-[4-[(4-methyl-1-piperazinyl)methyl]-benzoyl]amino}phenyl]-5-

[2-{(3,4,5-trimethoxyphenyl)amino]-4-amino-5-thiazolyl)-1,2,4-oxadiazole

0
N
D~ N
0 H
=N
H,_N\f/zf .
Na, S_ [N]
\ NH N
o I
~0
o}

7

'HNMR (d,-acetone): § 2.6 (m br, 8H), 3.5 (s br, 2H), 3.6 (s, 3H), 3.7 (s, 6H), 6.8 (s,

5 2H),6.9 (s, 2H), 7.4 (m, 3H), 7.75 (m, 1H), 7.9 (d, 2H), 8.0 (m, 1H), 8.4 (m, 1H),
9.55 (s br, 1H), 9.65 (s br, 1H). ESIMS [MH]': 657.

EXAMPLE D(78)

. NH; '

/ h N ' \ { @\

N H N

T
EXAMPLE E(1)
10 {3-[5-(2,4-Diaminothiazol-5-yl)-[1,2,4]oxadiazol-3-yl]-phcnyl }-carbamic acid

tert-butyl ester.
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capryl ates, acrylates, formates, isobutyrates, caproates, 23espiember 293
propi ol ates, 22 22 Septenber 2003 WO 00/ 75120 PCT/ US00/ 15188
WO 00/75120 PCT/US00/15188

A solution of 1.3 mmol of (3-{5-[4-amino-2-(trityl-amino)-thiazol-5-yl]-
n ,2,4]oxadiazol-3-yl }-phenyl)~carbamic acid rerr-butyl ester, prep;ared as described
in Example B(1), dissolved in 8 ml of 1:1 formic acid/diethyl ether was stirred at
5  room temperature until ‘the starting material had been consumed by. TLC (typically 5

h). The resulting light yellow solution was stripped of ail solvent in vacuo, heated
gently under high vacuum t6 remove résidual formic acid, and then recrystallized
from methylene chloride, giving 255 mg of the title compound (53% yield) as a light-
ycliow powder. ' |

10 'H NMR (DMSO-d)): §9.54 (s, 1H), 8.177 (s, 1H), 8.07 (s, 2H), 7.65-7.59 (m, 3H),
7.39 (t, 1H), 7.12 (bs, 2H), 1.49 (s, 9H). ESMS (MH"): 375.
Anal. Caled for CH,,CIN,O,S;: C, 46.48; H, 3.08; N, 17.12: S, 19.59. Found: C,
4647, H,3.21; N, 17.10; S, 19.43. -

EXAMPLE E(2)
15 N-[3-(2’.4’-Diamino—[2,5’jbithiazolyl-4—yl)-pheny]]benzamide

A solution of 44amino-2-(uil)rl—amino)-ﬂ1iazole-5-carbothioic actd amide (304

mg, 0.73 mmol) and N-(3-Bromoacetyl-phenyl)-benzamide (300 mg, 0.94 mmol) in
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oxal ates, mal onates, succinates, suberates, sebacates, fum¥3apémbendl@Bat es,
butyne-1, 4- di oates, hexyne-1, 6-di oates, benzoates, chlorobenzoates,
met hyl benzoat¥%8 ®/7Hehi t r obenzoat es, hydroxybenzoat es, net horybesmaaises,
phthal ates, sulfonates, Xyl enesulfonates, phenylacetates,
phenyl propi onat es, phenyl butyrates, citrates,
MeOH (30 ml) was stirred at room temperature overnight. The solvent was removed
in vacuo and the residue was dissolved in EtOAc (100 ml). The EtQAc solution was
washed with a saturated aqueous solution of NaHHCO3 (3x25ml). The organic layer
was separated, dried over MgS04, and concentrated. Purification of the residue was
5 achieved by silica gel chromatography (75% EtOA¢/DCM) providing N-[3-(2',4’-
diamino-[2,5"Jbithiazolyl-4-yl)-phenyl}-benzamide (110 mg, 39% yield).
mp 159-163 °C (decomp). 1H NMR (CD,OD): 88.33 (s, 1H), 8.00-7.97 (m, 2H),
7.73-1.71 (m, 2H), 7.64-7.52 (m, 3H), 7.43 (t, J = 7.74 Hz, 1H), 7.33 (s, 1H).

FABMS Calcd for C1gH | sN5OS,: 394.0796. Found: 394.0802

10 EXAMPLE E(3)
N -[3-(2',4'-Diamino-[2,5']bithiazolyl—tl-yl)phenyl]-5-ch10ro-thiophene—2-carboxamide

NHa
s -

s

o

Starting material was prepared following Steps (i) and (ii) described below.
Step (i): Oxaly! chloride (4.9 mL, 56.00 mmol) was added to solution of 5-
15° chloro-thiophene-2-carboxylic acid (4.78 g, 29.40 mmol), DMF (0.25 mL), and
CH,CI, (50 ml) at room temperature. After stirring overnight, the reaction was
stripped of solvent and unreacted oxalyl choride in vacuo, giving a colorless oil. The
oil was dissolved in CH,Cl, (50 mL), and treated with 3-aminoacetophenone (3.78 g,
28.00 mmol) and triethylamine (4.68 mL, 33.60 mmol). After stinil_lg for 1 h, the
20 mixture was diluted with 800 mL of ethyl acetate, extracted with IN HCL 1N

NaHCO,, brine, and dried over MgSO,. The resulting solution was concentrated in
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5 lactates, y-hydroxybutyrates, glycollates, tartrates, n&%&p?l@{i&&ﬂa;ﬁz,
propanesul fonat es, napht hal ene-1-sul fonates, naphthal ene-2-sul fonates,
mandel ates. IWO{&Rventive conpound is a base, the desiregcrusoonsiss

pharmaceutical l'y

vacuo t0 a volume of 160 mL, giving S-chloro-thiophene-2-carboxylic acid (3-acetyl-
phenyl)-amide as a white powder, which was collected by filtration and dried under
high vacuum (8.12 g, 81% yield).

Step (if): A solution of 5-chloro-ﬂ1iopheqe~2-carboxylic acid (3-acetyl-

5  phenyl)-amide (2.0g, 7.17 mmol) and CuBr, (3.19 g, 14.34 mmol) in EtOAc (100 ml)
was heated to reflux. Progress of the reaction was monitored every 30 minutes by
TLC. After 2.5 h, starting material was still present, so additional CuBr, (0.75 g) was
added. After an additional 1.5 h, TLC indicated that all starting material had been
consumed. The reaction was reduced in volume by 50% in vacuo, diluted with

10 CH,CL, (50 mL), filtered through a plug of silica, which was eluted with 40% ethyl
acetate/CH,C, (300 mL). The resulting solution was concentrated in vacuo, giving a
colorless oil, which was taken up in CH,C], (2 mL) and precipitated with diethyl ether
(10 mL), giving 5-ch10ro-thiophene-2-carboxylic acid (3-bromoacetyl-phenyl)-amide
(2.06 g, 80% yield) as white powder.

15 The title compound was prepared as follows. To a solution of 1.07 g (3.0
mmol) of 4-amino-2-(trityl-amino)-thiazole-5-carbothioic acid amide (prepared
analogously to the starting material dcscribled in step (ii} of Example A(1)) dissolved
in DMF (12 mL), was added S-chloro-thiophene-2-carboxylic acid (3-bromoacetyl-
phenyl)-amide. After 15 minutes, the reaction was diluted with MeOH (12mL),

20  treated with TFA (4 mL), and stirred overnight. The resulting solution was
concentrated in vacuo, diluie.d with ethyl acetate, extracted with IM NaHCO,,
extracted with brine, dried over MgSO,, concentrated, and purified by flash

chromatography (gradient elution: 5% CH,CN/CH,C], to 30% CH,CN/CH,CL),
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acceptabl e 'salt may be prepared by any suitable method avadd Eplemben2@ide
art, for 10 exanple, treatnent of the free base with an inorganic acid,
such as hydr o¥®08/7$1¢0 aci d, hydrobromic acid, sulfuric acid, parigsssisagi d,
phosphoric acid and the like, or wth an organic acid, such as acetic

acid, maleic acid, succinic acid, mandelic
giving 0.47 g (36% yiekd) of N-{3-(2',4"-diamino-[2,57bithiazolyl-4-yl)phenyl}-5-
chioro-thiophene-2-carboxamide.
'HNMR (DMSO-d): 81041 (s, 1H), 8.23 (s, 1H), 7.95 (d, J = 4.1 Hz, 2H), 7.73-
7.65 (m, 4H), 7.48 (s, 1H), 7.41 (1, J = 8.1 Hz, 1H), 7.29 (d, J=4.1 Hz, 1H), 6.90 (s,
5 2H).

EXAMPLE E(4)
(2’,4’-Diamino-[2,5° Jbithiazolyl-4-yl)-phenyl-methanone

The title compound was prepared in a manner similar to Example E(3).
10 'HNMR (CD,OD): §8.02-7.99 (m, 2H), 7.94 (s, 1H), 7.76 (s, NH,), 7.70-7.64 (m,
1H), 7.57-7.52 (m, 2H), 6.85 (bs, NH,). FABMS (MH"): 303. FABMS Calcd for

C.HN,OS, (MNa+): 325.0194. Found: 325.0182.

EXAMPLE F(1)
5-Chloro-thiophene-2-carboxylic acid {3-[4-amino-2'-(3-methyl-ureido)-

15 [2,5']bithiazolyl-4-yl]-phenyl }-amide

NH;
SSu e
R g
. O
A solution of N-[3-(2',4'-diamino-[2,5‘]bithia;olyl-4-y1)phenyl]-5-chk)ro-

thiophene-2-carboxamide (0.2307 mmol) (prepared as in Example E(3)), dissolved in
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acid, fumaric acid, malonic acid, pyrovic acid, oxalic aci%dSegiepbet 2¥3aci d,
salicylic acid, a pyranosidyl acid, such as glucuronic acid or

gal acturoni c ¥ ®/758H al pha 15 hydrozy acid, such as citric ﬁﬁ‘fﬁlsu%sdss
tartaric acid, an amno acid, such as aspartic acid or glutamc acid, an
aromatic acid, such as benzoic acid or cinnamc acid, a

anhydrous THF (5.0 mE) and anhydrous N-methyipyrdlidinone (1.0 mL) at ~78°C,
was treated phenyllithium (0.2307 mmol), followed by methylisocyanate (0.3461
mmol). After 5 minutes a second portion of phenyllithium (0.2307 mmol) was added
slowly. After stirriﬁg for an additional 15 minutes, the reaction was quenched with
5 acetic acid (0.6921 mmol), and methanol (0.5 mL), concentrated, and purified by
reverse phase HPLC. The major component was collected, dissolved in ethyl acetate,
extracted with NaHCO,, brine, dried over MgSO,, concentrated until 2 precipitate
formed, and filtered. Mass of the resulting light-yellow pow&ér after drying under
high vacuum was 46 mg (41% yield).
10 ESMS (MH'): 491/493.
Anal. Caled for C,H,,CIN,O;S,: C, 46.48; H, 3.08; N, 17.12; §, 1§.59. Found: C,
4647, H,3.21; N, 17.10; §, 19.43.
In an analogous manmer to that described in Example F(1), the following
Examples F(2) through F(15) were prepared.
15 EXAMPLE F(2)
| N -[3-(2'-Acetylan1ino—4'—amino—[2,5']bithiazolyl#—yl)-phenyl]-5-chloro-thiophene-2—
carboxamide |

ESMS (MH'): 476/473.
20 Anal. Caled for C,H,NOS,: C,47.94; H,2.96: N, 14.17; §, 19.46. Found: C,
47.66; H,3.39; N, 13.87; S, 19.21.
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sul fonic acid, such as p-toluenesul fonic acid or ethanesulXdieptnder 20030r
the like. If the inventive conpound is an acid, the desired

phar maceut i caWPyWo/@8aept abl e salt nmay be prepared by any sui peblysyoiidaod,
for exanple, treatnment of 20 the free acid with an inorganic or organic

base, such as an am ne (primary,

EXAMPLE F(3 -
(4-Amino-4-{ 3-[(5'-ch10ro-miophene-Z-ca:bonyl)-amino]-phenyl }-[2,57]bithiazolyl-

-yl)-carbamic acid methyl ester

\(E”JT;(}H:JLUH&C.

5 ESMS (MH"): 492/494.
EXAMPLE F(4)
N-{ 3-[5-(2-Acetylamino-4-amino-thiazol-5-yl)-[1 2,4) oxadiazoi-'3-yl]-pheny1 }-3-

chioro-benzamide

0w

10 'HNMR (CD,COCD/DMSO0-d,): 8 10.55 (s, 1H), 8.60 (m, 1H), 8.20 {m, 2H), 8.15
(m, 1H), 8.19 (m, 1H), 7.66-7.50 (m, 4H), 7.12 (s, 2H), 2.22 (s, 3H). ESIMS:
'(MNa’): 477; (MH): 453.

EXAMPLE F(5)
Thiophene-2-carboxylic acid (4-amino-5-{3-[3-(3-chloro—benzoylamino)-phenyl]-

15 [1,2,4Joxadiazol-5-yl}-thiazol-2-yl)-amide

@i%ﬁ'\g&rﬁa

O
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secondary or tertiary), an alkali netal
or the like. Illustrative exanples of suitable salts include

hydr oxi de,

hydr oxi de or al kal32n¥eptesabeh2(68t al

organi c sal tswadpmsaeal from am no acids, such as glycine anq,cq.hgszrll )
ammoni a, primary, secondary, 23

10

15

'H NMR (DMSO-d): & 13.19 (s, 1H), 10.60 (s, 1H), 8.52 (s, 1H), 8.32 (m, 1H),
8.09-7.88 (m, 5H), 7.72-7.56 (m, 3H), 7.29 (m, 1H), 7.22 (s, 2H). ESIMS: (MH"):
523; (MNa"): 545; (MH): 521. |
EXAMPLE F(6)

N-{3-[5-(4-Amino-2-propionylamino-thiazol-5 -yD)-[1 »2,4Joxadiazol-3-y1}-phenyl }-3-

chloro-benzamide

o NH,
F e
. N_% Cl
o
'HNMR (DMSO-dJ: 8 12.41 (s, 1H), 10.57 (s, 1H), 8.48 (s, 1H), 8.06 (m, 2H), 7.96
_(rn, 1H), 7.85 (m, 1H), 7.70 (m, 1H), 7.67-7.55 (m, 2H), 7.15 (s, 2H), 2.46 (g, 2H),
L.09 (¢, 3H). ESIMS: (MNa®): 491; (MH): 467..

EXAMPLE F(7)
N-{ 3-[5-(4—amino-2-benzoylamino~ﬂ1iazol—5-yl)-[1 ,2,4]oxadiazol-3-yl}-phenyl }-3-

chloro-benzamide

@) N-—”c:i; :
g)kw)‘s (]
H H
Cl
@)

HNMR (DMSO-4): 8 13.08 (s, 1H), 10.57 (s, 1H), 8.50 (s, H), 8.43-8.10 (m, 45D,
8.07 (m, 1H),7.97 (m, 1H), 7.86 (m, 1H), 7.71-7.52 (m, 6H), 7.14 (s, 2H). ESIMS:
(MH'): 517; (MN2"): 539; (MH): 515.
EXAMPLE K()
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22 Septenber 2003 WO 00/ 75120 PCT/ US00/ 15188 and terti ary 2arfienembeniii3
cyclic am nes, such as piperidine, norpholine and piperazine, and
i norgani c sal YO %é¥®ed from sodi um cal cium potassium  PCT/US00/15188

N—(3-{5-[4-Amino-2—(3-methyl~ureido)-thiazol-5-y1]-[1,2,4]oxadiazol-3-yl}-phenyl)-

3-methyl-benzamide

‘ui%wa

5 Anal Caled for C,H N,0,S: C,56.11; H, 4.26; N, 21.81; §, 7.13. Found: C, 55.97;

ESMS (MH"): 450.

H, 4.39; N, 21.54; S, 6.89.

EXAMPLE F(9
N—[3-(2'-Acetylanﬁno-4’-amin0-[2,5’]bithiazolyl-éln-yl)-phenyl]benzamide
N

O N k
A A s
H S\ H

O

10 'H NMR (CD,OD): 88.27-8.24 (m, 1H), 7.89-7.85 (m, 2H), 7.67-7.61 (m, 2H), 7.51-
7.31 (m, 5H), 2.14 (s, 3H). ESIMS (MH’): 436: M-H): 434, '
Example F(10): N-{3-[4’-Amino-2’—(3-rnethyl-ureido)-[2,5’]bithiazolyl-4—yl}-phenyi }-

3-chloro-benzamide
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magnesi um nmnganese, iron, copper, zinc, alum num and |i t33%i3¢piembar 2008 case
of agents that are solids, it is understood by those skilled in the art 5

that the i nvewbiogsreonpounds and salts nay exist in differe | or
pol ynorphic forns, all of which are intended to be within %Ceﬁﬁsgcé%%s%f t he

present invention and
- NH
O N | 2
A A s
H H i H
N
Cl .
o .

Anal. Calcd. for Cngll-,ClNGOgS;-l 0 H;0:C, 50.14; H,3.81; N, 16.71; S, 12.75.

Found: C, 51.12; H, 3.64; N, 16.96; S, 12.87. ESIMS (MH?"): 485/487.
Example F(11): N-{3-[4'-Amino-2'-(3-methyl-ureido)-[2,5') bitlﬁazolyl—4-y1]¥phenyl}-

5  3-methoxy-benzamide

o | NH; .
\BHLNJ[\S S :
" H [ H
N N o~ CHa
_ -0
Anal. Calcd. for CH3pNg01S,-0.7 H,0: C, 53.58; H, 4.37; N, 17.04: S, 13.00.
Found: C, 53.60; H, 4.34;N, 17.04; S, 12.93. ESIMS (M-H): 479.

10  Example F(12): N-(3-{ 5-[4-Amino—2-(3-phenyl-ureido)-thiazol-S-yl]-

[1 ,2,4]oxadiazol-3-y1}-phenyl)-3—meﬂ1yl-benzamide
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specified formul as. Therapeutically effective anpunts of t2ecagarresi9 t he
I nvention may be used to treat diseases nedi ated by nodul ati on or

regul ati on of WRIOBTERh ki nases. An 10 "effective anount" is pqi/esudasisto nean
t hat anount of an agent that, when

Anal. Calcd. for C, H, N,0,S: C, 61.04; H, 4.14; N, 19.17; S, 6.27. Found: C, 60.78;
H, 4.18; N, 19.05; S, 6.08. ESIMS (MH"): 512.
Example F(13): N-(3-{ 5-[4—Amino-2-(3-isopropyl—ureido)-thiazol-S-yl]-

[1,2,4]oxadiazol-3-yl }-phenyl)-3-methyl-benzamide

Anal. Calcd. for CHy3N5058: C, 57.85; H, 4.85; N, 20.53; S, 6.71. Found: C, 57.65;
H, 4.97; N, 2047; S, 6.64. ESIMS (MH™"): 478.
Example F(14): N-(3-{ 5-{4—Amino-2-(3-benzyl—ureido)-tlﬁazol-s-yl}-[1,2,4]oxadiazol—

10 3-ylI}-phenyl)-3-methyl-benzamide

NH;z

SAARE VNN

Anal. Caled. for C;7H3N-048-0.9 H;O: C, 59.85; H, 4.61; N, 18.10: S, 5.92. Found:
C, 59.86; H, 4.55; N, 17.86; S, 5.78. ESIMS (MH"): 526.
15  Example F(15): N-{3-{5-(4-Amino-2-methanesulfonylamjno—thiazol-S-yl)-

[1,2,4]Joxadiazol-3-yl}-phenyl }-3-methyl-benzamide
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adm ni stered to a namal
treatnent for a di sease
Ki nases, suchwasod/sysi ne

in need of such treatnent, is sufZiSepember2908ff ect

nmedi ated by the activity of one or nore protein

ki nases. Thus, e.g., a therapeutical I%}Oeffect ive

active net abol Y¢EURAYIH188 dny

sal t,

anount of a conpound of the Formula I,
thereof is a quantity sufficient to nodul ate,

ESIMS (MNa*): 493,

Example F(16); N-(4’-Anﬁnd-4~benzoyl-[2,5’}bithiazolyl-Z’-yl)—acetamide

5 'HNMR (CD,0D): §6.81-6.60 (m, 2H), 6.41-6.18 (m, 3H), 6.07-5.91 (m, 1H),

0.93 (s, 3H).
FABMS Caled for C,H,N,0,S,Na: 367.0299. Found: 367.0991.

EXAMPLE G(1)
5-Pyﬁdin-Z-yl—N’-G,4,5-trimethoxy-phenyl)-tlﬁazole—2,4—diamine

- Ha
) mﬁ NH.
| |
HsC HnH‘ Ny
2

10

3, 4, 5-Trimethoxyphenyl isothiocynate (250 mg, 1.11 mmot, 1 equi\'r.) and

cyanamide (56 mg, 1.33 mmol, 1.2 equiv.) were taken up in acetonitrile-rers-butanol

(1:1, 10 mL) at 23 °C. To this was added KO-#-Bu (286 mg, 2.55 mmol, 2.3 equiv.)

and 2-chloromethylpyridine hydrochloride (182 mg, 1.11 mmol, 1.00 equiv.). The

15  reaction mixture was allowed to stir for 1.5 h at 23 °C. The mixture was dxluted with

water (20 mL) and the white solids were filtered, washed with ether and dried (257
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15 regul ate, or inhibit the activity of one or nore prot ei# kiptraghes 2@3ch
that a disease condition which is nediated by that activity is reduced or
all eviated. ™MRMdht of a given agent that will correspoPdI/Usioassh an
anount will vary dependi ng upon factors such as the particular conpound,
di sease condition and its-severity, the identity (e.g.,
mg). The dried residue-660 mg, 0.167 mmol, 1.00 equiv.) was dissolved in THF (3
mL), cooled to -78 °C and was treated with n-butylithium (0.261 mL, 1.6 M, 2.5
equiv.). The mixture was allowed to warm to 23 °C, was quenched with saurated
sodium bicarbonate, and organics were extracted into ethyl acetate. The concentrated
5  residue was purified by silica gel chromatography (ethyl acetate/hexane: 1:1, 48.3
mg, 80%). |
MS (FAB) [m+]/z Calcd: 359. Found: 355. MS (FAB) [m;]lz Caled: 357. Found:
357.
Anal. Calcd: C, 56.§7; H, 5.06; N, 15.63; S, 8.95. Found:. C, 56.18; H, 5.10; N,
10 15.31; S, 8.68.
| The following Examples G(2) through G(9) were prepared in a similar manner
-to Example G(1).
EXAMPLE G(2)
N’-Phenyl-5-pyridin-2-yl-thiazole-2,4-diamine

MS (FAB) [m+]}/z Calcd: 269. Found: 269.
Anal. Caled: C, 62.66; H, 4.51; N, 20.88; S, 11.95. Found: C,62.71; H, 4.46; N,

20.76; S, 11.91.

EXAMPLE G(3)

20 N’-(2,3-Dihydro-benzo[1,4]dioxin—6-yl)-5-pyﬁdin-2-yl-thiazole—2,4-diamine
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in need of treatment, but can never tRdleptembee2003

""Treating" is intended
§uch
ne or

wei ght) of the manmal _ :
routinely 20 determined by one skilled in the art. ' .
to mean at |e¥wsxooto nmitigation of a disease condition in %%ﬁﬂ)ﬁs%
as a human, that is affected, at least in part, by the activity o0

nore protein kinases, such as tyrosine kinases,

MS (FAB) [m+)/z Calcd: 327. Found: 327.
Anal. Calc’d: C, 58.88; H, 4.32; N, 17.17; S,9.82. Found: C, 59.00; H, 4.29; N,
16.92; S, 9.58.

5 EXAMPLE G(4)
N-(3 »4-Dimethoxy-phenyl)-5-pyridin-2-yl-thiazole-2,4-diamine

P

MS (FAB) [m+)/z Caled: 329. Found: 329.
Anal, Caled: C, 58.52; H, 4.91; N, 17.06; 8, 9.76. Found: C,58.43; H, 4.89: N,
10 17.03; S, 9.67.

EXAMPLE G(5)
S-Quinolin-2-yl-N’-(3_,4,5-u'imethoxy-phenyl)-thiazole-2,4-diamine

H,C

~ MS (FAB) [m+]/z Calcd: 408. Found: 408.
15 Anal. Calcd C,61.75; H,4.94; N, 13.72; 8, 7.85. Found: C, 61.96; H, 4.80; N,
13.05; S, 7.54.

EXAMPLE G(6)
5-(6-Bromo—pyridin-2—yl)—2-N—(3,4,5-u'imethoxy-phenyl)-thiazole-2_,4-diamine
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and includes: preventing the disease condition from occurrd2¥gpiembgr 2mal |

24 22 Septenber 2003 WO 00/ 75120 PCT/ US0O0/ 15188
WO 00/75120 _ PCT/US00/15188.

OCH,

XLJ\%

'H NMR (300 MHz, CDC3): 7.35 (;, 1H), 6.98 (d, 1H), 6.76 (d, 1H), 6.62 (s, 2H),
3.85 (s, 6H), 3.82 (s, 3H).
MS (FAB) {m+H]/z Calcd: 437. Found: 438.

5 Anal. Caled: C,46.69; H,3.92; N, 12.81; S, 7.33. Found: C, 46.66: 1. 3.84; N,

12.68; 8, 7.25.

EXAMPLE G(7
5-(5-Thiophen—3-yl-[1,2,4]0xadiazol-3-yl)-N’-(3 +4,5-trimethoxy-phenyi)-thiazole-2,4-

Hy
HiC NH:
| !]
H;C H’I\ Nw
N=O

MS (FAB) [m+]/z Calcd: 431. Found: 431.

diamine

10

Anal. Calcd: C,50.10; H, 3.97; N, 16.23; 5, 14.86. Found: C, 50.45; H, 3.96: N,
1531; S, 14.46. ‘

EXAMPLE G(8)
15 4-{4—Amino-5-[1—(4—chloro-bcnzyl)-1H-irnidazol-2-y]]-thiazol-z-ylamino}-

“benzenesulfonamide

“""'*@H?’kr
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particularly when the mammal

di sease

is found to be predi sposed td2fizpiengpet 203

condi tion but has not yet been diagnosed as having it; nodul ating
and/ or i nhi biWP#§7512he di sease condition; and/or alleviati ngctrngﬂmﬁggase
on‘routes

and

10

condition. The inventive agents may be prepared using the reactl

EXAMPLE G(9) -

4—[4-Amino-S-(S-nitro-benzotlﬁazol-Z—yl)-thiazoI-Z-ylamino]-benzenesulfonamide

QP

eV ¢
.- I\AS b/ﬁ
H S "o

'H NMR (DMSO-dg): 8.35 (s, 1H), 8.02 (d, J = 6.5 Hz, 1H), 7.90 (d, J =6.5 Hz,

5 1H), 7.72 (m, 4H), 7.64 (br, NH,), 7.22 (br, NH,)
EXAMPLE H(1)
4-(4’-Amino-4-hydroxy—[2,5']bithiazo!yl-2 -ylamino)-benzenesulfonamide

0,

s\//o

HN*@\ ,Y&r:i

The title compound of this example and Examples H(2) through H(6) were

arylamino-4-amino-thiazole-5-carbothioamides and a-bromo esters, a-bromo.

lactones, or a-bromo-nitriles, as appropriate,

prepared in a manner similar to that described in Example A(1) et seq. from 2-

'H NMR (DMSO-d): §7.88 (s, 4H), 7.39 (s, 1H). ESIMS (MH’): 370; (M-H)"

368.

15 EXAMPLE H(2)
4—[4’-Amino-4—hydroxy-5—(4—hydroxy-phenyl)—[2,5’]bithiazolyl-2’-yl-amino]-

benzenesulfonamide
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5 synthesi s schenes as descri bed bel ow, enpl oying the tech?i Sspembanvi0Babl e
in the art using starting nmaterials that are readily -available. In one
general synt H¥0i08/751tbcess, conpounds of Fornula | are prepapegusoaqsisdi ng
to the follow ng reaction schene: ,

10

15

'HNMR (DMSO-d)): §9.52 (s, 1H), 7.83 (m, 4H), 7.32, (s, 2H), 7.06 (d, J = 8.0 Hz,
2H), 7.42 (d, J = 8.0 Hz, 2H), 5.38 (s, 1H). ESIMS (MH'): 462.
Anal. Caled for C,H,/N,0,5,0.2H,00.2E0: C, 47.04; H, 3.65; N, 14.59: S, 20.04.

Found: C, 46.78; H, 3.59; N, 14.36; S, 20.73.

 EXAMPLE H(3)

4’-Amino-2'-(4-dimethylaminq-phenylamino)-5-(2—hydroxy~phenyl)—
I
Q.

'HNMR (DMSO-4,): 87.30 (m, 2H), 7.04 (m, 2H), 6.68 (m, 4H), 2.88 (s, 6H).

[2,5’]bithiazoly-4-ol

ESIMS (MH’): 426; (M-H): 424.

EXAMPLE H(4)

4~[4’-Amino-4-hydroxy~5-(2-hydroxy-phenyl)-[2,5’}bithiazoly-Z’-ylamino]-
benzenesulfonamide |

0o, 0

pieSse Y
H | OH |
: OH
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25 22 Septenber 2003 WD 00/ 75120 R -N=C=S + H2N-CN

10

15

22 September 2003

WO 00/75120 PCT/US00/15188

"H NMR (CD,0D): §782 (m, 4H), 7.02 (m, 2H), 6.62 (m, 2H). ESIMS (MH"): 462;
(M-H): 460. |

EXAMPLE H(5)

4—[4’-Amino-4»-hydroxy-5-{2-hydroxy-ethyl)—3 "H-1"-[2,5]bithiazolyl-2’-ylamino)-

benzenesunlfonamide

o, o0

7 )
NH
H2 I\(LI ?
H E | OI )
OH

'H NMR (DMSO-d,): 87.83 (s, 4H), 4.72 (m, 1H), 4.26 (m, 1H), 3.52 (m, 2H), 2.30
(m, 1H), 1.78 (m, 1H). ESIMS (MH"): 414; (M-H): 412.

Anal. Caled for C“H,,N,O,S,: C, 40.67; H, 3.66; N, 16.94: S, 23.26. Found: C,
40.81; H, 3.76; N, 16.76; S, 23.02.

EXAMPLE H(6)
4-(4,4‘-Diamino-[2,5']bithiazolyl-Z'—ylamino)-benzenesulfonamide

ey .

1H NMR (DMSO-Dg): 8 11.0 (s, NH), 8.12 (s, H), 7.80 (m, 4H), 7.32 (s, NH,), 7.08

(br s, NHp), 7.02 (s, NHy). ESIMS (MH+): 369; (M-H-): 367.

EXAMPLE I(1
S-S-(4-Benzyl-4,5—dihydro;oxazol—2-.yl)-N'-(3,4,5-nimeﬂ10xyl-phenyl)-thiazole-2,4-

. diamine
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22 September 2003

WO 00/75120 PCT/US00/15188

~  OCH, _
HSCQ]:i NH,
H,CO ﬁ% /@

A mixture of 4-amino-2-(3 +4,5-trimethoxy-phenylamino)-thiazole-3- _

carbonitrile (153 mg, 0.5 mmol), 2(S)-amino-3-phenyl-propan-1-ol (84 mg, 0.55
mmol), and a catalytic amount of dry ZnCl, in chlorobenzenie (15 mi) was fcﬂuxed
for four hours. The solvent was removed under reduced pressure, 'I'he residue was
dissolved in ethyl acetate and washed thh 0 1 N HCl, brine and dned with MgSO4
The product (53 mg) was obtained after silica chromatography purification
(hexanes/ethyl acetate=1/1).
"HNMR (CDCL): 57.33-7.22 (m, SH), 6.58 (s, 2H), 4.50 (m, 1H), 4.24 (t, J=9.0 H,
1H), 4.01 (t, 7= 9.0 Hz, 1H), 3.86 (s, 6H), 3.82 (s, 3H), 3.11 (m, 1H), 2.70 (m, 1H).
ESIMS (MH"): 441; (M-H): 439.

The following Examples 1(2) through I(19) were prepared in a similar manner:

EXAMPLE 1(2)
R—S-(4—Benzyl-4,5—dihydro-oxazol-Z-yl)-N’-(3 +4,5-trimethoxyl-phenyl)-thiazole-2,4-

=) Ao

diamine
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'H NMR (CDCI,): 67.33-7.22 (m, 5H), 6.58 (s, 2H), 4.50 (m, 1H), 4.24 (t, J= 9.0
Hz, 1H), 4.01 (t, J = 9.0 Hz, 1H), 3.86 (s, 6H), 3.82 (s, 3H), 3.11 (m, 1H), 2.70 (m,
1H). |
Anal. Caled for C,H,N,0,S: C, 59.98; H, 5.49; N, 12.72; S, 7.28. Found: C, 59.88:
5 H, 554N, 12.6.7; S,721.
- EXAMPLE 1(3) _
S-5-(4-Isdbutyl-4,5-dihydro-oxazoi-2—yl)-N‘-(3,4,5-tn'mcthoxyl-—phenyl)-ﬂﬁazole—2;4-

diamine

e~ Yl
10 'HNMR (CDCL): §6.57 (é. 2H), 5.71 (brd, NH,), 4.36 (m, 1H), 4.26 (m, 1H), 3.85-
3.80 (m, 10H), 1.80 (m, 1H), 1.62 (m, 1H), 1.35 (m, 1H), 0.95 (n, 6H). ESIMS
(MH"): 407.
EXAMPLE I(4)
5-{ (4R)-[(1R)-Benzyloxy—ethyl]-4.5—dihydro-oxazol-2-yl}-N’-(3,4,5-trimcthoxyl-
15  phenyl)-thiazole-2,4-diamine -

OCH,

pelse
_ HW—’[@.,,,I,
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A sol ution of an isothiocyanate, e.g., R -N=C=S and cyanamZdigpiembee(Bed
with 1.1 to 1.5 nolar equivalents of 1,8-diazabicylclo[5.4.0]undec-7-ene
("DBU') in WOWFHM e sol vent, such as acetonitrile, at anp@ppaRtisat e
tenperature 5 (preferably roomterrperature) for approxi mtely 40-80
m nut es, generati ng

'H NMR (CDCL): §7.35-7.25 (m, 5H), 6.58 (s, 2H), 5.70 (brd, NH,), 4.70-4.59 (m,

2H), 4.48 (m, 1H), 4.25 (m, 2H), 3.86 (s, 6H), 3.83 (s, 3H), 3.77 (m, 1H), 1.14 (m,

3H). ESIMS (MH"): 485.

EXAMPLE I(5)

5 S-4-[4—Amino-5-(4—pheny1-4,5-dihydro—oxazol-2—yl)-thiazol-2-ylamino]-

Hyn Nii(
A, @

'HNMR (CD,0D): §7.82 (m, 4H), 7.34 (m, 5H), 5.26 (t, J=8 Hz, 1H), 4.72 (1, J =

benzenesulfonamide

7.80 Hz, 1H), 4.16 (t, J = 7.80 Hz, 1H).

10  Anal. Calcd for C.H,;N,0,S,0.5Et0: C, 53.08; H, 4.90; N, 15.48: S, 14.17. Found:
C,53.36; H, 4.79; N, 15.66, S, 14.33.
EXAMPLE I(6)
S-5-(4-Pheny1-4,5-dihydro-oxazol-2-yl)—N’-(3,4,5-u-imethoxyl—phenyl)-thiazole-2,4—-
diamine

OCH,
Hy NH,

pels
ALy
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internediate V. Wthout isolation, internediate V is furtRarSeatembapedf0Bo
react wth a conpound of Formula VI, where LGis a suitable | eaving group
such as 26 ZZW‘I&Mer 2003 PCT/US00/15188

'"HNMR (CDCL): §7.37-7.26 (m, 5H), 6.59 (s, 2H), 5.80 (brd, NH)),532(t,J=
7.80 Hz, 1H), 4.65 (1, J = 7.80 Hz, 1H), 4.09 (t, J =7.80 Hz, 1H). FABMS (MH"):
4217.

EXAMPLE I(7
5 R-5-(4-Phenyl-4,5-dihydro-oxazol-2-yl)—N’-(3,4,5-lrimethoxyI-phenyl)-thiazole—ZA—

diamine
OCH,

o
|
H,C S

'HNMR (CDCL,): §7.37-7.26 (m, 5H), 6.59 (s, 2H), 5.30 (brd, NH,), 5.32(t, J =
7.80 Hz, 1H), 4.65 (1, J = 7.80 Hz, 1H), 4.09 (t, J = 7.80 Hz, 1H). FABMS (MH"):

10 427,

EXAMPLE I(8)
S-5-[4-(3-Benzyloxy—phenyl)—4,5-dihydro-oxazol-2-yl]-N’-{3,4,5-uimethoxy—phenyl)-

Me 5:>
M@ﬁ NHz
7\
T e
H o}

15 'HNMR (300 MHz, CDCL):  3.83 (s, 3H), 3.87 (s, 6H), 4.08 (dd, 7 =8, 8 Hz, 1H),

thiazole-2,4-diamine

4.62 (dd, J = 8, 10 Hz, 1H), 5.05 (s, 2H), 5.30(dd, J = 8, 8 Hz, 1H), 5.80 (s, 2H), 6.59
" (s, 2H), 6.90 (m, 3H), 7.33 (m, 6H). HRMS (FAB) (MH") Calcd: 533.1859. Found:
533.18477.
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WO 00/ 75120 PCT/ US00/ 15188 chl oro, brono, or nesy-loxy, urdet*PioRDeszhfd
conditions for an additional 0.5 to 24 hours (h) to yield a compound of
Formula VII. WRMBRO i nst ances, the conmpound of Fornul a VI | peHUSIO518S

i sol ated, but is

EXAMPLE K9} -
S-3-{2—[4-Amin0-2{3,4,5-uimethoxy-phenylamino)-thiazol-S-yI]-4,5-dihydro-

~ oxazol-4-yl}-phenol
" Me NHs
H
MeO N’E;\S\r
H o)

5 To a-solution of S-5-[4-(3-benzyloxypheny1)-4,5-dihydro-oxazo-2-yI]-N2- :
(3,4,5-ﬁimethoxy—phenyl)-thiazole-2,4-diamine (prepared as described in Example
18)) (20 mg, 0.038 mmol) in DMF (0.5 ml), Pd black (10 mg) and ammonium
formate (10 mg, 0.14 mmol) were added. The reaction mixture was stirred at room
temperature for 42 h. The reaction mixture was diluted with CH,CL, (5 m!) and

10 filtered through Celite. The product (4mg) was obtained after the removing of the

solvent.

"HNMR (300 MHz, CD,0D): §3.74 (s, 3H), 3.85 (s, 6H), 4.28 (dd, J = 8, 8 Hz, 1H),
4.84 (m, 1H), 5.20(dd, J = 8, 9 Hz, 1H), 6.74 (m, 3H), 6.93 (s,2H), 7.18 (dd, /=8, 8
Hz, 1H). HRMS (FAiB) (MH") Calcd: 443.1389. Found: 443.1377.

15  EXAMPLE I(10)
S-5~[4—(4—Benzyloxy-phenyl)-4,5-dihydro-oxazol-Z-yl]-N’-(3,4,5-u'imethoxy-phenyl)-

Med. Me Hy _
MZﬁﬁﬁﬁf}@_g—@

'HNMR (300 MHz, CDCL): 53.82 (br s, 9H), 4.06 (dd, J = 8, 8 Hz, 1H), 4.60 (dd, J

thiazole-2,4-diamine

20 =9,9Hz, 1H), 5.05 (5, 2H), 5.26 (4d, J = 9, 9 Hz, 1H), 5.89 (br s, 2H), 6.58 (s, 2H),
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directly 5 converted to the compound of Formula | by contZmge¥mbenadiodon at

a tenperature between roomtenperature and 80 'C, preferably 50 'C,

for |

to 24 h. ConWweneozseal wor k-up and purification yields final P&Hﬁﬁ)ﬂHﬂgsL
Alternatively, a

10

15

. 6.94(d, J=9 Hz, 2H),4.20 (/ = 9 Hz, 2H), 7.39 (m, 5H). HRMS (FAB) (MH")

Caled: 533.1859. Found: 533.1876.

EXAMPLE I(11)
S-4-{2-[4-Amino-2-(3 +4,3-trimethoxy-phenylamino)-thiazol-5 -y1}-4,5-dihydro-

 OMe
Meojé N H, :
#\ N
Meo NS OJ_O'OH

The title compound was prepared from the compound of Example I(10) in a

oxazol-4—yl}-phepol

manner similar to that described for Example 1(9). .

'HNMR (300 MHz, CD,0D): 83.73 (s, 3H), 3.80 (s, 6H), 4.12 (dd, J = 8, 8 Hz, 1H),
4.70(dd,J=9,9 Hz, 1H), 5.16 (dd, J = 8, S Hz, 1H),6.70(d, J = 8 Hz, 2H), 6.92 (s,
2H), 7.12 (d, J = 8 Hz, 2H). HRMS (FAB) (MH") Calcd: 443.1389. Found:
443.1377.

EXAMPLE 1(12)
(R/S)-S-[4-(4-Bromo-phenyl)-4,5-dihydro-oxazol-Z-yl]-N’-(3,4,5-trimelihoxy-phenyl)—

thiazole-2,4-diamine

_ MS (FAB) [m+H)/z Calcd: 505. Found: 505.

Anal. Caled: C, 49.91; H, 4.1%; N, 11.09; S, 6.34. Found: C, 49.32;H, 4.02; N,
10.59; S, 6.05. |

20 EXAMPLEX(13)
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conmpound of Fornula VII is isolated and purified, and ther?d Speobee?d03d to
a conpound of Fornula | by treatnent with a suitable base, such as

pot assi umt 1WOWHFHRE de, |ithi um hexanet hyl di sil azide, or | pthigsimsiss

dii sopropyl am de, in an appropriate solvent, such as THF, for 0.5 to 24 h

at a tenperature between -78 'C

(R/S)-5-[4-(2-Bromo-phenyl)-4,5-dihydro-oxazol-2-y1]-N'-(3 ;4,5-trimethoxy-phenyl)-
thiazole-2,4-diamine
Hj
HyC NH;
Hy cﬁ W
H
Br

MS (FAB) [m+H)/z Calcd: 505. Found: 505.
5 Anal Caled: C,49.91; H,4.19; N, 11.09; S, 6.34. Found: C,49.32; H, 4.02; N,

10.59; S, 6.05.

EXAMPLE I(14)
(R!S)-S-[4-(3-Bromo-phenyl)-4,5-dihydro-o;ézol-2-yi]—N’-(3,4,5-u-imethoxy-phenyl)-

thiazole-2,4-diamine

Vel

MS (FAB) [m+H)/z Caled: 505. Found: S05.

10

Anal, _Calcd: C 49.91; H,4.19; N, 11.09; S, 6.34. Found: C,50.16; H, 441; N,

9.64; S, 54.

EXAMPLE [(15)
15 (RIS)—S-(4-Methyl-4,5—dihydro—oxazol-2—yl)—N’-(3,4,5-u-imethoxy-phenyl)—thiazole-

2,4-diamine
DO

MS (FAB) [m+]/z Caled: 364. Found: 364.
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and roomtenperature. Various conmpounds of Formula VI are BdiRismbeadqoy -
avai |l abl e or known, for exanple, 2-(chloronethyl)benzimdazole, 2-

(chl or onet hy W@ei/msad6i ne, 2-picolyl chlori de_, 2-acetam dp-_4 ﬂél‘/USOO{lSlSﬁ
(chl oronmet hyl )t hi azol e, 6-(chl oronet hyl)-2-isopropyl pyrimdin-4-ol, 4-

An'al. Caled: C,52.73; H, 5.53; N, 15.37; S, 8.8. Found: C, 50.58; H, 5.36: N,
13.92; §,7.84.

EXAMPLE 1(16)
5-(4-Methyl-—5-phenyl-4,5-dihydro-oxazol-Z-yl)—N’-(3,4,5-ttimethoxy-phenyl)-

5 thiazole-2,4-diamine

| MS (FAB) [m+H])/z Caled: 441. Found: 441.
Anal. Caled: C, 59.98; H, 5.49; N, 12.72; S, 7.28. Found: C, 59.38; H, 5.49; N,
12.50; S, 7.16. |
10 EXAMPLEIID).
(RIS)-S-(4—Isopr0pyl-4,5-dihydro-oxazol-2-yl)-N’-(3,4,5-uimemoxy-phenyl)-ﬁﬁazole-

2,4-diamine

Ha
H;ﬁ NH:
Ha Niif}"{
H .
MS (FAB) (m+H}/z Caled: 393. Found: 393.
15  Anal. Caled: C, 55.08; H, 6.16: N, 14.28; S, 8.17. Found: C, 55.62; H, 6.33; N,
13.07; S, 1.73.
EXAMPLE K(18)
5-(4(R)—Methyl-5(S)—phenyl-4,5-dihydro-oxazo]-2-yl)-N’-(3,4,5-trimethoxy-phenyl)-

ﬂiiazole-2,4-diamine
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chl or onet hyl - 2- (4-chl or ophenyl )i hi azol e, 3-(chl oronet hyl ) -22 3zpigmbredifazol e,
3- (chloronet hyl)-5-(3, 5-di net hyl i soxazol -4-yl)-1, 2, 4- oxadi azol e,

3- br ononet hyIWO8V 7L} net hoxy- | - met hyl - 2( 1 h) - qui noxal i none, PCT/US00/15188

2- chl or onet hyl - 5- met hoxybenz- i mi dazol e,
5-(tert-butyl)-3-(chloronmethyl)-1, 2,4-oxadi azol e, 5-chloro-3

- H’
Hs MH;
Ha ﬁ %"“
H
MS (FAB) [m+H)/z Calcd: 441. Found: 441.

Anal. Caled: C, 59.98; H, 5.49; N, 12.72; S, 7.28. Found: C, 59.38; H, 5.49; N,

12.50; S, 7.16.

5 EXAMPLE K19)
(RlS)—S-(S-MethyH,S-dihydro-oxazol—2—yl)*—N’-(3 4, 3-trimethoxy-phenyl)-thiazole-

2.4-diamine

MS (FAB) [m+H]}/z Caled: 365. Found: 365.
10 Anal. Calcd: C,52.73; 1, 5.53; N, 15.37; S, 8.8. Found: C, 50.91; H, 5.27; N,

14.03; S, 8.09.

EXAMPLE (20}

15 EXAMPLE I(1)
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20 (chloronet hyl)-1, 2, 4- t hi adi azol e, 22 September 2003 -

3-(chl oromet hyl)-5(3-thienyl)-1,2, 4- oxadi azol e,

5-%4-(chl or oNEQ #yAs)201, 3-t hi azol - 2-yl j i soxazol e, 5-(chl or omepfihidgodsisd: 5-
di (trifluoronethyl)styrylj-1,2, 4-oxadi azol e,

5-chl oro-4-(chloronethyl)-1,2,3- thiadiazole,

5- (chl oronet hyl ) - 3- (4- chl or ophenyl ) - 1, 2, 4- oxadi azol e, 3-chloro-2

5-(2H-Tetra.zol-5-yl-)-N—-'(B,4,5-ttimemoxyl)-tlﬁazole-2,4-diamine

OCH, .
H,C NH,
O,
New—— NH
A solution of 4-amino-2-(3,4,5-trimethoxy-phenylamino)-thiazole-5-
carbonitrile (110 mg, 0.35 mmo!), TMSN3 (115 mg, 1.0 mmol) and catalytic amount
3 of BusSnQOin tolﬁene was refluxed for four days (additional amo.unts of TMSN3 and
BuzSn0 were added during- the reaction). Sdlvent was removed uﬁder reduced
pressure. The residue was dissolved in ethyl acetate and washed with 0.1 N HC],
brine z?nd dried with MgSOj4. The solvent was removed and the residue was triturated
in ethyl ether. The final product (30 mg) was collected by filtration:
10 'HNMR (CD,0D): 6.9 (s, 2H), 3.89 (s, 6H), 3.77 (s, 3H). ESIMS (MH"): 350;.
(M-H): 348.
The following example was prepared in a similar manner:

EXAMPLE J(2)
N-(4—Dimethylamino—phenyl)-5-{2H—tetrazol-5-y1)-thiaz01e—2,4—diamine

15 N—ltlH

"HNMR (CD,OD): §7.38 (d, J = 5.40 Hz, 2H), 6.85 (d, J = 5.40 Hz, 2H), 2.95 (s,
6H), ESIMS (MH'): 302; (M-H): 301.
EXAMPLE K(1)
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3-{ 5-[4—Amino-2-(3,4,&uimemoxy-phenylénﬁno}-ttliazol-S-yl]-[1,2,4]oxadiazol-3-

Me
M Hp
N H
A XN
MeO N 8"
M o,ﬁ

To a solution of 200 mg (0.412 mmol) of 5-[3-(3-methoxymethoxy-phenyl)-

yl}-phenol

[1,2,4Joxadiazol-5-y1]-N"-(3,4,5-trimethoxy-phenyl)-thiazole-2 4-diarnine (prepared
in Example B{4)) in 8 mL of 50% aqueous dioxane was added tnﬂuoroacetm acid (8
mL) with water bar.h cooling at 15 °C, After 2 hours at room temperature, toluene

was added, and the solution was concentrated in vacuo with the water bath at 22 °C.

‘With five milliliters of solvent left, the solution was poured into cold aqueous sodium

bicarbonate. This solution was extracted with two portions of dichloromethaﬁe,
which was subsequently washed with brine and dried over sodium sulfate. Radial
silica chrbmatography eluting with 5-10% methanol/dichloromethane gave 3-{5-[4-
amino-2-(3,4,S-u'imemoxy-pheny]amino)—thiazol-s-yl}[ 1 ,2,4]oxddiazol-3-y1 }-phenol
60mg)asa pale-};eﬂow solid.

"HNMR (300 MHz, DMSO-d,): 5 3.64 (s, 3H), 3.81 (s, 6H), 6.95 (m, 3H), 7.34 (m,
2H), 7.49 (m, 2H), 9.76 (s, 1H), 10.76 (s, 1H),

Anal. Caled for C,H,)N,0,S: C, 54.41; H, 4.34; N, 15.86. Found: C, 54.40; H, 440,
N, 15.86.

EXAMPLE 1.(1)
5-{6-(Furan*2-yl)-pyridin-2-yl}-N’-(3,4,5~trimethoxy-phenyl)-ﬂﬁazole-2,4~diamine
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(chl oronmethyl )-5-(trifluoronethyl)pyridine, 5-(chloronethy}?)Septebpr 2003

pyridyl sul fonyl)nethyl]-1, 2, 4- oxadi azol e,
3- (chl or onet WDp/Bs1et hyl | soxazol e, 2- PCT/US00/15188

chl or onet hyl - 4, 6-di met hoxypyri m di ne,
3- (chloronethyl) 5- (4-chl orophenyl)-4H 1, 2, 4- triazole,
2- (chl oronet hyl ) - 5- (4-chl or ophenyl ) -1, 3, 4- oxadlazole 4

Ha
Ha W

To a solution of 5-(G-Bromo-pyridin—2-yl-2-N—(3,4,5-n-imethoxy-phény1)-
thiazole-2,4-diamine (prepared as in Example G(6)) (60 mg, 0.137 mmol, 1.0 equiv)
in DMF (0.7 mL) was added 2-forantributyltin (130 pL, 0.411 mmol, 3.0 equiv),

5  wiethylamine (95 pL, 0.685 mmol, 5.0 equiv) and dichlorobis(ttiphenylphosphine)-
palladium (19 mg, 0.027 mmol, 0.2 equiv.). The reaction mixture was heated to 85
°C for lé-h, cooled and partitioned between Ethyl acetate and sodium bicarbonate.

- The organic layer was dried over sodium sulfate, decanted and concentrated. The
material was purified by silica gel chromatography (1:1 ethyl acetate/hexane) to give
10 5-{6-(furan—2-yl)pyridin-2—yl}-N"‘-(3,4,5-trimethoxy-phenyl)-thiazole-ZA—diamine
(30.5 mg, 53% yield).
MS (FAB) [m+)/z Caled: 424. Found: 424.
_Anal. Caled: C, 59.42; H, 4.75; N, 13.20; 8, 7.55. Found: C, 59.56; H,4.71; N,
13.10; S, 7.44.
15 The following Examples 1(2) and L(3) were prepared in a similar fashion as
Example 1(1).
EXAMPLE L(Z)
5-(6-Thiophen-2-yl-pyridin-2-y1)-N*-(3 ,4.5-tn‘methox3,r—phenyl)—thiazolt3-2,4-diaminef

0

20 MS (FAB) [m+H})/z Calcd: 441. Found: 441.
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5 chl or onet hyl - 5- et hyl - 2- phenyl - oxazol e, 3-(chl or onret hyl )228¢eptgmper 2003
di chl orophenyl ) - 5-net hyl - I h- pyrazol e, and

3- (chi or onet yQPO/FsIRA, 2, 3-t hi adi azol - 4-yl)-1, 2, 4- oxadi azol @:ipiRHysds of
Formula VI may al so be prepared by nethods known to those skilled in the
art. See, e.g., Mlari et al., J. Med. Chem,

Anal. Caled: C,57.25,H, 4.58; N, 12.72; S, 14.56. Found: C, 56.57; H, 4.60; N,

12.47; 8, 14.33.

EXAMPLE L(3)

5-(6-Thiophen-3-yl-pyridin-2-y1)-N*-(3 ;4,5-trimethoxy-phenyl)-thiazole-2,4-diamine

Hy
Hy NH;
Ha -
H
5 .

MS (FAB) [m+]/z Calcd: 440; Found: 440.
Anal. Calcd: C, 57.25; H, 458 N, 12.72; S, 14.56. Found: C, 56.57; H. 4.60; N,
12.47; S, 14.33.

EXAMPLE M(1)
10 _4-Benzylsulfany1methyl-N-(4-isopropyl-phenyl)-[2,5’]bitlﬁazolyl-2'4’-diamine

w ~D/ﬁ/\«\®

A solution of 204 mg (0.7. mmol) of 4-amino-2-(4-isopropy1-phenyiamino)- _
thiazol-5-carbothioamide (prepared as in Example A(1), Step (ii)) and 1,3-
dibromoacetone (154 mg, 0.72 mmol) was stirred in MeOH (10 ml) at room

15 temperature for 2 hours. The resuitant reaction mixture was then diluted with etﬁyl
ether (150 ml). A yellow-brown solid was filtered off, rinsed with ethyl ether, and

dried in vacuum to give a crude intermediate as brown solid (298 mg, 91% yield).

177



35, 457-465 (1992); Baiocchi et al., Heterocyclic Chem, £8Sepughenipa
(1979), 10 which are incorporated by reference herein. A corrpound of

Formul a VI || wayogepr epared by conventional acyl at i on ﬁcgusom 188
3-am nobenzonitrile, foll ovved by heating at 60-100 'C w t h roxylam ne in

a

Without further purification, the above intermediate (50 mg, 0.12 mmol) was
dissoived in DMF (10 mL) with DIEA (17 mg, 0.14 mmol).‘ Benzyl mercapten
(17 mg, 0.14 mmol) was then added. The resultant mixture was stirred at room
temperature for 2 hours. Solvent was removed under reducéd pressure and the

5 residue was re-dissolved in ethyl acetate (100 mL). The organic solution was
extracted with saturated NaHC'O3 (3 x 20ml) followed by bﬁne. The organic layer
was dried over magnesium sulfate and concentrated to furnish a brown solid. The
final product was subsequently purified by preparative HPLC to provide 4-
benzylsulfanylmethyl—N—(4—isopropyl-phenyl)-[2,5’]bithiazolyl-Z’4’ -diamine (9

10 mg, 18% yield). 'H NMR (DMSO-dg): §7.91 (s, 1H), 7.20-7.38 (m, 9H), 6.65

(s, 1H), 5.98 (s, 2H), 3.73 (s, 1H), 3.63 (s, 2H), 2.9 (heptet, J = 6.9 Hz, 1), 1.22-
1.24 (d, J =6.9 Hz, 6H). FABMS (M+): 452; FABMS (MNa+): 475.
Example N(1): 4’-Amino-2’-(4-methanesulfonyl-phenylamino)-[2,5' Ibithiazoyl-

4-carboxylic acid trifluoro-acetic acid salt.
o\\ A

HN )\—/g/ﬂ

The title compound was prepared as follows: to a solution of 4-Amino-2-

15

(4-su1famoy1-phenylanuno)—th1azol -3-carbothioic acid amide (164 mg, 0 5 mmol)
in DMF, bromopyruvic acid (125 mg, 0.75 mmol) was added, and the resultant
mixture was suned at ambient temperature for 2 hours. Following removal of

20 solvent, the residue was dissolved with ethyl acetate and washed with water and
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suitabl e sol vent, such as ethanol or isopropanol, for 1 tozZZSPPFﬂmheEZ(;QQf
compound of Formula VI(a) may be prepared by treatnent of a compound o
Formula VI 11 WQ®73B0chl oroacetyl chloride and a suitabl e baggysitiassds
diispropylethylamne ("D EA"),- in an appropriate solvent, such as
di chl oronet hane. Conventi onal aqueous wor k-

brine, then dried with MgSO;. Purification of the residue by preparative HPLC

provided the title compound as a yellow power in 34% yield.

'HNMR (DMSO): 55 10.08 (s, 1H), 8.04 (s, 1H), 7.88-7.78 (m, 4H), 7.31 (s, 4.

HRFABMS (MH"): Calcd.: 398.0051. Found: 398.0059.

5 Example N(2): 4-Amino-2'-(4-sulfamoyl-phenylamino)-{2,5’ ]-bxthlazoyl-4-

carboxylic acid (2-d:methyla:mno-eﬂ1yl)-almde

Q.\ ,’0

HNT NH,
2

N
LI p

H /

The title compound was prepared as follows: a mixture of 4’ ~-Amino-2'-(4-
: methancsu]fonyl—phenylamno)—[z,s’]bithiazoyl#»carboxylic acid (64 mg, 0.13
mmol), PyBop (81 mg, 0.16 mmol), N,N-dimethylethylenediamine (28 ul, 0.25
10 mmol) and DIEA (65 1, 0.38 mmol) in DMF was stirred at ambient temperature
for 2 hours. The solvent was removed under reduced pressure and the residue was
dissolved in ethyl acetate. The ethyl acetate solution was extracted with saturated
solution of NaHCO; followed by brine, and dried wfth MgSO,. Puriﬁcatior; of the
_res:due by preparative HPLC provided the title compound as a yellow power in
IS 17% yield.
'H NMR (DMSOY): 85 10.91 (s, 1H), 8.72 (t, 1H, J=12.3), 7.80 (dd, 4H, J=27.1), 7.73
(s; 1H), 7.28 (s, 2H), 7.20 (s, 2H), 2.61-2.51 (m, 4H), 2.25 (s, 6H).
HRFABMS (MH"): Calcd.: 468.0946. Found: 468.0955.
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up provides a crude internediate, which is further heated %t PSR o

such as dioxane, for 0.5 to 4 hours, to yield, after

sui table solyent
conventional WOMEFI8n  and purification, a conpound of Fornpdmagsdhhdks 28

In a manner similar to that used to prepare Example N(2), the following
Examples N(3) and N(4) were prepared.
Example N(3): 4’-Amino-2’-(4-sulfamoy1-phenylamino)-[2,5’]bithiazolyl-4-

carboxylic acid methoxy-methyl-amide

N

o,
.8

o _ .
NH,
HN N ]
A NP
H S J—‘[(
S / N—-O
/A

0~ .
mp 195-198 °C.; 'H NMR (CD;0D): 5 9.80 (s, NH), 7.80-7.65 (m, 4H), 7.54 (s,
10 1H), 6.60 (s, NH,), 6.32 (s, NHp), 3.61 (s, 3H), 3.22 (s, 3H).
FABMS (MH"): 441.
Example N(4): 4'-Amino~2’-(4—sulfamoyl—phenylamino)—[2,5’]bithiazo]yl-4
carboxylic

acid phenylamide

15
I - | |
H NMR (CDsOD): &7.91 (s, 1H), 7.88-7.71 (m, 4H), 7.40-7.22 (m, 4H), 7.17-7.09
(m, 1H), '
- FABMS Caled for CigHeNgOsS3: 473.0524. Found: 473,054,
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Example O(1): N-[5-(5+ 4-Amino-2-[3-(2-morpholin-4-yl-ethyl)-ureido]-thiazol-5-
y1}-[1,2,4] oxadiazol-3-yl)-2,4-diﬂuoro-phenyl]—3—methoxy—benzamide

NH,

Step(i): A solution of activated carbamate (prepared in step(ii)), amine, and
5 DMF(0.60 mL) were slirrcd at room temperature f_or 1 'h. The resulting solution was
concentrated in vacuo, then purified by "Chromatatron” radial c&omtogaphy (10%
- methanol/methylene chloride), giving 35 mg (72% yield) of the title éompound asa
white solid. _ |
~ Anal. Caled. for CosHygFoN5Os5 $-1.2 Hy0: C, 50.19; H, 4.60; N, 18.01; S, 5.15.
10 Found: C, 50.16; H, 4.35; N, 17.95; S, 5.22. ESIMS (MH™): 601

hkn{_ﬁ@*@

Step(ii): Preparation of the activated carbamate (4-{4-Amino-5-[3-(2,4-
difluoro-5-{{1 -(3-methoxy—phenyl)—memanoyl]~amino }~phenjl)—[ 1,2,4]oxadiazol-5-
15 yl]'—miut;l-2-ylcmbmnoyloxy }-benzoic acid methyl ester). A solution of N-{5-[5~(2,4-
Diamino-thiazol-5-yl)-[1 »2,4]oxadiazol-3-yl] -2,4-difluoro-phenyl }-3-methoxy-‘

benzamide (533 mg, 1.20 mmol) prepared analogously to example E(1), dissolved in
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of Formula Il, where X is CandYa_ndZarelndepen ently C \
g?ngouﬂgi al so be prepared by the above described general procedure. To Sn
5 R -i sot hi odYRPMISE0s 0l ution in acetonitrile is added Cyana%f'ﬁlsoJlﬁllés]?mh
by the addition of DBU, while maintaining the internal tenperature of the

reaction at

 anhydrous THF (20.0 nil) and anhydrous N-methylpyrolidinone (1.0 mL) at —78 °C,
was treated with phenyllithium (0.660 mL, 01.20 mmol), followed by p-
carboxymethyl chloroformate (772 mg, 3.60 mmol) dissolved in anhydrous THF (5.0
mL), in one portion (internal temperature rose to -55 °C). After 5 minutes 2 second
5  portion of phenyllithium '(0.660‘ mL, 1.20 mmol) was added slowly. After stirring for
an additional 15 minutes the reaction was quenqhed with acetic acid (0.30 mL),
warmed to room temperature, diluted with ethyl acefate, extracted with 1:1 mixture of
brine and sodium bicarbonéte solution, dried with magnesium staE, and filtered. |
The resulting solution was concentrated in vacuo until only ~50 ml of solvent
10  remained, and a white precipitate had formed. The white solid was collected by
filiration, giving 446 mg (60% yield) of the activated carbamate, ESIMS (MNa*): 645.
The following examples O(2) through O(32) were prepared in manner
analogous to O(1).
Example O(2): N-{5-[5-(4-Amino-2-{ 3-[3-(2-oxo-pyrrolidin-1 -yl)-propyi]-ureido}-

15 thiazol-S-yl)-[1,2,4]oxadiazbl—3-yl]-2,4-diﬂuoro-phenyl}-3-meﬂ10xy—benzamide

Anal. Caled. for CHeFN;z048-1.5 H,0: C,50.07; H, 4.57; N, 17.52; S, 5.01.
Found: C, 50.60; H, 4.58; N, 17.42; 8, 5.17. ESIMS (MH"): 613.
'0 | Example O(3): N-(S-{5-[4-Amino—2-(3-carban_:oylrnethyl—ureido)-thiazol-S-yl]-

[1,2,4]oxadiazol-3-yl}-2,4—diﬂuoro-phenyl)—3-methoxy-benzamide
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approxi mately 15-30 C. After stirring 1-2 hours, a suitabl® TREMPEO%Phat
allows for the cyclization and fornmation as descrl bed above of a conpound
of Fornmul a IIWOI“@%@ded in the presence of a catalytic ampumIT/g00/15188
tetra-butyl ammoni um i odi de. 10 For exanple, the reaction of

3-chl oronet hyl -5-R2-[ 1, 2, 4] oxadi azole (VI(a)) with

NH,

O\N
| H
O/
F F© -

Anal. Caled. for CpH;gFaNg0sS-0.6 H,0: C, 47.86; H, 4.05; N, 20.09; S, 5.11. .

0
HaN\{f)I/\EJ\H/I\

Found: C, 47.92; H, 3.95; N, 20.01; S, 5.44. ESIMS (MNa*ﬁ 567.
5  Example O(4): N-(5-{ 5-[4-Amino-_2-(3-meﬂ';yl—ureido)-miazol-s-yl]-[1,2,4]oxadiazol-

3-y1}-2,4-difluoro-phenyl)-3-methoxy-benzamide

NHa

H@Y@

Anal, Calcd. for CyH5FyN70,S-(0.9 DMF, 0.5 H,0): C, 49.47; H, 4.10; N, 19.23; S;

\JLJ\

10 5.57. Found: C, 49.58; H, 4.24; N, 19.33; S, 5.63. ESIMS M-H): 500.
Example O(5): N -{5-(5-{4-Amino-2-[3-(tetrahydro—furan-2-y1methyl)-ureido]-thiazol-

3-y1}-[1,2,4]oxadiazol-3-y1)-2,4-difluoro-phenyl}-3-methoxy-benzamide

NHp
o

X

: |

N~ N >

QW=
—b[ ”
FF g O
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' 28 03 -
conpound VI for about two hours at approxi mately 50 C prow 0%’ nét?ef%(#

purification the cyclized conpound H(a). Il(a) Inventive conpounds of
Formulas It, W?P{V”%/H’d |V may al so be prepared by PCT/US00/15183

Anal. Caled. for CosHysN058-0.5 H,0: C, 51.72; H, 4,17; N, 16.89: S, 5.52.
Found: C, 51.61; H, 4.09; N, 16.87; S, 5.57. ESIMS (MNa): 594,
Example O(6): N-{ 5-[5-(4-Amino-2-{ 3-[2-(2-hydroxy-ethoxy)-ethyl]-ureido}-thiazol-

5-y1)-[1,2,4]oxadiazol-3-y1]-2,4—diﬂuoro-phkenyl}-3-meﬂ10xy-benzanﬁde

NH;

H@m@

Anal. Caled. for CyHysFyN706S-1.0 H,0: C, 48.56; H, 4.25; N, 16.52; S, 5.40.

HO™ N \/\N’"\ J\

Found: C, 48.67; H, 4.04; N, 16.63; S, 5.50. ESIMS (M-H): 574,
Example O(7): N-(5-{ 5-[4-Amino—2—(3-isobutyl-ureido)-thiazol-s-yl]-

10 [1,2,4]0xadiazol-3-yl}-2,4-diﬂuoro-phenyl)-3-meﬂnoxy—benzamide

NH,

S
o.
N
\r\ﬁ NS |N ﬁ
_'h-n 0/
F F°

Anal. Caled. for Co4Hp3F,N,0,5-0.6 H,0: C, 52.00; H, 4.40; N, 17.69; S, 5.78.
Found: C, 52.02; H, 4.29; N, 17.87; S, 5.85. ESIMS (MH’): 544,
|5 Example O(8): N-(S-{5-[4-Amino-2—(3~pyﬁdin-2-yhnethyl-ureido)—thiazol-S-yl]-

[l,2.4]oxadiazol-3-yl'}-2,4-diﬂuoro-phenyl)-3-methoxy-benzamiﬂe
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15 ot her pfocesses, I ncludi ng the general procedure shown

i . PCT/ US00/ 15188 29
reaction SChsvrI)eoonsuo PCT/US00/15188

- NH,

| ]
N NJLNXS O
| H H I H
g IR Ceaad
F F©

Anal, Calcd. for CysHygF,N30,S-1.0 Hy0: C, 52.34; H, 3.7 N, 18.78; S, 5.37.
Found: C, 52.24; H, 3.75; N, 18.74; S, 5.32. ESIMS (MH™): 579.
Example O(9): N—(S-{5-[4-Amino-2-(3-pyridin-3—ylmethyl-urcido)-t]ﬁazo]-S-yl]-

5 [1,2,4]oxadiazol-3-yl}-2,4-diﬂuoro—phenyl)¢3-mer.hoxy-benzamide_

o NH,
|| |
NS oy
I H H i H .
S 0/
F £

Anal. Caled. for CasHygFN30,S-0.8 H,0: C, 52.66; H, 3.67;N, 1890; 8, 5.41.
Found: C, 52.57; H, 3.99; N, 18.92; §, 5.16. ESIMS (MH"): 579.
10 Example O(10): N-[5-(5-{ 4-Amin0-2-[3-(2-hydroxy-cﬂ1yl)—ureido]—thiazoI-S-yl }-

: [1,2,4]oxadiazol—3-yl)-2,4—diﬂuom-phenyl]-3-methoxy—benzanﬁde

NH
0 2

N—:
| |
Ho\/\NJLNJ\S O\N
. O/
o c O

Anal. Caled. for CpH;oF,N;058: C, 49.72; H, 3.6; N, 18.45; S, 6.03. Found: C,

15 49.45; H,3.80; N, 18.30; S, 5.97. ESIMS (M-H"): 530.
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Example O(11): N-[S-(S—{4—Amino-2-[3-(u'ans—4—hydroxy-cyclohexyl)-ureido]-

thia.zol—S-yl}—[l,2,4]oxadiazol-3-yl)-2,4-diﬂu0ro-phenyl]-3-methoxy-benzamide

HO,

wew

~—5©[Y@

5 Anal Caled. for CogHysFoN,05S8-2.8 H;0: C,49.10; H, 4.85; N, 15.42; S, 5.04.
Found: C, 49.06; H, 4.71; N, 15.39: S, 4.79. ESIMS (M-H): 584.
Example O(12): N-[3-(5-{4-Amino-2-[3-(3-morpholin-d—yl-propyl)-ureido]-thiazol-S-

yi}-f1 ,2,4]oxadiazol-3-yl)-phenyl]-3-mcﬂ1yl—benzamide

NH;

Anal, Caled, for CxHyNg0,S-1.5 H,0: C, 54.99; H,5.64; N, 19.00; S, 5.44. Found:

10

C,54.83; H, 45.49; N, 18.50; S, 15.30. ESIMS (MH"): 563.
Example O(13): N-{ 5-[4'—Amin0-2'—(3-benzyl'-ureido)-[Z,S']bithiazolyl—4—yl]-2,4—
difluoro-phenyl}-3-methoxy-benzamide

NH,

S

S
SRARS S Y
15 . F F©
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NH2 U(b) A conpound of Fornula I1,

red b I n
grepa y agding. ok PCT/US00/15188

10

15

Anal. Calcd. for ngHﬁszgOgSz; C,56.75; H,3.74; N, 14.18; S, 10.82. Found: C,
56.70; H, 3.85; N, 14.09; S, 10.70. ESIMS (MH™"): 593.
Example O(14): N-(S—{4’-Amino-2'-[3-(2-methoxy—1-methyl-ethyl)-ureido]—

[2,5 ']bithiazoly]-4~yl}-2,4-diﬂuoro—phenyl)-3-methoxy—benzamide

Mm@m*@

Anal, Calcd. for C25H24F2N60482 C, 52.25; H 4.21; N, 14.63; S, 11,16, Found: C,

52.06; H, 4.21; N, 14.55; 8, 11.09. MALDI FTMS (MH™): 575.1341, Found

575.1342.

Example O(15): N-[5-(4*-Amino-2"{3- ~[3-(2-ox0-pyrrolidin-1-yl)-propyl}-ureido}-
[2,57bithiazolyl-4-yl)-2,4-difluoro-phenyl]-3-methoxy-benzamide

o NHp

O N
N/\/\N’ILNJI\SI S '
N N‘J\/@W@
O/
NP g O

Anal. Caled. for CagHyFaN;0485-1.1 H,0: C, 51.94; H, 4.55; N, 15.14; 8, 9.90.
Found: C, 52.38; H, 4.79; N, 14.64; S, 9.48. MALD]I FTMS (MNa"): 650.1426,
Found 650.1394,

Example O(16): N-{5-[4"-Amino-2' -(3-pyndm-2—ylmethy1—ureldo) {2,5']bithiazolyl-4-

yi]-2 4-d1ﬂuoro-phenyl}-3-meﬂ10xy—benzannde

187

where X and Y are C arfd Sfpfeglbgrquéy be
DBU to a sol uti on of R -isothiocyanato and cyanam de in



suitabl e sol vent at an appropriate temperature, preferabl Y22 BEBREEF%Pe at
room5 tenperature for approximately 40-80 mnutes. To this reaction
mxture i s ad¥4@@V7520no- acetonitrile and additional DBU, topyirRistonsads €

conventi onal

wor k-up and purification, an internediate

2-R -am no-4-am no-t hi azol e-5-carbonitrile

10

Anal. Caled. for C7Hz F;N/03Sy: C, 54.63; H, 3.57; N, 16.52; S, 10.80. Found: C,
54.44; H, 3.68; N, 16.33; S, 10.60. MALDI FTMS (MH": 594.1188, Found
594.1191. -

Example O(17): N-{ 5-[4'-Arr|ino-2’-(3—py_ridin-3-ylmethyl-ureido)-[2,5’]bithiazblyl—tl—

y1]-2,4-difluoro-phenyl }-3-methoxy-benzamide

Anal. Calcd. for CzHp, F;N;058,-0.5 H,0: C, 53.81; H, 3.68;'N, 16.27; S, 10.64.
Found: C, 53.95; H, 3.78: N, 16.21; 8, 10.68. MALDI FTMS (MH"): 594.1188,
Found 594.1185. _

Example O(18); N—{5-[4'-Amin0-2'-_(3-pyridin-4-y]methyl-ureido)—[2,5']bit_hiazolyl-4—
yi}-2,4-difluoro-phenyl }-3-methoxy-benzamide

NH

0o
M N s
I\NNS ;
N J H H ] H
0/
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intermediate | X. The reaction of internediate I X with di hy%fr%?@&ﬁmb?ﬁ?qqg‘de I n
triethylam ne/pyridi ne at about O C provides internediate X. Internediate X
is 10 conver‘?é\é"’fséz“a compound I1(b) by stirring a sol uti onPGfugpengisgind X
and 2 brono-|-R2-ethanone in methanol overnight at roomtenperature. After

r enoval

Anal. Caled. for C;7HaEaN7038,-0.5 H;0: C, 53.81; H, 3.68; N, 16.27; S, 10.64.
Found: C, 53.83; H, 3.60; N, 16.33; S, 10.80. MALDI FTMS (MH™"): 594.1188,
Found 594.1198. | |

Example O(19): N-(5-{4'-Amino-2'-[3-((R)-2-hydroxy-propyl)-ureido]-

5 [2,57bithiazolyl-4-y1}-2,4-difluoro-phenyl)-3-methoxy-benzamide

Anal. Calcd. for CysHyFaNg0,S,: C, 51.42; H, 3.96; N, 14.99; S, 11.44. Found: C,
50.95; H, 4.12; N, 14.97; §, 11.22. MALDI FIMS (MH"): 561.1185, Foﬁnd
561.1212.

-10 Exampié O(20): N(5-{4'-Amino-2'-[3-((S)-2-hydroxy-propyl)-ureido]-

[2,5'bithiazolyl-4-y1}-2,4-difluoro-phenyl)-3-methoxy-benzamide

' o NH; :
[ |
\r\NJLN/I\S s
o
F £ O

Anal. Calcd. for CyHpFoNgO,S,-1.0 Hy0: C, 49.82; H, 4.18; N, 14.53: S, 11.08.
Found: C, 49.77; H, 3.92; N, 14.74; S, 10.96. ESIMS (MNa"): 583.
15 Example O(21): N<(5-{4"-Amino-2"-[3-((R)-1 -hydroxymethyl-propyl)-ureido]-

12,5bithiazolyl-4-y1}-2,4-difluoro-phenyl)-3-methoxy-benzamide
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i i PP Bnal
hanol, the crude conpound |1 (b) is worked up usﬂr?gS
?Lofgflgﬁttechnlques and purified using silica colum chromatography. 30 22
Sept enber 200%0 00/75120 PCT/US00/15188

Anal. Calcd. for CosHyFoNe0,8,-0.5 H;0: C, 51.45; H, 4.32; N, 14.40; S, 10.99.
Found: C, 51.32; H,‘4.30; N, 14.53; S, 11.06. ESIMS (MNa®): 597.
Example O(22): N-(5-{ 4'-Amino-2'-[3-((S)-1 -hydroxymethyl—propyf)~ureido]-

5 [2.5bithiazolyl-4-y1}-2,4-difluoro-phenyl)-3-methoxy-benzamide

NH :
HO o I 2
NN g AN S
H H | H
o
F F© :
Anal, Calcd. for CasHFaNg0,5,-0.5 H,0: C, 51.45; H,4.32; N, 14.40: S, 10.99,
Found: C, 51.49; H, 4.26; N, 14.66; S, 11.16. ESIMS (MNa*): 597,
Example O(23): N—[S-(4'-Amin0-2'-{3-[(S)-I-(teu'ahydro-fura.n-2-yl)methyl]-ureido}-

10_ [2,5']biﬂliazolyl—4~yl)-2,4-diﬂuoro-phcnyl}-3-methoxy-bcnzamide

NHa

Q.ﬁ\\ JL J\ ‘&:[ \”/@\

Anal. Calcd. for Ca6H24FaNg0,55-0.5 B,0: C, 5243; H,4.23; N, 14.11; 8, 10.77.
Found: C, 52.55; H, 4.29; N, 14.44; S, 10.53. ESIMS (M-H): 58s.
Exau;ple 0OQ24): N ~[5-(4-Amino-2'-{3-[(R)-1 -(teu'ahydro-fumn-z-yl)methyl]-ureido}-

5 [2,5']bithiazolyl—4~yl)-2,4—diﬂuoro-phenyl}-3—niethoxy-benza'mide_
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WO 00/ 75120 PCT/ US00/ 15188 Conpounds of Fornula 11(c) may 2 ¥8tH0ent®ar ed
directly from conpound X by reacting it with a a-brono-acetic acid ester
or a a- br onol WeHAE20 PCT/US00/15188

7 N_jl
0 J S
N N S
QYWY
O/
F F
Anal. Calcd. for CpsH4FalNgQ,4S,-0.6 HZO: C, 52.27;, K, 4.25; N, 14.07; S, 10.73.

Found: C, 52.29; H, 4.33; N, 14.33; §, 10.55. ESIMS (M-H): 585.

Example O(25): N-{5-[4'-Amino-2'—(3-cyclohexyhnethyl-uréido)—[2,5']bithiazolyM-

ﬂ .
~o”"

_Anal. Calcd. for CosHpF,Ng055,-0.5 H,0: C, 55.34; H, 4.81; N, 13.83; S, 10.55.

5 yl]-‘2,4-diﬂuor0-pht_:nyl}-3-methoxy-benzamide

Q"J\NU/\.’S

F

Found: C, 55.26; H, 4.78; N, 14.00; S, 10.56. MALDI FTMS (MH": 599.1705,
Found 621.1525.
10 Example O(26): N ~(5-{4'-Amino-2'-[3-(2-morpholin-4-yl-ethyl)-ureido)-

{2,5‘}bithiazolyl-4—yl}-2',4-diﬂuozo-phenyl)-3-mgthoxy-benzamide
H
o’\l 2 N NHe
H H I H
e ©

Anal. Caled. for CyHzFoN50,8,-1.0 H,0: C, 51.17; H, 4.61; N, 15.47; S, 10.12.

F

Found: C, 51.00; H, 4.39; N, 15.12; S, 9.75. MALDI FTMS (MH"): 616.1607, Found
15  616.1597.
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under the same conditions as described in the preparation BfSeptsmpsus -
[1(b). 11(c) 5 By treating conpound I X with a suitable 2-am no-al cohol and
a catal ytic Weis126f ZnCl 2, a conpound of Fornmula I1(d) ispcplr,@éwﬁglqsafter

standard aci d

Example 0(27): N-(S-{5_’_-Amino~2’-[3-(2-pyrrolidin-l-yl-ethyl)-ureido]-

[2,5’]bithiazoly]-4—y1}-2,4-diﬂuoro-phenyl)-3-methoxy-benzanﬁde
O 6 N NH, |
N\/\NJ\N’“\s:I :I/ S
H H I “YQ\
e o
e O

Anal. Caled. for C7H;7F:N;05S: C, 54.08; H, 4.54: N, 16.35; S, 10.69. Found: C,

F

5 53.93;H,4.66; N, 16.11; S, 10.51. MALDI FTMS (MH™): 600.1658, Found
600.1640.
Example O(28): N-[5-(4-Amino-2 ’—{3-[2-(2-hydroxy-ethoxy)-ethyl] -ureido }-

[2,5’]bithiazolyl-4~y1)-2,4-diﬂuoro-phenyl] -3-methoxy-benzamide

o 2
Ho/\,ro\/\. Jl\ JI\ I 8
N N s
H H I H
N 0/
' ' F £ © h

10 Anal. Calcd. for C2sHaaFaNg0sS,-1.0 H0: C, 49.33: H, 4.31: N, 13.81; §, 10.54.
Found: C, 49.47; H, 4.08; N, 13.87; S, 10.49. MALDI FTMS (MH™): 591.1290
Found 591.1276. |
Example 0(29): N-(5-{ 4'-Amino-2'-[3-(2-pyridin-2—yl—ethyl)—ureido]-{2,5‘]bithiazolyl-

4-yl}-2,4—diﬂuoro—phenyl)-3-methoxy—benzanﬁde

O\,\NJL,NCIr

A sl

192




work-up and purification by silica chromatography. ConpourfdsScgtemberiBa
I1(e) may also be prepared from conpounds | X by refluxing in a suitable
aprotic sol wmey7ss8ch as tol uene, a solution of | X, TNSN3, rcImkeaisieg al ytic
anount of 10 Bu2SnO. After refluxing, the solvent is renoved and the
residue is redissolved in

Anal. Caicd. for CysH,3¥,N704S,-1.8 H,0: C, 52.54; H, 4.19; N, 15.32; S, 10.02.

Found: C, 52.56; H, 4.07; N, 15.54; S, 10.03. MALDI FTMS (MH"): 608.1345,

Found 608.1346.

Example 0(30): N-(5-{4'-Amino-2'-[3-(2-pyridin-4-yl-ethyl)-ureido]-[2,5"]bithiazolyl-

5  4-yl}-2,4-difluvoro-phenyl)-3-methoxy-benzamide

N - NH?.

ONI .
§ A MM s
N” NS
S 8
_ "o
F F©

Anal. Caled. for CgHpFN;058,-1.0 Hy0: C, 53.75; H, 4.03; N, 15.67: S, 10.25.
Found: C, 53.32; H, 4.01; N, 15.50; S, 9.90. MALDI FTMS (MH*): 608.1345, Found
608.1327. ’ '

10  Example O(31): N-{3-[4"-Amino-5-methyl-2'-(3-methyl-ureido)-[2,5'|bithiazolyl-4-

yl)-phenyl}-3-methoxy-benzamide

o NH,
\NJ\N’"\SII S
H H %H\r@\
N /
O )
O

The precursor (N-[3 —(2‘,4'-Diamino-5-methyl-[é,5 "Jbithiazolyl-4-y1)-phenyl]-3-
methoxy-bénzauﬁde) to the activated carbamate from which this example was
15  prepared, was synthesized analogoﬁsiy to example E(3) only starting with 3-
‘amincpropiophenone rather than 3-aminoacetophenone.
Anal. Caled. for C;3H2N0,35,-0.6 H,0: C, 54.66; H, 4.63; N, 16.63; 8, 12.69.

Found: C, 54.50; H, 4.48; N, 16.77; 8, 12.70. ESIMS (MH"): 495.
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ethyl acetate, washed with a appropriate aqueous acid sol 143 ¥aptenzhes 2@ ed
over a suitable drying agent. After the renoval of the solvent, the o
residue is tMRMVBEI®d in ethyl ether and conpound |1 (e) ispcpubaakag by

filtration. 31

Example O(32): N-(S-{#-Amino—Z'-[3-(2-pyridin-3-yl-ethyl)-ureido]-[Z,S']bil’.hiazolyl-

4-y1}-2,4-diftuoro-phenyl)-3-methoxy-benzamide |
= 6 NH,
h@\/\N’"\NJI\S s
S SN ¢
O
F F°
Anal. Calcd. for C3sHz3F,N703S,-0.5 H,0: C, 54.53; H, 3.92; N, 15.90; S, 10.40.

5 Found: C, 54.35; H, 4.02; N, 16.05; §, 10.30. ESIMS (MH"): 608. The
exemplary compounds described above may be tested for their activity as described
below.

BIOLOGICAI TESTING; ENZYME ASSAYS
The stimulation of cell proliferation by growth factors such as VEFG, FGF,
10  and others is dependent upon their induction of autophosphorylation of each of
their respective receptor’s tyrosine kinases. Therefore, the ability of a protein
kinase inhibitor tb block cellular proliferation induced by these growth factors is
directly correlated with its ability to block receptor autophosphorylation. To
measure the protein kinase inhibition activity of the compounds, the following
15  constructs were devised.

VEGF-R2 Construct for Assay: This construct determines the ability of a test
compound to imhibit tyrosine kinase activity. A construct (VEGF-R2A50) of the
cytosolic domain of human vascular endothelial growth factor receptor 2 (VEGF-R2)
lacking the 50 central residues of the 68 residues of the kinase insert domain was

20  expressed in a baculovirus/insect cell system. Of the 1356 residues of full-length

' VEGF-R2, VEGF-R2450 contains residues 806-939 and 990-1171, and also one
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. b)
repared directly from conpound 1|1 (
YA 98 o PCT/US00/15188

point mutation (E990V3}-within the kinase insert domain relative to wild-type VEGF-
R2. Autophosphorylation of the purified construct was performed by incubation of
the enzyme at a concentration of 4 MM in the presence of 3 mM ATP and 40 mM
MgCl, in 100 mM Hepes, pH 7.5, containing 5% glycerol and 5 mM DTT, at 4 *C for
5 2h. After autophosphorylation, this construct has been shown to possess catalytic
éctivity essentially equiﬁalent tc; the wild-type autophosphorylated kinase domain
construct. See Parast et al., Biochemistry, 37, 16788-16801 (1998).
FGF-R1 Construct for Assay: The intracellular kinase domain of human FGE-
R1 was expressed using the baculovirus vector expression system starting from the
10 endogenous methionine residue 456 to glutamate 766, according to the residue
numbering system of N;ohammadi etal., Mol. Cell. Biol., 16, 977-989 (1996). In
-addition, the construct also has the following 3 amino acid substitutions: 1457V,
“C488A, and C584S.
LCK Construct for Assay: The LCK tyrosine kinase was expressed in insect
15 cells as an N-terminal deletion starting from amino acid residue 223 to the end of the
protein at residue 509, with the following two amino acid substitutions at the N-
terminus: P233M and C224D.
CHK-1 Construct for Assay_: C-terminally His-tagged full-length human CHK1
(FL-CHK1) .was expressed using the baculovirus/insect cell System. It contains 6
26 histidire residues (6 x His-tag) at the C-terminus of the 476 amino acid human CH'KI .
The protein was purified by conventionat éhromatogmphic techniques.

CDK2/Cyclin A Construct for Assay: CDK2 was purified using published

methodology (Rosenblatt et al., J. Mol. Biol., 230, 1317-1319 (1993)) from insect
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3-ni trophenyl by reducing the nitro group wit
\ngglrjgl % ISSagent topfor% the am no substituted phenyl (I11(f)). Preferably,

d RETANION
of WWFHElnd |1 (b) where RZ is 3- nljt'rophenyl an 58
2h|sglrlu1a|eolns di ssof??(e;d in dimethylfor mam de ("DMF' ) under inert atnosphere

conditions and stirred at-

cells that had been infected with a baculovirus expression vector. Cyclin A was

| purified from E. coli cells expressing full-length regombinant cyclin A, and a
truncated cyciin A construct was generated by limited proteolysis and purified as
described previously (Jeffrey et al., Nature, 376, 313-320 (July 27, 1995)).

5 CDR4/Cyclin D Construct for Assay: A complex of humﬁn CDK4 and cyclin

" D3, or a complex of cyclin D1 é.ﬁd a fusion protein of humag CDK4 and glutathione-
S-transferase (GST-CDK4), was purified using traditional biochemical
chromatographic techniques from insect cells that had been co-infected ‘with the
corresponding baculovirus expression vectors,

10 FAK Construct for Assay. The catalytic domain of human FAK (FAch409) was
expressed using the baculovirus vector expression system. The 280 amino acid
domain expressed comprises residues methionine 409 to glutamate 689. One amino

-’ acid substitution exists (P410T) relative 10 the sequence assession number 113616
published by Wbithey, G.S. et al,, DNA Celt Biol 9, 823-830, 1993. The protein was

15  purified using classical chromatography techniques.

. VEGF-R2 Assay

Coupled Spectrophotometric (FLVK.P) Assay

The production of ADP from ATP that accompanies phosphoryl transfer was
coupled to oxidation of NADH using phosphoenblpyruvate (PEP) and a syétem having
20  pyruvate kinase (PK) and lactic dehydrogenase (LDH). The oxidation of NADH was
monitored by following the decrease of absorbance at 340 nm (€s40=6.22 cm™ mM™)
. using a Beckman DU 650 spectrophotometer. Assay conditions for phosphorylated

VEGF-R2A50 (indicated as FLVK-P in the tables below) were the following: 1 mM
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between 40-60 C until I1(f) is formed. The internediate |I3%Sepipspep2003
reacted with a suitable acylating agent under 10 standard acylating
condi tions t o"PIPFA conpound of the Formula Ma). A preferpbtesmayisati ng

procedure involves dissolving conpound I1(f) in DVF and

PEP; 250 pM NADH,; 50 units of LDH/mL; 20 units of PK/mL; 5 mM DTT: 5.1 mM
poly(E,Y); 1 mM ATP; and 25 mM MgCl, in 200 mM Hepes, pH 7.5. Assay
conditions for unphosphorylated VEGF-RZASO_(indicated as FLVK in the tables) were
the following: 1 mM PEP; 250 uM NADH: 50 units of LDH/mL; 20 units of PK/mL;
5 5mMDTT; 20 mM poly(E,Y1); 3 mM ATP; and 60 mM MgCl; and 2 mM MnCl, in
200 mM Hepes, pH 7.5. Assays were initiated with 5 to 40 oM of enzyme. K; values
were determined by measuring enzyme activity in the presence of varying
concentrations of test compounds. The data were analyzed using Enzyme Kinetic and
Kaleidagraph software.
10 ELISA Assay
Formation of phosphogastrin was monitored using biotinylated gastrin peptide
(1-17) as substrate. Biotinylated phosphogastrin was immobilized using streptavidin
coated 96-well microtiter plates followed by detection using anti-phosphotyrosine-
antibody conjugz_ated to horseradish peroxidase. The activity of horseradish peroxidase
15 was monitored using 2,2’-azino-di-[3-ethylbenzathiazoline sulfonate(6)] diammonium
salt (ABTS). Typical assay solutions contained: 2 UM biotinylated gastrin peptide; 5

mM DTT; 20 uM ATP; 26 mM MgCly; and 2 mM MnCly in 200 mM Hepes, pH 7.5.

The assay was initiated with 0.8 nM of phosphoryl‘ated VEGF-R2A50. Horseradish
peroxidase activity was assayed using ABTS, 10 mM. The horseradish peroxidése

20 reaction was quenched by addition of acid (H,80y), followed by absorbance reading af
405 nm. K; values were determined by measuring enzyme activity in the presence of
varying concentrations of test compounds. The data were analyzed using Enzjrme

Kinetic and Kaleidagraph software.
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tetrahydrofuran ("PHF") and adding pyridine and a suitabl e2RPEmbEI #Bde or

acyl chloroformate at

-30 to 0 C. The reaction is quenched with a proton

source (e.g. V&P BR0sept enber 2003 PCT/US00/15188
FGF-R Assay -

10

15

20

The spectrophotometric assay was carried out as described above for VEGF-R2,
except for the following chzinges in concentration: FGF-R = 50 nM, ATP =2 mM,
and poly(E4Y1)=15 mM.

LCK Assay

The spectrophotometric éssay was carried out as described above for VEGE-R2,
except for the following changes in concentration: LCK = 60 nM, MgCl, = 0 mM,
poly(E4Y1) = 20 mM. |
CHK-1 Assay

The production of ADP from ATP that accompanies phosphoryl transfer to the
synthetic substrate peptide Syntide-2 (PLARTLSVAGLPGKK) was coupled to
oxidation of NADH using phosphoenolpyruvate (PEP) thmugh the actions of pyruvate
kinase (PK) and lactic dehydrogenase (LDH). The oxidation of NADH was monitored
by following the decrease of absorbance at 340 nm (e 340=6.i2 cm” mM™) using a
HP8452 sbecuophowmeter. Typical reaction solutions contained: 4 mN PEP; 0.15
mM NADH; 28 units of LDH/mi; 16 units of PK/ml; 3 mM DTT:; 0.125 mM Syntide-
2;0.15 mM ATP; 25 mM MgCl, in 50 mM TRIS, pF: 7.5; and 400 mM NaCL Assays
were iniﬁated with 10 nM of FL-CHK1. K; values were determined by measuring
initial enzyme activity in the presence of varying concentrations of test compounds.
The data were analyzed using Enzynu: Kinetic and Kaleidagraph software,

CDK2/Cyclin A and CDK4/Cyclin D Assays

Cyclin-dependent kinase activity was measured by quantifying the enzyme-

~ catalyzed, time-dependent incorporation of radioactive phosphate from [32PJATP into
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a recombinant fragment-of the retinoblastoma protein. Unless noted otherwise, assays
were performed in 96-well plates in a total volume of 50 HL, in the presence of 10 mM
HEPES (N-[2-hydroxyethy1]pipe'razine—N'-[2-ethanesulfonic acid]) (pH 7.4), 10 mM
MgCl2, 25 pM adenosine triphosphate (ATP), 1 mg/ml ovalbumin, 5 pg/ml

5 leupeptin, I mM dithiothreitol, 10 mM B-glycerophosphate, 0.1 mM sodium
vanadate, 1 mM sodium fluoride, 2.5 mM ethylene glycol-bis(B-aminoethy] ether)-

N,N,N'N'-tetraacetic acid (EGTA), 2% (v/v) dimethylsulfoxide, and 0.03 - 0.2 uCi

- [32PJATP. The substrate (0.3-0.5 pig) was purified recombinant reiihbblastoma

ﬁmtein fragment (Rb) (residues 386-928 of the native retinoblastoma protein; 62.3

10 kDa, containing the majority of ihe phosphorylation sites found in the native 106-kDa
protein, as well as a tag of six histidine residues for ease of purification). Reactions
were initiated with CDK?2 (150 nM CDK2/Cyclin A complex) or CDK4 (50 nM
CDK4/Cyclin D3 compiex), incubated at 30°C, and terminated after 20 minutes by
the addition of ethylenediaminetetraacetic acid (EDTA) to 250 mM. The

15  phosphorylated substrate was then captured on a nitrocellulose membrane using a 96-
well filtration manifold, and unincorporated radioactivity was removed by repeated
washing with 0.85% phosphoric acid. Radioactivity was quantified by expésing the
dried nitrocellulose membranes to a phosphorimager. Apparent K, values wefe
measured by assaying enzyme activity in the presence of different compound

20  concentrations and subtracting the background radioactivity measured in the absence
of enzyme. The kinetic parameters (kcat, Km for ATP) were measured for each
enzyme under the usixal assay conditions by determining the dependence of initial

rates on ATP concentration. The data were fit to an equation for competitive
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15

20

inhibition using Kaleidagraph (Synergy Software), or were fit to an equation for
competitive tight-binding inhibition using the software KineTic (BioKin, Ltd.).
Measured K values for known inhibitors against CDK4 and CDK?2 agreed with
published IC,, values. The specific activity of CDK4 was the same whether
complexed to full-length cyclin D3 or the truncated Cyclin D3 construct; both

complexes also yielded very similar K, values for selected inhibitors.

"FAK Assay

FAK HTS utilized the fluorescence polarization assay provided by LIL
Biosystems. T‘he kinase reaction contained: 100mM Hepes pH 7.5, 10mM MgCl,,
1mM DTT, 1mM ATP, and 1mg/ml poly Glu-Tyr (4:1). The reaction is initiated by
the addition of 5SnM FAKcd409. The reaction- is terminated by the addition of EDTA
followed by addiﬁon of ﬂuor-labeﬂed peptide and anti-phosphotyrosine antibody,
both provided by LIL Biosystems. Inhibition results are read on a Analyst (LJL)

detector.

HUVEC Proliferation Assay

This assay determines the ability of a test compound to irthibit the growth
factor-stimulated proliferation of human umbitical vein endothelial cells
(“HUVEC"). HUVEC cells (passage 3-4, Clonetics, Corp.) were thawed into
EGM2 culture medium (Clonetics Corp) in T75 flasks. Fresh EGM2 medium was
added to the flasks 24 hours later. Four or five days later, cells were exposed to
gpqther culture medium (F12K medium supplemented with 10% fetal bovine

serum (FBS), 60 yg/ml endothelial cell growth supplement (ECGS), and 0.1

-mg/ml heparin). Exponentially-growing HUVEC cells were used in experiments
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the exanpl es herein. The affinity of the conpounds of the JAR8HPEH240Er a

I di| ' ' ligand in
receptor may, be enhanced by providing multiple copies of the .
cl osg pr oxi mW?,owisémpref erably using a scaffolding provi dedPdiyUssosss i er
noiety. It has been shown that provision of such multiple val ence conpounds

wi th optiml spacing between the
thereafter. Ten to twelve thousand HUVEC cells were plated in 96-well dishes in
100 Wi of rich, culture medium (described above). 'I“he cells were allowed to
attach for 24 hours in this medjum. The medium was then removed by aspiration
and 105 pi of starvation media (F12K+1% FBS). was added to each well. Afier 24
5  hours, 15 pl of test agent dissolved in 1% DMSO in starvation medium or this
vehicle alone was added into e:ich treatment well; the final DMSO concentration
was 0.1%. One hour later, 30 ui of VEGF (30 ng/ml) in starvation media was
added to all wells except those containing untreated controls; the final VEGF
concentration was 6 ng/ml. Cellular proliferation was quantified 72 hours later by
10 'MTT dye reduction, at which time cells were exposgd for 4 hours MTT (Promega
Corp.). Dye reduction was stbpped by addition of a stop solution (Promega Corp.)
and absorbance at 595 A was determined on 2 96-well spectrophotometer plate
reader.
ICsp values were calculated by curve-fitting the response of A% to various
15  concentrations of the test agent; typically, seven concentrations separated by 0.5
log were employed, with triplicate wells at each concentration. For screenin g
- compound library plates, one or two concentrations (one well per concenu-aﬁon)
were employeﬁ, and the % inhibition was calculated by the following formula:
% inhibition = (control — test) divided by (control — starvation)
20  where |
control = A** when VEGF is present without test agent
test = A5 when VEGF is present with test agent

starvation = A*® when VEGF and test agent are both absent.
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moi eties dramatically inproves binding to a receptor. See ?%?ep@%ﬁ’ﬁﬂ%), Lee
et al. Bi ochem 23, 4255 (1984). The nultival ency and spaci ng can be
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Cancer Cell Proliferation (M V522) Assay

To determine the whether a profein kinases inhibitor should have
therapeutic usefulness in treating cancer, it is important to demonstrate the .
inhibitor’s ability to block cellular proliferation in response to a growth factor that
5  isinvolved in mediating a proliferative disorder. The protocol for assessing
cellular proliferation in cancer cells is sxmﬂar to that used for assessments in
HUVEC cells. Two thousand lung cancer cells (line MV522, acquired from
American Tissue Cultural Collection) were seeded in growth medid (RPMI1640
mediom supplemented with 2 mM glutamine and 10% FBS). Cells are allowed to
10  attach for 1 day prior to additioﬁ of test agents and /or vehicles. Cells are treated
simultaneously with the same test agents used in the HUVEC assay. Cellular
proliferation is quantified by MTT dye reduction assay 72 hours after exposure to
test agents. The total length of the assay is 4 days vs. 5 for HUVEC cells because
MV522 cells are not exposed to starvation medium.
15  In Vivo Assay of Retinal Vascular Development in Neonatal Rats
The development of the retinal vascuiar in rats occurs from postnatal day 1
to postatal day 14 (P1-P14). This process is dependent on the activity of VEGF
(J. Stone, et al, J. Neurosci., 15, 4738 (1995)). Previous work has demonstrated
that VEGF also acts as a survival factor for the vessels of the retina during early
20  vascular development (Alon, et. al, Nar. Med., 1, 1024 (1995)). To assess the
ability of specific compounds to inhibit the activity of VEGF in vivo, compounds
were formulated in an appropriate vehicle, usually 50% polyethylene glycol,

average molecular weight 400 daltons, and 50% solution of 300 mM sucrose in
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deionized water. Typically, fwo microliters (2 ul) of the drug solution was injected
into the midvitreous of the eye of rat pups on postnatal day 8 or 9. Six days after
the intravitreal injection, the animals were sacrificed and the retinas dissected free
from the remaining ocular tissue. The isolated retinas were then subjected to a
5  histochemical sl.:aining protocol that stains endothelial cells specifically (Lutty and

McLeod, Arch. Ophthalmol., 110, 267 (1992 )), revealing the extent of
vascularization within the tissue sample. The individual retinas are then flat-

. mount onto glass slides and examined to determine the extent of vascularization.

* Effective compounds inhibit the further development of the retinal vasculature and

10  induce a regression of all but the largest vessels within the retina. The amount of
vessel regression was used to assess the relativ;-. potericy of the compounds after in
vivo administration. Vessel regression is graded on subjecﬁve scale of one to
three pluses, with one plus being detectable regression judged to be approximately |
25 percent or less, two pluses being judged to be approximately 25-75 %

15  regression and three pluses give to retinas with near total regression
(approximately 75% or greater). In the development model, the compound
'Example B(30) is one of the most effective compounds tested to date, being

- graded a two plus (++) when a dose of 2 pl of 5 mg/ml initial drug concentration

was given.

20 In Vivo Assay of Retinal Vascular Development in Neonatal Rat Model of

Retinopathy of Prematurity

A second model of VEGF dependent retinal neovascularization was

employed to evaluate the activities of this series of compounds. In this model
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(Penn et. al, Invest. Ophthalmol. Vis. Sci., 36, 2063, (1995)), rats pups (n=16)

with their mother are placed in a computer controlled chamber that regulates the

concentration of oxygen, The animals are exposed for 24 hours to a concentration

of 50% oxygen followed by 24 hours at a concentration of 10% oxygen. This

alternating cycle of hyperoxia followed by hypoxia is repeated 7 times after which

the animals are removed to room air (P14). Compounds are administered via

intravitreal injection upon removal to room air and the animals are sacrificed 6

days later (P20). The isolated retinas are then isolated, stained mounted and

analyzed as detail above in the development model. The effectiveness was also

graded as is described for the development model. Example D(74) is the most

effective compound tested to date in this model (++).

The results of the testing of the compounds using various assays are

summarized in the tables below, where a notation of “% @”

inhibition at the stated concentration and “NTI” indicates no inhibition.

indicates the percent

TABLE 1
Example | FLVK-P| FLVK | LCK | CHK. FGF-RK{ CDK2 [ CDK4 |HUVEC| MV522
Ki(aM) | K; (aM) | Ki (aM) | K; (aM) (M) |Ki(@M) |Ki@mM)| ICs ICs
™M) | (M)

A(36) 3% @
. 0.05
A7) (2% @5
A(38) 7% @
0.05
ABY) |714% @1
AM4D) [Sim @1
A(4]) 70% @1
A(42) 7.3
AM43) |68 @1
Add) (2% @1
A(45) 9.7
A(46) [74% @1
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their side chains; however, other functional. groups, such?ZaSeptambeny@By|
groups or hydroxyl groups, can also be used to obtain stable |inkages. 10
Conpounds t haWOd8F&28 1y regul ate, nodul ate, or inhibit the pepuSisigknase
activity associated with receptors, FG, CDK conpl exes, TEK, CHKI, LCK, and

A(47) 7.9 - : 260 >10
A(48) 3.1 350 >10
A49) (49 @1

A(SD) 8.9 ' >700 >10

AGL  |38% @ 1
AG52) |75% @ 1
A(53) 24

AGY) [ 1% @1 370 >10
A5S) |1a% @1

A(56) 84
A(5T) 6.7
A(58) l65% @1

uM

A9 | Ni@5
AG0) 111% @ 5 :
B(2) 16.5 ' ' 700 3.65

C(1) 300*

D(1) 46

D(10) 56*

DA 1.9

D(12) 2 26

D(13) 120* 160, >l
ID(14) 120%

1DA5) 240%
{D(16) 11.8

D7) |33% @5
D(18) |55% @35
D19 [38% @5

D(2) 98

D(20) 3.7

D(21) 60* 3(9)(())E 2
D(22) 89+ 20
D(23) 150] ' '

ID(24) 1.8 2 ; :ig >:%I
D(25) 1 745 S
D(26) [38% @ 5 210
D(2 T

(27) 1.8
D(28) 6 : = 218
D(29) 14 32 >10
D
Dgg : 263 _ >700 >10}

9| - 43 10}

D(31) 4.3 : : >
D(32) 3.9
D(33) 38 3.6 1;{9} >:8]I
D(34) 0.85 >
D(35) 1.8] > 2
D36 | - 2 | :; :%]l
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FAK, anmong others, and which inhibit angi ogenesi s and/or c% Yafeigber 2003 °
profileration is desirable and is one preferred enbodi nent of the present
i nvention. ThWQosSedt |nvention is further directed to ”Etﬁ@ﬁﬁsda}clslss
nodul ating or inhibitinhg protein kinase 15 activity, for exanple In

manmal i an tissue, by adm nistering an inventive agent.

DG7) 34] =
D(38) 0.93 lig 33
D(39) 14 62 >10
D) 7.6* 240 =10
D(40) 1.1 14 39 >10
D(41) 1.9 ' 370 >10
D(42) 034 077 53 >10
D(43) 29 241 >10
D(aa) 54 2.1 373 >10
D@s) [43% @ 1 _ 2351 065
pM - ' -

D(d6) 17.1 -
=
D(48) 4.1 . 40 >10]|
D(49) 1.6 - , , . 15 >10|
D(5) 63* -
D(50) 1.4
D(51) 324 062 g z%
D(52) | 21% @ ' : ,

50
D(53) 2.5
D(54) 6.3
D(55) 6.3
D(56) 0.81
D(57) 18
D(6) 38% @

5; 25%

D7) 120*
D(8) 20+
D(9) 47%
E(2) 390 38
R(1) 091 14 29
F(2) 3.9 4.7 86
F(3) 80
Fd) 33% @

50
F5) 31% @

50
F(6) 34% @

50
F(7) 114
F(8) 1.9 22
FO) 78 96/ 12%ar 1 21 >10

pM

Notes: * = determined with ELISA assay rather than spectrophotometric assay.
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The activity of the inventive compounds as nodul ators of protedtenber H8e

activity, s%oafsl the activity of kinases, may be neasured by any of the
nmet hods avai | 7512% those skilled in the art, includi ng | PCT/US0o/1818d/ or i n

vitro assays. Exanples of suitable assays for activity neasurenents
I ncl ude those described in Parast C. et

- TABLE 2
{Example| FLVK-P ICKj CBK-l| FGF-R| CDK?2 CDK4 HUVEC] MV522
Ki (uM)} K (uM)| Ki (uM)] K; (uM)] Ki (uM)| K, (uM) ICsy ICso
M)l (M)
A(l) 1.4% NI @ 20 4.6
A(10) 0.028 5% @ 13.4 9.1
5
A(ll) Ni@ Nl @| 33% @
1000 : 100 100
A(12) 0.034 190 6.7 2.7
A(13) 0.81% 11% @
_ 5
A(14) 1.9* 3.1 7.0
A(15) 25% : 2.7 7.8
A(16) 0.022% 0.22 0.98
A(17) 0.003| 21% @ 24 2.1 29 >1.0 >10
) i
A(18} 8% @
d 5
A(19) 0.004 039
A(2) - 2,9% - 1.8 7.3
-FA(20) 0.007]. 24% @ 420 0.71 66 .58 0.49]
. 5
A(21) 8.8% ) 8.2 45
AQ22) 0.021 54% @
5
A(23) 0.039] 34% @ 47% @
5 5
A(24) 5.5% ) 34 4% @
. 10
A(25) 0.10* 0.20
A(26) 0.014 52% @ | >1.0 1.5
5 - '
AT 38% @ 3.2 31
100 *
A(28) 131% 13 24
A(29) 0.078| 10% @ 6.4 13 >1 >10
5
AG) 64* 2.5 84|
A(30) 0.11 4.8 22
AGL) | 31% @
5
A(32) 21% @
5
A(33) 22% @
5
A(34) 43% @
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20 al ., BioChenmisny, 37, 16788-16801 (1998): Jeffrey et al?2ScRisibee200376,
313-320 (July 27, 1995); WPO International Publication No. WO 97/ 34876;
and WPO | nt¥P®4F5t3hal Publication No. WO 96/14843. These RicqRRbY/iGS MY

be assessed, 34

5 .
A(35) 390+ )
Ald) 1% @] 2% @
10 10
A(5) 27% @, 30% @
10 10
AG) 36% @| 54% @
| 10
A(6L) |24% 2.7 =
@1
A(62) 053] 44
A(63) 2.0l 20|
A(64) 0.52
[a©5) 0.15| 2.1
A(66) LN @1
A(67) 0.11 0.015]  0.67
A(68) 0.13] 45
A(69) 72
A7) 25% @| 28% @
10 10
AC70) Nel Ne
1000 1
AL 29 132
A(T2) 0.16| 48% @
SuM
ACT3) : 6% @ N @
100uM| 100
AS) 0.058% o% o}.ﬂ
A () 1.9+ 29% @ Nl@
100
BG) N @ =
300
B(4) 0.2
G(9)
'1C(2) 49% @
1 .
Ce) \
2.7
D(2) 08 45
D(3) 0.063
E(4)
83
IG(1) 57* i{l)
G2) | 8% @ 5.7
B 100* , '
G@ | Bne
@ | _ 62
Go [ oane N @ \ 114
300+ 100 '
. ES) T Ne
1000*

208




22 Septenber 2003 WD 00/ 75120 PCT/ US00/ 15188 for exanpl e, BySwpismhsr 848 or
nore of the %85@9%12%&' testing procedures set out in

PCT/US00/15188
(G(6) NI @ — 100
300 uM
Icm 1.6* ‘ 21% @{Nl @ 10
10
G(8) 18] 31% @
100
H(1) 3.6% 0.65 3.8
H(Q2) | 104 11}
H(3) 6.1% 8.8 1.7
H(4) 2.6 2.1
H(5) . 20% @ NI@
. : 100 100
H(6) 0.2 1.2
(1) >100 61
Ko | 15%@
5
fi11) 0.53
1(12) 1% @
20|
1i13) 1.25%
1(14) L.17% )
H(15) 73*
1(16) 178%
K17) 35+
[(18) 2.7%
1(19) 34*
1(20) 46% @
100 M|
K2) NI @ "Nl@
600* 100
¥3) | 0% @ NI @
300* 100
(CY] Nl @] Nl @
_ 100* 100!
i(5) 0.77% NI @ 40 47% @
100
K6) 0.1 NI @ 40] 22
K7) 5.0%
1(8) 12% @
5
19) 0.083
J(1) 64% Nl @
100
) () 53% ‘ 20% @
: 100{
K1) | 0006 42% @ 0.62 67, 0095 5.4
1
L(1) NI @
1000*
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the exanpl es bel ow. The active agents of the invention may22o¥piesthen?Bed
I nto pharnmaceuti cal conpositions as described bel ow. Pharmaceuti cal
conposi tions WP ORI i nvention 5 conprise an effective nodpbeivsidsiss

regul ating, or inhibiting anount of a conpound

L{3) NI @ -
300
L(2) NI @
. 300* .
M(1) Nle| Ne
1000 100

Note: * = determined with ELISA assay rather than spectrophotometric assay

Table 3
Example| FLVK-P| FLVK | LCK CHK1 | FGF-P .CDKZ CDK4 JHUVEC| MV |
/ 522
K; Ki 1%%(”3? K; (nM) KI(I}M) K K; 1Cs ICq
(nM (nM) @1uM) (%oinh | (M) | M) | (M) (M)
@ 1 uM)
D(67) Slow 1 13 4.1 >10
binder
D(0) |91% @ 3.5 61 59
iy 54 >10
B(9) 036 91 78
B(349) 88% @
50 nM
B(8) 0.1
B(27) 03
B(10) 1 013
B(11) 0.7
B(30) 0.085
B(29) 0.9
B(28) 3
B(32) : 1.8
B(31) 5.1
B(33) 82%
B26) 28
0(31) 0.23
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of Formula L R IIl or IV and an inert, pharmaceutically a@cxspteamce?edrrier
or diluent. In one enbodi nent of the pharmaceutical conpositions,

ef fi caci ous YWRIXL2%f the inventive agents are provi ded sPGEU00158DVI de

t herapeutic benefits involving nodul ati on of protein kinases. By
"efficacious levels" is nmeant levels in

NQ) |2a% @ _ NI @ 25 2700
1pM uM
N@) 120 | 1300
NG) 160 | 1100
N@) 58 | 480
D(66) 1 15 55 22 | >10
04 |81%@| 019 | 3 9 0.64
50 nM '
0(10) 94 - 6.7
03) 0.57
002) — 033 | 7 28 10.58,1.9
o) 0.28
06) 0.22
0(6) 0.15
o7) 0.16 5.2
0O(8) 0.21
00) 0.42 ' T 23
o0l 17045 14
0(14) Slow | 0 10 16
binder 7
0@24) 2% @
50 M
023 | 29% @
50 nM
0z2) 15
02D (6% @] 11
50 oM
0(20) Stow
binder
~O(19) Slow
binder
0O(18) Slow
binder
oa7 Siow
binder
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10 which the effects of protein kinases are, at a nini mum22¥gtabee03These

conpositions are prepared in unit-dosage formappropriate for the node of
adm ni strati oMO0¥’Y20 parenteral or oral administration. AnpcI%R6iisyg agent

is adm nistered in conventional dosage form prepared by

0O(16) 11% @&
50 nM
0(15) 0.5 2 28
013 Slow '
binder 10
0/k]1)] 39% @
50 nM
029 Slow
binder
0(32) Slow
_ binder
0(28) 0.29
oz 1.7
0(26) 14
0(25) 28% @
50 nM
D(65) 1 9.3 37
o 4.3 2.1
D(73) 1.2 41 56 6 445
D(72) 09 35 NI 49 NI NI 4,7 >10
D(74) 1 91% @ | Slow 92 61
oo |y | 52 2.9/13
B(36) | 0.56 72 23
B(35) 0.26 M 39
B 61% @
= 50 nM
D63 51% @ |
ity ) >10000
D{64) 14 32 84
ot 10-100 2
D(75) Slow 1.1 64
ol 5 78 10.7520
D(76) 27 ' >1000
F(10) | 0.14 42 47 8.5 0.2
BU%) |13% @] 0. o
prd 0.76 10 45 - . 11 >10
B(12) 1.6 29 52 15 36
D(69) 0.5 79 . 78 : 15 23
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combining a therapeutically effective amount of an agent (2 ¥fptemberiPBound
of 15 Fornula 1) as an active ingredient with appropriate pharmceutical
carriers or XPUEHE according to conventional procedures.PCRtS8¥15188
procedures may involve m xing, granulating and conpressing or dissolving
the ingredients as appropriate to the desired

*

F(1) 0.26-] 15 25 12 ]9.6/>10
B(16) 3% @

50 nM
B(18) 00 | M 8% 10 1.9
BRO) | - 80% ‘
012 019 | 21 - 33 25 44
F(13) 035 | 29 25 16
F(14) 036 150
F(12) 2.2 300
B©) 0.61 ‘ 1 56 .
D61 Stow | 4 0 165 | >10

binder '
) 2.6
D(78) (9% @ 1

uM
D(59) 28 | 44 T 53 >100 | 3.1
)] 4 | 11 10 >100

D(68) 0.6 >100
D) T a1
D8 14 | 25 T 2 >100 | >0
B(7) 34 63 13
B(23) 1.7 '
B(23) 21
B@D) 10% @

50 nM |
B22) 54% @ >1000

50 nM
“B(9) 6% @

50 nM
B(25) 29
BG9) 63 >100
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preparation. The pharnmaceutical carrier enployed may be ei#ptembspRi® or
sucrose, talc,

liquid 20 Exe
agar, pectin,

e R0

erl ary of solid carriers are | actose,
WAL magnesi um stearate, stearic acid and gFhgudobkEiss

Exenplary of liquid carriers are syrup,

gel ati n,

B@0) |31% @ -
1 M

B(41) 0% @

50 nM
B(42) 12% @

50 nM
B(43) 11% @

50 nM
B(37) 6% @

50 oM >1000
B(38) 13% @

50 nM >700
C(8) 21% @

50 1M >700
) 17 T
B(13) 13 300
B(13) 17 I
C(5) 15% @

50 oM
D(62) 20% @

50 nM 500
C(6) a3 300
C(9) 8 300
C@) 1% @

50 nM
B(5) 2.3
F(15) 5% @

50 nM
K16) 380 | 5% @

SuM

CHK1 High-throughput screening results shown in Table 4

Table 4
Example %
o inhibition
@ 20 uM
A4 -10.2
A4 17.9
A5 -16.1
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peanut oil, olive oil, water and the like. Similarly, the Zatefapep003

' ' ' I me- lal known in the art,
diluent may ipclude tine-delay or tinme-release materia :
such as gl yceﬂ WiHbst earate or 35 22 Sept enber 2003 PCT/US00/15188

AS 253
A6 -10.2
A6 25.4
A7 -16.6
A7 19.3
A8 -6.2
A8 57.4
H3 16.9
H3 10.3
H4 0.9
H2 -1.7
A16 35.4
A21 -7.2
H5 13.4
A70 3.8
G8 -4
G8 -4.8
G8 -3
G8 -3
C3 -3.7
C3 2.9
C3 -3.7
C3 -3.7
AB9 - 4.8
AB9 2.7
A69 3.8
A6S 1 3.8
A63 3.8
AB3 5.4
AB3 9.8
Ab4 1.1
Ab4 7.2
AB4 8.3
A66 3.6
A66 6.6
A66 9.1
AB8 0.7
A68 -4.4
A68 6.1
__AB2 7.4
AB2 12.2
H6 17.4
H6 15.2
H6 6.5 -
A67 15.3 ' :
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WD 00/ 75120 PCT/ US00/ 15188 gl yceryl

et hyl cel | ul ose, hydr oxypropyl net hyl cel | ul ose,

di stearate al one or wi32Seatembgr 2003 °

net hyl net hacryl ate and t he

like. A vari W9 o75i¥har maceutical forns can be enpl oyed. Thygraishosso!id

carrier

S

AB67 6.9
AB7 4.2
A65 3.2
AB5 2.5
A65 8.2
E4 5
E4 6.4
B5 10.7
B5 1
B5 9.7
F16 4.3
F16 7.6
A73 14.3
A73 14.4
A73 7.3
N3 5.2
N3 2
N3 58 |
J2 16 -
J1 20.8
13 20.1
14 19.4
12 16.1
15 3.3
16 9.6
A24 13.3
17 4.1
17 -3.1
112 5.3
12 0.6
A1 36.6
Al 49.8
A2 2.6
A2 7.6
A3 2.8
A3 -1.9
AlS -4.1
Al15 " -1.2
113 11.3
| 14 11.9
. 1156 -1.5
115 14.8
119 -1.3
119 27
| 16 13.7
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used, the preparation can be tableted, placed in a hard gedZaicpiembapziBe in

powder or 5 -pg} let formor in the formof a troche or | ozenge. The anount
of solid carri é)roogavo vary, but generally w Il be from aboutPCZ@somsisz about
1 g If aliquid carrier is used, the preparation will be in the form of

syrup, enulsion, soft gelatin capsule, sterile

A28 0.4
A28 93
i(20) -9.4
1{20) 6.5
A27 5.5
A27 2
J18 12
A9 8.2
A9 4.9
A10 -5.9
A10 36.2
A11 7
“A11 12.2
A12 7
A12 24.7 _
A17 10.8
A17 41.4
A23 72
A23 4.2
ci 12.4
A18 60.8
D2 0.8
D2 5
D3 8.6
D3 6.7
A20 62.7
D4 9.3
D5 1.3
D5 5.3
D6 6.1
D6 18.6
A13 5
A19 78.5
D7 10.1
D7 14.3
D8 6.6
D8 5.7
D9 3.7
D9 4.3
D10 4
D10 1.5
D12 11
D13 5.5
D13 0.8
D14 123
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i nj ectabl e sol ution or suspension in an anpoul e or vial or22nRtcEbeedl9d
liquid suspension. 10 To obtain a stable water-soluble dose form a
phar maceut i C¥PI0)7Hakept abl e salt of an inventive agent ispairAsedsegk i n an
aqueous solution of an organic or inorganic

D14 0—
D15 8.9
D15 1.2
D16 4.1
A22 7.5
A25 19.7
A26 42.5
D17 5.3
D17 19
D18 6.4
D18 12.1
D19 9
D19 4.2
D20 13.4
A31 2.5
110 16.1
19 6.9
111 -5.7
A32 3.8
A33 9.6
A33 -3.8
A34 4.6
A34 -3.4
A35 ‘9.9
A35 2.1
D21 0.7
D22 1.8
D23 2.9
D24 5.4
K1 34.1
B4 6.7
A29 7.1
D25 -8.7
D26 44.7
A30 34
A36 28
A37 16
D27 5.1
. D27 12.2
- D28 6.7
D28 26.9
D29 4.3
D29 19
D30 ' 4.2
D30 16.4
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aci d, such ‘as 0.3M solution of succinic acid or citric aciZ SapfemberdfQ3p| e

salt formis ‘gﬁﬁ% sﬁgai | abl e, the agent may be dissolved in a suitable
cosol vent or M4t i ons of cosolvents. Exanpl es of suit aPCBEUSNLSESY ent S

i nclude, but are not limted to, alcohol, 15 propyl ene glycol, polyethylene
gl ycol 300, polysorbate 80, gylcerin and the like in

D31 0.8
D31 8.8
D32 1.7
D32 13.8
A38 9.1
A38 9.8
A38 2.2
A40 1
Ad1 3.8
A53 4
A56 -2.9
A58 7.2
AS55 0.1
A52 2
A42 -0.1
A43 -3

- Ad4 -7.1
A4S -1
A46 0.9
A57 -6.1
A48 1.3
D33 -0.3
D34 -0.3
D35 4.5
D36 2.5
D37 4.2
D38 8.4
D39 -1.4
D40 17.7
D41 12.6
F9 15.3
A49 14.1
D42 1.8
A50 30.1
B2 5.9
D44 0
D45 2.4
D46 3.9
D47 1
D48 8.5
D49 4.9
D50 5.6
D51 3.8
D52 25.9
B40 8
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concentrations ranging from 0-60% of the total volune. |n ZrSeiearpst 2005

enbodi nent, a congound of Formula | is dissolved in DMSO and diluted with
water. The ¥Sh63120i on may al so be in the formof a sol utimnodoossieal t
formof the active ingredient in an appropriate aqueous vehicle such as

water or isotonic saline or

D78 9.4-
F2 35
F1 3.4
F4 10.3
F5 10.5
Fé 8.4

D53 5.1
F8 55.8
F8 21.1
F8 3.4
F8 1.8
F8 1.9

D56 6.5
F7 7.3

D55 7.3

D11 13.3
BS 4.3
C4 16.9

D72 5.1

D73 5.3

D63 7.4

B12 3.1
c7 35.6

D64 6.4

D65 4.9

B13 3
c8 124

D66 3.8

D67 5.6

D58 4

D58 1.7

D58 0.1
C9 8.6
Co 6.5
C9 15.1

D60 6.7

D60 ~4.1

D60 3.7

D68 10.2

. D68 7

D68 14.1

F12 10.3

F12 - 6.3

F12 13.2

B41 8.6
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20 dextrose solution. It will be appreciated that the act u# Scgbslged0®Bf t he
agents used in the conpositions of this invention wll vary according to
the particul aWtY¥MH128x being used, the particul ar conpositiponukoriEussat ed,

t he node of admi nistration and the

B41 7 3

B41 12.9
C5 4.7
C5 2
C5 3.7
F13 9

F13 11.3
F13 12.9

B14 - 8

B14 1.5

B14 28
C9 14.8
C9 5.5
C9 16.5

Fi14 14

Fi14 10.2

F14 18.1

B15 9

B15 4.1

B15 9.1
B6 4.6
B6 -2.1
B6 -1.3
C6 245
C6 5.4
C6 4.4

D74 1 113

D74 3.1

D74 14.3

D75 9.3

D75 4.9

D75 18.8

B42 4.7

B42 0.4

B42 9.5

B43 8.1

B43 2.8

B43 11.8

B16 82.8

B16 78.9

B16 55.4

B16 38.6

B16 29.1

Bi6 77.5

B16 82
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36 22 Septenber 2003 WO 00/ 75120 PCTI USOQ 15188 parti cul ar22septemblnt03and

' ' ' ' set of
ase being treated. Optinal dosages for a given
di se glwo 00/75120 PCT/US00/15188

03 174
03 24.5
B21 4.5
B21 20.6
B35 a.4
B35 14.1
B36 6.2
B36 15.1
B25 3

B25 | 10.3
B26 7.5
B26 13.3
B27 1.4
B27 1.3

FAK High-throughput screening results shown in Table 5

TABLE 5
Inhibition of FAK at 10 uM
compound
In HTS Delphia assay
Example % inhibition of
' FAK
A4 6
A5 10
A6 0
A7 2
A8 17
H3 19
_H4 6
H2 18
A16 36
A21 26
HS 42
H5 17
H5 3
__H5 3
A70 11
J2 -7
J1 -4
13 3
14 -5
12 _ 6



conditions can be ascertained by those skilled in the art 2dsjeatgmber 2003

conventi onal s(gg]g determ nation tests in view of the experinental
or 'oP&I adni ni stration,
5 about 1000 ng/ kg of body wei ght,

courses of treatnment repeated at appropriate

for an agent.
enpl oyed is fromabout 0.001 to

dat a

an exenpl ary daily dd&$8/Uusetiesassl | y

15 - -2
16 12
A24 7
17 -1
112 -3
Al 5
A2 8
A3 -9
A15 0
115 3
119 57
119 7
119 5
A28 4
120 )
A27 2
A9 4
A10 -4
Al1 15
Al2 8
Al17 -2
A23 4
C1 2
A18 29
D1 -3
D2 26
D3 20
A20 20
D4 17
D5 7
D6 23
A13 12
A19 37
D7 23
D8 8
DS 22
D10 4
Di2 29
D13 12
D14 23
D15 - 17
D16 17
A22 13
A25 57
A25 90
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i ntervals. Admi nistration of prodrugs are typically dosed %S%&WZQ@V& S

whi ch are Chtggioﬁﬁhw equi valent to the weight levels of the fully active
form The conpositions of the invention rmay be manuf act ur ed PCR/USBMIT@ESS

generally known for preparing pharmaceutical conpositions, e.g., using
conventi onal '

A25 - 88
A25 88
A26 17
D17 24
D18 14
D19 7
D20 25
A31 27
18 12
I8 12
19 26
111 -18
A32 -3
A33 -17
A34 <13
A35 -10
D21 -4
D22 2
D23 -12
D24 ' -4
K1 17
B4 ' 49
B4 36
B4 11
B4 46
B4 32
A29 - -8
D25 6
D26 51
D26 19
A30 -16
A36 -8
A37 2
A38 83
A38 23
A38 12
A39 -10
A40 -6
Ad1 97
Ad1 18
A41 12
A53 -10
_A56 7
AS8 -9
AS55 59




10 techni ques such as mixing, dissolving, granulating, dradgesPizabeig03
| evi gati ng, ?’%l | fii ng, encapsul ating, entrapping or |yophilizing.
Phar maceut i ca 08%3 itions may be fornmulated in a convent POnakoonarzsger
usi ng one or nore physiologically acceptable carriers, which nmay be

sel ected fromexcipients and auxiliaries that

A55 - 11
AS55 16
A52 9
A42 -15
A43 -19
Ad4 -15
A45 -13
Ad6 -14
A57 -18
A48 -2
D33 -7
D34 -9
D35 -19
D36 1
D37 -6
D38 ~14
D39 -21
D40 -6
D41 -19
F9 -13
A49 -13
D42 -5
A50 -14
B2 -17
D44 -9
D45 -9
D4s . -14
D47 -19
Exampie % inhibition

A4 -7

A4 -10

AS -8

A5 - -10

A6 -15

A6 -16

A7 -10

A7 -9

A8 -12




facilitate processing of the active conmpounds into prepar a3 Sptembisr 2003can

be used 15 p &Pgﬁﬁtically. Proper formul ation is dependent upon the route
of adm ni stration chosen. For injection, the agents of thePCHUSISEA may

be fornul ated i nto aqueous sol utions,

v

A8 34
H3 -1
H3 -9
Ha 2
H4 1
H2 0
H2 5
A16 94
A16 96
A21 4
A21 -1
H5 4
H5 2
A70 -11
A70 2
G8 -16
G8 -30
C3 -19
C3 0
ABS | 40
AB69 15
A63 )
‘AB3 24
A63 -22
A63 -23
A64 -20
AB4 -34
A66 -38
A66 -39
A68 -18
A68 -18
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pr ef er abl y'i n physiologically conpatible buffers such as Hanleptembsnl098i on,

Ringer's solwbiggRs2@r Physiol ogical saline buffer. For transnucosal
adnmi ni stration, penetrants 20 appropriate to the barrier toPEEUSMNMSAL ed

are used in the fornmulation. Such penetrants are generally known in the
art.. : ,

A62 7
A62 6
Hé -13
H6 -30
A67 =29
Ag7 -33
AB5 -31
A65 -39
E4 9
E4 17
B5 vy
BS -13
Fi6 -13
F16 -16
A73 -23
A73 -30
N3 -12
N3 -17
J2 -2
J2 ' -10
J1 -8
J1 -13
13 4
13 -5
14 11
14 -1
12 19
12 6
15 6
15 0
i6 6
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For oral administration, the conpounds can be fornul ated ri@a¥piegbiy2003
conbi ning the_active corrpounds w th pharnaceuti cal | y acceptable carriers

known in 37 208 Ehber 2003 PCT/US00/15188
G 35
A24 -4
A24 a3
B3 30
B3 26
17 9
17 19
112 -7
12 -7
A1 -4
At. 82
A2 -9
A2 5
A3 , -9
A3 3
Al15 -9
A15 -7
113 «2
113 .7
114 | =24
14 23
115 -7
.15 <11
119 -5
9 | 4
116 -3
I16 -1
A28 4
A28 -8
120 9
120 7
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WD 00/ 75120 PCT/ US00/ 15188 the art. Such carriers enabl e tReSPEMMSUAHNS of

the inventioRgyhQ,bg,d ornul ated as tablets, pills, dragees, capsules,
li quids, gels, syrups, slurries, suspensions and the |ike, PCT/US00/15188

A27 =14
A27 -11
J18 3
J18 -8
A9 -6
A9 -5
A10 -2
A10 -5
A1l -8
Ail -10
Al2 -16 -
A12 -16
A17 33
A17 9
A23 -5
A23 5
c1 8
C1 1
A18 25
A18 32
D1 2
D1 13
D2 -3
D2 7
D3 -4
D3 0
A20 46
A20 : 56
D4 -3
D4 -5
D5 -1
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for oral ingestion by a patient to be treated. Pharmaceuti¥abeptndsa?@i3i ons

for oral usewgamspg obtained using a solid excipient in adnm xture with the
active ingredient (agent), 5 optionally grinding the resul tPGHUSM0MAEI$Ee, and

processing the m xture of granules after adding suitable auxiliaries, if
desired, to obtain tablets or dragee cores. Suitable

DS 7
Dé -2
D6 -3
A13 7
A13 27
A19 76
A19 86 -
D7 - -6
D7 -1
D8 5
D8 12
D9 -8
Dg -10
D10 -5
D10 5
D12 -7
D12 -10
D13 -8
D13 -1
D14 -9
D14 -10
D15 -3
D15 -6
D16 -2
D16 4
A22 35
A22 38
A25 60
A25 47
A26 72
A26 .72
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excipients include: fillers such as sugars, including | act¥s¥ptesiber 33,

Ctarch, whoar* QR

rice

cel l ul ose, hydroxypropyl net hyl -cel | ul ose,

or polyvinylpyrrolidone (PVP). If desired,
D17 10
D17 -10
D18 -6
D18 -9
D19 -4
B19 -10
D20 -6
D20 -10
A31 -6
A3t -7
110 8
110 -1
18 9
18 -1
19 45
19 35
111 30
11 25
A32 8
A32 11
A33 2
A33 4
A34 -3
A34 -8
A35 -5
A35 -9
D21 0
D21 10
D22 6 -
D22 24
D23 -6
231

and cel |l ul ose preparations, for exanple, mize
starch, potato starch, gelati n,li%mﬁ

00hEIsRY |
10 sodi um car boxynet hyl cel | ul ose,



di sintegrating agents may be added, such as crosslinked pcﬁ%ﬁﬁpﬁ’mbefzom"
or alginic acid or a salt thereof such as sodi um

pyrrolidone,
al gi nat e. Dra‘ggg&z%%oes are provided with suitabl e coatings. PEarUstdrisIss

pur pose, concentrated sugar solutions may be used, which may optionally
contain gum ar abi c, ‘

D23 -
D24 -4
D24 7
Kt 92
K1 96
B4 56
B4 43
A29 -6
A29 -11
D25 -9
D25 7
D26 -2
D26 0
A30
A30 9
A36 -11
A36 -15
- A37 34
A37 ' 37
D27 79
D27 86
D28 -15
D28 7
D29 2
D29 -9
Dao -24
D30 -18
D31 -11
D31 0
D32 -20
D32 -13
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. 15 pol yvinyl pyrrolidone, Carbopol gel, polyethylene glycd? Seaisabes2003
titaniumdioxviygeD | acquer sol utions, and suitable organic solvents or
solvent m xtu g/ﬂ%ﬁkstuffs or pignments may be added to thRCHB39D/23188 or

dragee coatings for identification or to characterize different
conmbi nati ons of active agents.

H3 -6
- H3 -9
A33 2
A39 7
A4D 6
AdD 6
A4 5
Ad1 )
A53 -8
A53 -10
Ab56 8
AS6 3
A58 6
A58 0
AS55 -3
A55 - 7
A52 1
A52 -6
Ad2 | A
Ad2 )
Ad3 6
Ad3 -2
Ad4 -5
Ad4 -10
Ad5 -4
Ad45 -6
Ad6 2
A46 9
A57 2
A57 7
A48 . -8
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Phar maceuti cal preparations which can be used orally incl udPeSqptestbef 2903 20
as well as soft, sealed capsul es made of gelatin

capsul es nadgggf@aelatin,
and a plasti P12 ych as gl ycerol or sorbitol. The push- fectrigaasiiges can

contain the active ingredients in adm xture with fillers such as |actose,
bi nders such as starches, and/or ,

A48 -8
D33 -3
D33 -7
D34 -1
D34 -5
D35 8
D35 4
D36 19
D36 6
D37 -5
D37 -8
D38 2
D38 -7
D39 22
D39 ' 8
D40 2
D40 -10
D41 0
D41 _ 7
F9 24
F9 14
A49 -7
A49 -10
D42 9
D42 -10
A50 8
A50 2
B2 13
B2 2
D44 58
D44 56




' : : tember 2003
| ubricants such as talc or magnesi um stearate, and, optlon?:%Se?,em T

il nmber 2003 WO 00/ 75120 PCT/ US00/ 15188
stabilizers. Wbo%ﬂgfzo?’s 22 Septe S ege

D45 17
D45 10
D46 27
D46 19
D47 51
D47 46
D4g o2
D48 24
D49 75
D50 42
D50 ' 44
D51 16
D52 -26
D52 -13
B40 -26
B40 -29
D78 22
D78 -15
F2 -18
F2 15
Fi - 19
F1 25
F4 -10
F4 o 5
F5 -16
F5 -10
F6 -14
F6 1

D53 -15
D&3 2
F8 81
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capsul es, the active agents may be dissol ved or suspended $2SeptambspPQ03
liquids, such_as _fatty oils, liquid paraffin, or liquid polyethylene
glycols. In 2497183 stabilizers may be added. Al fornul atroseyisess or al
adm ni stration should be in dosages suitable for such adm nistration. For
buccal adm nistration, the conpositions may take the form

F8 82
D56 73
D56 71
F7 -2
F7 21
D55 -14
D55 -35
D1t -25
D11 41
B5 34
B5 33
C4 -5
C4 9
D72 ' 65
D72 69
D73. 69
D73 73
DE3 -130
D63 | 126
B12 43
B12 44
c7 55
7 57
D64 92
D64 93
D65 94
D65 a3
B13 30
B13 - 36
cs 33
cs 35
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5 of tablets or |ozenges fornulated in conventional manner22 $eptember 2003

adm ni strati og, i r&lt Il anasal ly or by inhalation, the conpounds for use
according to e 6?I§gent i nvention are conveni ently del i ver edriugodfagsf or m
of an aerosol spray presentation from pressurized packs or a nebuliser,

with the, use of a suitable

Dé6 79
D67 73
D67 75
D58 -14
Ds8 -12
Cco -19
Co -16
C60 -11
C60 -9
Ces -8
C68 -7
F12 9
F12 -14
B41 -28
B41 -26
C5 -6
C5 -1
Fi3 54
F13 56
Bi4 | <11
B14 -17
Co 19
Co 18
F14 2
Fi14 )
B15 5
B15 2
B6 11
B6 10
Cé 19
Cé 11
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propel l ant, e.g., dichlorodifluoronmethane, trichlorofl uor Gieiehigaber 2193

di chl orotetrafl uoroet hane, carbon di oxide or other suitable gas. In the
case of a pr‘ggg‘mﬁl%“ed aerosol the dosage unit may be deter pro@dodRiéiss
providing a valve to deliver a netered anmount. Capsules and cartridges of

gelatin for use in an inhaler or

D74 86
D74 94
D75 92
D75 91
B42 -7
B42 -11
B43 -16
B43 -17
03 . 31
03 42
1821 -3
B21 2
B35 96
B36 91
B36 93
B25 B
B25 0
B26 76
B27 . 9f
B27 94

Synthetic Protocol for Combinatorial Examples in Tables A-D
The four library building biocks 2-{4-aminosulfonylphenyl)amino,4-

5 aminoithiazole-5-carbothicamide, 2-(4-dimethylaminophenyl)arhino,4-
arln'inoithiazole-S-carbothioarﬁide, 2-(3,4,5-u'imethoxylanﬁnosulfonylphenyl)amino,d-
‘aminoithiazole-5-carbothioamide and 2-(4-isopropylphenyl)amino,4-aminoithiazole-
S-carbothioamide were synthesized in a manner similar to that of step (i) and (ii) in

" Example A above.
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insufflator and the |ike may be fornulated containing a pokddPteber 3903 he

' 5 The
conpound an bl e powder base such as |actose or starch. 1
coggounds may éﬁ#%?ﬁulated for parenteral adninistration byCTNS@SI8n,
e.g., by bolus injection or continuous infusion. Formulations for injection

may be
All the compourds in Table A-D were synthesized by the chemistry similar to
. that used to prepare Example A(1) except: A stock solution of corresponding 4 above
carbothioamides in 10% DMF/methanol was distn't‘)uted into a 96 deep well plate so
that each well contained 5 pMoles of material. Then, 5 pmoles of 63 a-halid ketones
5  were added to individual wells of each plate. After the reaction plates were shaken at
room temperature for 16 hours, approximately 10 mg of Merrifield resin and 10 mg of
N-(2-mercaptoethyl)aminomethyl polystyrene resin were adcied to each well. The
reaction plates were shaken for another 2 hours. The reaction mixture was then filtered
and the filtrates of each reaction well were collected individually into a receiving 96-

10 well plate. The compounds were obtained after the removal of solvent,

Table A

EXAMPLES VEGF® | CHKI® | CDK2® | cDx4®

34 47.7 -103 | 654

3 9.2 1.6 -1

57 463 7.3 33.1

26 32 0.2 18.3

o 495 -4.8 | 35,1
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presented in unit-dosage form e.g., in anpoul es or in nul2%Segtpsder 2003
containers, with an added preservative. The conpositions may take such
fornms as sushgﬁEP%ﬁgq solutions or enulsions in oily or aqueausolsiic! es,

and may contain formulatory agents such as 20 suspending, stabilizing
and/ or di spersing agents. -

e :
38 23 124 | 313

4

e |
MW o | s | 2 |

[T g ,
%mi(}‘]{j 5 99 | 49 | -199
o : ‘u!’ N
iilfz;éjzé?j:jﬂ 18 1.2 0.1 | 69
ﬁi,& 3 6.1 12.2 17
&

ﬁ{{ﬁz@j 41 153 | -3 3
W 27 27 | 232 4

25 36.6 1.9 1.6

", %
we -8 5.2 -14, -
mj@i al 56
i y. 3 1.7 -4.4 -17.8
.. " _
2 187 | 204 | -47



Phar maceuti cal formul ations for parenteral administration 22n¥sptatdenz@iBous

sol utions of \%88 %gioi ve conpounds in water-soluble form Additionally,
suspensi ons o 14 active agents may be prepared as appr oRGTATS®0/05188/

i nj ection suspensions. Suitable 39

18 10.3 15.6 0.3
32 31.3 3.8 23,7
26 17.9 13.6 19.5
;Y
q 2 329 5.4 -16
o,

W,
w 58 48.3 35 32.3
W -4 223 14.6 22

53 31.3 14.3 24,5

M,
Kﬁ@y@i 26 165 5 -27.6
3

A
Ww - 88 | 66 | -149
&.
o e, a
mj,ér 1 121 | 73 | a7

m:«oﬁ 66 | @3 | 3 | s
o -

HF’D M, o

v ‘:ﬁ\( ! 38 279 | 284 7.8

“ue? .
50 48.8 10.3 32.3

HF'“
“M’]’CEA 47 12 12 7.3
L . .
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22 September 2003 WO 00/ 75120 PCT/ US00/ 15188 |i pophi | ic sci2fsptesibor 2003

' ' hetic fatty
' ' ty oils such as sesane oil, or synt
vehicles incl \'{!%eoo;ﬁ%tzo y PCT/US00/15188

59 41.9 26.7 26,4

2 23.9 -12.3 -14.7

23 21.1 0.2 -40.1
49 B8 1.8 364
34 34.1 19 13.7

56 48.7 7.3 37.1

52 §8.1 12_ 31
17 | 224 42 3.4
-1 85 139 | 2177
20 319 -7.8 -14.6
37 0.5 4.6 21.1
-3 104 138 9
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acid esters, such as ethyl oleate or triglycerides, or |ipdsisptembe ous

I nj ection Sﬁ(ﬁgﬂ%aﬁns may contain substances which increase the viscosity
of the suspe - “'such as sodi um car boxynet hyl cel | ul ose, PCIH/15388 or
dextran. Optionally, the 5 suspension may al so contain suitable stabilizers
or agents whi-ch increase the solubility

- 1 216 | 27 | 202
16 a7 | 231 | -2
M| 283 | 53 |
46 14.1 1 | 8.7
34 | 212 | 04 | -84
35 41.4 4.4 08
1| 43 | s | 506
1 27 | n2 | 299
27 | a9 | 95 | s2
3 09 | 175 | -104
13 89 | 13 | -344
. @ l
mvfcfyiiﬁ\ 50 7.4 16 | -84

243




of the conpounds to allow for the preparation of highly co¥ceaptenbeed03
For adm nistration to the eye,
111, or 1V i sWO&I¥ered in a pharmaceutical |y acceptabl e oplatrhabarisiss
conpound is nmaintained in contact with the ocul ar

sol uti ons.

vehi cl e such that the
surface for a sufficient time period

10

a conpound of the Formula I,

26 26.2 6 47

60 325 | -121 | 287

5 1.3 6.3 -4.5

a | 132 o1 115

15 6.4 3.9 29.3

3 | 254 % %5

o
,,ﬂ"fb _ :%b 19 13.5 156 | -105
244



10 to allow the conpound to penetrate the corneal and i nted2niptembgi 2008 of
the eye, inc '0 ,mfor exanpl e, the anterior chanber, posterior chanber,
vitreous body, aquéous hunor, vitreous hunor, cornea, irisPCrivasmsidsens,
choroid/retina and selera. The pharnaceutically acceptable ophthalmc

vehicl e may be an oi ntnent, vegetable

Table B -

EXAMPLES VEGF" | CHK!® | cDKk2® | cbka®

22 oW ’ @ 49 | 85 | 859 | 57.2

AW A @‘ 12 [ 78 | 25 | s

& = '
B = 34 26.6 68.2 - 59.6

'l B NN O 79 | 05 | 564
F3 : : -
mw 2 By | e | 282
- 2
4 = 2 33 | 214 25

Q?EOY(M 21 18.7 189 16
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oil, or an encapsulating material. A conpound of the inverdZ Sptembgr 20080 be
injected 15 directly into the vitreous and aqueous hunor. Alternatively,
the active | WA®FBAt may be in powder formfor constitutiopcr/obdoisiks
suitable vehicle, e.g., sterile pyrogen-free water before use. The

conpounds

33 2.1 205 9.6
£ -,
{ 3 -3.9 12,5 -1.2
O

d
4 27 - 4.4 18.5 10.9

WA, ]

d

8 -2.3 28.4 412
48 6.9 10.7 9.3
3 1.1 298 -13

47 25.6 §5.4 57.8

3 1 27.7 -16.3

2 15.9 8.3 -28

£ " ' - ?
-3 12.3 1.2 -11.3
W 13 3.7 13.3 16.3
oL
32 14.7 &3 79.2
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may also be formulated in rectal conpositions such as suppdsieptspibes209p
retention en ss890: containing conventional suppository bases such as
cocoa butter or other 20 glycerides. In addition to the foPRE{USVIGIRS

descri bed above, the conpounds may al so be

o o -
) 29 20.1 214 | 318
W "
o
_ W , Q 43 | 337 | 747 | 612
W 8 44 | 207 | -2
g "

o’ .
\O\J\\ I 13 ] 136 | 46 | 397
7 - |

d ; . |

38 175 | 124 | 53

30 10.8 17.8 -28.6

56 187 | 59 | sis

25 13.4 40.7 46

1N 19.8 66.8 58

50 02 19.6 -13.5

11 1.3 51.6 &5
d

43 6.8 37.2 -1.9
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fornul ated as a depot preparation. Such |ong-acting fornmul%$ptembsai0Be
adm ni stered bé I npl antation (for exanple, subcutaneously, intranuscularly,
or 22 Sept ent¥P 0¥FHI20 WO 00/ 75120 PCT/ US00/ 15188 PCT/US00/15188

23 11.2 8.2 -33.4

29 25.6 69.5 62.5

- T8 18.3 45.7 57.5

4 23 28.4 67 59.9

W?\CL& Nod |
W n 107 | 542 | 409

¢
W 19 9.7 56 70.6
e oy,

2 42 45 -3.6
eV NS |
7 15.3 56.6 22
"y
4 -1.6 29 2.3
w, 0 RO
- 2 1.3 14.1 -3.5
£
F
3 Q.7 61.4 53.4
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intraocul arly) or by intranuscul ar injection. Thus, for exZmspemben2003

conpounds ”ayon&uQQ mul ated with suitable polyneric or hydrophobic
materials (for exanple, as an emrulsion in an acceptabl e oi PGT/8%00/15188

I on- exchange resins, or as sparingly soluble derivatives, for exanple,
a sparingly soluble salt."

as

9 17.5 25 17
34 12.3 60.8 43.3
23 15.2 59 4.2
9 114 52.6 | 53.3
33 29 77.2 64.1
-1 -1.2 12 0.5
5 21.1 68 75
-5 0.5 16.1 -313
-13 '103 9.9 7.2
33 -7.3 25.4 -4.8
9 21.7 53.9 58
40 21.6 741 58.2
10 6.1 a8 20.3
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5 A pharmaceutical carrier for hydrophobic conpounds is a toSWismher 2883t em

conpri si ng bew&o hz@ohol , a nonpol ar surfactant, a water-m scible organic
pol ynmer, and an 573 ous phase. The cosol vent system nay be a&c¥yiEbo/1siss

co-solvent system VPD is a solution of 3% w v benzyl al cohol, 8% w v of
t he nonpol ar surfactant pol ysorbate

HIN\ '.«D
5
o N
Q s 10 | 04 | 489 | a3
WP ] ;
°M£ " 33 | 232 14

Q Y 'QQ - 136 | 166 15

C

15 16.4 17.6 0.3
Table C |
5
EXAMPLES VEGF® | CHKI® | CDK2® | Cbka®
28 316 23.8 62.7
2 10.7 17.2 51.2
",
50 27.4 17.5 76.5
) 25 9.2 26 84.7
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80, and 65% w v pol yet hyl ene gl ycol 300, made up to vol ume24 $epiasabsr 2008

ethanol . 10 Tg) MP&L.§0- sol vent system (VPD: 5W cotains VPD diluted 1:1 with
a 5% dextrose in water solution. This co-solvent system di E&USeNs15188

hydr ophobi ¢ conpounds well, and itself produces |low toxicity upon systemc
adm nistration. Naturally, the proportions

7 235 14.2 71.5
3 7.9 15.1 49.7
-13 15.6 6.3 53.3
2 | 08 14.2 | 55,9
-10 1.8 -22.6 38,2
2 0.2 10.8 53.1
12 52 | 122 79.4
19 a7 27.8 60.9
9 -5.7 15 28.7
16 322 17.7 63
-4 6 17.8 356
-7 9 1.7 9.1
9 32 0.6 07
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of a co-solvent system may be varied considerably without #e3¥feshengtix's
solubility 9@’%@% §|ty characteristics. Furthernore, the identity of the
co-sol vent co 15 may be varied: for exanple, other |peetisno/i€isky
nonpol ar surfactants may be used instead of polysorbate 80; the fraction

si ze of polyethylene glycol may be varied; other

ACQJ‘{QTC!/. 7 7.1 . | 59 | 584

’HCLN ‘(S*{J’Q; 23 21.4 257 | 814
una““{fl'g | 5 09 111 498

I\Q\‘{Q{r@*@ 14 23.8 22 | 50.6
uh‘ ._tﬁf]@) -48 3§.e 16.1 30.7-

MIO\ | .
{"; 2 | e v | 33
A © |
0,
—Q{'{;I(I 5 09 | 212 | 395
¢ .
"Fh N,
'U*{ ]J::H: o 2 7.2 247 | 353

Hfh . NH,
. 4 . R
_{L{ 0.3 104 79
HE . ",

Ho | ® | 3 | ws | on

,,F,%\ o [ .
" _{‘;Csr ’ 1 45 5.1 14.1 746
HFIO\ a |
—i,ﬁ» 30 193 | 125 | 727
] . -
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bi oconpati bl e pol ymers may repl ace pol yet hyl ene gl ycol, e.2} Septeimpei 2603
pyrrolidone; er sugars or polysaccharides may be substituted for
dextrose. Alternatively, other delivery systens for hydrophd®§ir8soo/15188
pharmaceutical 20 conpounds may be enpl oyed. Liposones and enul sions are

known exanpl es of '

N,
) 14- | 25 23.3 50
33 13 218 | 6.8
.,
5 8.8 21.7 48

Ny, | ‘
iy ’j@ -4 4 23.3 -42.5
f%l_( ) ' :
' 51 38.9 31.8 72.8

39 18.9 4.3 755

3
47 323 38.6 79.6

M,
N‘*QN L3 J_Of 12 14.2 38.3 79
% g
. 42 17.8 31 | 799

w 9 | N6 | 52 | 744
e o,
il »,

j_{]_@k‘ -4 37 8.7 48.3

=] ' '
W | 2t | 200 | 201 | s05
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delivery vehicles or carriers for hydrophobic drugs. CertafhSentgmber 2003

sol vents suc
at the cost

delivered using a sustained-rel ease 41

s _di net hyl sul foxi de al so may be enpl oyed,
QP%QWQ &r toxicity. Additionally,

al t hough usual ly

t he conpoundsTrv/Bdass

RE o
13 6.5 6.2 61.4
HE
“‘%»I,ﬁ(%& 15 14,1 26 85.1
' A ) 5
Q B ~ 4.7 4 2.4
o 5 7.9 209 46.8
o
) 02 18.5 59.4
W 10 38 16 | 493
MZJQ 26 26 202 | 816
M, HE .
} 50 34.9 39.9 84.7
o
VRCLAW 13 47 2.4 50.4
W 8 | 28 | 22 | sse
W -5 9 85 | 265
e,
m -14 0.7 3.6 10.3
14 -12.8 6.6 44.3




22 Sept enber 2003 WO 00/ 75120 PCT/ US00/ 15188 system such @sSepéambse?tfSabl e

matrices of sgf ﬂ] zlquPhOb' c polyners containing the therapeutic agent.
Vari ous sustai ned-r€el ease materials have been establi shed amdTaseni1siss

.
M _
';I:Q"__Qs\ ,}?@X 31 14.8 26 86.2

. F )
Mmj:@/ % | 197 | 306 | o5
w%\ YU Y 9
¢y & -5,
! : ‘] | 5.3 12.2 73

w‘% ’[w 25 -4.3 9.3 72

3 0.7 10.1 37.8

' VM'T@‘ | 34 17 | 832
wt\q_d;:ré 5 12 14,6 48.1

Table D

EXAMPLES VEGF® | CHKI® | CDK2® | CDK4Y
myéf" 34 | 45 | 168 | s3
3 )

® B ) 5 196 | 269 | 455

32 439 24 64.1

%’;Qj,[g" 8 | 28 | 176 | o1
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known by those skilled in the art. Sustained-rel ease capsufeSepiamber 2003

depending on their chem cal nature, release the conpounds for a few weeks
up to over 10¥08%37420 5 Dependi ng on the chenical nature and pichasshi/ghgoi cal

stability of the therapeutic reagent, additional strategies for protein
stabilization may be enpl oyed.

ne ¥ .
% : 2 16 41 59.8

& :
W _ 5 7.6 17.7 35.6

W 0 | 148 | 64 | a7
. )
Q__(W 16 15.2 17.7 61.6

10 2.5 1.2 | 365

w 13 14.1 15.6 68.7

w 13 | 27 61 | 194
-}
“Whm. 9 4.5 1834 | 237

] .
W 17 39.5 8.3 262

8 178 | 227 50.4

D ‘ _
. M, .
W 2 166 117 15.2
3
M,
-12 5 145 | 126
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The phar maceut i cal conpositions al so may conprise suitabl e22%dptathben2003el -

phase carri ergoQbq 6%
i ncl ude cal cium car

§

| pi ents.

onat e,

cal ci um phosphat e,

Exanpl es of such carriers or excipients

sugars, st ar eopusoasisgul ose
derivatives, gelatin, and 10 pol yners such as pol yet hyl ene gl ycol s.

= -
et ", 2
\Q 7 N 8.2 14.3 36.4
o a
H
"\O\ 'Ef(’“]/q 19 | 269 | 173 | 761
§ .
25 8.1 8.3 59.8
74
Hy
wjm 16 40.8 5 56.5
e
N,
\QN__&W a a7 | 348 56
-4 55 8.7 49.4
= :
“ -
W 28 32.5 31.7 63.6
= .
o,
O ¢ Y F 8 4.2 3.3 8.1
L
=
Hp“m e,
. B .TQWQ 6 13.8 17.1
“_S\: i 27
Vh‘g i 0 5.1 9.2 4.5
Fi,
HF’" N, OH
%Y@ 4 | a0 | 266 | ess
= ,
N,
w 24 272 | 28 | 54
M
p 35 414 33.3 4.4
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Sonme of the conpounds of the invention may be provided as Fa$aptembier B003 -
pharnaceutlcalugﬁconpatlble counter ions. Pharmaceutically conpatible salts

may be for ne®C#%%12fany acids, including hydrochloric, sul f Bt G300 ﬁﬁﬁ&l c,
| actic, tartaric, malic, SUCCIniC, etc. Salts tend to be nore sol in

aqueous or ot her protoniC‘

",
) 2 | 09 | 161 | 233
W 28 | 381 | 63 | eo4

16 23.3 0.6 57.5

4§ 17 131 17.2 -48.,3

36 1.1 24.1 69.3

27 2.3 38.3 63.5

W 9 | a9 | | es

23 348 | 208 83

";"NQ fH,
29 | 268 | 373 | e51
W 18 | 329 | a1 74.4

5 13.1 33.4 60.3

MACL-—( y °
i@m I, 32,7 2.5 43.7

’%% 2 9.8 27.1 285
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15 sol vents than are the corresponding free-base fornms. Thé& pensgreheald®n of

preferred conieip
fol |l ow ng exanples

Buf

f the present
ut the artisan wll

i nvention is described
recogni ze that thePChasicaiss

in detail

in the

reactions described may be readi |y adapted to prepare a nunber of other

protein

'y He o
17 18.8 20.5 70.9
ne e,
[
we N,
Q { o 14 26 24.6 81.8
s
C )
Y y
W I 2 | 32 | 23 | 121
- .
VECL{Q 6 371 18.3 73.2
7 —
”r&E:lmdzﬁtltrli) 30. 17.5 19.7 5.1
=
.,
W 10 7.8 163 | 203
25 385 19.8 459
He ™o
£ =,
M, ' :
‘J\Q_& ‘ 33 37 339 62.7
S 0.8 24 29.6
N g 9 27 8.2 76.5
bt
w 1 28 | 126 | a7s
“'Q(Lcﬂjﬂf 4 1 95 < | 32
24 -4.6 27.8 48.5
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ki nase inhibitors of the invention. For exanple, the synth&s$eptagtber 2003 °
non-exenpl i fied 20 conpounds according to the invention nmay be successfully
perfornmed by WHSHT¥#%ati ons apparent to those skilled in thedydsoesig . by
appropriately protecting interfering groups, by changing to other suitable

reagents known in the art, or by

26 37.5 29.1 82.6
34 252 20.3 64.3
16 17.4 14.6 57.8
22 12.6 23.5 £§7.7
3 52 36.7 452
-3 7.6 16.9 2.6
17 142 29 301

a. % Inhibition at 20 uM

b. % Inhibition at 20 uM

€. % Inhibition at 1.0 pM

d. % Inhibition at 1.0 uM

5
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maki ng routine modifications of reaction conditions. Al teraSepiesiber 2¢Bher

i 00/ 75120 PCT/ US00/ 15188
reacti ons 42 \%6 0§ﬁ£5‘§anber 2003 WO I

Combinatorial procedure for the synthesis of Urea .
functionalized thiazole derivatives and inhibition of HUVEC Profileration

DMF, EtaN, 24h

MEOzC\Q NHz R-NH : NH2
0 N-—’[ 2 0 Nj
i ] — =} Fog |
0 ﬁ*s Ar ~0 H S NAr

= 4 S S _S._Me |
" Ao, ol Wi,
5\.'0-,~ ) gYO'
(B o6 SagL LS

Solutions of 263 amines (1.5 umol), and Et;N (0.1393 puL, 1.0 umol),

16 dissolved in DME (15 pL), were distributed in to the wells of a 96-well plate. In cases
where the amine was used as a hydrochloride sal, additional Et;N (0.4179 uL, 3.0
pmol) was added to liberate the free base. Each of the wells was treated with a
solution of p-carboxy pheno! carbamate (0.5395 mg, 1.6 umol) dissolved in DMF (30
uL), then agitated for 24h at room temperature, The crude reaction mixtures were

15 concentrated using a GeneVac™ apparatus, and then diluted with DMSO to a final

concentration of 10 mM, yielding the examples shown in Table E

261



di scl osed herein or known in the art will be recogni zed as2h¥sprengper 2003

applicabilit
t he exanpl es

Y. éor greparing ot her conpounds of the invention.
WALy pel ow, unless otherw se indicated al lpctrafsp@ia4ur €S

Table E Lo
Inhibition of HUVEC Proliferation
MOLSTRUCTURE % inhibition | % inhibition
@10nM | @50nM
28 | 62
7 126
-5 33
-38 39
-13 29
-3 3
19 83
‘25 8
46 87
28 123

262

EXAMPLES

In



5 are set forth in degrees Celsius and all parts and per ce#? 3apésnbgr 2003y

wei ght. Reagents _were purchased fromcomrerci al suppliers such as Al drich
Chem cal Conﬂglﬂ?o’?ftuo Lancaster Synthesis Ltd. and were usedPGUWY3tyaiisf urt her
purification unless otherwi se indicated. Tetrahydrofuran (TIMand N,

N- di et hyl f oram de (DMF) were purchased

C(’\niﬁ&@r@;{%jé 39 0
O\"‘W 2 25

(S”’\"rﬁr‘:\;:{j’@fi@ -18 .55

22 23
25 36
5 21
-1 8
25 32
20 15
9 39
] 34 49
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fromA drich in Sure seal bottles and used as received. Al ?2 Switeneher 20Q3er e
andard nethods readily known to those skilled in the

purified 10 ysi _
art, unless M@%ﬁﬁbe i ndi cated. The reactions set forth bedtwuowgéms done
general ly under a positive pressure of

1 10
19 67
-8 38
-17 52
4 35
5 24
15 1s
20 77
16 19
13 | 62
23 24
13 . o2
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nitrogen or with a drying tube, at ambient tenperature (unf%3eptentsepiilse
stated), in ‘ﬂ;}&y.,g%gus sol vents, and the reaction flasks were fitted with
rubber septa for the 15 introduction of substrates and readd$ivéso¥iass

syringe. G assware was oven dried and/ or
chr omat ogr aphy (TLC) was perforned on gl ass-

heat dried. Analytical

1 121
4 39
-2 128
7 17
8 42
-5 103
3 105
OAﬂj\u’zQ{f O s O -2 116
-3 42
44 72
-8 15
-1 46

265
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backed silica gel 60 F 254 plates Analtech (0.25 nm) and ellSentemtier B03ne
ratios (v/v), and are denoted where appropriate. The

appropriate
éggégé ed by TLC and term nated as judged by ptRgseRRsgnpti on

reacti ons wer
of starting material. 20 Visualization of the tip plates was done wth a

p- ani sal dehyde spray reagent or

14 3
-5 62
-7 45
12 25
-1 -23
35 97
HD, 2 3 \ / [+] .
/ 38 No data

“55;__{’,\,& " .2

_@‘."@- e |

[ -
Al --
W e | .




phosphonol ybdi ¢ aci d reagent (Al drich Chenical 20 wt%in et 3fREmMbenARP3

activated w %Eun?‘gg Wor k- ups were typically done by doubling the reaction
vol unme with the Ption solvent or extraction sol vent and RATAISOWEssHs ng

wi th the indicated aqueous 43

LI R (1)
-2 22
9 67
0 35
30 1
7 68
2 71
32 24
22 -3
2 17
15 a9
9 86
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22 Septenber 2003 WD 00/ 75120 PCT/ US00/ 15188 sol utions usi #gSPismtsy 208 urre,
of the extraction volune unless otherw se indicated. Product solutions
were dried oVe®M#3Adr ous Na2SO4 prior to filtration and  PCT/US00/15188

34 7
3 3
S 37
2 | e
_ 45 46
’r\ui,,j;ﬁ‘{’; SV S 30 135
, ‘ : O .
7 88
24 45
A Ak | o |
-10 125
27 P
a4 a4
4 2
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evapor atsi on of the sol vents under reduced pressure on alwﬁ%ﬁﬁﬁ%mﬁbgﬂﬁtor
and noted as “ﬁQ%%§ﬂ$S renoved i n vacuo. Flash colum chromatography (Still
5 43, 2923 (1978)) was done usi ng Bake€r/ugsoagdessf | ash
(47 61 pm) and a silica gel
to 50:1 unless otherw se stat ed.

et at. .
silica ge

10

L]

crude materi al

rati o of about 20:1

-43
-8 8
17 - 98
26 36
2 &5
-5 97
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Hydr ogenol ysi s was done at the pressure indicated in the ekafnienbes20g
anbi ent pressure. 'H NVR spectra were recorded on a Bruker instrunent
operating at WOPNEB? 10 and 13C-NVR spectra were recorded opewesomgsst 75

MHz. NWVR spectra were

Inhibition of HUVEC Proliferation

% inhibition
@ 50 nM

MOLSTRUCTURE -

42

89

81

55




obt ai nech as CDCI 3 sol utions (reported in ppn), using chl or&¥ptangsr 2{8

ref erence
49. 3 ppm,

st andar d

or WPAKEH

7.25 ppmand 77.00 ppm or
Iy tetranmethylsilane (0.00 ppm) when pEpuspL484 €-

CD30D (3.4 and 4.8 ppm and

O her NWR solvents were used as needed. Wen peak nmultiplicities are

reported,

the follow ng abbreviations

27

74

a3

86

&6

75

a1

66

21

25

- 271



15 are used: s (singlet), d (doublet), t (triplet), m (nul43 ypmber 303 .
(broadened), dd (doublet of doublets), dt (doublet of triplets). Coupling
constants, wWYRMINEh are reported in Hertz (Hz). |nfraregcORsimBest ra
were recorded on a Perkin-El nmer FI'-1R Spectroneter as

Xyt s
M“]I&@) ”

e -
WJWI?Q{ ] TR
.

Jo¥: s T
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neat oils, as KBr pellets, or as CDCL3 sol utions, and whenZ%PSpésinber 2003
nunbers (cni'). The mass spectra were obtai ned using

reported in
LSI M5 or elegﬁ¥§§g%§§? All  nelting points (np) are uncorr ecéE@tusoEXAyyLE
A(D ' _

105
93
83
118
102
95
74
o8
72

63
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4{ 4" - Ami no- 4- phenyl -[ 2, 5' | bi t hi azol yl - 2' -yl ami no) - benzenesiA $ptanterd 20034 22

Sept enber 2003 WD 00/ 75120
.wo 00/75120 PCT/US00/15188

73
81

89

100

W‘qu,ga) 7

{ 85

274




PCT/ USO0f 15188 The starting material was prepared using St&pSeRisHbesda0q i)

descri bed be'QW?owﬁﬁﬁP (i): To a solution of
4- (am nosul fonyl') phényl i sot hi ocyanate (1.12 g, 5.0 5 Mol ) aprdr/osvensag: de

(0.23 g, 5.5 mmol) in acetonitrile (50 nm) was added DBU

Mr&*u Mt

f L 78

Wﬁr&g) 84
. —s";jﬂ;\@) N

M%ﬂﬁméﬁ 83

Mﬁ 86




(0.83 g, 5.5 nml), and the resulting mxture was stirred %&Sepérsher 2003
tenperature for 60 mnutes. To the reaction m xture was added

br ono- acet oniWPME1RY. 66 g, 5.5 mol) followed by DBU (0. 8%c§mushoa4™! )
30 minutes afterward. The reaction mxture was stirred overnight at room

tenperature, the solvent was renoved at the reduced
57
71

19

23

et Loy
Sk -
W«*@»‘ .

276




10 pressure, and the residue was dissolved in EtOAc (200 n#4 Jeptephsr 28Bac

sol ution was ‘xxgﬁ{}?sgovm’th 0.1 NHCO (150 mM x 3) and brine and dried with
MySO4 and conc t%d. The residue was purified by silica peEluseos1siss

chromat ography (EtOAc) to provide 0:73 g (48 % of
2- (4- am nosul f onyl phenyl ) am no- 4- am no-t hi azol e- 5-

= F ‘
M)‘Q{:{ ] J\d: 55
=]
o
o T’\ii("jm‘
oy Ay

'Y
o’

L7 Ay .

Wjﬂf;\@; 51

& N
g > ) 98
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carbonitrile. 15 Step (ii): To a sol ution of 22 September 2003
nyl ) am no- 4- am no- thiazol e-5-carbonitrile (0.59 g, 2

2- (4-am nosul :
mmol) in 20% Wéeﬁbg{;ﬁam ne/ pyridine (50 m) was bubbl ed 143c96s0abiss

ice-water tenperature for 30 minutes. Then the reaction solution

Inhibition of HUVEC Proliferationr

MOLSTRUCTURE inhibition
@ 50 nM

89
78
93

82

88

26
107

106
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was sealsed and stirred at room tenperature overnight. Argo?"?%efi’ée%b%z@ﬂ}bbl ed

t hrough the reagglhmis0l ution for 60 mnutes to replace the H2S, and then
the solvents 20 were renoved at reduced pressure. The resi duBCTHEE0HFB80! ved

in Et OAc, and the 45

M&Q@mﬁ o
OVM—QS’:J;:ISS\QJ 78

61
96

82

77
92

56

89
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22 Septenber 2003 WD 00/ 75120 PCT/ US00/ 15188 Et OAc sol uti off SeeécrleeA0ashed

with 5%citri
in vacua and

' 50 M x 3) followed by brine.
?ﬁgﬁ)?%gdue was triturated in Et,0. The

M
M*d

’:;W:] P

48

X))

82

59

105

75

77

81

96

280

The sol vent was renoved
PCT/US00/15188



product 2- (4-amni nosul f onyl phenyl ) ani no- 4- ami no-t hi azol e- 5-ZetbiMIeba3de
was collected by filtration (0.56 g, 95% . 5 To prepare the title
conmpound, a séYQu%lqr’éhzoof 2- (4- ami nosul f onyl phenyl ) ami no-4-  PCT/WS00/15188

am no-t hi azol'e- 5-car bot hi oam de (164 ng, 0.5 mmol) and a- br onbacet ophenone

106
76
78

79

112
98
87
45
77
87

69

281




(110 ng, 0.55 nmmol) in MOH (20 nl) was stirred at room t effpePimbes2003
overnight. The solvent was renoved in vacua and the residue was dissol ved
in Et CAc (50 M9%7%Re Et OAc sol ution was washed with sat ur aicgydiaiies (10
m), followed by brine. 10. Purification of the residue by silica gel

chr omat ogr aphy provi ded 4-(4'-am no-4-
14

80

85
30
20
38
19
86
51
10
12

27

1282 -




phenyl -[ 2, 5' ] bi ti tiazol yl - 2' -yl ani no) - benzenesul f onani de. 4SePEmbss20Q3
(deconp.).

4H) |
H,

3.52;

ESI M5 (
N,

16. 30; S, 22.39. Found:

"H ,&CD,OD): 8 7.96 (s, 1 H, 7.82 (s, 4H), 7.44-7.25 (m
ol 54 (MH): 428. Anal. Calcd for C'H' NoOPX&37usay/14ies 33;

75

72

-25

21

20

283



15 C, 50.62: H, 3.54: N, 16.03: S, 22.12.1n a nmanner si n |&rS®mbepi003sed |

the foll owi ng Exanpl es A(2) through A(71) were

to prepare Exanple A(1),
pr epar ed. E)QX?/@@IN 2) PCT/US00/15188

4-[4' - Ami no- 4( 4- met hoxy- phenyl )-[2,5"] bithiazolyl-2"-ylamno] -

NEUEE: <. SR

R
Mw .
M&QA o

284




benzenesul f onam de 20 H3 46

WO 00/75120

84

285

82

22 September 2003

PCT/US00/15188



22 Septenber 2003 WD 00/ 75120 PCT/ US00/ 15188 np 195- 198 C.ZZ%pmhe(%ﬁﬁfoo):,G
8 7.78 (d, J = 8.80 Hz, 2H), 7.75 (s, 4H), 7.13 (s, 1H), 6.88 (d, J = 8.8
Hz, 2H), 3.75W0SY73P9. FABVS (MH): 460. PCT/US00/15188

Combinatorial Proceduse for Examples in Table I
0.1 M Solutions of the acid, the amine template, o-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetra-methyluronium hexafluorophosphate and triethylamine were
prepared separately in anhydrous DMF. To each tube in an array of 8x11 culture
5 tubes (10x75 mm) was added 110 gL (0.011 mmol) of a different acid. To this was

added 100 pL (0.01 mmol) of fhe amine solution, 110 uL (0.011 mmol) of the
triethylamine solution followed by 110 L (0.011 mmol) of the o-(7-azabenzotriazol-
1-yD)-N,N,N’,N'-tetra-methyluronium hexafluorophosphate solution. The reactions
were stirred in a heating block at 60 °C for 6 h. The reaction mixtures were

10  transferred to a 1 mL 96-well piate using a liquid handler. The solvents were removed
using the SpeedVac™ apparatus and the crude reaction mixtures were redissolved in
DMSO to give a final theoretical concentration of 10 mM. Screening results are
sﬂown in Table L

Tablel

15

286



Anal . Calcd for C,,HNSO:SS: C, 50.33: H 3.52: N, 16.30; 43 Septembgr 2483 n(:

C, 50.62; H 3.54: N 16.03; S, 22.12. 5 EXAMPLE A(3)
4-14' - Am no- 4-‘Y9 ?ﬁﬂﬂ’oxy phenyl )-[2,5" ] bithiazolyl -

MOL>MOLSTRUCTURE

[ o—
o
~
HN \\7’""
8
X
Q
oI
o" o—
~
mﬁm
RN

287

-yl am e FUS00/15188

-~ % inhibition @
150 nM

40



benzenesul f onani de ni p 231-235 C (deconp). R (75% Et OAc/ Hesd) Septemnbss2003y nvR
(CD, OD) : 88.1‘80 10 (dd, J= 7.79, 1.73 Hz, 1H), 7.79-7.70 (m 4H), 7.57 (s,
1H), 7.25-7. 18004t 7.03- 6.93 (m 2H), 3.84 (s, 3H). FREMGSINS)SS 460.

o=
o’

~
<

33

-32

238




EXAMPLE ‘A(4) .

22 September 2003

4-[4" - Am no- 4wioZoefs@p f | uor o- phenyl ) -[2, 5" ] bi thi azol yl -2' -yl am no] -

benzenesul f onam de T- TNH2

289

3

10

PCT/US00/15188




S NOO-1 H 15
WO 00/75120

290

15

22 September 2003

PCT/US06/15188




mp 233-288 C. 'H NVR (CD,OD): S 8.26-8.21 (m 1H), 7.88 (22 3gpjember 2093
s,IH, 7.14 2H). ESI VB . 466, [MH : 464. 47 22 Septenber
(2003 g wo Bfisiff) 2H) (MY [ PCT/GSO015188

20

53

291




WD 00/ 75120 PCT/ US00/ 15188 Anal . Cal cd for

080%}751% 20. 35.

H 2.94; N 1
EXAMPLE A( 5)

292

Found: C, 45.

C'H' FN, 02S: - Q*&yaptpmber 2003 73:,
82: H 2.78 N, 14.77: S, 20. 38.
PCT/US00/15188

22

15

10




4-[ 4" - Ami no- 4- (4-f | uor o- phenyl ) - [ 2, 5' ] bi t hi azol yl - 2' -yl anl A RPIHEEMEs ul f o
nanm de 0% 10 -NH 2
0 _Wﬁ)‘ﬂwﬂizo PCT/US00/15188

HN 1 Y-(
ke -34
—
g
DI -
N
KN 1 \ru-l
3
6
-10

293




5 mp 254-257C. 'H NMR (CD,OD): S 8.01-7.91 (m 2H), 7.88- P2rePieqben§03 7 35
(s, 1H) 7. 0g959 m 2H). Anal. Calcd for C , H 4FN502S3: C, 48.31; H,
3.15; N, 15.6 2. 49. Found: ¢ PCT/US00/15188

11

294




22 September 2003
48.40; H 3.26; N, 15.44; S, 21.68. 10 EXAVMPLE A(6)

4-[ 4" - Ami no- 4wiodoAs@b chl or o- phenyl ) -[ 2, 5' ] bi t hi azol yl -2' -yl ami noJ-
benzenesul f onanri de PR b0715188

-3
0
15
HY,
ol -
N\
i O
15
o’ -
~
5

295




2
O np 173-175 C (deconp). 'H NVR (CD,OD): 8 7.97-7.93 (m TP 9057203,
(m 15 4H), 22,89 (m 11-), 7.57 (s, 1H), 7.45-7.39 (m_1H). FABMS
(MH ) : 498. Aﬁfe(lﬁ.%ﬂéa cd for Cl, H'C12N3C2S3: C, 43.38; H, 2. @§T{0IANsYHs: g
19. 30. Found: C,

d e
~N
HA \\
4
N
@,\JLH |
O’ -

Y

5 N
e




22 Sepiember %0003

43.32; H, 2.78; N, 13.84; S, 19.06% 48 22 Septenmber 2003 WO 00/ /51

PCT/ US00/ 151880 00/75120
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_ 22 September 2003
EXAMPLE A(7) 4-[4' - Ani no- 4- ( 3- chl'or o- 5- f | uor 04- met hyl - pheny1) 2] 2. 5

] bi t hi azol yl ‘gog(yyg gdwi I no] - benzenesul fonam de 5 np 208-212 C. 'H NWR
(DMSO-d) @ 8 10. (1 NH), 7.95 (t, J = 8.42 Hz, 1H), PCT/US00/15188

-7
-8
19
ol -
N
HN ﬁm
1

298




7.73 (g, J = 9.00 Hz, 4H), 7.

H, 7.17 (s.wobibsifh 96 (s,
Calcd for C ,H O FN5O=S3: C,

45.93; H, 3.23; N, 13.86;.S,

55 (d, J =
NH2, 2.28 (s,
46.01; H,
19. 47.

3. 05;

299

2.32 Hz,
3H) .

N,

22 September 2003
1H), 7.35 (d, J = 8.55 Hz,

ESIMS (ME): 496. Anal .
14.12; S, 1FCTAUSOUSR: C,

42

64




10 EXAMPLE A(8) 4-[4' - Anino-4 22 September 2003
(4- hydr oxy- p @rﬁy%' EZ 5']bithiazolyl-2"-ylam no]- benzenesul fonam de np
168-170 C (de H NVR (CD, OD): 8 7.83 (s, 4H), 7.79-7. ®T(Uupo/ds188 8. 59

X 30

<1

21

S 19

300




15 Hz, 2H), 7.16 (s,I1H), 6.85-6.82 (d, J = 8.46 Hz, 2H). PABNRIEEREF 3003446,

49 22 Septenﬁwoaﬁ,%{”mv\ﬂ 00775120 PCT/US00/15188

25

upj‘?,m .
. _ 26

wf

&/g | 14
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PCT/ US00/ 15188 Anal . Calcd for CI3H'NO, S; 0.5HO C, 47.56:2215¢epsmbar 20Q3

15.41; S 21.&%00 g)ll%‘r)]d: C, 47.87; H 3.59; N, 15.09; S, 21.11. EXAMPLE

A(9) PCT/US00/15188

-11
42
OI -
N
HN
Lo
S -14
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4- (2, 4-Bi fl uor o- phenyl ) - N2' - (3, 4, 5-t ri met hoxy- phenyl ) - [ 2, 53 ¥PERPL K - 2
4' -di am ne 5 34,(200}%&0183 C (decorrp) "HNWR (CD30D): S 8.26-8.23 (m 1H)

7.41 (d, J 7.05 (m 2H), 7.02 (s, 2H),
3.78 (s, 3H). FABIVS(M—I)‘
7
3
29
OI -
~
.“ﬁﬁ&""
. ' 32

303

PETGSOQ/ L5188 H) |




476. Anal. Calcd for C31H ., F2N403S2: C, 52.93: H 3.81: MN2Septesger 3033 46,
Found: C,  10wefeeBdieH 3.72; N 11.58; S, 13.45. EXAMPLE A(10)

PCT/US00/15188
J o
Q" \
Hp W
\ .
9
N -13

V. -
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4-[4" - Anmino- 2' (3, 4, 5-trinmet hoxy- phenyl ami no) - [ 2, 5' 22 September 2003

j bi thiazolyl - 60],.,5[1{!?enol OCH3 H3C VJ\ h/NH2 np 129-133 C (deconp). 'H NWR
(Ch,OD): S 7.80 (d, = 8.09 Hz, 2H), 7.16 (s, PCT/US00/15188
o 0=
?‘\
S
8 7

59

Ol -
LY
HN Q?JH
27
38
26

305




(d, 3= 8.00 Hz, 2H), 3.90 (s, Brjeptembe2Q03

15 1H), 7.02 (s, 2H), 6.86
(MH": 455. 50 22 Septenber 2003

SH. ESIMS  ({digorrsisp

PCT/US00/15188

I -
Q

gl | )
ond

S ’ 39

34

56
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VO 00/ 75120 PCT/ USO0/ 15188 Anal. Calcd for C'H N4O, S=1. O Premberz003s.
5.70; N, 10.5&085y7sk% 08. Found: C, 56.27; H 5.48 N, 10.69; S 12.00.
EXAMPLE A(11) PCT/US00/15188

d 9
N

e O sl
y 34
34
0’ -
Y
HIJ \Yﬂ
Ry, at
i
0’ -
A
HN \Y‘"
20
T

L -
i :
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4-14' - Am no-2'-(3, 4, 5-trimet hoxy- phenyl am no)-[2,5"] b| t hi az e? en}?er%qmbenz-o

ic acid 5 et&#ouﬁ%&@r COOCH rrp 240- 245 C (deconp).

8.18-8.16 (d, 46 Hz,

O’ =
Hﬂ}
E
10\5‘]
OI -
gy
\o -
LI
o! -
~
HM \\7,"4
N
d 9
Y
“ﬂjym
\

308

'H NMR (CD, OD) :
PCT/US00 1:3188

58

29

1




8.09-8.06 (d, J = 8.09 Hz, 2H), 7.06 (s, 1H), 4.38 (q, J = 7 BEm4er 2048
3.85 (s, 6H), w@ s, 3H), 1.41-1.37 (t, J = 6.99 Hz, 3H). FABMB (MW:
513. 10 Anal . WCaP%I{oor CH 440,SZ 0.3Et,O C, 56.59; H, 5. 0FCTYSoYtp1ay; S
11.99. Found: C, 56.24; H, 4.83; N, 10.26; S, 11.86.

\

“Fj:w ) 7 .

=P
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22 September 2003

EXAMPLE A(12) h henyl ami no) -2, 5' | bi t hi |yl -4-y1] - benze
-[4' - Ani no- 24 -trimet hoxy- phenyl am no)-[2, 5" ] bithiazolyl-4-yl] -
ﬁegéll Z:A\mdingl Z\I%dﬁfﬁlzé r y-pheny PCT/US00/15188

LF) g Yﬂ
N 0
0’ -
,
Hp Y
q 0
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. 22 Sept
51 22 Septenber 2003 WD 00/ 75120 PCT/ US00/ 15188 np 132- 137C Faalerd)® i
NVR (CD, OD): SvFodtdish 41 (d, J = 2.20 Hz, 1H),
) PCT/US00/15188

31 -




7.65, 1.84 Hz, 1H), 7.11 (s, | H), 7.07%<Piegppr2003
6.85-6.82 (d, wogyrsbhed5 Hz, 1H), 3.90 (s, 6H), 3.78 (s, 3H). FABMG (M :

473. EXAVPLE A(13) 5 PCT/US00/15188
4-14' - Am no-2' - (3,4, 5-trimet hoxy- phenyl am no)-[2,5"] bithiazolyl-4-yl]-2-net

hoxy-

7.32-7.28 (dd, J =

O
S 0
ﬁDj&
DI -
N
"
X 0

312




phenol H8 nip 202-203 C. 'H NVR (CD,OD): 8 7.42 (s, 1H), 7°R¥P{gRbe2003, 1,

Hz, 1H), 7.15 onsgd)’ 6.99 (s, 210, 6.97 (d, J = 2.10 Hz,1H), 3.91 (s,
3H), 3.88 (s, 6H), 3776 (s, PCT/US00/15188

S o
R

HN \\
- 0
AL
Ly
0
oh
‘i ~
. Jlé:
H{I \7']"
& °
9’ E’
i S
N 0
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2
10 3H). FABMB (MW: 487: Anal. Calcd for C H NACBS2: C 54 1P H 52 .
11.51; S, 13. 4@ eoFeipd: C 54.52; H, 4.70; N, 11.26; S, 13.32. EXAMPLE
A(14) PCT/US00/15188

ofé;

N
0
OI -
~
Hﬂ}?’m
%
0
o\
olé:
HHN Y«
0
N
Baae

OCAE
' 85

314




A[ 4' - Ani*no- 4- (4-f1 uor o- phenyl ) - 5-met hyl -[ 2, 5' ] bi t hi azol yI -2 SPfRRRB 15
benzenesul fon ' 2 22 Septenber 2003
' _, O bftfazd PCT/US00/15188

up .
P )
. s

19

: 86

H#ﬁm
51

315




WD 00/ 75120 PCT/ US00/ 15188 np 145- 148 C (deconp).
7.22-7.17 (m 2H),
461. 0450.

7.90-7.82 (m 7.76-7.70 (m 2H),
HRFABMS: Cal pﬁ?’%ﬁ“&' H16FN50, S3 (MW :

316

'H NVR (Qafe%jr{be%m%
2.56 (s, 3H).
Found: 46Pcrito/15188

10

12

27

75



EXAVPLE ‘A(15) 5 22 September 2003
4-[4' - Am no- 5-‘,(,61-85,45%r o-benzyl)-4-methyl -[2,5" ] bithiazolyl-2'-ylamno]-
benzenesul f onant de”ip 130-135 C (deconp). 'H NVR (CD, OD): SPETABIYIEE (m

4H), 7.17-7.12 (m

:m%g

[+]

H
N 1 |
-2
N
ol -
N
H’l \
6
=]
H
+]
k
0’ -
A Y
HMN
7

317




2H), 6.97-6.90 (m 2H), 3.97 (s, 2H), 2.23 (s, 3H). 10 Anat® LT 209
C'H, FN.O S3iyGoe50881 H 3.8L N 14.73; s, 20.23, Found: C, 50.40; H,
59 3

3.73; N, 14.6%, 7. EXAVPLE A(16)

@»Agr .

Fgmg _ ”

" ):3-” o
. 20

318

PCT/UIS00/15188




4-[ 4" - Ami no- 4- ( 3- hydr oxy- phenyl )-[ 2, 5' ] bi t hi azol yl - 2' -yl arfi 18

benzenesul fon%@@s#ﬁ np 205-209 C (deconp). "H NMR (CD, OD):
39 (m

(m 4H), 7.43-7.

319

49

12

12

a7

jegnber 2003

S 7.94-7.81
PCT/US00/15188




oH), 7.33 (s,1H), 7.24 (t, J = 8.17 Hz, 1H), 6.80-6.75 (m >ATF ERBIAYS M.

). 445. 53 22yeepiApger 2003 WO 00/ 75120

’D
OI -
N
HN
)
2
o
OI -
Y
LF \ Yu

320

PCT/US00/15188

42

20

15

31

25




PCTI US00f 15188 Anal . Calcd for C'H NAOBS3: C, 48.53: H 3.30°Pjgnbsp2003. o

PCT/US00/15188

21.59. Found: (g sofafg 74 H 3.47; N 15.44; S, 21.31. EXAWPLE A(17'

\]

\

o
ol
R
o8

! -

o

e

T

%

<

321

56

108

78

16

26




3-[4 - Anlino-2 -(3,4,5-tri met hoxy-phenyl ani no)-[ 2, 5' ] bi t hi%25P{FLE 3% phen
ol  OCH3 np 2%@@912% "H NVR (CD,0D): 8 7.43-7.41 (m 2H), 7.31 (s, 1H),
7.28-7.23 (m "% 02 (s, 2H), 6.80-6.77 (m 1H), 3.90 (SeCBHHoondisE8 (s,
3H). FABMG

/é | . | 17
DA
66

HN j?)m
' 26

322



3
456. Amal. Calcd for C'H' NA04S2: C 55.25: H 4.42: N 12 Fprember 3003,

, : : : . 05. MPLE A(18
Found: G 10wojddsidt 496 N 12.07;5,14.05. EXA ( P%‘TIUSGOIISISS

Combinatorial Procedure for Examples in Table I
0.1M soluﬁon§ of the acid, the amine template, o-(7-azabenzotriazol-1 -yD-

N,N,N’,N’-tetra-methyluronium hexafluorophosphate and triethylamine were
prepared separately in anhydrous DMF. To each tube in an array of 8x11 culture

5 tubes (10x75 mm) was added 105 L (0.0105 mmo}) of a differerit acid. To this was
added 100 uL (0.01 mmol) of ﬁ'l& amine solution, 105'}1L (0.0105 mmol) of the
triethylamine solution followed by 105 uL (0.0105 mmol) of the o-(7-
azabenzotriazol-1-yl)-N,N,N' N ’-tetra-methylurdnium hexafluorophosphate solution.
The reactions were stirred in a heating block at 50 °C for 3 h. The reaction mixtures

10  were transferred to a 1 mL 96-\&:11 plate using a liquid handler. The solvents were

removed using the SpeedVac™ apparatus and the crude reaction mixtures were
redissolved in DMSO to give a final theoretical concentration of 10 mM. Screening

_ results are shown in Table IL
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5-[4'-Ami no-2'-(3,4,5-t ri met hoxy- phenyl am no)-[2, 5" ] bi thi azzzo eﬁe-mf-m;‘/%(io-:;benz-e

2H), 6.91 (d,

ne-1, 3 diol C&J 01}5 198-202 C. "HNWR (CD,OD): S 7.21 (s,
Q oar7syif
Table <
% inthibition | % inhibition
ST
RUCTURE @ 10 nM @ 1nM
YA
N
\
RN \N
-40 -8
o
1
¥
N
“’J_':Y
\"‘N
-14 -5
X Vo
"Y”
o
324

| "H), 6.99
PCT/US00/15188

(s,



Hz, 2H)," 6.27 (t, J = 2.03 Hz, 1H), 3.88 (s, 6H), 3.77 (s, SRP"ERERE3 vy :

473. 54 22 SeRlb%ihshe 2003 WO 00/ 75120 PCT/ US00/ 15188 PCT/USO0/15188

N
\E 33 183
93 0
S
(5
Nt
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Anal . Calcd for C'H, NLOSS; 0.5H O C, 52.38; H, 4.40; N, 2215@¥mber2003 35,
Found: C, 52.53; H, 4.44; N, 11.83; S, 13.47. EXAMPLE A(19)

3-[4' - Anli no-Y¥ONIW 5_¢ i et hoxy- phenyl anl i no)-[ 2, 5' ] bi t hi 2€BUFe0415488] - 5- e
t hoxy-

-

o
N\7,N
5SS
\
N : =45 710
: o
3,.?*’
vdl
W .
2 -18
- .
o,
30 -4
326



5 phenol* OCH3 np 208-210 C. ' H NMR (CD3OD): S 7.14 (s, 1115 B GFH¥E (m
211), 685 (s, 6.23 (t, J = 2.06 Hz, 1H), 3.75 (s, 6 s, 3H),
2 6% & ( %‘i@?&“{’w )( H) ( H)PCTfusooufglss g
. .
A,
A,
e,
W
S 2 -3
o]
N\
2 4
H .*a-l
oH
SHeni
Y
j}“ﬁ"‘
N
14 1
[«
[+]
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486. 10 Anal. Calcd for CH'NAGSS: 0.5H O C, 54.20: H 4.57 FEF 443 5 .

13. 16. Found: ' 02; H 4.71; N, 11.09; 5, 13.56. EXAMPLE A(20)
| wogoné‘zlo PCT/USD0/15188

2, N
-40 -12

-21 -2
™
o]

&
Y
A N
\ S
? 1

-13 8
.. ]
e |
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L , 22 September 2003
4-1 4 - Anl no- 4- (4- hydr oxy- phenyl ) - [2, 5' ] bi t hi azol yl - 2' -yl alf HOP-m0

benzenesul f ongyg @&sfh 15 PCT/US00/15188

- 329



22 September 2003
0CMB 55 22 Septenber 2003 WD 00/ 75120 PCT/ US00/ 15188 P

WO 00/75120 PCT/US00/15188

RN
6 | e
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ni p 200-203C (deconp). 'H NMR (CD,OD): S 7.30 (s, 1H), 6.98 (g 20Q g3
(d 3 =2 93 gy 6.56 (d. I =293 1, 1 H. 388 (s, oH. 381 (s,
3H), 3.76 (s, ; ARMS (MAJ: 565/567. Anal. Calcd for C'HCHINUGISY

O 5H20 C, 46.00; H, 3.86; N, 9.75; S, 11.16.

3
R N
\ S
\
N
12 -17
”’K)z*"
o,
H
O
H
. 2 -20
y/
;};\
N
o)"n
. [
o,
=27 -7
0
| N
)
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5 Found: C, 46.26; H, 3.69; N, 9.55; S, 11.09. EXAMPLE A(2
3-[4' - Am no- %66077'5?‘16' f anoyl - phenyl am no)-[2,5' ] bithi azol yl

acid O\NyO

X
) S
W\
N

4 -1

0

F
-10 -5
-3 25

332

2f) September 2003

-4-yl]-benzoic
PCT/US00/15188




' September 20
H COOH ' H NMR (DVMBO-d,): S 10.94 (s, OH), 8.46 (s, 1H), 8. 18 FF bf__O?.sgo
He, 1H). 7,92 wdfirkshy ) = 7:80 He, 111),7.78 (m 4H), 7.56 (1, ') = 7.
He, 1 H), 7.22 (bra "NH2), 7.04 Trus00/13

N
91 2
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(brd, NH2).

Anal .

Calcd for C

,» N, O S, " 0. 3Et OAc:

14.01; S, 19‘%mmF%md C 48.37; H 3.67; N, 13.

A(22)

C 48, 5227 {yPiepben 2003

97, S 19. 24. EXAMPLE
PCT/US00/15188

N
ot
\

§

10 14

o
o

11 3

0
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22 September 2003

15 _
: : ' Ctri - ' - '1bi | -4-yl]-2-chl
5-[4' - Am no- 2'wé go/fezy t 11 met hoxy- phenyl am no) -[ 2, 5' ] bi t hi azoly
oro- phenol 56 22 Septenber 2003 PCT/US00/15188
HC =

1

N\(O
Ao

2

yf”’

RN
13 -2
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o) 00/ 75120 PCTI USOQ 15188 np 235-238C. ' H NVR (CD, OD): S 7. 6ptepper2003 4 o5

Hz, 7. 474 "ﬁ/&? f 2K, 7.37 (s, 1M, 7.05 (s, 2H), 3.94 (s, 6H), 3.82
(s, 3|—|) FABVE 490. PCT/US00/15188

o

N

”g

i -10 2
L
Nl oy '
i
el
5"
' -22 32
) e
H

\N
39 10
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Anai . Calcd for C' HLOCI NAO4S2: C, 51.37: H 3.90: N, 11, 41-° pteperz003

Found: C,
I

51wdBioski03. 95; N, 11.32; S, 12.72. 5 EXAMPLE A(
2-[4'-Am no-2'-(3,4,5-trinet hoxy-phenylam no)-[2,5"]bithiaz

e
N

wﬁ?

N

%
.‘g =

HE,
A

N

N
NN
oy ’ .
0
o

H

60 -1

17 5

337

23
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2
OCH3 H3CQI JII, ,L ~NHZ np 186-190C (deconp). ' H NVR (CD30D)~ R EN%By 5
= 7.99, 1.61 Woookkksy, 7.62 (s, 1H), 7.27-7.20 (al, 1H), 7.04 (s, 2H),
6.98-6.91 (m, 2H), 3.92 (s, 6H), 3.80 (s, PCT/US00/15188

27 47
]
0 10
67 -12
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10 3H). FABVE (MAN: 457. Anal. Caicd for C31H ONAO4S2: C, Bsepismber 2003,

N, 12.27; S, ) ound: C, 55.28; H, 4.62;: N, 11.96; S, 13.72. EXAMPLE
N 24 wrobs126 _ PCT/US00/15188

-~

CH,

I3
%,N
N

“’:}”T

N, Y

0

&L
" o
Say

CH,

ol

\N
.29 -1
N

O

I~
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4-(4' - Ami no-4-p-tolyl-[2,5" ]bithiazolyl-2"-ylam no)- benzendstl i onSHT S St -

H2W 15 WO 00/75120 PCT/US00/15188

CHE pira
o
0t
\N
-6 16
o]
o
| yf"‘
N
\
N
-10 6
Q
3,5"’
N
| J
106 )




"H NVR (DVBO) : S 7.92-7.84 (m 4H), 7.32 (m 3H), 7.11 (s, APrempestiBs

3H). FARMS (wdoof,%éb (MNa'): 466. 57 22 Septenber 2003 PCT/USDO/15188

IN | \
-15 4

Pl
‘ 27 3
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WD 00/ 75120 PCTI USOQ 15188 EXAMPLE A(25) - 22 September 2003,
2-(4'-Anrino 5-trinmet hoxy- phenyl am no)-[2,5"] b| t hi azol yl -4-yl]-benz
ene-1, 4- ‘eom{l%lfb - PCT/US00/15188

=y

50 11

342



diol OHHOS5 rap 208-212 C (deconp).: 'H NVR (CD, OD): S 7. %6 PEMOF§003; 59

d, J 2.80
( WO 00/75120 PCT/US00/15188

el
\\N
69 2
~ - 0
\ .o
Hy
ud o
T el
N
\ N
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N )
5 20 -2
l (o]
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2
&
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N N
(Y
\
N
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Hz,IH), 7.00 (s, 2H), 6.77 (d, J= 8.69 Hz, 1H), 6.68 (dd,

3. 89%woleas75186)
C'H N0, S, 0.45H, O:

Hz, 1H),

3.77 (s,
C,

3H) .

ESIMS (MY : 473. Anal .

52.47; H 4.38; N, 11.66; S, 13.34.

&,
o
T
AN
-7 6
e
oy
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\E’"
\\
1. 10
v
£N
Maﬁ
o
Ay
Dat
. S
-1 -18
LN
& .

¥ Senperapsr 200%;

Cal cd for
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10 Found: C, 52.77; H 4.48 N, 11.23: S, 12.98. EXAMPLE A{28F
3-[4' - Am no- ZWé?js -trimet hoxy-phenyl am no)-[2, 5
rono- phenol _

bi t hi azol yl -

62 5
o
N
(Y
S
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42 34
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/,N
me
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)
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™
5 B )
1%y
"
0
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58 22 Septenber 2003 WO 00/ 75120 PCT/ US00/ 15188 22 September 2003

W
| 0 00/75120 PCT/US00/15188
T
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3 .
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N
5 47 7
O
f
P
l('.l-la
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-21 -11




np 214-216 C. 'H NVR (CD,OD): 8 7.47 (d, J = 8.67 Hz, 1H) 227Se§§m(be"20fﬁ|)

7.26 (d, J = %ﬂJ.H) 7.07 (s. 2H), 6.72 (dd, J = 8.69, 3.07 Hz,
3.89 (s, 6H), ¢ FABMS (MA: 535/537. Anal. Cal é’éFT/IU(SWISISS

C'H' Br NAO4S2: C 47.11; H‘ 3. 58; N, 10.46; S, 11.85. Found: C

az 29

Ny, AN
19 17
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5 47.31; H, 3.65; N, 10.26; S, 11.85. EXAMPLE A(27) 22 September 2003

2- (4" - Am no- 4; ]t hi ophen-3-y1-[2,5"]bithiazolyl-2"-ylam no)-
benzenesul foﬁgﬁﬁﬁ@w . PCT/US00/15188

3,2’"’

18 11

QA/S i ’




22 Sepiember 200

S 10 np 155-160 C (deconp). 'H NVR (CD 30D): 8 8.39 Elcli’ J ;?b_éfﬁig,(im,
8.01 (s, 1I(—|)MA\;;60Q%§§541, J'=7.72 W, 111), 7.86 (s, 41-), 7.50-7.39 (r
3H). FABMS : .

=R

N
. 62 1

13 15

12 -2
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EXAMPLE A(28) 22 September 2003

4[ 4' - Am no- 4- [ 4; % bdi chl or o- phenyl ) -furan-2-yl]-[2,5"]bithiazolyl-2"-ylam
i no}- 15 benzenesurfonam de 59 PCT/US00/15188

N
26 -9
o] :

P
41 17
(o}

> - 350



22 September 2003 WO 00/ 75120 PCT/US00/ 15188 np. 225-230. ¢ {EELHFHFO03 H
NVR (CD, OD): SvGodkdd, J = 8.62, 1H), 7.86 (s, 4H),

PCT/US00/15188

P-t_phu-aj
N

?ﬁ?

8 \

29 32
H,
o4,
_ -

71 7
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758 (d, J = 2.10, 111), 7.45 (dd, J = 8.60, 2.12 He, 1H) 22SREmPgr2003,y

7.29 (d. J =
EXAIVP(LE A( 29_)‘9%-9“%"1?3

I

1

H),

6.97 (d,
Ani no-2 - propyl am no-[ 2, 5] bi t hi azol yl - 4- §CTUBMEALSE

J = 3.59, 1H).

i
N
=
\ S
\
& N
46 34
' o
D
o4
mﬁ)&m 85 1
-]
o
Wy S_I:T d 45 54
.
HﬁN
5

352

FABMS (MH ) :

564/ 566. 5



OH ' H NVR (CD,000D): S 8.43 (s, 1H), 7.50 (d. 1H), 7.43 (22 Sogembsr 3903, o0

3H), 6.5 . 3.40 (t, 211), 1.69 tet, 2H), 0.97 (t, 3H).
(Egl I\/BH%MN): 335@?(6%%'): 3535; (M—I')'): 331.(Sex oA O s

(o}
w}}?@ : 19 20

%ﬂ 21 14
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WO 00/75120

_ L i %8&%ﬁ§6ﬂ1
EXAMPLE A(30) 3-(4 =Am no-2 -nethylam no-[2,5" bithiazolyl-4-ylI")-pheno
H

s % %
STRUCTURE inhibition [ inhibition
@10nM | @ 1nM
o o0
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4 111 25
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The exemplary compounds described above may be formulated into
pharmaceutical compositions according to the following general examples.
'3 Example I; Pareﬁtera] Composition
To prepare a parenteral pharmaceutical composition suitable for administration
by injection, 100 mg of a water-soluble salt of a compound of Formula I is dissolved
in DMSO and then mixed with 10 mL of 0.9% sterile satine. The mixture is
incorporated into a dosage unit form suitable for administration by injection.
10 Example 2: Oral Composition | |
To prepare a pharmaceutical composition for oral delivery, 100 mg of a

compound of Formula I is mixed with 750 mg of lactose. The mixture is incorporated
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into an oral dosage unit-form, such as a hard gelatin capsule, which is suitable for oral

administration.

‘ Example 3: Intraocular Composition

To prepare a sustained-release pharmaceutical composition for intraccular
delivery, a compound of Formula I is suspended in a neutral, isotonic solution of
hyaluronic acid (1.5% conc.) ixi phosphate buffer (pH 7.4) to forma 1% suspension.

It is to be understood that the foregoing description is exemplary and
explanatory in nature, and is infended to illustrate the invention and its preferred
embodiments. Through routine experimentation, the artisan will recognize
apparent modifications and vaxiationé that may be made without departing from
the spirit of the invention. Thus, the invention is intended to be defined not by the

above description, but by the following claims and their equivalents.
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CLAIMS
What is claimed is:
1. A compound of the Formula L

NH,

|-|\ N
4 N-_</1*/':"\

X —R?

RYis hydrogen, a substituted or unsubstituted alkyl, cycloalkyl,

wherein:

heterocycloalkyl, aryl, or heteroaryl, or a group of the formula R®-CO or RS-CS
where R is substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl,
alkenyl, aryl, heteroaryl, alkoxy, or N-R'R® where R'R® are each inde:l;)endarltl};r
hydrogen or substituted or unsubstituted alkyl, aryl, or heteroaryl;
Rz is hydroxy, halo, cyano, or nitro, or substituted or unsubstituted alkyl,
alkenyl, cycloalkyl, heterocycloalkyl, aryl, or heteroary), or
a group of the formula (A)
O
/ﬂ\ i (A)
a
where R, is hydrogen or substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl, or

a grodp of the formula (B)
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I

/C\o _R. (B

where R, is hydrogen or substituted or unsubstituted alkyl, cycloalkyl,

heterocycloalkyl, aryl, or heteroaryl, or

a group of the formula (C)
o)

C\N/Rb (C)

Re
where Ry, and R, are independently hydrogen or substituted or unsubstituted alkyl,

~

cycioalkyl, heterocycloalkyl, aryl, or heteroaryl, or

a group of the formula (D)

-

Z

(D)

0O

/ \Re

where Ry is hydrogen or substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, ary, heteroaryl, hydroxy, alkoxy, amino, alkylamino, dialkylamino,
or acylamino, arid R, is hydrogen or substituted or unsubstituted alkyl, cycloalky],
heterocycloalkyl, aryl, heteroaryl, amino, alkylamino, or dialkylamino, or

a group of the formula (E)
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(E)

O== (pp—0
=

where Ry is substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl, or

~10  .agroup of the formula (F)

n=0
=
\

' N (F)_

o

where R, and Ry are each independently hydrogen or substituted or unsubstituted
alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, or

a group of the formula (G)
. R;
G
s | No @

where R; is alkyl or substituted or unsubstituted cycloalkyl, heterocycloalkyl, aryl, or

heteroaryl, or a group of formula (A), formula (B), formula (C), formula (), or

formula (D), or
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a group of the formula (H)

N
|

R;

(H)

where R; is hydrogen or substituted or unsubstituted a]kyi, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, hydroxy, alkoxy, or amino, or & group of formula
(A), formula (B), foi'mula (C) or formula (D), and R, is hydrogen or substituted or
unsubstituted alkyl, cycloalkyl, heterocycloalkyl aryl, or heteroaryl, or a group of
formula (A), formula (B) formula (C) formula (D), formula (E), or formula (F), or

a group of the formula d
N

where R, is hydrogen or substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl, or a group of formula (C),
or R” is a substituted or unsubstituted cycloalkyl, heterocycloalkyl, or aryl that is fused
to Q;

Xis CorN; and

Q is 2 divalent radical having 2 or 3 ring atoms each mdependently selected
ﬁ'om C N, O, S, C-R® and N-R®, where R°is hydroxy, halo, cyano, or amino, or
substituted or unsubstituted alkyl, aryl, heteroaryl, atkoxy, which together with C* and

N* form a five- or six-membered aromatic or nonaromatic ring;
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or a pharmaceuticaily agceptable prodrug, pharmaceutically active metabolite, or
pharmaceutically acceptable salt thereof,

2. A compound of the Formula II:

N\' . R2
TOF

Y

H'\ /N I
7=

wherein:
R' is substituted or unsubstituted aryl or heteroaryl, or a group of the
10 formula
R®-CO or RS-CS where RS is subsn‘u-xted or unsubstituted alkyl, cycloalkyl,
‘heterocycloalkyl, alkenyl, aryl, heteroaryl, alkoxy, or N-R'R® where R'R® are each
independently hydrogen or substituted or unsubstituted alkyl, aryl, or heteroaryl;
R?is as defined in claim 1;
15 XisCorN; and
Y and Z are each independently C, N, S, O, C-R® or N-R® where R®is as

defined in claim 1;
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or a pharmaceutically acceptable prodrug, pharmaceutically active
metabolite, or phanﬁacemically acceptable sait thereéf.

3 A compound, pharmaceutically acceptable prodrug,
pharmaceutically active metabotite, or pharmaceutically acceptable salt according
to claim 2, wherein: . _

R'is substituted or unsubstituted aryl or heteroaryl, or R°-CO o R°-CS
where R®

is substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl, alkenyl,
aryl, heteroaryl, alkoxy, or N-R'R* where R'R® are each independently hydrogen
or substituted or unsubstituted alkyl, aryl, or heteroaryl;

R is substituted or unsubstituted aryl or heteroaryl;

X and Y are each indepen.dently CorN; and

ZisSorO. |

4, A compound, pharmaceutically acceptable prodrug,
phalmaceutical]y. active metabolite, or pharmaceutically acceptable salt accordin g
to claim 3, wherein:

R' and R? are each independently a substituted aryl;

XisC;

Yis CorN; and

ZisSorO,

3. A compound of the Formula III:
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N /N I Ny // =
H"N_—<SIC ¢N@ O

H3

wherein: ‘

R’ i substituted or unsubstituted aryl or heteroaryl, or R®-CO or R®-CS
where R® is a substituted or unsubstituted alkyl, alkenyl, aryl, heteroaryl, alkoxy,

5 orN-R'R® where R’R® are each independently hydrogen, alkyl, aryl, or heteroaryl;

R is substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, alkoxy; aryloxy, or N-R’R® where R'R® are each independently
hydrogen, alkyl, aryl, or heteroaryl;

R%is hyd;ogcn, hydroxy, lower alkyl, halo, lower alkoxy, amino, nitro, or

10 wifluoromethyl; and

Y and Z are each independently C, N, S, O, or C-R? or N-R® where R’ is
unsubstituted or substituted alkyl or aryl;
or a pharmaceutically acceptable prodrug, pharmaceutically acceptable
metabolite, or pharmaceutically acceptable salt thereof,

15 6. A compound of the Formuta IV:
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H
R@)

N-..
/: I H Réb)
H1

)k

HS

wherein:

R is substituted or unsubstituted aryl or heteroaryl, or RS-CO where RS is 2
substituted or unsubstituted alkyl, alkenyl, aryl, heteroarjl, alkoxy, cycloalkyl,
heterocycloalkyl, or N-R'R® where R'R® are each independently hydrogen, alkyl,
aryl, or heteroaryl;

R’ is substituted or unsubstituted alkyl, cycloalkyl, heterocycloatkyl, aryl,

heteroaryl, alkoxy, aryloxy, or N-R'R® where R7R® are each independently

- hydrogen, alkyl, aryl, or heteroaryl;

R*is independently hydrogen, hydroxy, lower alkyl, halo, lower alkoxy,
amino, nitro, or trifluoromethyl; and

YisCorN; md

ZisSorQ;
ora phannaceutically acceptable prodrug, pharmaceutically acceptable
metabolite, or pharmaceutically acceptable salt thereof,

7. A compound, pharmaceutically acceptable prodrug,

.pharmaceutically écceptable metabolite, or pharmaceutically acceptable salt

according to claim 6, wherein: R' is substituted or unsubstituted aryl or

heteroaryl, or R®-CO where R®is N-R'R®where R'R® are each independently
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hydrogen, alkyl, aryl, orheteroaryl; R? is substituted or unsubstituted alkyl, aryl,
héteroaryl, or alkoxy; R*® and R*® are each indep\endently hydrogen, lower alkyl,
or halo; Yis CorN; and Zis S or O.

8. A compound, pharmaceutically acceptable prodrug,
Pharmaceutically acceptable metabolite, or pharmaceutically acceptable salt--
according to claim 7, wherein: R’ is substituted or unsubstituted aryl or
heteroaryl, or R®-CO where R® is N-R"R8 where R'R® are each independently
hydrogen, alkyl, aryl, or heteroary]; R* is substituted or unsubstituted aryl,
heteroaryl, or alkoxy; R*® is chloro, fluoro, or methyl; R*® is fluoro; Y is N: and
Zis 0.

I 5 A pharmaceutical composition comprising:
| @@ a therapeutically effective amount of a compound, pharmaceutically
acceptable prodrug, pharmaceutically active metabolite, or
pharmaceutically acceptable sait of claim 1; and

(b)  apharmaceutically acceptable carrier, diluent, vehicle or excipient

therefor. |

10.  Use of a therapeutically effective amount of a compound,
pharmaceutically acceptable prodrug, pharmaceutically active metabolite, or
pharmaceutically acceptable salt as defined in claim 1 in the manufacture of a
medicament for treating a mammalian disease condition mediated by protein
kinase activity. |

11. The use according to claim 10, wherein the mammalian disease

condition is associated with tumor growth, cell proliferation, or angiogenesis.
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12. Use of a therapeutically effective amount of a compound,
pharmaceutically acceptable prodrug, pharmaceutically active metabolite, or
pharmaceutically acceptable salt as defined in claim 1 in the manufacture of a

medicament for modulating the activity of a protein kinase receptor .

13.  The use according to claim 12, wherein the protein kinase receptor

is a VEGF receptor.
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